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“Hot” nuclear fusion. “Cold” nuclear fusion.
*

Nuclear fusion means nuclear reactions accompanied with expansion in the number of
nucleons in nuclei.

According to the existing classification, there are two types of nuclear fusion conventionally
named “hot” and “cold”.

“Hot” fusion is a nuclear fusion that takes places as a result of high-energy collisions of
original nuclei. This is collision of nuclei with enormous approach velocities. Such collisions
may happen in nuclear plasma wherein all nuclei are moving at high velocities or when
bombarding nuclei in a fixed target with high-speed nuclear fluxes. There are high temperature
nuclei fluxes used in both cases. That is why these reactions are called “thermonuclear”.

“Cold” fusion is a nuclear fusion that takes places without a considerable heating of original
nuclei. Here are two hypothetic possibilities considered: LENS (low-energy nuclear reactions)
and CANR (chemically assisted nuclear reactions), i.e. reactions using chemical catalysts.

“Hot” fusion is considered a nuclear fusion accompanied with release of immense energy in
“thermonuclear bombs”.

There are no doubts only in that a “thermonuclear” bomb explosion releases enormous
quantity of energy. What is doubtful is that all attempts to develop controllable fusion power
reactor plants lasting over sixty years yield nothing. These efforts had been taken on the basis of
the only understanding of nuclear power reactions available to the physics where reactions
released explosion energy in case with “thermonuclear bombs”.

Therefore, a natural question arises of whether the current understanding of nuclear reactions
in “thermonuclear bombs” is adequate and could there be any alternative understanding of such
reactions?

At present, the quantum theory solely dominates the microworld physics. Physicists are
convinced that the material world works according to probabilistic laws and that the methods of
the classical physics, which are based on Newton’s formalism, are not applicable in the
microworld. They came to this conclusion having failed to apply the methods of the classical
physics in study of atoms, the central objects of the microworld.

Because of the quantum theory formalism, data on properties of microscopic objects lack a
detailed understanding of such objects’ structures. Physicists believe that the material world does
work according to probabilistic laws. This opinion was supported in G. von Neumann’s paper
where he produced a strict mathematical argument for the essential impossibility to obtain
detailed data on the structure of microscopic objects.

Sure enough, physicists are quite talented people but their education has rather unpleasant
deficiencies of methodological nature. Oddly enough, they failed to understand that von
Neumann’s findings are only valid within the framework of fundamental postulates of the
qguantum theory. These findings imply that even if it is possible to obtain detailed data on the
structure of microscopic objects, it can only be done beyond the framework of the quantum
theory.

1979 saw publication of the experimental results that led to the single conclusion that
indivisible quanta of energy and indeterminacy principles are only abstract, formal quantitative
examples of the quantum theory rather than objective factors of the material world [1]. This
speaks for the fact that the quantum theory is approximate and that its concepts of the material
world structure are wrong in many respects.



A new incontestable evidence of the quantum concepts of the material world structure being
inadequate became the invention of EmDrive and the experimental validation of its performance
[2,3]. In terms of the quantum concepts of the material world structure, it is impossible in
principle to understand the nature of the EmDrive “motive force”.

“Diggings” revealed that due to two principle mistakes physicists failed to build adequate
structural atom models that would enable elaboration of an adequate microworld theory capable
to identify details of the structure of material objects. The first, silliest mistake resulted in the
conclusion that there is no material ether in nature and it was decided to neglect ether and its
resistance to motion of microobjects in the microworld theory. The second mistake is associated
with a mistaken interpretation of Oersted’s experiment (1821) and the conclusion to neglect
magnetic interactions between microobjects in the microworld theory.

Having considered these parameters “concealed” to the quantum physics, one researcher got
able to obtain results conceptually unavailable to the entire quantum physics [4-37]. The
disclosure of nature of jet thrust in EmDrive is among such results [35,36].

Now it is possible to systematize data on the structures of nucleons and atomic nuclei
produced in [4-37]. To this effect, the structures of electron and neutron had to be identified. It
emerged that there are five microscopic objects being elementary: neutron n and four electron-
like objects: electron e, , positron e.’, antielectron e_* and antipositron e_~. All composite
macroscopic and microscopic objects in our Universe consist of these five elements.

The suffix number of electron-like microobjects stands for the sign of mass while the
superscript means the sign of electric charge as included in formal mathematical descriptions.

Neutron has “positive” mass m, and a self-magnetic field with magnetic moment up.
Electron-like elements have masses m., electric charges e and self-magnetic fields which
magnetic moment value is u.. Neutron is a paramagnetic substance. Electron-like elements are
diamagnetic substances. Self-magnetic field of neutron is very weak: 1,=3-10*0"' 11, 6=8.372.

The simplest composite objects are protons and photons. Proton p is a neutron-antielectron
object with “positive” mass m,, “positive” electric charge (+e) and self-magnetic field which
magnetic moment is 1,=6 .

Photon is electron-antielectron dipole (Fig.1; « - electron, o - antielectron, arrows are vectors
of magnetic moment vectors of electron and antielectron). Electron and antielectron are exposed
to electric attraction and magnetic repulsion.
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Fig.1

Due to “negativeness” of antielectron mass, the same resultant electromagnetic forces of the
same direction act on electron and antielectron and accelerate dipole to a velocity that is a
function of the density of ether on its way, i.e. of the ether resistance to motion of electron and
antielectron.

Development of observation chambers wherein the motion of electrically charged
microobjects leaves tracks of their motion paths has significantly improved the efficiency of
physical researches. The use of these chambers allowed obtaining visual representations of the
behavior of microobjects having electric charges. However, the motion of microobjects that have
no electric charges is not recorded in the chambers and is not accompanied with any tracks. The
“invisible” elements in these chambers were neutrons and photons because neutrons simply have
no electric charges while the total electric charge of electron-antielectron dipole is so small that
leaves no tracks.

As long as neutrons and photons leave no tracks in observation chambers, one may run into
the wall when interpreting the track system. An example is an interpretation of a system of tracks



corresponding to the neutron-to-proton transformation responsible. The neutron-to-proton
transformation reaction in an observation chamber looks like tracks of electron and proton
diverging from the same point. At the first, surface impression, physicists took this bond of
tracks for evidence of the neutron disintegration into proton and electron. Having recognized no
other tracks in this bond, they declared that they had found a reaction of spontaneous
disintegration of free neutron into proton and electron. This impression is seemingly supported
by the fact that the mass of neutron exceeds the mass of proton by a value close to the mass of
electron. But, here comes tough luck: nuclei include both neutrons and protons; meanwhile, the
number of neutrons in stable nuclei in the absence of any exposure remains constant and the
nuclei do not disintegrate. This speaks for the fact that neutrons bonded in a nucleus have no
capability for “spontaneous” disintegration. Why? There is no answer to this question in the
quantum theory.

In order to find a way out of this unfortunate situation, one should see whether a photon that
leaves no tracks in observation chamber is involved in the neutron-to-proton transformation
reaction. What can we expect from a collision of photon with neutron?

Physicists suggested that electron and positron in positronium, exposed to electric attraction,
collapse with a subsequent “annihilation” resulted in the birth of photons. They also suggested
that these photons, following the collision with other microobjects, can disintegrate into a free
electron and a free positron. They invented this phantasmagoria having refused to consider
magnetic interactions between microobjects. However, if we consider the magnetic repulsion
between electron and positron, it appears that positronium is in a globally stable state of static
equilibrium where the distance between electron and positron incomparably exceeds “Bohr
radius”, i.e. the distance between proton and electron in a stable protium! But, electron does not
collapse into proton in protium! Can we then implicitly trust physicists in matters of
principle?

Photon, of course, can disintegrate when collapsing with other objects including neutron, but
into electron and antielectron rather than into electron and positron. In this situation, electron,
being diamagnetic, escapes neutron while antielectron, due to its diamagnetism and “negative”
mass, rushes towards neutron. Under the same magnetic force that pulls antielectron towards
neutron, neutron strives to escape antielectron. However, since its mass is by three orders higher
than the one of antielectron, it cannot escape, and antielectron merges with it into an object
having all the proton properties. This completely explains the bond of electron and proton tracks
in an observation field without engaging the hypothesis for existence of such a phantom object as
“neutrino”.

The phantom character of “neutrino” brings forth the causes for semicentennial failures in
experiments wherein the key “player” is “neutrino”.

The described version of the neutron-to-proton transformation explains well the effects of
collision of two protons accelerated to enormous velocities at the powerful accelerating
arrangements. When approach energy of protons is less than 290MeV, a simple elastic scattering
of one proton on another proton takes place. If the approach energy exceeds 290MeV, one of
proton disintegrates into neutron and antielectron: p+p—p+n+e_" (physicists believe that such a
collision results into disintegration of one of protons into neutron and positron: p+p—p+n+e.’;
this explanation cannot do without the notorious “conversion of energy into mass”). We will
speak about the “notoriousness” of ideas of the relativistic equivalence of mass and energy
below in the course of consistent narration.

The previous section left it unclear how antielectron can “merge” with neutron. In order to
clarify the details of this “merger”, we have to identify the structures of neutron and antielectron.
Let us begin with antielectron. One should expect that structures of all electron-like microobjects
are similar to each other. Therefore, we will describe the structure of electron.

Since electron is of finite extent, it should consist of smaller elements. Neither the
“visualization” of electrons nor attempts to destroy them had any results: even if during



experiments electrons disintegrated it left undetected and unobserved. Various experiments
revealed no microobjects that could be intermediate between electron and ether elements in their
mass. Based on these results, one can assume that electron consists of a whole lot of ether
elements. How can a structure of such a formation look like?

Electron is the key “player” in experiments by Oersted and Lorenz. Which properties should
electron have to be able to explain these experiments’ results? Studies showed that electron
should have the following properties: it should have a self-magnetic field; a shape elongated
along the axis of the self-magnetic field; during a free electron movement its magnetic field
symmetry axis should be positioned along its motion direction, it has to be forced into left-hand
rotation around the magnetic field axis, and its magnetic moment vector has to be directed
oppositely to its motion direction.

It emerged that electron has such properties if its structure is similar to the structure of
atmospheric vortex [5]. Identification study into details of the structure of *He nucleus, which
were conducted on the basis of experimental values of electromagnetic radiation curves of this
atom, showed that the intensity of self-magnetic field of electron can be described by the
equation: H(r)=(y+y1)(uer)rr*(cosp)*—yir *u., Where (u.r) is scalar product of . and r vectors,
@ i1s an angle between u. and r. The high exponent at (cosp) means that the self-magnetic field of
electron has a very narrow, needle-like magnetic jet similar to the magnetic jet of a particularly
long and thin solenoid. This finding experimentally proves that electron has the shape as shown
on Fig.2. Antielectrons as well as positrons and antipositrons have similar shapes.
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Neutrons also consist of whole lots of respective ether elements and feature vortex-like
structures, however, not straight but circinal (Fig.3).
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Knowing the structures of neutron and antielectron it is easy to understand how proton works
(Fig.4). Proton is an amazing object: antielectron is held in neutron by magnetic repulsion forces.
When proton state is stable, the centers of mass of neutron and antielectron coincide. If under
any exposure these centers of mass diverge, neutron shoots ahead in attempt to escape from
antielectrona while antielectron immediately rushes after it striving to have the centers of mass

converged.
)
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Fig.4

Atmospheric vortexes feature rather a high stability and, at the first sight, are unique, the
only macroobjects that have the structure of such specificity. However, it appears that all the



elementary microobjects have vortex-like structures and they form all composite microscopic
and macroscopic objects.

Atmospheric vortexes are constantly pumping through enormous masses of ambient ionized
air. According to Oersted’s experiment, the motion of these ionized air masses in a vortex
induces a vortex-like magnetic whirl therein that is actually pumping through itself the ambient
air masses. The amazing symbiosis of the vortex-like magnetic whirl and ionized air highly
condensed when being pumped through the magnetic whirl is stable as long as the ambient air
ionization degree is high enough. A decrease in the ambient air ionization degree weakens the
“motive” magnetic whirl in the vortex. It its turn, it decelerates the ambient air pumping rate, and
such mutual weakening lasts until the atmospheric vortex is completely destroyed. An increase
in the ambient air ionization degree results in an increase in the total mass of air involved in the
atmospheric vortex.

Everything said above is valid both with respect to an electron ethereal vortex and with
respect to neutron ethereal vortex. An increase in the density of ambient ether should be
accompanied with an increase in the masses of electron, neutron and proton.

When a free electron and a free neutron are in motion, the relative density of the counterflow
of ether is growing with increase in velocity. Therefore, masses of free moving electrons and
neutrons should grow with increase in the velocity of their motion. Here, we gain a substantial
understanding of the causes for increase in mass of a microobject with increase in its velocity, as
predicted by the STR, special theory of relativity.

However, dear physicists, hold back your complacent smiles. Indeed, it is not all that simple.
The described relation between electron (neutron) velocity and mass is only valid for a free
electron (neutron) and fails with respect to electrons (neutrons) bound in composite
microobjects.

During a free electron (neutron) motion, its magnetic moment vector direction is opposite to
the motion direction: it is directed towards the ethereal jet of the electron (neutron); here angle y
between the velocity vector and the magnetic moment vector is z (180°). If electron (neutron) in
a composite object is positioned in such a way that y is less than =, then, as far as y decreases
from = to O, the electron (neutron) mass growth decreases together with y, and can be even
negative if y=0. Therefore, the STR relation: m(v)=m(0)(1-v’c %) is not applicable to the real
world.

In order to calculate binding energy £ of composite microobjects, the microworld physics
applies the relation: E=Am-c?, where Am is “mass defect”, ¢ is light velocity.

The concepts of “mass defects” emerged when measuring masses of microobjects. These
measurements showed that the sum of masses of individual microobjects in part of a composite
object exceeds the mass of composite microobject. The difference of the sum of masses of
individual microobjects and the mass of composite object is called “mass defect”.

The previous section described how the “mass defect” occurs. Physicists cannot measure
masses of motionless microobjects. That is why these masses are measured indirectly: by means
of evaluating the dynamic characteristics of moving microobjects. The “mass defect” was
discovered as a result of this mass measurement method.

The causes of “mass defect” occurrence in measurement of masses of microobjects consist in
the nature of structures of microobjects. As long as electrons, neutrons and protons feature
vortex-like ethereal structures, their masses increase with increase in their motion velocity v.
These increment values are function of v and the orientation of magnetic moment vector u of the
microobject relatively to the vector of v: m(v)=m(0)+d(v, v), where y is an angle between vectors
of u and v. If vector u is directed oppositely to the vector of v (w=xr), increment ¢ takes the
maximum value. Decrease in y results in decrease in o.

When measuring the masses of free electrons, neutrons and protons, v is equal to z. In case
with composite objects (nuclei and atoms), nucleons and electrons are positioned along center
lines of magnetic fields of nucleon magnetic clusters. And since these lines are at different



angles with relation to each other, like sea-urchin needles (Fig.5), angles y differ from each other
and from = for different elements of composite microobject when in motion.
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Consequently, values of ¢ for elements of composite object, with rare exception, are less than the
maximum possible values. This is how “mass defect” of composite microobjects occurs.

Here is one thing that needs to be explained. According to the description above, proton is an
object that consists of neutron and antielectron (Fig.4). Magnetic moments of neutron and
antielectron are positioned on the same straight line. When measuring the mass of free proton,
the magnetic moment vector of proton, , is opposite to the vector of v. So why do we have here
“mass defect” that is equal to Am:(mn—me)—mp:0.0014-10727kg, where mn:l.67495-10727kg,
m,=1.67265-10 *'kg, m=9.10953-10 >'kg? “Mass defect”, in such case, exists because vector s
is opposite to the vector of v, while vector u, is in the same direction as the vector of v.

Since proton consists of neutron and antielectron, and Am=(mg—me)-m,=0.0014-10 *"kg,
then, according to the STR, the binding energy of antielectron in proton is
E=0.0014-10"2"-9-10"%kg-m? s *= 0.78MeV.

Experiments on collisions of high-energy protons showed that one of the colliding protons
disintegrates into neutron and antielectron only if approach energy of the protons is at least
290MeV. This value is drastically, simply inadmissibly, differs from the one estimated by the
STR criterion.

Physicists say that the experimental value of 290MeV is not an estimation of proton-to-
neutron transformation energy as it is almost in full spent on scattering of the proton
disintegration products.

Do you understand, dear reader, what physicists want to say? Let us try to clarify it. First, let
us consider how protons approach each other and how one of them is destroyed. It happens
following the approach of protons accelerated at accelerating arrangements to enormous
velocities and energies. Until protons approach each other to distance r=10"m, there are only
magnetic repulsion forces F,(r) between them. At shorter distances r, there are nucleon
interactions added to magnetic interactions: at first, nucleon attraction, and then nucleon
repulsion. In order to overwhelm the magnetic repulsion that prevents distance r from going
down to 10 "“m, we need the binding energy equal to:

10 *m

[Fy(r)dr=45.5MeV.
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The subsequent approaching of protons without disintegration thereof into neutrons and
antielectrons requires the approach energy to grow up to 290MeV. When this value of the
approach energy of protons is exceeded, magnetic repulsion of antielectrona from one of the
protons takes place at a velocity that enables to take this antielectron at theoretic infinity. The
guantum theory cannot achieve such understanding because it neglects magnetic interactions
between microobjects.

Here are some details of this process. At acceleration the masses of protons increase to my(v)
due to additional masses of ether being captured. As soon as they collide and the acceleration



stops, the mass of the remaining proton decreases to m,(0) because of the ether resistance to its motion
causing deceleration of this proton motion velocity accompanied with a release of surplus ethereal
masses. The same happens to free neutron and antielectron occurring following the second proton
disintegration. The quantum theory cannot achieve such understanding of the described reaction in
principle because of neglecting ether and magnetic interactions between microobjects.

Thus, the use of the notion of “mass defect” results in inadmissible, inacceptable quantitative
estimations in calculation of the binding energy of microobjects.

Now, it is understood: physicists want to say that they allegedly comprehend what happens in
the described reaction in hope that their mistakes will not be revealed and that no valid
understanding of the reaction will be achieved.

Experiments using accelerators revealed much of previously unknown but interesting facts.
We have already said before that there were no intermediate material objects, in terms of mass,
discovered between electrons and neutrons on the one hand and ether elements on another. It
made it possible to identify the structures of electrons and neutrons.

At the same time, it appeared that masses of electrons increased by 2+3 orders while masses
of neutrons and protons increase only by 1.5 times within the same range of velocities. It showed
considerable inherent inconsistencies between quantitative relations of the STR and experimental
facts. The cause of these inconsistencies was denial of ether in the STR. These inconsistencies
consist in that, according to the relativistic mass equation m(v)=m(0)(1-v’c2)™°, relative
increments in masses of microobjects with increase in their motion velocity should be the same
for all microobjects, i.e. electrons, neutrons, protons, etc.

These new experimental facts speak for the STR inadequacy.

An unprecedented absurd situation took place in the physics due to the experimentally
discovered disproportion of increment in masses of microobjects at their acceleration. And, it
appeared to be impossible, in principle, to achieve a substantial understanding of causes for such
disproportion in the quantum theory because of refusal of ether and magnetic interactions
between microobjects.

Due to the unconditional trust to the abstract formalism of the STR, particularly, to the said
relativistic mass equation, physicists, in this situation, failed to understand the causes of the
disproportion revealed. However, according to unofficial information, there were yet some
physicists who had a normal scientific intuition and suggested that microobjects with masses
disproportionally increasing at the same velocities are considered the same electrons, neutrons
and protons but “excited”, i.e. increasing their masses following an increase in their velocity. But
they were not listened, and, notwithstanding the declared priority of experiment over theory
[37,38], physicists in their majority preferred to believe to the “beautiful” STR rather than to
experimental facts. Physicists thought they had found a way out having invented fantastic
“muons”, “pions”, etc., and rushed to evolve a beautiful theory of unreal objects.

A simple, transparent and natural explanation to the experimentally revealed disproportion of
increment in masses of electrons, neutrons and protons with increase in their velocity was
obtained in the theory of nonlinear oscillations due to the identification of the structures of
electrons, neutrons and protons. Indeed, experiments with free electrons, neutrons and protons
were conducted at accelerators. Ether cannot be pumped out from the vaccuumized cavities
where microobjects were accelerated. Therefore, microobjects were accelerated in an ethereal
medium.

As all these microobjects feature vortex-like ethereal structures, their masses depend on the
density of ambient ether. With increase in the motion velocity of microobjects, the density of the
counterflow of ether increased as well. With increase in the counterflow density masses of
accelerated microobjects grew either but differently, based on their sensitivity to the counterflow
of ether. In case with electrons such sensitivity is much higher than in case with nucleons as any
and all ethereal jets of electrons are exposed to the ambient ether (Fig.2), while the ambient ether
can reach only external spiral jets of neutrons (Fig.3,4). This specific character of the structures



of electrons and neutrons is what causes the huge disproportion of increment in masses of
electrons and nucleons at acceleration thereof.

Neither the quantum theory nor the “beautiful” STR can achieve such understanding of the
mechanism of increment in masses of accelerated microobjects.

As proton is a symbiosis of neutron and antielectron, nucleonic forces are purely of the
neutron nature. The effective radius of neutron forces is known to be very small: only 10 "*m.

The quantitative description of neutron forces utilizes H. Yukawa’s potential functions
Vi=—gir 'exp(—kir) for the attracting component and V,=gor 'exp(—kor) for the repulsing
component of the neutron force.

Because of the neglect of magnetic interactions between microobjects, physicists failed to
understand that Yukawa’s potential V; is inadequate, at least at quite small values of r. The point
Is that according to the equation for V», the neutron repulsion forces at small r are proportional to
r? while the forces of magnetic interaction between microobjects are proportional to r.
Physicists do not know this. Nor they know that neutron is a paramagnetic substance [11]. And
this means that, if the equation for V, is adequate at small r, the forces of magnetic attraction
between two neutrons should prevail over the forces of magnetic repulsion. If it was really the
case, the forces of neutron repulsion could not prevent the collapse of neutrons under the
influence of the magnetic attraction between them.

In order to eliminate this mistake, the equation for V, should look as follows:
Vo=gar exp(—Kar), where s>3.

It was revealed above on the example of determining the binding energy of antielectron in proton, the
use of the notion of “mass defect” leads to inadmissible, unacceptable quantitative mistakes in calculation
of binding energies of microobjects. A similar situation occurs in case with calculating the binding energy
for D, T, *He and “He. The facts below drew the attention to this.

It was also described above that the equation for the intensity of self-magnetic field of
electron: H.(r)=(y+y1)(uer)rr *(cosp)>*—yiru., was obtained following identification studies of
the structure of “He conducted on the basis of experimental electromagnetic radiation curves for
this atom. Along with the formula it was determined nucleons of *He are at the vertexes of an
irregular pyramid. Two edges of this pyramid are two rectangular triangles with the common
hypotenuse at the ends of which there are protons. The “rectangular” vertex of each of these
triangles is occupied with neutron. These rectangular triangles are mirror reflections of each
other. If the edge connecting neutrons is disassembled and two “rectangular” edges are located in
the same plane, we have Figure 6 (o — proton, e — neutron).
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Fig.6

The use of “mass defect” in estimation of the binding energy of nucleons in D, T, *He and
*He showed that the estimations are respectively: E(D)=2.2MeV, E(7)=8.5MeV,
E(He)=7.7MeV and E(*He)=28.3MeV.

By contrast, the same binding energies were obtained on the assumption that the force of
neutron interaction is described with the relation: Fn(r)=pr*—qr=. The values of p and q were
determined wusing the identification procedure and Rutherford’s empirical formula:
Mmucteus=1.4:43-10"m.  Their  values were equal to  p=1581.10"’kg-m°-s?,
0=5032-10"*kg-m®-s . It enabled to obtain the following estimates: E(D)=0.133MeV,
E(7)=0.653MeV, E(*He)=0.393MeV, E(*He)=1.046MeV. These estimates differ from those
calculated using “mass defect” by an order of magnitude.



The simplest reactions are nuclear fusion reactions by means of introducing an additional
proton or additional neutron to the nucleus composition. Reaction with introducing an additional
proton to the nucleus belongs to “hot” fusion while reaction with introducing an additional
neutron belongs to “cold” fusion.

“Hot” nuclear fusion. Since nucleus contains protons, we start describing the specificity of
“hot” nuclear fusion with consideration of proton-proton fusion.

Proton has a single “positive” electric charge, and there is electric repulsion between two
protons. In order to take part in nuclear fusion, approaching protons have to reach the distance of
10*m between them. For this to happen, protons should overcome electric repulsion. To this
effect, their approach energy should constitute at least 0.144MeV. Physicists see achieving such
approach energies as one of the main difficulties on the way to development of controlled light
nuclei power [39].

It is well known that protons as well as all microscopic objects have self-magnetic fields. The
mistaken interpretation of Oersted’s experiment results is the reason why the contemporary
microworld physics still neglects magnetic interactions between microobjects. As a result, the
contemporary physics knows almost nothing about such interactions. That is why magnetic
interactions in the microworld had to be considered starting from identification of the interaction
parameters.

It emerged that intensities of magnetic fields of neutrons, protons and electrons are
proportional to r while forces of magnetic interactions are proportional to r>, where r is a
distance between interacting microobjects. This is indicative of the fact that magnetism is not of
dipole or current nature (identification of electron structure showed that magnetism is of jet
nature). ldentification procedures demonstrated that electron (as well as positron, antielectron
and antipositron) and proton are diamagnetic substances while neutron is paramagnetic, and that
1e=0uy, 1n=3-10"",, 6=8.372. If microobjects and their magnetic moment vectors are on the
same straight line, then magnetic force of electron-proton interaction Fep:ﬂepr*ﬂ
Bep=122.081-10 *kg-m*.s >, magnetic force of proton-proton interaction F,=fyr ",
Pop=14.582-10*kg-m*.s, magnetic force of proton-neutron interaction Fpn=ful >, Son
=4.375-10 Pkg-m*s?, magnetic force of neutron-neutron interaction  Fon=fmr ",
Bn=1.312-10 "%kg-m*.s %

Proton-proton fusion takes place when two protons have approached each other to the
distance of 10 '*m. In general case, for example on the Sun, magnetic moment vectors of
different free protons have chaotic directions unconcerted with each other. The same happens on
a multitude of protons resulted from a thermonuclear bomb explosion. In addition, the same
happens in laser arrangements at first moments after laser destruction of a nuclear target. In these
situations, when the distance between approaching protons reaches 10 “m, magnetic orientation
effect [40] and diamagnetism of protons makes magnetic moment vectors of approaching
protons opposite in direction.

In reactors that utilize external magnetic fields Hex to hold nuclear plasma, self-magnetic
fields of protons appear to be concerted. Early in approach at relatively large distances r between
protons where Hex>H,=yu,r >, i.e. where r>(yuHex ')°°, vectors of self-magnetic fields of
protons are positioned along the straight line crossing both protons and have the same directions
opposite to the lines of He. In this case, there is magnetic attraction between protons owing to
which the respective energy is released.

If r<(yu,Hext ')*°, i.e. at the final stage of approaching the distance of 10™'*m, when H,
exceeds Hey, these vectors become opposite in direction, and magnetic repulsion occurs between
protons which consumes energy to be further maintained.

If magnetic moment vectors of protons are opposite with any r, then the magnetic repulsion
on the path of protons approaching to 10~'“m W?fld need the energy equal to the work:

10 "'m



App(107*m)=| [F,5(r)dr|=45.5MeV.
o0
If magnetic moment vectors of protons are opposite only when r varies from 10 °m to
10*m or from 10 "m to 10 *m or from 10 ''m to 10*m, then the required work is (45.5-
0.46)MeV=45.04MeV, (45.5-0.005)MeV=45.49MeV, 45.5MeV.

The obtained estimates mean that the “magnetic barrier” in “hot” nuclear fusion is 300 times
higher than the “clectric barrier”. Such high barriers are not a hindrance for proton-proton fusion
as the binding energy of proton equal to 290MeV is much higher than these estimates.

But this situation is catastrophic for deuterium and tritium nuclei which binding energies, as
specified above, are much lower than the magnetic barrier value. They cannot withstand the
approach to 10 *m without disintegrating at approach to this critical distance. This fact was
proven by the experiment conducted in 1987 at Tokamak PLT (Princeton, USA). There was a
flux of neutrons observed in the experiment without any release of nuclear fusion energy [39].

The same situation is at “plasma focus” arrangements used for generating fluxes of neutrons.

It was mentioned above that protons (and, thus, deuterons and tritons) approach each other
(,un:3-104‘ﬂp«ﬂp) in external magnetic fields Hex With magnetic repulsion between these nuclei if
Hex>H,(r). Hence, generation of external magnetic fields with Hew=H,(r), where r<10'*m,
would remove magnetic barriers in “hot” fusion. However, generating magnetic fields of at least
100 T at real arrangements faces insuperable difficulties [39] while reaching the relation
Hext:Hp(10*14m) needs even more, incomparably powerful magnetic fields.

“Cold” nuclear fusion. “Cold” nuclear fusion includes two stages: neutron and photon
stage. There are no electric barriers hindering the fusion neither at the first nor at the second
stage of “cold” fusion.

Neutron fusion at the first, neutron stage results in a heavier isotope emerging from original
nucleus due to introduction of an additional neutron. Here the magnetic “barrier” exists as in
case with “hot” fusion but here it is much lower. To overcome it, the approach energy of neutron
with the original nucleus should be somewhat higher than 13.65keV. This is by three orders
lower than the magnetic “barrier” in “hot” fusion equal to 45.5MeV.

Where do we get the needed neutrons from? Well, at least from “plasma focus”
arrangements.

Contemporary physicists do not know that the system of nucleons comprises separate
nucleon magnetic clusters. Magnetic moment vectors of nucleons in each of such clusters are
position on the straight line crossing all nucleons in the cluster. Each nucleon magnetic cluster of
a stable nucleus includes one and only one proton. The presence of proton in the cluster makes
all nucleons therein stable, incapable of transforming into proton. The absence of proton in the
cluster makes all nucleons of the cluster unstable until of one of neutrons transforms into proton.
The neutron-to-proton transformation results from collision of photon - electron-antielectron
dipole - with this neutron. The collision results in the photon disintegration into electron and
antielectron. Antielectron, due to its “negative” mass, rushes after the neutron and merges with it
into proton.

An additional neutron in light nuclei, such as deuterium, tritium, *He, ’Li, forms a new
nucleon magnetic cluster without a proton. Therefore, this neutron is stable in heavier isotopes of
light nuclei resulting from neutron fusion. Collision of photon with this neutron results in the
neutron transformation into proton and the original nucleus transfer to the adjacent cell of
Mendeleev’s table.

Thus, “cold” nuclear fusion results from neutron and photon fusion.

A thermonuclear bomb consists of the main charge, that is, solid compounds of deuterium
and tritium with °Li, and a U-bomb as an igniter. Uranium explosion generates powerful fluxes



of neutrons, photons, etc., and transforms the main charge into deuterium-tritium-lithium plasma.
“Cold” neutron-photon fusion in this plasma generates nuclei °Li and ®Be that instantly self-
disintegrate releasing enormous energy [28].

An experimental evidence for this is Vilyuisk explosion of thermodynamic power that
happened by accident during the test of an ordinary nuclear bomb in 1950 [19].

The foregoing speaks for the fact that stellarators and tokamaks of any complexity and cost
are only generators of neutron fluxes like the simplest “plasma focus” arrangements.
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Mukpomnp_34
SAJEPHBIM CUHTE3

JleonoB H.H.

«l"opstunit» saepHbI cUHTE3. «XOJOIHBINY SAEPHBINA CUHTES.
*

[Tong spaepHBIM CHHTE30M TOHUMAKOTCS  SJIEPHBICE  PEAKIUH,  COMPOBOMKIAOITUECS
YBEJIUYEHUEM KOJIMYECTBA HYKJIIOHOB B s/Ipax.

CornacHo wuMerolIelcs Kiaccu(ukanuu, JIOMyCKAaeTcs CYIIECTBOBAHHWE [IBYX THIIOB
SJIEPHOTO CUHTE3Aa, YCIIOBHBIE HA3BaHUSL KOTOPBIX — «TOPSUHII» U «XOJIOIHBIN».

«["opstanM» cuuTaeTCS SIACPHBIN CUHTE3, TPOUCXOJISIINA B PE3yIbTaTe BBICOKOIHEPTUUHBIX
CTOJIKHOBEHUN HMCXOIHBIX siAep. DTO - CTOJKHOBEHHS SIIEp C OYEHb BBICOKMMH CKOPOCTSIMU
commkennsi. Takue CTOJIKHOBEHHUS MOTYT MPOMCXOAUTH B SIEPHON IJIa3Me, BCe sApa B KOTOPOi
JIBUXKYTCS C OONBIIMMH CKOPOCTSMHU, WIH TP OOCTpene sAep B HEMOABIKHON MUIICHU
CKOPOCTHBIMHU SIEPHBIMH MMOTOKaMH. B oboux BapuaHTax UCIOJIb3YIOTCS
BBICOKOTEMIIEPATYPHBIE MOTOKHU sAziep. [[03TOMY 3TH peakiiuyi Ha3Badu «T€PMOSACPHBIMI.

«XO0JIOAHBIMY» HAa3bIBAIOT SJIEPHBIA CHHTE3 0O€3 3HAUMUTEIBHOI'O HarpeBa HCXOAHBIX SJIEp.
3/1ech paccMaTpUBAIOTCS JABE TUIOTETUYECKHE BO3MOKHOCTU — HU3KOPHEPreTUUECKUE STEPHbIC
peakuuu (LENS — low-energy nuclear reactions), m XMMHYeCKH acCHCTHpPYEMBbIE SIICPHBIC
peakiuu (CANR), T.e. peakiiuu ¢ TOMOIIBIO XUMUYECKHIX KaTaanu3aTOPOB.

.

«lopAunM» CcUUTaeTCA ANEPHBIM CHUHTE3 C BBIJCICHUEM OIPOMHOM DJHEPIHMH B

«TePMOSIICPHBIX» OOMOax.
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BeccniopHbiM  sBnsieTCST TONMBKO (DAaKT BBIAENCHHS OTPOMHOM DSHEPrUM TMpPHU  B3pHIBE
«TepMosiiepHOI» 60MObI. COMHEHUS BBI3BIBAET TO OOCTOATENILCTBO, YTO BCE MOMBITKH CO3JaHUS
YCTAHOBOK YNPABJISIEMBIX TEPMOSIIEPHBIX SHEPreTUUECKUX PEAKTOPOB, MPOAOIDKAIOIINEcs Ooee
LIECTHAECATH JIeT, Obuln Oe3pe3ysbTaTHBIMU. DTH pabOThl BEIUCh Ha 0a3e €IMHCTBEHHOIO,
UMEIOILErocs B (pU3MKe, TOHUMAHUS PEaKUil SAePHOr0 CHHTE3a, B PE3Y/IbTaTe KOTOPBIX UMEJIO
MECTO BbIICJICHUE SHEPTUH B3pbIBA B «TEPMOSIEPHBIX» OOMOaxX.

B cBsi3u ¢ 3THM, BO3HUKAET €CTECTBEHHBIN BOIIPOC — a/IEKBATHO JIM UMEIOLIEECs IOHUMaHKE
AJICPHBIX PEAKLUN B «T€PMOSAEPHBIX» O0MOax, HE CYIIECTBYET JIM ajlbTepHATUBHOE IIOHUMAaHUE
ITUX PEAKIUM?

.

B nacrosimee Bpemst B (u3MKe MHKpOMHpa 0e3aJIbTEpHATHBHO TOCIOJCTBYET KBAaHTOBAsS
Teopust. PU3MKN yOeKIeHbl, UTO MaTepUaIbHbIE MUpP yCTPOEH IO BEPOSATHOCTHBIM 3aKOHaM, U
4TO METO/IbI «KJIACCUYECKOW» (PU3UKH, OCHOBaHHBIE Ha (hopmanuizme V. HproTOHA, B MUKpOMHEpE
He pabotaror. K »3TOMYy yOexkIeHHI0 OHM MNpUILIM, HE CYMEB MHCIOJb30BaThb METO/IbI
«KIJTACCHYECKOW» (PU3HMKM [T N3YUEHHS] aTOMOB — [IEHTPAJIbHBIX 00BEKTOB MUKPOMUDA.

C nomouipto popmanu3Ma KBaHTOBOM TEOPHUH, CBEIEHUS O CBOMCTBaX 0OBEKTOB MUKPOMHpA
MOJIyYaIOTCS JIMIIEHHBIMU JE€TAJbHOIO IOHUMAaHUS UX CTPYKTYp. PU3UKHU yOEKI€HbI B TOM, UTO
MaTepHaibHbli Mup, 1eHCTBUTENBHO, YCTPOCH MO BEPOSTHOCTHBIM 3aKOHaM. DTO yOekaeHue
MOJYYHIIO TIOAZIEPKKY B padore /Dx. ¢on Heiimana, moCTpOHMBIEro CTPOroe MareMaTH4ecKoe
JI0Ka3aTeIbCTBO IMPUHLUINAIBHOW HEBO3MOXKHOCTH TIIOJIyYEHHs JIeTalbHBIX CBEACHUN 00
YCTPOHCTBE OOBEKTOB MUKPOMUDA.

@u3MKH, HECOMHEHHO, JIOAM BeChbMa CIOCOOHBIE, HO B MX IOJATOTOBKE €CTh BechbMa
HENPUSITHBIE U3bSHBI METOJI0JIOTMYECKOro Xapakrepa. OHHU, Kak 3TO HU CTPaHHO, HE CMOIJIH
HOHATh, 4YTO pe3yibTaThl GoH Helimana crnpaBeasuBbl TONBKO B paMKax (yHIaMEHTalIbHbIX
MOCTYJIATOB KBAaHTOBOM Teopuu. M3 3TUX pe3ynbTaToB CIEAYET, YTO JOCTH)KEHUE AETaIbHBIX
cBesleHUil 00 ycTpoiicTBe OOBEKTOB MHKPOMHpA, €CIM M BO3MOXKHO, TO TOJBKO BHE PaMOK
KBaHTOBOW TEOPHH.

B 1979r Obumn omyOMMKOBaHBI pE3YyNbTaThl SKCIEPUMEHTA, W3 KOTOPBIX BBITEKAET
Oe3anbTepHATUBHBIA BBIBOJ, O TOM, YTO HEIEIUMbIE KBAaHThl HSHEPrUU M COOTHOLIEHUS
HEOIPEeIEHHOCTEeH SBNIAIOTCA HE OOBEKTUBHBIMHU (hakTOpaMH MaTepHaabHoro Mwupa, a Bcero
JUIIb a0CTPaKTHBIMH, (POPMabHBIMHM KOJMYECTBEHHBIMH NTPHEMaMH KBaHTOBOM Teopuu [1]. D10
TOBOPUT O TOM, YTO KBaHTOBas TeEOpUs SBISETCSd NPUOJIMKEHHOM, M YTO NpEeACTaBICHUS
KBaHTOBOI Teopuu 00 ycTpoiicTBe MaTepruaibHOro Mupa, BO MHOIOM, OIIMOOYHBI.

HoBeIMH  HEONpPOBEPKUMBIMU  JI0Ka3aTE€IbCTBAMM  HEAJEKBATHOCTHM  KBAHTOBBIX
MIPEICTABICHUI 00 yCTPOMCTBE MaTepHalibHOr0O Mupa cTanu u300peTeHne IEKTPOMAarHUTHOTO
neurarenss EmDrive u skcriepruMeHTaIbHbIe T0Ka3aTelbCcTBa ero padorocnocodbnoctu [2,3]. C
MO3UIMI KBAaHTOBBIX IMPEJCTaBICHU 00 yCTpoWCTBE MaTepuanbHOro Mupa, IOCTHKEHHE
MOHUMAaHMS IPUPOJIBI «ABIKYILEH cruiabl» EmDrive npuHIMNUAIBHO HEAOCTHKUMO.

°

«Packonkuy mokazanu, 4TO (PU3MKM HE CyMENIM IOCTPOUTH aJleKBAaTHBIE CTPYKTYPHBIE
MOJIEJIM aTOMa, C KOTOPBIX OTKPBIBAJUCh BO3MOXHOCTH IIOCTPOEHHS aJ€KBAaTHOM TEOpUU
MHUKPOMHpA, CIIOCOOHOM BBIABIATH JETAM YCTPOHCTBA MaTepUalbHBIX OOBEKTOB, U3-3a IBYX
NPUHLMIIHAIBHBIX OMIMOOK. B pe3ynbraTe nepBoii, Heneneinen omuOku, ObLT clieiaH BBIBOJ 00
orcyrcTBuM B [Ipupone marepuanbHOro 3¢upa, u ObIIO MPUHATO pelIeHne 00 OTKase OT y4yerTa, B
TEOpUU MHKPOMHUpPA, 3QHpa C €ro COMNPOTUBICHHEM JABM)KEHHIO MHKPOOOBEKTOB. Bropas
omnOKa CBsi3aHa ¢ OMIMOOYHBIM MIPOYTEHHEM pe3ynbTaToB 3kcrepuMenTa X.K.9Opcrena (1821r)
U C peuieHreM o0 OTKa3e OT y4eTa, B TEOPUU MUKPOMHUPA, MarHUTHBIX B3aUMOJEHCTBUI MEXIy
MHUKPOOOBEKTAMHU.

VY4eT 3TUX «CKPBITBIX» AJIs1 KBAHTOBOM (PU3MKH, TapaMeTpOB MO3BOJIMI MOIYYUTh, OAHOMY
UCCIICIOBATENI0, Pe3yabTaThl, MIPUHIMITHATILHO HEIOCTYMHBIX BCEH KBaHTOBOH ¢u3uke [4-37],
OJIHMM M3 KOTOPBIX SIBJISICTCS BBISBJICHUE TPUPOIBI peakTuBHOM Tsiru B EmDrive [35,36].



Tenepb MOXXHO CHCTEMATU3UPOBATh CBEJCHUS O CTPYKTYpaxX HYKJIOHOB M aTOMHBIX SIED,
nojaydyeHHsle B [4-37]. Jljisi 3TOro OpUIUIOCH BBIABUTH CTPYKTYpPbl 3JIEKTPOHA W HEUTpOHA.
Oxkazasioch, 4TO AIEMEHTAPHBIMU SIBIISIOTCS MATh 00BEKTOB MUKPOMHpA: HEUTPOH N M YETHIpe
3JIEKTPOHOIOI06HbIE 00BEKTHI: YMEKTPOH €4+ , TIO3UTPOH e+, aHTUINEKTPOH €. U aHTUIIO3UTPOH
e_ . VI3 5TuX mATH 3JIIEMEHTOB COCTOSAT BCE COCTABHBIE OOBEKTHI MUKPOMHpA U MaKpOMHpa B
Hauieil Beenennoil.

VY 31eKTpOHONIOTI0OHBIX MUKPOOOBEKTOB HIKHUN MHICKC 03HAYAET 3HAK MACChl, 2 BEPXHHM
— 3HaK AJIEKTPUYECKOTO 3apsJia, C KOTOPHIMH OHU BXOST B MaTeMaTudeckue GopMalii3mbl.

HeliTpoHn 00magaer «moJIOKUTETHHOW» Maccod M, M COOCTBEHHBIM MATrHUTHBIM IOJEM C
MarHUTHBIM MOMEHTOM BEJIUYHMHBI fp. DJIEKTPOHOMOJOOHBIE 3JIEMEHTHl 00JIaJal0T MaccaMu
BEITUYUHBI M, SJEKTPUUECKUMHU 3aPSIaMU BEJIMUMHBI € U COOCTBEHHBIMU MAarHUTHBIMU TIOJISIMH,
BEJIMYMHA MAarHUTHOTO MOMEHTAa KOTOPBIX paBHA .. HEHUTpOH sBIAETCS NapaMarHeTUKOM,
AIIEKTPOHOIIOI00HBIE AIEMEHTHI — JauaMarHeTnkamu. CoOCTBEHHOE MarHMTHOE TOJIe HEHTpOHA
o4eHb ciiadoe: ,un:3-1040 1 o 6=8,372.

[TpocTefimiMu  COCTaBHBIMU OOBEKTAMHU  SBJISIFOTCS TPOTOHBI #  (oToHBI. [IpoToH p
IpPECTaBIsET COOOM HEUTPOH-aHTUDIIEKTPOHHBII OOBEKT C «IIOJIOKHUTENBHOW» Maccoil m,, ¢
«IOJIOKUTEIIBHBIMY»  JJIEKTPUYECKUM 3apsiioM (+e) M COOCTBEHHBIM MAarHUTHBIM TIOJIEM,
BEJINYMHA MArHUTHOTO MOMEHTA KOTOPOTO PaBHA Up=0 /.

®DOTOH TPECTABISICT COOOH AIIEKTPOH-aHTUAIICKTPOHHBIN JHUITONG (PHC.1; ® - 3JEKTPOH, © -
AHTHUDJIEKTPOH, CTPEJIKU — BEKTOPHl MAarHUTHBIX MOMEHTOB 3JIEKTpPOHA M aHTHUAIEKTpoHa). Ha
AJIEKTPOH U aHTUDJIEKTPOH JIEUCTBYIOT 3JIEKTPUUECKOE MPUTSHKECHUE M MAaTHUTHOE OTTAJIKMBAHUE.

[ JEN «—oO

Puc.1

bnaronaps «oTpHLIATEIBHOCTH « MacChl aHTUJIEKTPOHA, Ha BJIEKTPOH M Ha AHTUAJIEKTPOH
JEVCTBYIOT OJMHAKOBBIE PE3YIBTUPYIONINE ODJIEKTPOMArHUTHBIE CHJIBI OJHOTO M TOTO K€
HalpaBJIeHUs, Pa3TOHSAIOUINE TUIOJb 10 CKOPOCTH, BEMYMHA KOTOPOM 3aBUCHUT OT IJIOTHOCTH
sbupa Ha €ro MyTH, T.€. OT BEIUYMHBI CONPOTUBIEHUS 3(upa [BUKEHHUIO 3JIEKTPOHA U
AQHTHUAJIEKTPOHA.

0

Co3nanue HaOMONATEIbHBIX KaMep, B KOTOPBIX JIBHKEHHE ODIEKTPUUYECKH 3apsHKEHHBIX
MHUKPOOOBEKTOB  BBI3BIBAET TIOSBJICHHWE TPEKOB-CIEAOB OTHUX JIBIDKCHHWH, CYIIECTBEHHO
YBENUYUIO HPPEKTUBHOCTh (PU3MUECKUX HUcclenoBaHui. lcmonb3oBaHue dTHUX Kamep
MO3BOJIUJIO TIOJTy4YaTh BU3YyaJjbHbIE MPEJCTABICHUS O OBEIEHUN MUKPOOOBEKTOB, 00JaAat0IINX
ANIEKTpUYECKUMH  3apsaamMu. OnHako, JBIKEHHE MHUKPOOOBEKTOB, He  00JaJaronmux
AIIEKTPUYECKUMHU 3apsaMH, B 3THUX KaMmepax He (UKCHUpyeTcs, OHO HE COIPOBOXIAETCS
HOSBIICHUEM CJIeJIOB-TPEeKOB. « HeBUIUMKaMI» B 3TUX Kamepax OKa3aJhch HEUTPOHBI U (DOTOHBI
u3-3a TOrO, YTO HEUTPOHBI DSJEKTPUUYECKHX 3apsA0B IPOCTO HE HMMEIOT, a CyMMAapHBII
AIIEKTPUUYECKUI 3aps]l AJNEKTPOH-aHTUAIEKTPOHHOT'O JUMOJS HACTOJIBKO Mall, 4YTO CJEIOB-
TPEKOB HE (hopMUpYeT.

N3-3a TOro, yTO HEUTPOHBI U (POTOHBI HE OCTABIIAIOT TPEKOB B HAOIIOAATEIBHBIX KAMEpax, C
pacminpoBKOl CHUCTEMBI TPEKOB MOXHO CHJIBHO owmuouthed. Hampumep, pacmmdposka
CHCTEMBl TPEKOB, OTBEYAIOUIMX MPEBPALICHUI0O HEHTpOHa B MPOTOH. Peakius mnpeBpalieHHs
HEHTpOHA B MPOTOH BBIMVISIIUT, B HAOMIOAATEIBHOM I0JI€, KaK TPEKH 3JIEKTPOHA U MPOTOHA,
pasyieTaromuxcst U3 OJHOW M TOH ke Touku. PU3MKH, COIVIACHO NEPBOMY, NMOBEPXHOCTHOMY
BIIEYATIICHUIO, IPUHSAJIU 3Ty CBSI3KY TPEKOB 3a CBUAETEILCTBO pacrajia HEeHTpoHa Ha MPOTOH U
aneKTpoH. He yBuzeB B 3T0i cBsI3Ke OOJbIIE HUKAKUX TPEKOB, OHU OOBSBUIIM, YTO OOHAPYKHIU
PEAKIHIO CAaMONPOM3BOJIBHOIO pacraja CBOOOAHOIO HEWTpPOHA Ha MPOTOH M 3JIEKTPOH. DTO
BIICYATIIEHUE, BpoJie Obl, MOATBEPKAACTCS TEM, UTO Macca HEUTpoHa OOJIbIlIe MacChl MPOTOHA HA
BEJIMYMHY, OJM3KYI0 Macce 31eKkTpoHa. Ho BOT He3amaua — B spax cojepkarcs U HEUTPOHBI, U
IPOTOHBI; MPH 3TOM KOJUYECTBO HEHTPOHOB B CTAOMJIBHBIX SiApax, MPU OTCYTCTBUU BHEIIHHUX



BO3/ICIICTBUI, OCTaeTcsd IOCTOSHHBIM, U OHM HE pacnajarTci. JTO TOBOPUT O TOM, YTO
HEUTPOHBI, CBA3aHHBIE B spE, CBOMCTBOM «CaMOIIPOM3BOJIBHOTO» paclaja He o0JafaroT.
[Touemy? B kBaHTOBOI TEOPUH OTBETA HA 3TOT BOIPOC HET.

YroObl HANTH BBIXOJ U3 3TOW HENPUATHON CUTYyalluu, HY>KHO IIOCMOTPETh, HE IPUHUMAET JIU
y4acTHs, B PEaKIMU MPEBPALCHUS CBOOOJIHOTO HEUTPOHA B MPOTOH, ()OTOH, HE OCTABIISIOLIUIA
CJIeZIOB B HAOII01aTeIbHOM 110J1€. YTO MOKHO O’KUAATh OT CTOJIKHOBEHMSI (POTOHA ¢ HEUTPOHOM?

@uU3MKM NPEANOIOKUIN, YTO JJIEKTPOH U IMO3UTPOH B IO3UTPOHUH, IOJ ACUCTBUEM
JNEKTPUYECKOTO MPUTSDKEHUS, CBAIMBAIOTCA B «KOJUIAIIC» € MOCIEAYIOUIEH «AaHHUTWIILMEW», U
4TO B pE3yJbTaTe 3TOH «aHHUTHIISALUNY POKIA0TCa (HOTOHBL. OHM TaKkKe MPEANOI0KUIN, YTO
3TH (POTOHBI CIIOCOOHBI, B PE3Y/IbTAaTE CTOJKHOBEHHS C JPYTUMH MUKPOOOBEKTAMH, pacragaTbCs
Ha CBOOOHBIN 3JEKTPOH U CBOOOJHBIA MO3UTPOH. BCro 3Ty (paHTacMaropuio OHM MPHIyMaH,
OTKAa3aBILUCh OT y4€Ta MarHUTHBIX B3aUMOJICHCTBUI MeX Ty MUKpooObekTamu. Eciin ke ydyecTh
MarHUTHOE OTTaJIKUBAHUE MEXKIY IEKTPOHOM U ITO3UTPOHOM, TO OKA3bIBACTCS, YTO IMO3UTPOHUN
oOnajgaer r1o0aabHO YCTOMYMBBIM CTATUYECKMM PaBHOBECUEM, B KOTOPOM PACCTOSHUE MEXIY
AJIEKTPOHOM U MO3UTPOHOM Ha MOPAJIOK 0ojblie «bopoBCKOro paanyca» - pacCTOSHUS MEXAY
IPOTOHOM M 3JIEKTPOHOM B cTabuiIbHOM atome npotust! Ho Benp B aToMe MpoTHS 3JEKTPOH He
KoJutancupyeTr Ha npotoH! MoskHO JiM mocje 3Toro 6e3oroBopo4Ho A0BepsiTh (pU3MKaM B
NPHHIUIIHATBHBIX BOIIPOCax?

@DOTOH, KOHEYHO K€, MOYKET, PU CTOJKHOBEHUSAX C APYrUMHU OOBEKTaMHU, B TOM UHUCIE, C
HEUTPOHOM, PaclajaThCsi, HO HE Ha DJIEKTPOH W IO3UTPOH, a Ha JIEKTPOH U aHTUNIEKTPOH. B
9TOW CUTYallUH, dJIEKTPOH, U3-3a CBOETO AMAMArHeTU3Ma, yXOIUT OT HEUTPOHA, & AaHTUAJIEKTPOH,
Osarosapsi [MaMarHeTU3sMy M «OTPULATEIbHOCTH» CBOEH MAacChl, YCTpPEMISIETCs K HEUTPOHY.
Ilox meWicTBMEM TaKOW K€ MarHMUTHOW CHJIBI, KOTOpas YCTPEMIISIET aHTUIIEKTPOH K HEUTPOHY,
HEUTpOH mbITaercs yOexarb oT aHTHIJieKkTpoHa. OJHaKo, M3-3a TOro, YTO €ro Macca Ha TpU
nopsiika OoJbllle BEJIMYMHBI MacCchl aHTUAJIEKTPOHA, My yOexaTh He YJaeTCsl, U aHTUAIEKTPOH
CJINBAETCs C HUM B OOBEKT CO BCEMH CBOWCTBAMH MPOTOHA. DTO MOJHOCTHIO OOBSACHSET CBI3KY
TPEKOB JJIEKTPOHA M NPOTOHA B HAOMIOJATEIIbHOM I0jie 0€3 MPUBJICYEHUS THUIIOTE3BI
CYIIECTBOBaHMS TaKOTO (PaHTOMHOI'O OOBEKTA, KaK «HEHTPUHOY.

@DaHTOMHOCTh «HEUTPUHO» JENacT OYEBUAHBIMM IIPUYMHBI II0OJYBEKOBBIX HEynad B
JKCIIEPUMEHTAX, TJIABHBIM JEHCTBYIOIIUM IMLIOM» B KOTOPBIX BBICTYIIAET «HEUTPHUHOY.

[TpuBenenHas Bepcusi TpaHCPOpPMaIlMU HEHTPOHA B MMPOTOH XOPOIIO OOBICHSIET Pe3yJbTaThl
CTOJIKHOBEHHUS JBYX IIPOTOHOB, pa30THAaHHBIX JIO OIPOMHBIX CKOPOCTEM Ha MOIIHBIX
yckoputensx. Korma sneprust cOnukeHuss nporoHoB Huxke 290M»sB, mpoucxoautr mpoctoe
yIpyroe paccestHue MpoToHa Ha mpoToHe. Ecim xke sHeprust cOnmkeHus npesbimaer 290MsB,
IIPOUCXOAUT PacMag OJHOTO U3 IPOTOHOB HA HEUTPOH U AHTUDJIEKTPOH: p+p—>p+n+e,+ (pu3uku
CYMUTAIOT, YTO B PE3YJIBTATE TAKOI'O CTOJKHOBEHUS IPOUCXOIUT paciaj OJHOIO U3 IIPOTOHOB Ha
HEUTPOH U MO3UTPOH: p+p—>p+n+e++; 0€3 TIPECIIOBYTOr0 «IepeX0/ia SHEPTHUH B MACCy» B 3TOM
o0BsicHeHuH He 06oiiTuce). K «mpecnoByTrocT» npeacTaBieHnit 00 SKBUBAIEHTHOCTH MacChl U
SHEPTUH BEPHEMCSI HIXKE, B XOJI€ ITOCJIEN0BATEIBHOTO U3JIOKEHUS MaTepHaa.

°

B npenpiaymeM paszaene ocTaaoch HEACHBIM, KaK aHTUAJIEKTPOH «CIMBAETCS» C HEUTPOHOM.
YroObl BBIICHUTH JIE€TAd 3TOT0 «CIUSHHUS», HEOOXOAMMO BBIIBUTH CTPYKTYpbl HEHTpOHa WU
aHTUINeKTpoHa. Haunem ¢ anTwanekTpoHa. Crenyer O0XHAATh, YTO CTPYKTYpPhl BCEX
AIIEKTPOHOIOIO0OHBIX MHUKPOOOBEKTOB aHAJOTM4YHBl Jpyr aApyry. IlosTomy pacckaxkeM o
CTPYKTYpE JIEKTPOHA.

Tak Kak 3JeKTpOH 00J1a1aeT KOHEYHO! MPOTSHKEHHOCTBIO, TO OH JOJDKEH COCTOSATh U3 Oolee
MEJKHX DJIEMEHTOB. Hu «mpocBeurnBaHME» JIIEKTPOHOB, HHM IONBITKM WX pa3pyLICHUS
OCSI3a€MBIX DPE3YJBTATOB HE IIPUHECIM — €CJIM DJJIEKTPOHBI B XOJE OJKCIEPUMEHTOB U
paspyliaiuch, TO O3TO OCTaJOCh He OOHapyXeHHbIM, HeHaOmonaembIM. Huxakux
MHUKPOOOBEKTOB, IPOMEXKYTOUHBIX, I10 MAacCe, MEXKAY dJIEKTPOHOM U dJIEMEHTaMH 3(upa, B X0J1e
Pa3JINYHBIX SKCIEPUMEHTOB, OOHAPYX UTh HE yaanock. Ha OCHOBaHMM 3THX pe3yabTaTOB MOXKHO



c/ienaTh NPEANoNIoKEeHHE, YTO JIEKTPOH COCTOUT M3 OIPOMHOTO MHOKECTBA 3JIEMEHTOB 3(upa.
Kaxkoit MoxxeT OBITh CTPYKTypa TaKOro 00pa3oBaHus?

DJEKTPOH SBISIETCS TJIABHBIM <JICHCTBYIOIIMM JIMIIOM» B 3KCIIEPHUMEHTax Opcreia |
Jlopenna. Kakumu cBoiicTBamMu T0JIKEH 00J1a1aTh 3JIEKTPOH, YTOOBI OHU OOBSCHSIIN PE3YyIbTaThl
ATHUX IKCTIEpUMEHTOB? VccenoBanus mokasaiu, 4To 3JIEKTPOH JIOJHKEH 001a1aTh CIeayIOIUMU
CBOICTBaMM: MMETh COOCTBEHHOE MAarHUTHOE IOJIe; OH JOJDKEH HMETh (DOpMY, BBITAHYTYIO
BJI0JIb OCH COOCTBEHHOTO MarHMTHOT'O MOJIS; BO BPEMsI IBUXKEHHUsI CBOOOJHOTO 3JEKTPOHA, OCh
CUMMETPUU €ro MarHUTHOTO IOJisI JOJDKHA OBITh pAacloyiokeHa BJOJb HAMpaBICHUS €ro
JBWDKEHUS, OH JOJDKEH NPUOOpeTaTh BBIHYXKIEHHOE JIEBOCTOPOHHEE BpAIllEHHUE BOKPYT OCHU
MarHUTHOTO TOJS, M BEKTOP €ro MAarHUTHONO MOMEHTa [OJKeH HMETh HalpaBlieHue,
IPOTHBOIOJI0XKHOE HAMIPABICHHUIO €TI0 ABHKCHHS.

Oxkazasioch, 4YTO 3JEKTPOH 00a/laeT TAKUMHU CBOMCTBAMHU, €CJIM €r0 CTPYKTYypa aHaJIOrMYHa
CTpykType atmocheproro cmepya [5]. MneHTudUKANMOHHOE W3YYECHUE IETANCH CTPYKTYPHI
aapa aToMa He, mpoBeieHHOE Ha 0a3e HKCHEPUMEHTATbHBIX 3HAYEHUI CHEKTPATbHBIX JTHHHMA
AJIEKTPOMAarHUTHOTO H3JIy4€HUS 3TOr0 aToMa, MOKas3ajlo, YTO HaIpPsHKEHHOCTb COOCTBEHHOI'O
MArHHTHOTO TI0JISl SJIEKTPOHA omuchiBaetcs BhipaxerneM: He(N)=(y+y1)(uer)rr*(cose) > —yr2ue.,
rae (Mel) — CKamsipHOE TPOU3BEICHUE BEKTOPOB Me M I, ¢ — Yroi MEKAy e U . OrpoMHBIN
M0Ka3aTelb CTEMEHH NP (COSp) TOBOPUT O TOM, YTO COOCTBEHHOE MAarHUTHOE MOJIE HJICKTPOHA
o0nanaer 4pe3BbIYAWHO Y3KOW CHUIENOJ00HON MarHUTHOM CTpy€W, aHAJIOTMYHOM MarHUTHOMN
CTpy€e Upe3BbIYaiiHO TTMHHOTO U TOHKOT'O COJIEHOM IA. DTOT Pe3yabTaT JAeT IKCIEPUMEHTAIBHOE
MOJTBEPKIEHUE TOTO, YTO JIEKTPOH oOnamaer GpopMoii, cxema KOTOpOH MpuBeAeHa Ha puc.2.
AHaJI0rM4HBIME (OpMaMH 00JIaJAI0T U AaHTUAJIEKTPOHBI, a TAKXKE O3UTPOHBI M AHTUIIO3UTPOHBIL.

P s s eeezze e s’/
Puc.2

He#lTpoHBI Tak ke COCTOST U3 OTPOMHBIX MHOXKECTB COOTBETCTBYIOIIMX 3JIEMEHTOB 3(hupa u
00J1a/1a10T CMEpUenoI00HBIMU CTPYKTYpaMH, HO HE MPSIMBIMHU, @ CBEPHYTBHIMHU B KOJIbLIO (puC.3).

A)
Y

Puc.3

3Has CTPYKTYypbl HEUTpPOHAa M AHTHUAJEKTPOHA, HETPYAHO TIOHATh, KAK YCTPOEH MPOTOH
(puc.4). IlporoH siBnsieTCs YAMBUTEIbHBIM OOBEKTOM — aHTUAJIEKTPOH YIEpKUBAaeTCi B
HEUTPOHE CHUJIAaMH MArHUTHOTO OTTaJKHUBaHUS. B yCTONYMBOM COCTOSIHUM MPOTOHA, LEHTPHI
Macc HEWTpPOHA U aHTHUIJIEKTpOHa coBnajatoT. CTOUT KaKoMy-HHOY/Ib BHEUTHEMY BO3EHCTBHUIO
pa3BeCTH LEHTPHl Macc 3TUX OOBEKTOB, KaK HEHUTPOH JeNIaeT PHIBOK B MOMBITKE cOEKaTh OT
AQHTHURJIEKTPOHA, a aHTUAJIEKTPOH cpa3y ke OpocaeTcs 3a HUM BJIOTOHKY, CTPEMSICb COBMECTHUTD
LEHTPHI UX Macc.

M)
<

@g\

Puc.4
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ATMocdepHble cMepuH 00J1a1a0T J0BOJIBHO BBICOKOW YCTOMYMBOCTBIO U, HA IIEPBBINA B3I,
SBIISIIOTCSI  YHUKAIbHBIMH, €JUHCTBEHHBIMH, IO CHEIH(HUKE CBOCH CTPYKTYpHI, OOBEKTaMH
makpomupa. OnHaKO, OKa3bIBae€TCs, YTO B MHKPOMHpPE CMEpPYErnoJOOHBIMU CTPYKTYpaMu
001aJar0T BCE AIIeMEHTapHbIE OOBEKTHI, @ U3 HUX COCTOST BCE COCTABHBIE 0OBEKTHI MUKPOMHpA
U MaKpoMHMpa.

ATMoOc(hepHbIe CMEepYM TMOCTOSHHO MPOKAYMBAIOT yepe3 ce0si OrpOMHBIE MAcChl BHEUIHETO
MOHU3UPOBAHHOIO BO3/1yXa. J[BMKeHHE 3THUX BO3JYIIHBIX HMOHU3MPOBAHHBIX Macc B CMepue
BO30Y)XJaeT B HEM, COTJIACHO AKCHEPUMEHTY DpCTena, MarHUTHBIM CMEpuYernofgoOHbBIH BUXPb,
KOTOPBII M NpOKayMBaeT uyepe3 ceOsi BHELIHME BO3IYLIHbIE MAcChl. Y IUBUTEIbHBIA CUMOMO3
CMepUYeriofoOHOr0 MAarHUTHOTO BUXPS M CHUJIBHO YIUIOTHAEMOTO, MpPHU MPOKAYKEe uYepe3 STOT
MarHUTHBIN BUXPb, MOHU3UPOBAHHOI'O BO3/yXa, YCTOHUYMB, I10KA CTENIEHb HOHU3ALUN BHELIHETO
BO3/yXa JJOCTATOYHO BBICOKA. [[OHIMKEHUE CTENEHH MOHHU3AIMK BHEUIHETO BO3yXa OCIadiseT
«IBWXKYIIMH» MarHuTHBIA BHUXpb B cMepye. OJTO, B CBOK O4Yepellb, YMEHbIIAET CKOPOCTh
NPOKAYKH BHEIIHETO BO3/1yXa, M TaKOE€ B3aUMHOE OcCJalJeHHEe MPOAOIDKACTCS 10 IOJIHOTO
paspyieHust atMochepHoro cmepya. IloBbllleHHe CTENEHM MOHM3AallMM BHELIHETO0 BO3AyXa
NPUBOJIUT K YBEIMYECHHIO OOIIEH Macchl BO3yXa, BOBICYEHHOTO B aTMOC(EPHBINA CMEpH.

Bcé ckazanHoe cnpaBeyIMBO M MO OTHOILEHHIO K JIEKTPOHHOMY 3()HUpPHOMY cMepuy, U IO
OTHOIICHUIO K HEHUTpOHHOMY 3¢upHOMY cMepuy. [loBbIIIEHHE TUIOTHOCTH BHEIIHEro 3¢upa
JIOJDKHO COTIPOBOXKJIAThCS YBEJTMUEHUEM MAcC U 3JIEKTPOHA, U HEUTPOHA, U MPOTOHA.

[Tpu nBUXEeHUU CBOOOIHOTO JEKTPOHA U CBOOOAHOTO HEMTPOHA OTHOCHUTENBHAS IJIOTHOCTD
BCTPEYHOT'0 MOTOKA 3(Upa yBEIMUMBAETCS BMECTE C yBeaudeHueM ckopocTH. ClieoBaTenbHo,
Macchl IBMKYIIUXCSI CBOOOIHBIX 3JIEKTPOHOB M HEHTPOHOB JIOJKHBI PACTH C POCTOM CKOPOCTH
JBWDKEHUS ATUX MHKPOOOBEKTOB. BOT M JOCTUTHYTO coaep)kKaTelibHOE€ MOHMMAaHUE IPUYMH
pocTa Macchl MHKPOOOBEKTa C POCTOM €ro cKopocTH, mpenackazanHoro CTO — crenuanbHOM
TEOpHEH OTHOCUTEIILHOCTH.

Opnaxo, yBaxaemble (PU3MKH, MONPUIEPKUTE CaMOJ0BOJIbHBIE yIbIOKH. Ha camom nene, Bcé
He Tak mpocto. OmMcaHHOE COOTHOLIEHHE MEXIYy CKOPOCTBIO 3JIEKTpOHa (HEWTpoHa) M ero
Maccoi CHpaBeIMBO TOJBKO ISl CBOOOJHOTO 3JIEKTPOHA (HEMTPOHA) U HE BBIIOJHSAETCS JUIS
3JIEKTPOHOB (HEUTPOHOB), CBSA3aHHBIX B COCTABHBIX MUKPOOOBEKTAX.

[Tpu nBUXKEHUM CBOOOJHOrO 3JE€KTpOHA (HEMTPOHA) BEKTOp €ro MAarHUTHOIO MOMEHTa
HalpaBJIeH MPOTHBOIIOIOKHO HANpPABICHUIO JIBUXKEHUS — B CTOPOHY PEaKTHUBHON 3(HUpHON
CTpyH DJEKTpOHA (HEHTpOHA); MPH ITOM YTON | MEXKIY BEKTOPOM CKOPOCTH M BEKTOPOM
MarHuTHOro MomeHta paBeH 7 (180°). Ecnmu B cocraBHOM 00BeKkTe 3IEKTPOH (HEUTPOH)
pAacIIoIOKeH Tak, YTO YTOJI i MEHBIIE 7, TO, C YMEHbIIEHHEM ¥ OT 7 70 0, mpHupalmieHrne Macchl
3JIEKTpOHA (HEMTPOHA) YMEHBIIAETCSl BMECTE C BETMUMHON yruia 7, ¥ ipu =0 MOXKeT OBITh 1axe
orpuuarensusiM.  CreoBatensHo, cootsomenne CTO: m(v)=m(0)(1-v’c )™ k peamsrOMY
Mupy OTHOILIEHUS HE UMEET.

0

Jliss BBIUMCIIEHUS] BEJMYMHBI SHEPrHMM CBA3M E COCTaBHBIX MHKPOOOBEKTOB B (U3UKE
MHUKPOMHpA UCIIOJIB3YETCSI COOTHOLIEHUE: £ =Am-c?, rme Am — BenHuMHA «edekra Macey, ¢ —
BEJIMYMHA CKOPOCTH CBETA.

[MpencraBienns o «aedeKTe MacChl» BO3HUKIM MPHA U3MEPEHUH MAacC MUKPOOOBEKTOB. DTH
U3MEPEHUs MOKa3ajiH, YTO CyMMa MacC OTAEIbHBIX MHUKPOOOBEKTOB, BXOASIIMX B COCTaBHOM
00BEKT, OoJbIlle, YeM Macca COCTAaBHOTO MHUKpPOOOBEKTa. Pa3HOCTH CyMMBI Macc OTIEIbHBIX
MHUKPOOOBEKTOB M MAaCChl COCTABHOTO 00BEKTA M HA3BAIH «I€(PEKTOM Maccy.

B npeasiaymem paszgene pacckazaHo, Kak oOpasyercs «aeekT maccy». M3mepstb macchl
HETOABIKHBIX MUKPOOOBEKTOB (M3MKU He ymeroT. [loaToMy m3MepeHue Macc MpOM3BOAMUTCS
KOCBEHHBIM 00pa3oM — TIyTeM OLIEHKM JUHAMHUYECKHUX XapaKTePUCTHUK JABHKYLIMXCS
MHUKpOOOBEKTOB. B pe3yibrare Takoro cnocoba m3MepeHuit Macc, U ObUl 0OHApYKeH «Ie(eKT
Macey.



[Ipuumnasl obOpa3oBaHust «aedekra Macc», MNPH HU3MEPEHUH Macc MHKPOOOBEKTOB,
3aKII0YAIOTCS B XapakTepe CTPYKTYp MHUKPOOOBEKTOB. Tak Kak JJIEKTPOHBI, HEHTPOHBI W
MPOTOHBI O0JIAJTAIOT CMEPYCNIOAO0HBIMU 3(PUPHBIMH CTPYKTYpaMH, TO HMX MAacChl PacTyT C
POCTOM CKOpPOCTH V HX JBWXKCHHSA. BENWYMHBI 3TUX MPHUPAIICHHH 3aBUCAT OT BEINYHHBI
CKOpPOCTH V M OT OPUEHTALMM BEKTOPAa MAarHUTHOTO MOMEHTa # MHUKPOOOBEKTa OTHOCHUTEIBHO
Bektopa V: m(v)=m(0)+d(v, ), rae y — yroa Mexay BeKTopamu 4 u V. Eciiu BeKTOp ¢ HampaBiicH
IPOTUBOIIOJIOXHO BeKTOpy V (w=7), TO mNpHpamieHue J UMEET MaKCHMallbHOE 3HAuCHHE.
VYMEHBIICHHE YTiIa ¥ TPUBOAUT K YMEHBIICHUIO 0.

[Ipu uzmepenun Macc cBOOOIHBIX 3JEKTPOHOB, HEHTPOHOB U MPOTOHOB, YTOJI i/ paBeH 7. B
COCTaBHBIX OOBEKTA — SAPaX M aTOMax, HYKJIIOHBI M 3JCKTPOHBI PACIIOIAratoTCs BIOJIb OCEBBIX
JIMHUI MarHUTHBIX MOJICH HYKJIOHHBIX MarHUTHBIX KJIACTEPOB. A TaK KakK 3T JIMHUH HaXOJSATCS
1OJT pa3HBIMU YIJIAMH JIPYT K JPYTY, KaK HTOJKH MOPCKOro exa (puc.5), To, IS pa3HbIX

Pucs
3JIEMEHTOB COCTaBHOT'O MHKPOOOBEKTa, YIVIBI ¥ OTIMYAIOTCS JPYyr OT JApyra, BO BpeMms
JIBUKEHUS, U OT 7. BcrencTBue 3TOro, BEIMUYUHBI O JUISL 3JIEMEHTOB COCTaBHOIO OOBEKTa, 3a
pPEeIKUM HCKJIIOUYEHHEM, MEHbIE MaKCHMaJIbHO BO3MOXHBIX. Tak oOpasyercs «aedekr maccy
COCTaBHbBIX MUKPOOOBEKTOB.

31ech ecTh OJIMH MOMEHT, HYXAAIOLiics B 00bsICHEHHU. Bpllle IpoTOH MpeacTaBiIeH Kak
00BEKT, COCTOAIIMN U3 HEUTPOHA U aHTHAJIEKTpoHa (puc.4). MarHUTHbIE MOMEHTHI HEUTPOHA U
AQHTHURJIEKTPOHA PACIOJIOKEHBI Ha OJHOM U ToM e npsiMoi. [1pu usmepennn Maccel cCBOOOTHOTO
IPOTOHA, BEKTOP MarHUTHOTO MOMEHTA IIPOTOHA L, UMEET HAIpPaBJIECHHUE, NPOTUBOIONIOKHOE.
BEKTOpYy V. [Touemy  xe 31€Ch CYILIECTBYET «aedexT Maccey, paBHBII
AM=(M;—Me)-m,=0,0014-10 *'kr, /e my=1,67495-10 *'kr, my=1,67265-10 ',
Me=9,10953-10*'kr? «JlebekT Macc», B TOM Clydae, CYIIECTBYET MOTOMY, YTO BEKTOD Me
IIPOTUBOIOJIOXKEH BEKTOPY V, @ BEKTOP Mn UMEET HAIIPABJICHUE BEKTOPA V.

o

Tak Kak TPOTOH COCTOUT U3 HEUTPOHA U AHTUAJIEKTPOHA U Am:(mn—me)—mp:0,0014'10_27Kr,
T0, cornacHo CTO, sHeprus CBsI3M aHTUAJICKTPOHA B TIPOTOHE E=0,0014-107-9-10%kr m?* ¢ =
0,78M>»B.

DKCMEPUMEHTHI TIO CTOJKHOBEHHUSM BBICOKOOYHEPTUUYHBIX MPOTOHOB MOKA3aJId, YTO OJUH M3
CTAJIKUBAIOIINXCSI IPOTOHOB PACMaIaeTCs HAa HEUTPOH M aHTURJIEKTPOH, TOJIBKO B TOM ClydYae,
KOT/Ia SHEpTHsl CONMMKEeHHs MPOTOHOB He MeHee 290M»1B. Drta BennunHa 04eHb CHIBHO, MPOCTO
HEJOMYCTUMO, OTIMYAETCS OT MPUBEJIEHHOM o1leHKH 1o kputeputo CTO.

@u3MKN rOBOPAT, YTO MOJydYEHHas B JKclepuMeHTe BennunHa B 290M»sB He sBnsercs
OIICHKOM SHEPTUH MPEBPALIEHUs IPOTOHA B HEUTPOH, TAaK KaK MOYTH BCS 3TA SHEPTUs YXOJIUT HA
pa3nET MpoIyKTOB pacmajaa MpoTOHA.

Bbl moHumaerte, yBakaeMblii yMTaTellb, YTO XOTAT cKazarh ¢usuku? IlompoOyem B 3TOM
pazobpatecs. [lpexxne Bcero, paccMOTpUM, Kak MPOUCXOAUT COJMMDKEHWH TPOTOHOB U
paspylieHue OJHOTO W3 HHUX. OJTO TMPOUCXOJUT B pe3yibTaTe CONMKEHUS MPOTOHOB,
pa30THaHHBIX Ha YCKOPUTENSIX J0 TPOMAIHBIX CKOpocTed u 3Hepruil. [loka mpoTOHBI HeE
CONMUBSITCS 10 PaCCTOSTHUS r=10"'""m, MEXy HUMHU JECHCTBYIOT TOJNBKO CHIbl Fy(I) MarauTHOTO
oTTalIkuBaHusA. [lpy MEHBIIMX pacCTOAHMAX [, K MAarHUTHBIM  B3aUMOJCHCTBUSIM
MPUCOCIUHSIIOTCS HYKJIOHHBIE — CHauaja HYKJIOHHOE MPUTSIKEHHE, a 3aTeéM HYKJIOHHOE



oTTajKkuBaHue. s NpeooaeH!sl MAarHUTHOTO OTTAJIKMBAHUS, IPENATCTBYIOIIETO YMEHBIIEHUIO
paccrostaust ' o Bemmumabl 107'*m, HeoOXomMMa SHeprus COMMKEHHS, paBHAs —paboOTe:

10 "M

[Fu(r)dr=45,5M>B.

o0
[Tocnenyromee cOnuxeHne NpoOTOHOB, 0€3 UX paciaga Ha HEUTPOHBI U AHTUAJIEKTPOHBI, TpeOyeT
YBEJIMUYEHUS AHEpruu commkeHus 1o 290M»sB. Ilpu npeBbllIeHHH 3TOH BEIMUYMHBI 3HEPTrUen
COMMKEHUS] POTOHOB, MPOUCXOAUT MAarHUTHOE BBITAIKMBAHUE AHTUAJIEKTPOHA U3 OAHOTO M3
IIPOTOHOB CO CKOPOCTHIO, MO3BOJISIOLIEH YJAJIUTh 3TOT AHTUIEKTPOH HA TEOPETUYECKYIO
0ecKOHEeUHOCTh. B KBaHTOBOWM TeOpUH IOCTHIKEHHE TAKOI'O IOHMMAaHUS HEBO3MOXHO H3-3a
0TKa3a OT yuyeTa MarHUTHBIX B3aMMOICHCTBHIA MEXy MUKPOOOHEKTaAMHU.

Hexoropeie neramu storo npouecca. Ilpu pasrone, Macchl IPOTOHOB YBEJIMYMBAIOTCS, 32
CUEeT 3aXBaTa JONOIHUTEIBHBIX Macc 3upa, 10 My(v). ITocae coymapeHus i MpeKpalieHus pasroHa,
Macca YLEJEBIIEro MPOTOHa yMeHblraerca a0 My(0) m3-3a compoTuBieHHs 3GHpa €ro IBUKECHHIO,
BBI3BIBAIOIICTO YMCHBLUIICHHUE CKOPOCTHU [JABWIXCHUA I3TOIO IIPOTOHA, COIIPOBOKIAAIOIICCCIA C6I)OCOM
muirHEX 3GupHBIX Macc. To ke caMoe MPOUCXOAUT U CO CBOOOIHBIMU HEUTPOHOM M aHTHDIIEKTPOHOM,
MOSIBUBLLIUMUCA B Pe3yJbTaTe pa3pylICHHs] BTOPOro NpOTOHA. B KBaHTOBOW TEOpUM TakOe€ MOHHMAHHE
ONMCaHHOM PCaK MNPUHOUIIMAJIBHO HEAOCTWIKHMMO H3-3a OTKa3a OT YUCTa 3¢)Hpa U Mar"HuTHBIX
B3aMMO/ICHCTBUHN MEXKIY MUKPOOOBEKTaMH.

Takum o0pa3oM, HCHOJIb30BaHHE MOHATUS «dedeKT Macc» NPUBOAUT K HETOMYCTHMBIM,
HENPUEMJIEMBIM KOJINY€CTBEHHBIM OmIHOKaM MpA BBIMUCJICHUHA 3Heprm‘/i CBSI3H MI/IKPOOG'[)CKTOB.

Bor u crano mnoHsATHO: (U3MKM XOTAT CKaszaTh, OyATO MOHUMAIOT MPOMUCXOJINEE B
ONKCAaHHON peaKIyH, HaJesiCh Ha TO, YTO WX OIIMOKM HE BCKPOIOTCS, W YTO HCTUHHOTO
HNOHUMAaHMsI 3TON peakuK JOCTUYb HE y1acCTCsl.

0

OKCIIEpUMEHTBl Ha YCKOPUTENAX OTKPBUIM MHOIO, HEM3BECTHBIX DAHEE, HHTEPECHBIX
¢akroB. O TOM, YTO HE OBLTM OOHAPYXEHBI MaTepHAIIbHbIE OOBEKTHI, TPOMEKYTOUHBIE MEXKITY
AJIEKTPOHAMHM M HEHUTPOHAaMHU, C OJHOM CTOPOHBI, M 3JIEMEHTaMH 3(upa, ¢ Ipyrou, yxke
TOBOPHJIOCH BBILIE. DTO MO3BOJIWIIO BBISIBUTH CTPYKTYPBI JJIEKTPOHOB U HEUTPOHOB.

OnHOBpPEMEHHO OOHAPYXKMJIOCh, YTO MAacChl JIEKTPOHOB YBEIUYMBAIMCH Ha 2+3 MOpsJIKa,
TOrJa Kak Macchl HEHTPOHOB M IPOTOHOB YBEIWYMBAINCh, B TEX € JUANazoHaXx CKOPOCTEH,
BCErO B IIOJITOpA paza. ITO MOKA3aJI0, YTO MEXAY KOJINYECTBEHHbIMU cooTHomeHUsIMU CTO u
AKCIEPUMEHTAIbHBIMU (DaKTaMM, CYILECTBYIOT HEYCTPAaHMMBbIE CYLIECTBEHHBIE MPOTHUBOPEYUSI.
[Tpuuynnoil 3THX mnpoTuBOpeunit mnocnyxun otkaz3 CTO or ywera sdupa. Cyrb 3THX
IPOTUBOPEUYUI COCTOUT B TOM, UTO, corjacHO cooTHomeHuto CTO s 3aBUCHMOCTH MaccChl
oGBeKTa 0T ckopocTH ero amkenns m(v)=m(0)(1-v’c2) ™, oTHocHTeNBHBIEC MPHpAIICHNS Mace
MHUKPOOOBEKTOB, NMPH YBEIWYEHUU CKOPOCTH WX JBM)KEHUS, TOJDKHBI OBITh OIMHAKOBBI JUIS
JOOBIX MUKPOOOBEKTOB — AIEKTPOHOB, HEUTPOHOB, TPOTOHOB,. . .

OTH HOBBIE IKCIIEPUMEHTANIbHBIE (haKThl TOBOPSAT 0 HeagekBaTHOCTH CTO.

°

B cBi3M Cc 9KcrepUMEHTaNbHO OOHApPYKEHHOH JTUCHPOINOpILHUEH MHpUpocTa Macc
MHUKPOOOBEKTOB TPU UX pa3roHe, B (PU3MKE CO3/ajach OeCIpere/IecHTHO a0CypHasi CUTYaIlus.
CopnepxarenpHOe MOHUMAaHUE NMPUYMH 3TOW JUCHPONOPLUM B KBAaHTOBOW TEOpPUH, M3-3a OTKa3a
OT yyeTa d3(QUpa M MarHUTHBIX B3aHUMOJCHCTBUI MEXIy MHKPOOOBEKTaMH, OKa3alloCh
IMPUHLUIIAAIBHO HEAOCTHKUMBIM.

N3-3a OezoroBopouyHoro moBepusi abcrtpaktHoMy (opmamusmy CTO, B TOM umcie
NPUBEJICHHON (hOpManbHOM 3aBHCHMOCTH MacChl MHKPOOOBEKTa OT €ro CKOPOCTH, (PM3HKH, B
9TON CHUTyallMd, HE CMOIVIM TOHATh NPUYMH OOHAapyKeHHOW aucmponopumu. [IpaBma, mo
Heo(umansHol MHpOpPMAaLMK, BCE K€ HAIUIUCh (PU3HMKH, 00JIa1atole HOpMaIbHOM HaydYHOU
UHTYHLIIMEH M TMpeJUlaraBIide CUUTaThb MHUKPOOOBEKTHI C MaccaMi, AUCHPONOPLUOHATIBHO
YBEJIMUMBLUIMMUCS MIPU OJHUX U TEX K€ CKOPOCTAX, TEMHU K€ IJIEKTPOHAMH, HEHTpPOHAMHU U
IPOTOHAMM, HO TOJIBKO «BO30YXJEHHBIMU» - YBEIMUYMBIIMMHU CBOM Macchl B pe3yibTare
YBEJIMUYEHUS UX CKOpOCTH. HO K HMM He NpuCIylIanuch, U, HECMOTPS HAa IPOBO3IIIAILIEHHBIN



IPUOPUTET SKCIEPUMEHTA HaJ Teopuel [37,38], mpeanowin NoBepUTh HE 3KCIEPUMEHTAIBHBIM
dakram, a «kpacuBoii» CTO. duszukam IO0Ka3al0Ch, YTO OHH HAIUIM BBIXOJ, IMPHUIYMaB
daHTaCTHUYECKHUE «MIOOHBI, «IUOHBI»,... M OpPOCWINCH pa3BUBaTh «KPACHUBYIO» TEOPHUIO
UppeaNbHbIX 0OBEKTOB.

[IpocToe, mpo3payHOe M €CTECTBEHHOE OOBSICHEHHE SKCIEPUMEHTAIBHO OOHAPYKEHHOM
JUCIPONOPIUHN MPUPOCTA MACC ANEKTPOHOB, HEHTPOHOB U MPOTOHOB C POCTOM HX CKOPOCTH,
MOJIy4EeHO B TEOPUH HEIMHEHHBIX KOJIeOaHUH, Oaroaapst OOHapy>KEHHIO CTPYKTYP AJIEKTPOHOB,
HEHUTPOHOB M MPOTOHOB. JIeHCTBUTENBHO, SKCIEPUMEHTBHI CO CBOOOJHBIMH 3JEKTPOHAMH,
HEUTPOHAMHM U MPOTOHAMHU BEIUCh B yCKOpUTENAX. M3 Tex BaKyyMHUpOBaHHBIX IMOJIOCTEH, T
9TH MHKPOOOBEKTHl pPa3roHsUIMCh, 3(GUp OTKayaThb HEBO3MOXHO. IloaTomy pasron
MUKPOOOBEKTOB MPOBOIWICS B 3(UPHOU CpeIe.

Tak kak Bce 3T MUKPOOOBEKTHI 00JIaJal0T CMEPUEOIOOHBIMU YPUPHBIMHU CTPYKTYpamH, TO
UX MAacChl 3aBUCAT OT IUIOTHOCTH OKpyxaromero 3¢upa. C pocToM CKOPOCTH JIBUIKECHUS
MHUKPOOOBEKTOB POCIIa U IIOTHOCTh BCTPEYHOro MoTOKa 3¢dupa. Bmecte ¢ pocToM IMIOTHOCTU
BCTPEYHOTO 3(UPHOTO MOTOKA POCIM M MacChl Pa3rOHAEMBIX MUKpOOOBeKTOB. HOo pocnm onm
M0-pa3HOMY, B 3aBUCUMOCTH OT BETMYMHBI X YyBCTBUTEIHLHOCTH 10 OTHOILIEHUIO K BCTPEYHOMY
MOTOKY 3¢upa. DIEKTPOHBI 00JIaTAF0T HAMHOTO OOJIBIIICH BETMYNHOW STOW YyBCTBHTEIHHOCTH,
YeM HYKJIOHBI, TaK Kak Bce, 0€3 HCKIIOUeHHUs, d(PUpHBIE CTPYH SJEKTPOHA OTKPBITHI IS
BHENTHETo d¢upa (puc.2), Toraa Kak BHEIIHEMY 3(UPY OTKPBITHI TOJLKO BHEIIHUE CITHPATHHBIC
CTpyu HelTpoHOB (puc.3,4). OTta cnenuduka CTPYKTYp IJIEKTPOHOB U HEHTPOHOB U CIYKUT
MPUYHHONW OTPOMHOM TUCTIPOTIOPIIMU IMTPUPOCTA MACC JIEKTPOHOB U HYKJIOHOB IPU UX Pa3TOHE.

JlocTrxeHre Takoro MOHMMAHHUS MEXaHH3Ma IPUPOCTa MAcC MHUKPOOOBEKTOB, MpPU HUX
pasroHe, HU KBaHTOBOW TeopuH, HU «kpacuBoi» CTO HexocTymnHoO.

o

Tak Kak MPOTOH MPEJCTABISAET COO0M CUMOMO3 HEUTPOHA C aHTUAJIEKTPOHOM, TO HYKJIOHHBIE
CHUJIBI SIBJISIFOTCSA UMCTO HEUTPOHHBIMU. Paninyc AeiCTBUS HEUTPOHHBIX CUJI, KAK U3BECTHO, OYEHb
MaJI - OH cocTasisieT Beero 10 m.

KonuyecTBeHHOE ONMCaHWE€ HEUTPOHHBIX CHJI BENETCA C MOMOIIBI) CKOHCTPYHMPOBAHHBIX
X.FOkaBoil noTeHIMaNbHBIX (YHKIUI Vl——glrflexp(—klr) JUISL IPUTSTHBAIOLIEN KOMIIOHEHTHI U
V2=g2rflexp(—k2r) JUTSL OTTAJIKUBAOUIEH KOMIIOHEHThI HEUTPOHHOM CHJIBI.

N3-3a oTkaza OT yuyeTa MarHUTHBIX B3aUMOJCHCTBUNA MEXAYy OOBEKTaMH MHUKPOMUDA,
Gbu3MKK HE CMOTJIM TOHATH, 4TO moreHman V, FOkaBwl, o KpaiiHel Mepe, IpHU JOCTaTOYHO
MajbIxX I, HeaJekBaTeH. Jleno B TOM, YTO, COTJIACHO BBIPAXKEHUIO ISl Vo, CHUIIBI HEHTPOHHOTO
OTTAJIKUBAHUS, TPU MAJBIX I, IPONOPLMOHATBLHBI r 2. CHIIBI %e MAarHUTHOTO B3aMMOJCHCTBHS
MEXIYy MHUKPOOOBEKTAMHU MPOMOPIIHOHAIBHBI r3. Droro ¢bu3uku He 3HaT. He 3HAIOT OHU U
TOTO, YTO HEUTPOH sBisieTcs mapamarHeTukoMm [11]. A u3 atoro cienyer, 4yTo, Ipu MajbIxX I,
€CJIM BhIpaKeHUE N5l V; aleKBaTHO, CUITBI MATHUTHOTO TIPUTSKEHHS MEXIY TBYMS HEUTPOHAMHU
JOJKHBI TIPEBAIMPOBATh HAJ CHJIAMU MAarHUTHOTO OTTaJkuBaHWSA. Ecnmu Obl 3TO OBLTO, B
JIEHCTBUTEILHOCTH, TaK, TO CHJIBl HEUTPOHHOTO OTTAJIKUBAHUS HE MOTJIA ObI BOCIIPEIISITCTBOBATH
KOJUTANCy HEUTPOHOB IO/ BAUSHUEM MAarHUTHOTO MPUTSHKEHUS MEXITY HUMHU.

st ycTpaHeHust 2TOTO0 HEOPa3yMEHHs, HY)KHO, YTOOBI BeIpaKeHHUE IS Vo BBITIIAIETO TaK:
Vo=gar exp(—Kar), roe s>3.

BBIH_IG, Ha OpUMCPE OMNPCACIICHUSA SHCPIrUM CBA3U AHTUIJICKTPOHA B IIPOTOHC, 06Hapy>1<eH0, qTo
HUCIIOJIB30BAaHUE ITOHATHUA ((Heq)eKT Macce» MPUBOAUT K HEAOITYCTUMBIM, HEITPUEMIIEMBIM KOJIMYCCTBEHHBIM
omunoKaM IIpyU BBIYHCIICHUN 3Hepr1/1171 CBs3HU MI/IKPOO6’LCKTOB. Awnanornynas CUTyalusa BO3HHUKACT U C
BBIUKCIIeHHeM dHeprun csi3u anep D, T, *He n *He. Buumanue k 3ToMy GbLIO HPHUBIEUYEHO CIIEILYOIIHME
00CTOSITETLCTBAMH.

Brimie pacckazaHo Takke O TOM, YTO BBIpaKEHUE ISl HANPSHIKEHHOCTH COOCTBEHHOTO
MarHuTHOro moms ouekrtpora:  Ho(r)=(y+y1)(uer)rr *(cosp)**—yir ue, GblIO MOTYYeHO B
pe3ynbTaTe UACHTU(DUKAIIMOHHOTO U3YUeHUsI CTPYKTYPHI flipa atoMa He, IpoBeeHHOE Ha 0aze
SKCIIEPUMEHTAIBHBIX 3HAUYEHUN CIEKTPaIbHBIX JUHHUM AJIEKTPOMAarHUTHOTO M3JIYYEHHS 3TOTO
atoma, Bmecre ¢ 310t popmyinoil OBIJIO YCTAaHOBIIEHO, YTO HYKJIOHBI siapa ‘He maxomsrcs B
BEpIIMHAX HEMPAaBWIHHOW MUpaMuabl. JIBE€ TpaHHM 3TOW NMUpPaMUIbLI MPEICTABISIOT COOOM 1Ba



NOpSMOYTOJIbHbIE TPEYrojbHUKA C OOIIEH THIIOTEHY30M, Ha KOHI[AX KOTOPOW HaXOIATCS
poTOHBI. «IIpsAMOYroapHYI0» BEPIIMHY KaXKIO0TO U3 ITHX TPEYrOJIbHUKOB 3aHMMAET HEUTPOH.
OTU NPSAMOYTOJIbHBIE TPEYTOJIBHUKY SIBIISIOTCS 3€PKAJbHBIMU OTPaKEHUSAMU Apyr apyra. Ecnu
pasopBaTh pedpo, COCIUHSAIOIIEe HEUTPOHbI, U PACHOIOKUTh ABE «IIPSIMOYrOJbHBIE» T'PaHU B
OJTHO¥ IUIOCKOCTH, TO MOJYYHUM PUCYHOK 6 (0 — IIPOTOH, ® — HEHTPOH).

0 [ ]

[ ] (1]
Puc.6

Hcnonb3oBanue «iedexkra Mace» s OLIEHKH SHEPTUU CBSI3U HYKJIOHOB B siapax D, T, *He u
*He, mokasano, 4to 3TH OLEHKH paBubl: E(D)=2,2M>5B, E(7)=8,5M»3B, E(SHe)=7,7M3B u
E(*He)=28,3M>B.

Jnst cpaBHEHHUSI, 3TH K€ DPHEPTrUU CBS3M OBLUIM BBIYUCIICHBI B IMPEANON0KCHHH, YTO CHIIA
HEHTPOHHOTO B3aMMOJCHCTBUS  ONKCHIBACTCS  BBIpakeHHeM: Fo(r)=pr *—qr>. 3HaucHus
napaMeTpoB p W ( OBUIM BBIYHCICHBI C IMOMOIIBI0 WACHTU(DUKAIMOHHON MPOUEAYypPhl U C
UCIIONIb30BaHUEM sMmmupudeckoir Gopmynsl Pesepdopra: r,=1,4-4"3.10"m. Ux s3uauennus
okasamuch pasHbl: p=1581-10 P kr-m-c %, q=5032-10 “kr'm°:c 2. DTO IO3BONMIO IOIYUYHUTH
CIIEIYIOIITHE OLICHKH: E(D)=0,133M5B, E(7)=0,653M>5B, E(He)=0,393M>5B,
E(4He)=1,046M3B. C oneHkamu, BBIYMCICHHBIMH 10 <«Ie(eKTaM Macc», OSTH OILICHKHU
pacxoATcs Ha MOPSAOK.

.

[IpocreiinmMu SBISIOTCS PEAKLUU AJIEPHOTO CUHTE3a C IIOMOUIBI0 BHEAPEHHUS B COCTAB sAJIpa
JOTIOJIHUTEIBHOTO  MPOTOHA WJIM  JIONOJHUTENIBHOrO HelTpoHa. Peakius BHeapeHus
JIOTIOJIHUTEIBHOTO TPOTOHA B SIAPO OTHOCUTCSA K «TOPSYEMY» CUHTE3Y, PEaKLUs BHEIPEHUs
JIOTIOJTHUTEIILHOTO HEUTPOHA — K «XOJIOHOMY».

°

«opsiumii» sgepHbId cuHTe3. Tak Kak sApPO COAEPXKUT NPOTOHBI, TO BBIPAOOTKY
MOHUMAHUS CIENU(UKH «TOpsYero» SACpHOTO CHHTE3a HAYHEM C PACCMOTPEHHUs MPOTOH-
MPOTOHHOT'O CUHTE3a.

[IpoToH 00magaeT «IOJOKUTEIBHBIMY) EAMHUYHBIM JJICKTPUUYECKUM 3apsSaoM, U MEXKAY
JIBYMsI IPOTOHAMHU JEMCTBYET 3JIEKTPUUECKOE OTTaKUBaHME. [ Toro, 4To0s! cOMMKaromuecs
MPOTOHBI NPUHSIU y4acTHE B SAEPHOM CHUHTE3€, OHHM JIOJDKHBI COMU3UTHCA JO PACCTOSHUS
10 M. UT0GbI 3TO MPOM30MLIO, MPOTOHBI JOKHBI MPEOIONETh HIEKTPHUECKOE OTTANTKHBAHHE.
Jlist aTOTO, 2HEPrUs MX CONMMKEHUs JohkHA ObITh He MeHee 0,144M»aB. B ToM, 4T00BI TOOUTHCS
TaKUX SHEPruil cOMMDKEHUs, PU3UKU BUIAT OAHY U3 OCHOBHBIX TPYAHOCTEH, MPETSATCTBYIOIINX
CO3JJaHUIO YIIPABIISIEMBIX SJHEPTE€TUUECKUX PEAKTOPOB Ha JIETKUX siapax [39].

XOopomIo W3BECTHO, YTO TPOTOHBI, KaK W BCE, 0€3 HMCKIIOUYEHHUS, OOBEKTHl MHKPOMHPA,
007a/1at0T COOCTBEHHBIMH MAarHUTHBIMH TOJISIMU. V3-3a OMIMOOYHOTO TIPOYTEHHUS PE3yIbTaTOB
JKCIIEpUMEHTa Jpcrena, (u3nKa MUKpPOMHpA JI0 CUX MOP OTKAa3bIBAETCS OT y4eTa MAarHUTHBIX
B3aMMOJICHCTBUI MEXIy MUKPOOOBEKTaMH. B pe3ynbTare 3TOro, COBpeMeHHas (u3MKa MOUYTH
HUYEro He 3HaeT 00 3TuxX B3auMojaeucTBUsX. [103ToMy ydeT MAarHUTHBIX B3aMMOJICHCTBHUM B
MUKPOMHUPE MPUIILIOCH HAYATh C BBISBIICHUS TAPAMETPOB ITUX B3aUMOECHCTBUN.

Oka3anoch, 4TO HAIPSKEHHOCTH MAarHUTHBIX IOJIEM HEUTPOHOB, IPOTOHOB M AJIEKTPOHOB
MPONOPIUOHAIBHBI r?, a CHIB MATHUTHBIX B3aMMOJCHCTBHIL MPONOPIUOHAIBHBI r roe r —
paccTosHUuE MEXy B3aUMOJICHCTBYIOIIMMU MUKPOOOBEKTaMH. DTO TOBOPUT O TOM, YTO MIPUPOIa
MarHeTu3Ma HOCUT HE JMMOJbHBIN U HE TOKOBBIM XapakTep (BBISBIECHUE CTPYKTYPHI SJIEKTPOHA
MoKa3ajo, YTO TMPUPOJA MarHeTu3Ma HOCUT CTPYWHBIA Xxapakrtep). MaeHTudukammoHHbIC
MpoLeaypbl MOKa3aJll, YTO 3JEKTPOH (a TakXe MO3UTPOH, AHTUDJIEKTPOH M aHTUIO3UTPOH) U
IPOTOH — JUAMAarHeTHKH, a HEUTPOH — NMapaMarHeTHK, U 4TO u.=0up, ,un=3-10'4,up, 0=8,372. Ecmn
MHUKPOOOBEKTHI U BEKTOPHI UX MAarHUTHBIX MOMEHTOB HaXOJATCS HA OJTHOM M TOH K€ MPSMOM, TO



MarHuTHask CUJjIa 3JIEKTPOH-TIPOTOHHOTO B3aUMOICUCTBUS Fep:ﬂepr_3, ﬂep=122,081-10_40KF-M4-C_2,
MarHMTHas CWJla MPOTOH-NPOTOHHOIO B3aUMOIEUCTBHA Fpp=Lupl ), ﬂpP:14,582'10740KF'M4'072,
MarHuTHasi CUjia MPOTOH-HEHTPOHHOI'O B3aUMOJCHCTBUS Fpn:ﬁpnr_3, Pon :4,375'10_43KI“M4‘C_2,
MarHuTHas CUjia HEUTPOH-HEUTPOHHOTO B3aUMO/ICHCTBUS an:ﬂnnrfs, ﬂnn:1,312'10746KF‘M4‘072.

[TpOTOH-IPOTOHHBIA CHHTE3 MPOUCXOTUT B pe3yiabTaTe CONMKEHUS JIBYX IPOTOHOB IO
10"*m. B obmem ciydae, nanpumep, Ha COIIHIIE, HAIIPABICHHS BEKTOPOB MATHUTHEIX MOMEHTOB
pa3HbIX CBOOOHBIX MPOTOHOB PACIIOJIOKEHBI Xa0TUYECKH, HE COTTIACOBAHHO JPYT ¢ Apyrom. To
K€ caMo€ HMMeeT MECTO Ha MHOXECTBE IPOTOHOB, OOpa30BaBIIMXCS B Pe3yJbTaTe B3pbIBa
TepMosiIepHO 60MOBI. To ke caMoe UMEEeT MECTO B JIa3ePHBIX YCTAHOBKAX, B TIEPBBIC MOMEHTHI
Mocjie JIa3epHOro pa3pylIeHUs sIepHOW MUIICHHU. B 3TUX cuTyanusix, Opu MOPpUOIMKEHUU
pacCTOSTHUS MEXTy CONMKAIONUMUCS IPOTOHAMHU, K 107"m, HaIpaBJICHUsI BEKTOPOB MAarHATHBIX
MOMEHTOB COJIMKAIOUIMXCS MPOTOHOB, Ojarojaps MarHUTHOMY OpPHEHTALIMOHHOMY 3(¢eKTy
[40] 1 guamarHeTU3My NpPOTOHOB, CTAHOBSITCSI IPOTUBOIOJIOAKHBIMH.

oo

B peaktopax, HCHOJB3YIOMIUX BHENTHUE MarHUTHBIC TONS Hyy Uil yAepKaHUS SIIEPHOM
I1a3Mbl, COOCTBEHHbIE MAarHUTHBIE TMOJIA MPOTOHOB OKA3bIBAIOTCS COTJIACOBAaHHBIMU. B Hauaie
COMMKEHMSI, TIPU OTHOCUTENIBHO OOJBIIUX PACCTOSIHUSAX I MEXIY MPOTOHAMH, MPU KOTOPBIX
HBH>Hp:y,upr72, T.€. TIpH r>(yﬂpHBH71)O’5, BEKTOPbl COOCTBEHHBIX MAarHUTHBIX MOJIEH MPOTOHOB
pacIoyioKeHbl BJOJL TPSIMOM, MPOXOJAIIed depe3 00a MPOTOHA, U HMEIOT OJWHAKOBBIC
HAIPAaBIICHUS, MPOTUBOIMOJIOXKHBIE JTUHHUAM ToNs Hy;. B 3ToM ciyyae MexIy HpOTOHAMHU
JIEMCTBYET MAarHUTHOE MPUTSHKEHUE, 32 CYET KOTOPOTO BHIACISIETCS COOTBETCTBYIOIIAS SHEPTHSI.

[Tpu r<(y,upHBH71)O’5, T.e. Ha KOHEUHOM dTarne commkenns 10 107 *m, korma H,, cranoButcs
Oosbie, yeM Hyy, HAMpaBICHUS 3THX BEKTOPOB CTAHOBSITCS MPOTHUBOIOJIOKHBIMH, U MEXIY
NPOTOHAMHM BO3HMKAeT MAarHUTHOE OTTaJKMBaHME, TpeOyrollee 3arpaT DJHEPrUH Ha €ro
MIPEOJI0JICHHE.

Ecnu BeKTOpHl MarHUTHBIX MOMEHTOB MPOTOHOB MPOTHUBOIONIOXKHEI, 110 HAMpaBIEHUIO, TpU
TOOBIX I, TO Ha MPEOJOJIEHNEe MAarHUTHOTO OTTAJKUBAHUS HA MYTH COJMKEHHUS MPOTOHOB JIO
10 "*m, motpebyercst sHeprus, paBHas paboTe:

10 *m
App(107*m)=| JF,p(r)dr|=45,5M>B.
o0

Ecnu BEKTOpbI MarHUTHBIX MOMEHTOB TIPOTOHOB MPOTHUBOIMOIOKHEI TOJIBKO MPH I OT 10 %M
1o 107"*M umm ot 10"%m 1o 10714M, wia ot 107m bi (o) 10’]4M, TO HeoOxonumasi pabota Oyner
paBHa (45,5-0,46)M»>B=45,04M>5B, (45,5-0,005)M»B=45,49M»5B, 45,5M»B.

oo

[TomyueHHBIE OIIEHKH TOBOPSAT O TOM, YTO «MAarHUTHBIM Oapbep» B «TopsueM» sIepHOM
CHHTE3€ B TPHUCTa pa3 BHIIIE «JIEKTpUUECKoro Oapwepay. Jis MpPOTOH-NPOTOHHOTO CHHTE3a
CTOJIb BBICOKHE Oapbephl HE OMeXa, TaK KaK SHEPTHsl CBSI3U MPOTOHA, paBHas 290M»B, HamMmHOTO
BBIIIIE 9TUX OIICHOK.

A BOT IUIs siiep NEUTepusi U TPUTHUSA, YbH SHEPTUU CBS3U, NPUBEJICHHBIE BBIIIE, HAMHOTO
MEHbIIIe, YeM BeJIMYMHA MAarHUTHOTO O0apbepa, 3Ta cutyaius katactpoduuna. UM He BeIepKaTh
commkenns 1o 10 M, He Pa3pyILIMUBIIMCH HAa «IOJUIETE» K 3TOMY KPUTUUECKOMY PACCTOSHUIO.
To, 4TO 3TO NEHUCTBUTEIBHO TaK, IPOJEMOHCTPUPOBAHO B dKcrepuMeHTe B 1987r Ha Tokamake
[UIT (ITpuncton, CHIA). B sTtom skcnepuMeHTe ObLT 3aUKCHPOBAH MOTOK HEHUTPOHOB 0Oe€3
BBIJICJICHHSI DHEPTUU SIZIEPHOTO cuHTE3a [39].

Takas ke cuTyalus UMEeT MECTO B YCTAaHOBKAX «IUIa3MEHHBIH (OKYC», HUCIONb3YyEMbIX IS
MOJTYYCHUST TTOTOKOB HEUTPOHOB.

oo

Bbimie ckazaHo, 4yTo, BO BHEHIHMX MAarHUTHBIX MNONSX Hpy, CONMKEHHE MTPOTOHOB, a
CJIEIOBATEIIBHO U JCUTPOHOB U TPUTOHOB (,un:3-104,up«/zp), MIPOUCXOAUT IIPU MAarHUTHOM
IPUTSDKEHUN MEKTy 3THMHU siipaMu, ecin Hyy>H,(r). VI3 aToTo ciemyer, 4To co3aHie BHEITHUX
MarHuTHbIX monedt ¢ Hy,=H,(r), rae r<10"'*m, MOrmTo GBI CHSITH MArHHTHBIC O6apbepsl B



«ropsiuem» cuHTe3e. OJHAKO, CO3JaHUE, B PEAJBHBIX YCTAaHOBKAX, MarHUTHBIX IOJIEH NaXe B
100Tn BcTpewaeT HempeonoauMble TpyaHocTH [39], a mJIs JOCTHKEHHUS COOTHOIICHUS
HBH:HP(10_14M) TpeOyroTCs emEé 6oyiee CUIbHBIC, HA HECKOIBKO MOPSIIKOB, MATHUTHBIC TTOJIS.

°

«XO0JIOAHBIN» sAACPHBIA CHHTE3. «XOJOIHBIN SAAEPHBIA CUHTE3 COCTOUT U3 JBYX HTAIlOB —
HelTpoHHOro U (oToHHOro. Hu Ha mepBoM, HU Ha BTOPOM 3Talleé «XOJIOJHOT0» CHHTE3a HET
AIIEKTPUUYECKUX OaphepOB, MPEMATCTBYIOMINX 3TOMY CHHTESY.

Ha nepBoM, HEUTPOHHOM 3Tale, B Pe3yJbTaTe HEUTPOHHOIO CHHTE3a, IPOUCXOIUT CO3/1aHuE
U3 UCXOJHOTO sijipa 0oJiee TSHKEIOro M30TOoMa 3a CYET BHEAPEHHS JAOMOJHUTEIBHOTO HEHTPOHA.
31ecb MarHuUTHBIA «Oapbep» MPHUCYTCTBYET, KaK W B «TOpsilY€M» CHHTE3€, HO 3/leChb OH
CyIIECTBEHHO HIDKe. [l ero mpeoosieHus SHeprus COMMKEHHUs] HEHTPOHA ¢ UCXOIHBIM SIIPOM
JIOJDKHA OBITh HECKOJIBKO Oouibmie, yeM 13,65kaB. OTo Ha Tpu mopska MEHbIE BETMYHHBI
MarHuTHOTO «0apbepay B «ropsiaeM» CUHTE3€e, paBHOM 45,5M>»B.

Otkyna Opare HeoOXxoanMmble HeTpoHbl? Jla XOTsS Obl U3 YCTAHOBOK «IIJIJa3MEHHOTO
doxyca»,

CoBpeMeHHble (DU3MKM HE 3HAIOT, YTO CHUCTEMa HYKJIOHOB SiJpa COCTOUT W3 OTIENIbHBIX
HYKJIOHHBIX MarHUTHBIX KJIaCTEPOB. B Kaxk/10M TakoM KJlacTepe BEKTOPbl MArHUTHBIX MOMEHTOB
HYKJIOHOB, BXOZSIIMX B 3TOT KJIACTEP, PACIIOIIOKEHBI Ha IPSAMOM, NMPOXOASILEH uepe3 Bce
HYKJIOHBI 3TOro Kiacrepa. B kaX1oM HYKIOHHOM MarHUTHOM KJlacTepe CTaOWJIBHOrO sijipa
COJIEPJKUTCS OJUH, U TOJIBKO OJMH, NMpOTOH. IIpucyTcTBHE IpOTOHA B KiacTepe IENaeT BCe
HYKJIOHBI 3TOTO KJacTepa CTaOWJIBHBIMH, HE CIIOCOOHBIMH K TpaHC(OpMaluud B TIPOTOH.
OTcyTcTBHE NpPOTOHA B KJacTepe JelaeT BCe HYKJIOHBI KiacTepa HECTaOWIbHBIMU [0
IIPEBPAIlEHUs] OJHOIO M3 HEUTPOHOB B NpOTOH. [IpeBpaimeHue xe HEUTpPOHA B IPOTOH
OPOMCXOJUT B pe3ylbTaTe CTOJKHOBEHHS C OJTUM HEHUTpOoHOM (OTOHA — BIEKTPOH-
AQHTHURJIEKTPOHHOTO JuIoyid. B pe3ynbraTte 3TOro CTOJIKHOBEHHUS, (OTOH pacmajaercs Ha
AJIEKTPOH M AaHTHUAJIEKTPOH. AHTHIJIEKTPOH, Oiarojaps «OTPHULATENIBHOCTU» CBOEH Macchl,
OpocaeTtcs 3a HEUTPOHOM U COEJIMHSAETCS C HUM B ITPOTOH.

B nerkux sapax - B sapax AeUTepus, TpUTHUA, “He, 'Li, momonHuTEBHBI HEUTpoH oOpasyeT
HOBBI HYKJIOHHBIH MarHMTHbIM kiactep 0e3 mnporoHa. CienoBaTeslbHO, B YTSDKEICHHBIX
M30TOMNAaxX JIETKUX SJEp, MOJYYMBIIMXCSA B pe3yJbTaTe HEUTPOHHOIO CHUHTE3a, 3TOT HEHUTPOH
HeycToiuuB. B pesynpraTe BcTpeun (pOTOHA ¢ 3TMM HEUTPOHOM, MPOUCXOIUT MpEBpallCHUE
3TOr0 HEWUTPOHA B MPOTOH M TMEPEeXOJ] HUCXOAHOTO fAIpa B COCETHION KIETKY TaOIHIIbI
Menpeneesa.

Takum 00pa3zoM, «XOJIOIHBIN» SIIEPHBIM CHHTE3 MPOMCXOIUT B pe3yJbTaTe HEHTPOHHOTO U
(OTOHHOTO CHUHTE3A.

.

TepmosinepHass 00M0a COCTOMT M3 OCHOBHOTO 3apsifia — TBEPAbIX COEIUHEHUH neiTepus u
Tpurws ¢ °Li, 1 B3pBIBHOTO 3amana B BHE YPaHOBOH GOMGbI. Y PaHOBBII B3PBIB CO3/[ACT MOLIHBIE
MOTOKU HEUTPOHOB, (DOTOHOB,... U MPEBPALLAET OCHOBHOM 3apsj B NeHTepUN-TPUTHIH-TUTHEBYIO
wia3Mmy. B 3Toil ma3me, B pe3ynpTaTte «XOJO0JHOr0» HEMTPOH-(POTOHHOTO CHHTE3a BO3HMKAIOT
MIHOBEHHO CaMOpacIIaaoluecs, ¢ BBIICICHIEM OrPOMHOIT sHepruu, siapa “Li u ®Be [28].

OKCHEpUMEHTAJIBHBIM MTOATBEPKACHUEM 3TOTO SIBIIsSIETC Buitolckuid, TepMOIMHAMUYECKON
MOIIHOCTH, B3pBIB, CIy4ailHO MPOU3OMIECANINMA, PU UCHBITAHUM OOBIYHONW aTOMHOM OOMOBI, B
1950r [19].

0

N310KeHHOE BBIIIE TOBOPUT O TOM, YTO CTEJJIAPATOPHI U TOKAMakKd JHOOOH CI0XKHOCTH U
CTOMMOCTH SIBJIIIOTCS, KaK M TPOCTEHIINE YCTAaHOBKH «IUJIa3MEHHBIH (OKYC» BCEro JHUIIb
reHepaTopaMu HEUTPOHHBIX TIOTOKOB.



