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UNSOLVED PROBLEMS OF PHYSICS_ 19
XXIX. BINDING ENERGIES OF
ETHEREAL VORTEX-LIKE STRUCTURES
OF ELECTRON, NEUTRON, PROTON
AND THE ROLE OF MAGNETISM

N.N.Leonov

The first approximate estimates of binding energies of ethereal vortex-like structures of electrons,
neutrons and protons are obtained.

"Classical" physics, as well as quantum physics that followed it, for some reason strongly
disliked magnetism, having denied it in the right to be an independent, self-contained phenomenon,
treating it only as "the ugly duckling” of the physical world.

The theory of nonlinear oscillations, as a result of painstaking research, found that the reason for
this underestimation is the theoretical inability of physics to reveal the true interpretation of
Oersted's experiment result (1821). Thanks to Ampere's ability, physics still believes that
magnetism results from the motion of electric charges [1]. Even the absence of electric charges in
neutrons, which have their own magnetism, did not affect this false point of view, showing that
physicists seek, first of all, not the truth but to create physical fantasy.

The theory of nonlinear oscillations found that it is not the flow of electric charge but the flow of
self-magnetic fields of material current carriers that induces the magnetic field around a current
conductor in Oersted's experiment. To this effect, one had to put together the problem of material
ether existence, the problem of identifying the atmospheric vortex stability mechanism, the
problem of identifying the properties of electron, and the problem of meaningful understanding of
causes for a curved trajectory of electron moving across the constant magnetic field lines, i.e.
Lorentz's problem [2].

Thus, it was confirmed that magnetism is an independent phenomenon, independent of gravity,
electricity, or nuclear forces.

Thus, it was discovered that an atmospheric vortex could be stable and have its own specific
structure, solely due to self-magnetism of elements of air pumped through the vortex.

Thus, it was discovered that electron consists of a huge variety of electron-like elements of ether,
that it has the atmospheric vortex structure, and that the centrifugal forces of ether elements in
spiral jets are neutralized due to an increase in ether motion speed and a corresponding decrease in
internal pressure in the spiral jets from the electron periphery to its central jet.

Figure 1 shows an electron structure.
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Fig. 1. Electron structure

Then the time has come to identify the structures of neutron and proton. By that time, it was
already known that neutron-to-proton transformation results from the collision of photon with
neutron following the neutron-antielectron fusion rather than from a neutron disintegration
reaction. As a result, it became clear that neutron is an elementary while proton is a composite
microobject [3].

The assumption that neutron has the same shape as electron raised great doubts. The reason for
this was that neutron is three orders of magnitude, 1839 times, heavier than electron. Therefore,
the centrifugal forces acting on neutron-like elements of ether in spiral jets may be too great and



destructive. Most likely, neutron has a circular vortex-like structure rather than the straight one
that electron features (Fig. 2).
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Fig. 2. Neutron structure

If neutron shape is not circular it is impossible to understand how proton is arranged, how it
combines neutron and antielectron. If neutron has the shape shown on Figure 2, then the shape of
proton becomes certain. It can be represented by Figure 3.
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Fig. 3. Proton structure

Such electron, neutron and proton structures need additional rationale. The vortex-like
structures of these microobjects allow for meaningful explanations of experimental results, which
are absent in physics.

A. The masses of these microobjects depend on the density of the surrounding ether pumped
through these microobjects by the magnetic vortex-like whirls contained therein. When a
microobject moves, the density of counter ether flow increases along with the microobject motion
velocity. If the magnetic moment vector of the micro-object is opposite to the motion velocity the
microobject mass increases with the velocity increase.

B. If the magnetic moment vector of the micro-object is not opposite to the velocity vector, then
the microobject mass increment is a function of the angular misalignment of these vectors and can
even take negative values. This is the reason for the so-called "mass defect".

C. Experiments on accelerators found that masses of nucleons increased by 1.5 times within the
same acceleration velocity ranges of free micro-objects, while masses of electrons, in spite of the
Special Theory of Relativity, increased by 2+3 orders of magnitude! This is because all the ethereal
spiral jets of electron are open to ambient ether while only external jets open to ambient ether in
neutron. Because of this, the sensitivity of electron mass relative to the electron velocity is much
higher than the sensitivity of neutron mass relative to its velocity.

D. Identification procedures shown that the magnetic moment vectors of electron pe, proton py,
and neutron u, satisfy the relations: pe=8,372up, tun=3-10-4u,. Hence, according to Figure 3, it would
seem that pp=(1-4-10-5)ue but in the material world pp=0.12p.. The reason for this is that neutron
has a right-hand spin of spiral jets, and antielectron has the opposite, left-hand, spin so that their
masses and magnetic moment vectors decrease in proton.

o

Another argument for vortex-like nature has been recently received by physicists in the
experiment aimed at specifying the proton "radius”. In this experiment, it was observed that the
outer boundary of proton has an indistinct, blurred structure. At the same time, the proton "radius"
was estimated to be close to rp,=0.831-10-15m.



Knowing the electron and proton "radii" allows for estimating the binding energies of neutrons
and electrons as vortex-like ethereal objects. The theory of nonlinear oscillations estimated the
electron "radius" based on the experimental data indicative of that the collision of two protons with
the convergence energy of 290 MeV leads to the observable disintegration of one of the protons.
The value of this estimate was equal to r.=3.976-10-16m.

In the proton collision experiment, there is a hidden intrigue due to the vortex-like nature of
neutrons and antielectrons. Neutron and antielectron are bound in proton only by magnetic
interactions. In a free proton, the centers of mass of neutron and antielectron are in one common
point, i.e. in the center of symmetry of the entire proton.

There is magnetic repulsion between antielectrons in approaching protons removing the center
of mass of the antielectron from the center of mass of its neutron. The removal of the center of mass
of the antielectron from the center of mass of the neutron reduces the degree of neutron-
antielectron system stability. At a certain critical value of proton convergence energy, the neutron-
antielectron system violated destabilized and the antielectron is "fired" from the proton.

If both protons were exactly the same, as quantum theory believes, then this "firing" of
antielectrons would have to occur simultaneously in both protons. But in a live experiment, the
disintegration of only one of the protons was observed at the convergence energy of 290 MeV.
Based on this, it is easy to conclude that both neutrons and antielectrons are not the same, that they
have something elusive to us that differs them from each other, and that both approaching protons
would disintegrate at a convergence energy slightly greater than 290 MeV. This means that the
binding energy of the neutron-antielectron system is close to 145 MeV rather than to 290 MeV.

Based on this estimate of the neutron-antielectron system binding energy the antielectron (and
electron) "radius" was estimated, r.=3.976-10-16m.

o

Now, knowing the estimated "radii" of neutron r,=r,=0,831-10-1¢ m and electron r.=3,976-10-1¢
m, one can approximately estimate the binding energies of neutron and electron, as vortex-like
ethereal systems, and thus test the above intuitive assumptions concerning the relation between
these binding energies.

There are two experimental possibilities for verifying these estimates. One of them is associated
with the strongest compression of a limited set of neutrons and with the strongest compression of a
limited set of electrons. It does not look like it can be done artificially. But such things happen in
nature in "neutron stars" and "black holes".

Thus, in a "neutron star” having the mass of 2.88:103% kg and radius of 10 km, the average
distance between adjacent neutrons is less than 1.67-10-15 m. And since the radius of neutron,
according to new measurements, is estimated to be 0.831:10-15 m, all neutrons in the middle of this
"neutron star" disperse into many neutron-like ether elements, i.e. "neutron stars" must have
"liquid" ethereal "nuclei".

Another possibility is associated with destructive collisions of pairs of elementary microobjects,
namely neutrons or electrons. Whether modern observation facilities are able to record the
disintegration of neutrons and electrons into "clouds" of high-energy neutron-like and electron-like
elements of ether at known convergence energies of these microobjects is an interesting question.
But it is very simple to make the first, though rather rough estimates of the binding energies of
neutrons and electrons as ethereal objects, knowing the "radii" of neutrons and electrons.
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The roughest estimate of the binding energy of electron (and antielectron) E. as a vortex-like
ethereal system can be obtained by estimating the amount of work A.=2E. necessary for the
convergence of two electrons to the distance of direct and immediate contact 2r.=7.952-10-16 m.

Approaching electrons have "negative" electric charges and self- magnetic fields with magnetic
moment vectors .. Due to the "magnetic orientation effect” [1], the vectors u. are located on a
straight line passing through both electrons (Fig. 4) and, due to electrons being diamagnetic



substances, are directed opposite to each other. Because of this, there are electric and magnetic
repulsions between electrons that prevent their convergence.

o —e
Fig. 4

The electrical interaction is described as Fe=ar-2=23.098-10-29r-2kg-m3-s-2, while the magnetic
interaction is described by the expression: Fn=yu2r-3=122.2-8.372-10-40r-3kg-m*-s-2.
The work required to overcome electric and magnetic repulsions is equal to

2re
Ae=f (—Fe—Fm)dr=23.098:7.952-1-10-13+61.1-8.372:7.952-2:10-8]=8.089-6.24-1010 eV=0.505 TeV.

(0]

Thus, the binding energy of a free electron as an ethereal system is E. = 252.5 GeV.

Neutron features a nucleon-nuclear field and self-magnetism with a magnetic moment vector un.
If r<3.182:10-15 m, there is nucleonic repulsion between the approaching neutrons, while if
r>3.182-10-15 m, there is nucleonic attraction between them. In this case, the nucleonic interaction
is described by the expression: Fy=pr-*-qr-5, p=1581-10-5kg-m>5-c-2, gq=5032-10-7*kg-mé-s-2.
Neutrons are paramagnetic substances, and there is a magnetic attraction between them:
Fo=yun?r-3. As Un=3-10-*p, Up=8,372-1ye, and Yielp=122.2-10-40kg-m*-s-2, then
Fn=122.2-9-8.372-1-10-%8r-3kg-m*-s-2,

The binding energy of the vortex-like ethereal structure of neutron is calculated by determining
the amount of work required to overcome obstacles to the convergence of neutrons from
r=3,182-10-15 m -the nucleon repulsion region boundary - to 2r,=1,662-10-15 m - the distance of
direct contact between two neutrons.

The work A, is calculated as follows.

2r, 1.662-10-15
An=|(Fo+Fu)dr= [(1581-10-59 r-4-5032-10-74r-5 +131.37-10-48r-3)dr=54.04-6.24-104eV=3.372 MeV.
3.182-10-15 3.182-10-15

Therefore, the binding energy of a free neutron, as an ethereal system, is equal to E,=1.686 MeV.
[

I did not expect such estimates.

When [ studied the shapes of electron and neutron, I assumed that the shape of the ethereal
vortex-like structure of neutron, in order to be stable, must differ from the shape of electron. This
assumption was driven by the fact that the ethereal vortex-like structures of electron and neutron
result from self-magnetism of ether elements continuously pumped through electron and neutron.

Since ether elements are pumped through spiral jets, these elements are subjected to centrifugal
forces that seek to destroy electron and neutron. This destructive effect is neutralized by a
stabilizing effect caused by that the internal pressure in moving ether decreases in electron and
neutron from the periphery to the center of the ethereal vortex. The destructive centrifugal effect in
neutron must be much stronger than in electron, since electron consists of electron-like, and
neutron consists of neutron-like elements of ether, with neutron being three orders of magnitude
heavier than electron (m,=1838,62m.). At the same time, the speed at which ether elements are
pumped through electron is much greater than the speed at which they are pumped through
neutron: the relation of these speeds is determined by the intensities of the magnetic fields of



electron and neutron, and the magnetic moment vector of neutron is five orders of magnitude less
than the magnetic moment vector of electron (yn=4-10-5ue).

Of course, | assumed that the binding energies of electron and neutron differ from each other but
the most recent estimates (E, = 1.686 MeV, E.=252.5 GeV) or rather, the difference between them,
appeared to be completely unexpected. These estimates are obtained on the assumption that the
destruction of structures of electron pairs and neutron pairs occurs when they approach each other
to direct contact. However, such contacts are almost impossible in the microworld, they must occur
at finite distances, through various interactions. Consequently, in view of this circumstance, the
estimates of E, and E. should decrease but how much is unknown without experimental hints.
However, the main thing remains - E. will still be much larger than E;.

[

Two aspects were unexpected in these results. The first aspect is related to the fact that the
binding energy E, = 1.686 MeV is due to the neutron-nuclear repulsion resisting to the convergence
of neutrons and E.= 252.5 GeV is due to the magnetic repulsion resisting to the convergence of
electrons. The idea that nuclear interactions are much stronger than magnetic ones knocked to the
back of mind by many years of quantum domination in physics cannot just accept such a huge
disproportion in the binding energies conflicting with subconscious, intuitive ideas. This is an
extremely unpleasant feeling is not compensated by the fact that the mind easily finds an
explanation for this disproportion: a relatively small value of E, is due to a small distance at which
the nuclear repulsion acts between the nucleons, while a huge value E. is due to comparatively
gigantic distance of the magnetic repulsion between the electrons.

Another aspect is related to the natural question: why does nature need such a disproportion in
the binding energies of neutron and electron? Apparently, there is some serious reason for this,
associated with the functional purposes of these microobjects. These purposes are completely
different.

Neutrons are known to create an isotopic variety of chemical elements. To this effect, a relatively
small binding energy is enough to them.

Electrons, positrons, antielectrons, and antipositrons are the only elementary carriers of electric
charges in the microworld. Being in composite microobjects - atoms, protons, photons..., they,
participating in oscillatory movements, generate electromagnetic waves with the widest spectrum
of frequencies. Thus, the electron-antielectron dipole radiation frequency, based on how much the
mass of antielectron exceeds the mass of electron, may belong to the interval (0.1015)s-1, and the
frequency of antielectron in proton is close to 1.24-1025s-1. Oscillatory loads, at such frequencies,
can destroy electron and antielectron that do not have a sufficiently large binding energy.

o

There is great doubt that contemporary physics will be able to appreciate and accept these
estimates. These doubts are based on the fact that physicists still ignore the experimental evidence
for ether obtained in a simple and ingenious experiment by Fizeau (1851) [4]. A. Einstein,
recognized genius physicist, claiming that hypothetical ether features the jelly properties [5], in
spite of all scientific decorums, refused to consider it in the famous but quantitatively erroneous
theories of relativity. According to the Special Theory of Relativity, the dependence of the mass of
electron and nucleon on the microobject velocity has the same formula, the same for both electron
and nucleon: m(v)=m(0)(1-v2c-2)-05. However, experiments on accelerators showed that, in the
same ranges of acceleration speeds, masses of electrons increased by 2+3 orders of magnitude,
while masses of nucleons increased by only 1.5 times!

[

Now let us consider the convergence of two protons and estimate the convergence energy W
necessary not only for the disintegration of both protons into neutrons and antielectrons but also
for the subsequent disintegration of neutrons and antielectrons into ether elements. The energy of
each proton moving at velocity v, is wp=0.5mpvp2, hence W=2wp=mpv,2.

When the distance between the protons is decreased to a value slightly greater than 3/96-10-15,
both protons will disintegrate into neutrons and antielectrons. After that, the center of mass of each
neutron-antielectron pair will keep moving in the same direction and at the same velocity equal to



vp. Neutron and antielectron themselves, in their motion, will move away from each other as, at
proton disintegration, antielectron is fired from neutron with the energy of 145 MeV in the
direction opposite to the proton motion direction. Because of this, the neutron velocity will increase
by vni: vu=vp+vn1, and the antielectron velocity will decrease by vei: ve=vp—Vve1. The values of vn1 1 ver
satisfy the impulse relation: mnvn1=meve1 and energy balance: 0.5 mnvn12+0.5meve12=145 MeV. They
take values: vp1=9,26m-s-1, ve1=17025m-s-1.

So, after the disintegration of protons, each neutron will be moving at velocity vy,=v,+ 9.26m-s-1
and energy wn,=0.5myvn2, each antielectron will be moving at velocity ve=v,—-17025m-s-1 and energy
we=0.5mcve2. This allows us to estimate the energy convergence of protons required for their
disintegration into neutrons and antielectrons, and for further convergence of neutrons and
antielectrons before their disintegration into free, unbound elements of ether.

Let us consider the situation with antielectrons. First, we need to estimate the work Ae:
required to overcome the electromagnetic repulsion between two antielectrons when they
approach each other from 3.96-10-15 m - the distance at which protons disintegrate into neutrons
and antielectrons, to 2r.=7.952:10-1¢ m - the distance of direct contact of antielectrons. It turned out
that this work is also equal to 4¢1=0.505-1012 V.

One antielectron shares 0.2525-1012 eV of this value. In Joules: (0.2525-1.6-10-7=0.404-10-7) J.
The energy of electron motion is described by the expression: 0.5meve2. Therefore, in order for
protons to disintegrate into neutrons and antielectrons, and for antielectrons to approach each
other to the distance of direct contact and disintegrate into ether elements, it is necessary that the
antielectron velocity satisfies the relation: v.2=0.404-2-9.1-1-102m2s-2 and v.=0.421-1012ms-1. And
since 17025m-s-1 is much less than 0.421-1012ms-!, the proton velocity must be equal to the one of
antielectron: v,=0.421-1012ms-! while the proton convergence energy should be equal to 1.85-1015
eV.

[

The electron (and antielectron) binding energy E. = 252.5 GeV and the proton convergence of
1.85-1015 eV seem incredibly huge. How to check it? Let us analyze the whole situation based on the
available experimental facts.

We will start with a reminder of the experimental fact showing that when two protons approach
each other with an energy of 290 MeV one of them disintegrates into neutron and antielectron.
Having considered this situation above, we, based on our information about the proton structure,
concluded that when the convergence energy of protons is slightly greater than 290 MeV both
protons must disintegrate into neutrons and antielectrons. However, as far as I know, such
experimental facts have not been observed.

Why? After all, at the same LHC, protons are accelerated to much higher energies. Did protons
really not collide in the LHC experiments? If so, then what are the experimentators doing there?
And if they collide, then all these collisions must end with disintegration of protons with the release
of antielectrons. And since antielectrons leave distinct tracks in observation chambers, the natural
question arises: why is this not observed?

There is only one answer to this question: once released as a result of disintegration of protons,
antielectrons immediately, or almost immediately, collide with their magnetic jets to disintegrate
into ether elements. To calculate the true value of E., it is necessary to establish experimentally at
what convergence energies of protons W¥*, after their collision and disintegration, the tracks of
antielectrons disappear in observation chamber. Further calculations are carried out according to
the method demonstrated above. If W*~290 MeV, then E.x 2,07MeV.

o

The first LHC experiments showed disintegrations of antielectrons. However, physicists did not
understand this and rebuilt the observation arrangements so that they stopped recording the
disintegration of antielectrons into ether elements. After that, the LHC turned into a tool for playing
proton ping-pong, where physicists catch protons with different velocities and, accordingly, with
different masses and consider them new material entities rather than "excited" protons. This
physical disgrace may continue until funding is stopped.
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XXIX. 9HEPT'YM CBA3U
JP®UPHBIX CMEPYENIOAOBHBIX CTPYKTYP
3JIEKTPOHA, HEMTPOHA, IIPOTOHA
U POJIb MATHETU3MA

H.H. JleoHoB

[TonyyeHbl nepBble, OPUEHTUPOBOYHbIE OLIEHKHU 3HEPTUN CBSI3U 3PUPHBIX CMEPUYENOAOOHBIX CTPYKTYP
3JIEKTPOHOB, HeﬁTpOHOB H IIPOTOHOB.

«Kyaccnyeckas», a BcieJ, 3a Hel M KBaHTOBasl pU3MKaA [I0YeMY-TO OYeHb CUJIbHO HEB3JIIOOWJIN
MarHeTH3M, OTKa3aB €My B [IpaBe CaMOCTOSATEJNbHOI0, HE3aBUCUMOT0 ABJIEHUS, BUJs B HEM BCErO
JIMILIb «TaZIKOT0 yTeHKa» pusndeckoro Mupa.

Teopusi He/lMHeWHbIX KOJiIeGaHUM, B pe3y/bTaTe KPONOTJMBBIX NIOMCKOB, O0OHApYXXUJa, UTO
IPUYUHON TaKOW HeJ0OLleHKHU SIBJSETCS TeopeTHYecKass HeCNoCOOHOCTh (GU3HWKH BbIIBUTH
HWCTHHHYI0 HWHTepHnpeTaluio pe3yJbTaTa 3KcrnepuMmeHTa IJpcrefa (1821r). C «1erkoid pyku»
Amnepa, B ¢u3suke [0 CUX IOp CYMUTAETCS, YTO MarHeTHU3M IPOUCXOAUT OT [ABWKEHUS
3JIeKTpUYyeckux 3apsafoB [1]. /[laxxe OTCyTCTBUe 3JeKTPUYECKUX 3apsiiloB y HEHWTPOHOB,
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06J1a/]al0LMX COOCTBEHHBIM MarHeTU3MOM, Ha 3TY JIOKHYIO TOUKY 3peHMs He NOBJIMSJIO, I0Ka3aB,
4yTOo PU3UKOB UHTEPECYET, IPex/ie BCero, He UCTUHA, a JKeJlaHUe co3/aBaTh pusnyeckue fantasy.
0

Teopusi HeJMHENHbIX KOJe6AaHUN 0O6HAPYKUJIA, YTO MAarHUTHOE I0Jie BOKPYT MPOBOJHUKA C
TOKOM, B 9KCIIepHMeHTe JpcTe/ia, BO30YK/AaeTCsl He IOTOKOM 3JIeKTPUYECKUX 3aps/0B, a TOTOKOM
COOCTBEHHBIX MAarHWTHBIX [0JIel MaTepUa/bHbIX HOCUTeJel 3JleKTpU4ecKoro Toka. Jljis aToro
NpULLIOCh CBSI3aThb B OJMH Yy3es 33jady CyLleCTBOBaHUS MaTepuajJbHOro 3dupa, 3ajady
BbISIBJIEHUS] MeXaHW3Ma CTAaOUJIbHOTO CylleCTBOBAaHUSA aTMocdepHOro cMepya, 3a/jayy BblsBJIeHUs
CBOWCTB 3JIEKTPOHA M 33Jayy COJep:KaTeJbHOr0 IOHMMaHUs NPUYMH UCKPUBJIEHUS] TPAaeKTOPUHU
3JIEKTPOHA, ABXKYLErocs nonepex JUHUK NOCTOSHHOTO MarHUTHOIO NoJid - 3a4a4y JlopeHua [2].

Tak ObLIO MOATBEPXKJEHO, YTO MarHeTH3M SIBJSIETCS CaMOCTOSITEJbHBIM SIBJ€HHUEM, He
3aBHCHMBIM HU OT IpaBUTALMY, HU OT 3JIEKTPUYECTBA, HU OT AAlePHBIX CUJL.

Tak 6b1710 06HaApYKeHO, YTO aTMOCHEpPHbIM cMepy MOXeT CTabUJ/IbHO CyLleCTBOBaTb U UMETb
CBOIO, crenuUUEeCKyl0 CTPYKTYypy, OJsiarofapsi HCKJIIOYHUTENbHO COOGCTBEHHOMY MarHeTU3My
3JIeMEHTOB BO3/yXa, IPOTOHseMOro yepes3 cCMepy.

Tak ObLI0O  OOGHApPYXEHO, YTO 3JEKTPOH COCTOUT M3 OFPOMHOTO  MHOMECTBA
3JIEKTPOHONO/JOGHBIX 3JIEMEHTOB 3QUpa, UTO OH 00/1aZjaeT CTPYKTYypoi aTMOChepHOro cMepya, U
YTO LLEHTPOOEKHbIe CUJbl 3JIeMEHTOB 3$Upa B CHHUPAJbHBIX CTPYSX HEWTPAJU3YIOTCA 3a CUET
yBeJMYEHUs] CKOPOCTHU [ABKeHUs 3Pupa, U COOTBETCTBYIOLLIETO YMEHbIUIEHHs] BHYTPEHHEro
JlaBJIEeHHUS, B CIMPaJIbHBIX CTPYSX, OT NepUdepuy 3JIeKTPOHA K ero [ieHTPaJbHOH CTpye.

CxeMa a/IeKTpOHa IpHBeJleHa Ha pUCYHKe 1.
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Puc.1. CxemMa CTpyKTypHbI 3J1IeKTpOHA

o

3aTeM HacTajJla odyepelb BBIABJEHHUS CTPYKTYp HEHWTpOHa U NmpoToHa. K ToMy BpeMeHM yxe
CTaJI0 U3BECTHO, YTO TpaHchopMaLUsl HEUTPOHA B MPOTOH NMPOUCXOAUT HE B peakLuyd pacnaja
HEeUTpOHa, a B pe3yJibTaTe CTOJKHOBEeHUS (GOTOHA C HEHTPOHOM - B pe3yJbTaTe HEUTPOH-
aHTHU3JIEKTPOHHOIO CHUHTe3a. B pe3yabTaTe cTajJo NOHATHO, YTO HEUTPOH fABJAETCA
3JIeMeHTapHbIM, a IPOTOH — COCTaBHbIM MUKPOOOBEKTOM [3].

[IpeanoJsioxkeHre O TOM, YTO HEUTPOH HUMeeT TaKyw e $OpMy, KakK U 3JIEKTPOH, BbI3BaJO
6osb1IMe COMHeHUs. [IpUYMHON 3TOr0 SBUJIOCH TO, UTO HEUTPOH Ha TpU nopsigka, B 1839 pas,
TshKeslee  3JleKTpoHa.  CisiefoBaTesibHO,  LleHTpPOOeXHble  CHJIbI,  JeHCTBYHOIME  Ha
HEUTPOHONOJ06HbIE 3JIeMeHThl 3dHpa B CIOUPAJIbHBIX CTPYSX, MOTYT OKa3aTbCSl CJIMIIKOM
60JIbBLIMMU U pa3pyliuTeabHbIMUA. CKOpee Bcero, HEUTPOH 06J1aJlaeT He NPSAMOM, KaK y 3JIeKTPOHA,
a K0JIb1leBOM 3GUPHOUN cMepUenoJo6HOM CTPYKTYpoil (puc.2).
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Puc.2. CxemMa CTpyKTypbl HEUTPOHA

Ecnu HeUTpOH 06/1a/1aeT He KoJibLieBOM pOpMO, TO HEBO3MOXKHO MOHATH, KaK YCTPOEH NPOTOH,
KaK COBMeLIAIOTC B HEM HEUTPOH M aHTHU3JEKTpoH. Eciu ke HeHTpoH o6JsajaeT GopMoi,
peJCcTaBJIeHHON Ha PUCYHKe 2, To $opMa NPOTOHA CTAHOBUTCS HECOMHEHHON. OHa MOKeT ObITh
npejcTaBjeHa pUCYHKOM 3.
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Puc.3. CxemMa CTpYKTypbl IPOTOHA

Takue cxeMbl CTPYKTYp 3JIEKTPOHA, HEUTPOHA U NPOTOHA HYXKJAKTCA B JONOJHUTEJIbHOU
apryMeHTauud. CMmepyenoJo6Hble CTPYKTYpbl 3THX MHUKPOOODBEKTOB I[103BOJISIIOT MOJIYYUTh
OTCYTCTBYyMOLIME B pU3MKe cojlepKaTesbHble 00bSICHEHHS 9KCIIEpUMEHTa/IbHbIM pe3yJbTaTaM.

A. BeqnuuHBI MacC 3THX MHKPOOOBEKTOB 3aBUCAT OT IJIOTHOCTH OKpYy}xKatoliero 3¢dupa,
IpOKaYMBaeMoOro 4Yepe3d 3TH MHUKpPOOOBEKTbl COJepKallUMHUCA B HHUX MAarHUTHBIMHU
cMepyeno06HbIMU BUXpSAMU. [IpU ABMKEHMH MHKPOOOBEKTA IMJIOTHOCTh BCTPEYHOrO MOTOKA
adupa yBesIMUMBaAETCS BMECTe C YBeJM4eHHeM CKOPOCTH JIBM>KeHHUsI MUKpooObeKkTa. Eciu BeKkTop
MarHMTHOTO MOMEHTAa MHKpPOOOBEKTa HalpaBJseH INPOTHBOIOJOXHO CKOPOCTH JABHXKEHHS, TO
Macca MUKpOO6'beKTa yBeJIMUMBaEeTCsl BMECTE C POCTOM CKOPOCTH.

B. Ec/iv BeKTOp MarHUTHOT'O MOMEHTA MUKPOOO'beKTa He NIPOTUBOI0JIO}KEH BEKTOPY CKOPOCTH,
TO NMpUpalleHUe MacCbl MUKPOOO'beKTa 3aBUCUT OT BEJUYUHBI YTJIOBOTO PACCOTJ/IaCOBAHUSL 3TUX
BEKTOPOB M JaKe MOXeT IpUHHMMAaTh OTpHLaTe/bHble 3HAa4€HUA. JTO SABJAETCA NPUYMHOH
CyL1eCTBOBaHUsS TaK Ha3bIBaeMoro «JedpeKkTa Macc».

C. JKcnepUMeHThI Ha YCKOPUTEJISIX 0OHAPYKHUJIH, YTO B OJJHUX U TeX Ke Jjuana3oHax CKOpocTel
pasroHa cBo6OJHBIX MHUKPOOOBEKTOB, MAacChl HYKJOHOB yBeJWYMBaJWCh B 1,5 pasa, Torja Kak
Macchbl 3JIeKTpOHOB, Bonpeky CrnenuanbHoW Teopun OTHOCHTENBHOCTH, YBEJUYUBAINUCh Ha 2+3
nopsaaka!l 3To 06bsACHAETCA TeM, YTO BCe 3QHpHbIe CIUpaJbHble CTPYyH 3JIEKTPOHA OTKPBITHI
BHelIHeMy 3QUpYy, a B HEUTPOHEe BHeEIIHeMYy 3QHUpPy OTKPBITHI TOJbKO HapyKHble CTpyHu. H3-3a
3TOr0, YYBCTBUTEJIBHOCTb BEJIMYMHBI MAaCChl 3JIEKTPOHA, 110 OTHOLIEHUIO K CKOPOCTU 3JIEKTPOHA,
HaMHOT0 Bblllle YyBCTBUTEJbHOCTH BeJIMYNHBI MacChl HEUTPOHA, 10 OTHOLIEHHIO K €r0 CKOPOCTH.

D. UpeHTuduKaLUOHHBIE NPOLEAYPbl MOKa3a/d, 4YTO BeJUYUHbl BEKTOPOB MarHUTHBIX
MOMEHTOB 3JIEKTPOHA [le, TPOTOHA Up U HEUTPOHA Uy YAOBJIETBOPSIIOT COOTHOLIEHUAM: Ue=8,372up,
Un=3-10-*u,. Cie0BaTENBHO, COTJIACHO PUCYHKY 3, Ka3a/10Ch Obl. JODKHO ObITh Up=(1-4+:10-5)u., HO
B MaTepuajbHOM Mupe pp=0,12p.. IlpuunHa 3TOro 3ak/jr4yaeTcs B TOM, UTO HEUTPOH HUMeET
NPaBOCTOPOHHIOIO 3aKPYTKY CIUpPaJbHBIX CTPYH, @ aHTHU3JIEKTPOH MPOTHUBOMNOJIOXKHYIO — JIEBYIO, B
pe3y/bTaTe 4Yero B IPOTOHE MX MacChl M BeJUYMHbl BEKTOPOB MAarHUTHBIX MOMEHTOB
YMEeHbIIAITCH.

o

Emie oAHy aprymMeHTaLMI0 cMep4yeno00HOCTH HeJaBHO NMOJIYYUIN GU3UKU B IKCIIEPUMEHTE 110
YTOYHEHHUIO «pafuyca» NPOTOHA. B 3TOM 3kcnepuMeHTe OGbIJI0O OTMEYEHO, YTO BHEILHSS IPaHUALA
IpOTOHA 06JiafiaeT HeYeTKOM, paclblBUaTON CTPYKTypoi#. [Ipu aToM 6blia JOCTUTHYTa OLleHKa
«paauyca» NpoToHa, 6sin3kad rp=0,831-10-15Mm.

o

3HaHUe BeJMYMH «PaZUyCcoB» 3JIEKTPOHA W INPOTOHA MO3BOJIsSIET MOJIYYUTb OLEHKU 3HEeprui
CBSI3W HEUTPOHOB U 3JIEKTPOHOB, KaK CMepuenoi06HbIX 3QUPHbIX 06 beKTOB. Teopusi HeJIMHENHbIX
KO0JIe6aHUH BbIYHCJINIIA OLLEHKY «pajuyca» 3J1IeKTPOHA, UCX0/s U3 9KCIIepUMeHTa/bHbIX JaHHbBIX O
TOM, 4YTO CTOJIKHOBEHHE JByX HPOTOHOB C 3Heprued coOmmxkeHuss B 290MaB, npuBeno k
HabJil0o/jlaeMoOMy pacnajy OJHOr0 W3 INPOTOHOB. BesnMyWHA 3TOH OLlEHKM OKasajlachb paBHOMU
re=3,976-10-16Mm,

0

B oasKcllepuMeHTe 1O COyJapeHHUI0 IPOTOHOB €eCTb CKpbITasg MHTPUra, 0O0YCJOBJIeHHas
CMepuyeno00HOCTbI0 HEUTPOHOB M AHTHU3IJEKTPOHOB. HeHTPOH M aHTUIJIEKTPOH B NPOTOHE
CBA3aHbl TOJbKO MarHUTHBIMU B3aUMOJEWCTBUSIMU. B CcBOGOJHOM NPOTOHE LIEHTPbl Macc



HEHUTpPOHAa M AHTHAJIEKTPOHA HaXOJATCSA B OJHOW 0OIIedl TOYKe — B I[eHTPE CHUMMETPUH BCETO
MNpPOTOHA.

B cOmmkaomuxcsa NpoToOHAX MeXAY aHTU3JIEKTPOHAMU JeMCTBYeT MarHUTHOE OTTaJKUBaHUE,
yAaJidmollee EHTP MacC aHTHU3JIEKTPOHA OT IL[eHTPa Macc CBOEro HeUTpoHa. YjaJjieHue leHTpa
MacC aHTHU3JIEKTPOHA OT LieHTPa MacC HEWTPOHA yMeHbIlaeT CTeleHb YCTOUYMBOCTH HEUTPOH-
AHTUAJIEKTPOHHOU cUCTeMbL. [Ipy HEKOTOPOW KPUTHUYECKOW BeJUYMHE 3HEPIrUM COJDKEHUS
MPOTOHOB, YCTOMYMBOCTb HEHUTPOH-aHTU3JEKTPOHHOW CHUCTEeMbl HapyllaeTcs M aHTHU3JIEKTPOH
«BBICTPEJIMBAETCSI» U3 IPOTOHA.

Ecsin 661 06a MPOTOHA ObLJIN A6COJIOTHO OJIMHAKOBBI, KAK CYMTAeT KBAaHTOBasl TEOPUS, TO 3TO
«BBICTpEJINBAaHME» AHTH3JIEKTPOHOB [JO/DKHO ObLIO Obl MPOUCXOAUTH OJHOBPEMEHHO B 06GOHX
npotoHax. Ho B *KMBOM 3KCllepUMeHTe, NpPU 3Hepruu cosamxeHus B 290MsB, 3adukcupoBaHo
paspylieHde TOJIbKO OJHOr0 U3 MPOTOHOB. M3 3TOro HETPYAHO CAeJiaTb BbIBOJ, O TOM, YTO U
HEUTPOHBI, U aHTHUIJIEKTPOHBI HEe 0/JUHAKOBBI, YTO OHHU YEM-TO HEYJIOBUMBIM JIJIS1 HAC, OTJUYAIOTCS
JApYyT OT JIpyra, U 4TOo 06a COJIMKAIOIIMecs NMPOTOHA Pa3pyIIUJIUCh Obl IPU SHEPTUU COJMKEHUS,
HECKOJIbKO 60JbIiel, yeM 290MaB. 3To 03HavyaeT, UYTO SHEPTUs CBSI3U HEUTPOH-aHTHUIJIEKTPOHHOM
cucTeMbl 6;iM3Ka He 290, a 145Ma3B.

Hcxonss U3 3TOM OLeHKU 3HEPTrUU CBSI3U HEUTPOH-aHTHU3JIEKTPOHHOW CHUCTEMBI, U MOJy4YeHa
OLleHKa BeJIMYMHbI «paZuyca» aHTU3JIEKTPOHA (U 3JIeKTPOHA), e=3,976-10-16M.

.

Temneps, 3Hast OLlEHKU «paJjuyCcoOB» HEUTPOHA I'h=r,=0,831-10-16M u aneKTpoHa re=3,976-10-16M,
MOXXHO MOJIyYUTb OPHUEHTUPOBOYHBbIE OLEHKU 3HEPrUil CBS3U HEUTPOHA U 3JIEKTPOHA, Kak
cMepyeno/06HbIX 3QUPHBIX CUCTEM, TPOBEPUB TEM CaMbIM BbICKa3aHHbIe Bblllle UHTYUTHUBHbIE
NpeJIoJI0KEeHNUS O COOTHOILIEHHUU 3TUX SHEPTUU CBS3U.

B03MOHbI JIBE 9KCIIepHMeHTa/bHble BO3MO>XHOCTU MPOBEPKU UCTUHHOCTH 3THUX OlleHOK. O1Ha
Y3 HUX CBSI3aHA C CUJIbHEHIIUM CKaTUEM OTPAaHUYEHHOT0 MHOXXECTBA HEUTPOHOB U C CUJIbHENIIUM
CKaTheM OrpaHUYeHHOrO0 MHOXEeCTBa 3JIeKTpOoHOB. He moxoxke, 4TO 3TO MOXHO NpoAeaTb
rckycctBeHHo. Ho B [Ipupose Takue Beld NPOUCXOJST B «HEUTPOHHBIX 3Be3Jax» U B «UEPHBIX
AbIpax».

Tak, B «HeUTpOHHOU 3Be3/e», obJaAaroleil Maccoit B 2,88-103%«kr u paauycom B 10kM, cpesiHee
paccTossHUEe MeXAy COCeJHMMHU HeUTpOHaMM MeHblle, yeM 1,67-10-1M. A Tak Kak pajguyc
HEUTpPOHA, COTJIAaCHO HOBbIM HM3MepeHUsIM, oleHUBaeTcsa BeauynHou 0,831:10-15M, To B cpefuHe
3TOM «HEHUTPOHHOM 3Be3/bl» BCe HEUTPOHBI PaCChINAIOTCS HAa MHOXECTBA HEWTPOHOMNOAO0OGHBIX
3JIeMeHTOB 30Hpa, T.e. «HEUTPOHHbIE 3Be3/bI» AO/LKHBI 00JIa/IaTh «CKUAKUMH» 3PUPHBIMHU
«SJpaMu».

Jlpyras BO3MOXXHOCTb CBfI3aHa C pa3pyLUUTEJbHBIMU CTOJKHOBEHUSIMHU Nap 3JeMeHTapHbIX
MUKPOOOBEKTOB — HEUTPOHOB WJIM 3JIEKTPOHOB. CIIOCOOHBI JIM COBpeMeHHble HabOJ/0/laTe/IbHbIE
YCTAaHOBKH 3apUKCUPOBATh pa3pylleHHWs HEHUTPOHOB HM  3JEeKTPOHOB HA  «o6Jiaka»
BBICOKOIHEPTUYHbIX HEUTPOHOMOJOOHBIX U 3JIEKTPOHONOAOOHBIX 3JeMEHTOB 3dupa npu
W3BECTHBIX 3HEPTUSAX COMKEHUSI 3TUX MUKPOOOBEKTOB — MHTEpecHbIH Bompoc. Ho mojcyuTaTh
nepBble, XOTb U JIOCTATOYHO IpyOble OI[eHKHW 3HEPTrUM CBS3U HEUTPOHOB U 3JIEKTPOHOB, KakK
3QUpPHBIX 00'bEKTOB, 3HASA «PAJUYChI» HEUTPOHOB U 3JIEKTPOHOB, OUEHb IIPOCTO.

[ ]

Camyto rpy6y1o OLleHKY 9HEepTUHU CBSI3U 3JIEKTPOHA (M aHTHU3JeKTpoHa) E. kak cMepuenoj06HOH
3QUPHOU CHUCTEeMbI, MOXXKHO IMOJIyYUTb, OIeHHUB BEJUYMHY paboTbl A.=2E. HeoOGXOAWUMOU )i
CONIMKeHUsl [JIBYX OJJIEKTPOHOB [I0 PACCTOSIHWS TMPSIMOr0 HENOCPEACTBEHHOTO KOHTAKTa
2re=7,952-10-16Mm.

Commkalomuecs 3JIEKTPOHbI 00J/1aJIal0T «OTPHUILATEJbHBIMU» 3JEKTPUUYECKUMH 3apsjlaMUu M
COOCTBEHHBIMM MAarHUTHBIMHU NOJIIMU C BEKTOpPAaMM MarHUTHbIX MOMEHTOB MH.. buiaropaps
«MarHUTHOMY OpHeHTaUHMOHHOMY 3bdeKTy» [1], BEeKTOpbl HU. pPACHOJIOKEHBI Ha MPSAMOH,
npoxo/isiieit yepe3 ob6a 3JieKTpoHa (puc.4) 4, B CUJIY AUaMarHeTyU3Ma 3JeKTPOHOB, HalpaBJieHbl
NPOTHUBOMOJIOKHO JpyT Apyry. M3-3a 3TOro, Mexay 3JeKTpOHAMH
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JEeUCTBYIOT 3JIEKTPUYECKOE W MAarHUTHOE OTTaJIKMBaHUsS, NPENSTCTBYOIIUME UX COJMKEHUIO.
J/ieKTpUYecKoe B3aMMOJENCTBUE ONMUCbIBaeTcsd Tak: Fe=ar2=23.098-10-29r-2kr-m3-c2, a
MarHUTHOE — BbIpaKeHUueM: Fn=yue2r-3=122,2-8,372-10-40r-3kr-m*-c2.

Pa6oTa, Heob6xoauMasa [Jis NPeoJ0JIeHUS 3JIEKTPUYECKOTO U MAarHUTHOTO OTTaJIKUBAaHUM,
paBHa

2re
Ae=f (-Fe—Fm)dr=23,098:7,952-1.10-13+61,1-8,372-7,952-2:10-8/1>x=8,089-6.24-101°3B=0,505T3B.

(o]

TakuM 06pa3oM, sHeprus CBA3U CBOOOJHOI0 3J1eKTPOHA, Kak 3QUPHON CUCTEMBI, paBHA
E.=252,5T3B.

0

HeliTpoH 06s1afiaeT HyK/JIOHHBIM-s1JlepPHBIM II0JIEM U COOCTBEHHbIM MarHeTHU3MOM C BEKTOPOM
MarHMTHOTO MOMeHTa HMn. MexJy CcONMKaILUMUCA HeUTpoOHaMu  JilelcTByeT, IpH
r<3,182-10-15M,HyK/JIOHHOE OTTaJIKUBaHHWe, a npu r>3,182-10-15M - HyK/JOHHOe NpUTSKeHHe. B
JAHHOM CJlyyae, HYKJIOHHOe B3aWMOJEUCTBHE OIHWCBIBAETCA BbIpaKeHUeM: Fn=pr-4-qr-s,
p=1581-10-59r-M5-c2, g=5032-10-74kr-M6-c-2. He'TpOHBI SIBJASIIOTCS NapaMarHeTUKaMH, U MeXay
HUMU [JEeWUCTBYeT MarHUTHOE NpPOTsKeHHUe: Fn=yu.?r3.Tak kKak pn=3-10-4up,, w©p=8,372-1u., a
YUetp=122.2-10-40kr-M*-c2, TO Fi(y=122,2-9-8,372-1-10-48r-3Kkr-M*-Cc2.

JHeprus CBs3W CMepyenoZ06HON 3PUPHON CTPYKTYpbl HEMTPOHA BBIYMCASETCH C IMOMOILbIO
omnpeJiesieHHUs] BeJUYUHbI pabOThbl, HEOOXOAMMOW [Js1 NPEeoJ0JIeHUs1 NPEeNnsTCTBUN COJIIKEHHUIO
HeUTpoHOB oOT r=3,182:10-15M - rpaHULbl 06JIACTU HYKJIOHHOTO OTTaJKWUBaHUS, [0
2r,=1,662-10-15M - paccTOSTHUSA NPSIMOT0 KOHTAKTa MeXY JBYMS HEUTPOHAMH.

Pa6oTa A, BbIUHC/ISIeTCS TaK:

2" 1,662+10-15
An=[(Fa+Fn)dr= [(1581-10-5 r-4-5032-10-74r-5 +131,37-10-48r-3)dr=54,04-6,24-103B
3,182-10-15 3,182-10-15

=3,372M3B.

CiieloBaTe/IbHO, 3HEPTHS CBSA3U CBOOOHOTO HEUTPOHA, KaKk 3QUPHOU CUCTEMBI, paBHA
E.=1,686M3B.

[

Takux o1leHOK S He OXKHU/aJI.

Korma s pab6ortan Hajg ¢dopMaMu 3/JeKTPOHA M HEUTPOHA, TO MNPeANoJoXKWa, 4To dopma
3dUpHON cMepuenoJo6HON CTPYKTYPbl HEUTPOHA, YTOOBI ObITh YCTOMYUBOU, JO/KHA OTJIUYAThCS
oT GOpPMBI 3JIEKTPOHA. JTO NPeJIOoJIOKEeHHEe JUKTOBAIOChH TeM, YTO 3QUPHbIe CMepyenojooHbIe
CTPYKTYPbI 3JIEKTPOHA U HEUTPOHA CO3/IAI0TCA 33 CYET COOCTBEHHOr0 MarHeTH3Ma 3JIEMEHTOB
3dupa, HempepbIBHO MPOKAYMBAEMbIX Yepe3 3JIEKTPOH U HEUTPOH.

Tak kak 3jieMeHTbl 3¢Hpa NPOKAUYUBAKTCH MO CHUPAJbHBIM CTPYSIM, TO Ha 3TU 3JIEMEHTHI
3dupa elCTBYIOT LIeHTPOGEKHbIE CUJIbI, CTPEMSINMNECA PA3PYyIIUTh 3JEKTPOH U HEUTPOH. ITOT
paspymamdi 3¢pdeKT HEUTPaTU3yeTCd CTAOUIU3UPYIOIUM 3PdeKToM, 065I3aHHBIM TOMY, YTO
BHYTpEHHee JlaBJieHHWe B JBIXKYIIeMcAd 3QUpe yMeHbUIAeTCAd B 3JIEKTPOHE W B HEHUTpPOHE OT
nepudepun K cpearHe 3PHUPHOTO cMepya. Paspymaromui 1eHTpo6exHbId 3pdeKT B HEUTPOHE
JIOJDKEH OBbITh 3HAYUTEJbHO CUJIbHEe, YeM B 3JIEKTPOHE, TaK KaK 3JIEKTPOH COCTOUT U3
3JIEKTPOHOMOJ00HBIX, 3 HEUTPOH U3 HEUTPOHOIMOJOOHbBIX 3JIEMEeHTOB 3dUpa, a HEUTPOH HA TPpHU
nopsiJika TsbKesiee ajeKTpoHa (mn=1838,62m.). [Ipu 3TOM, CKOPOCTh MPOKAYKH 3J1eMEHTOB 3dupa
Yyepes 3JIEKTPOH HaMHOTO G0JIbIIlE, YeM CKOPOCTb NMPOKAYKH Yepe3 HEUTPOH — COOTHOIIEHHUE 3TUX



CKOpPOCTeH oNpefesIAoTCd BeJJMYMHAMUA MarHUTHBIX I10JIed 3JIeKTPOHA U HEWTPOHA, a BeJIMYMHA
BEKTOpAa MarHMTHOrO MOMEHTA HeHTpOHa Ha MNATh MOPSJKOB MeHblle BeJUYUHbI BeKTOpa
MarHUTHOTO MOMeHTa 3JIeKTpoHa (Un=4-10-5u).

A, KOHe4HO >Ke, ONMyCKaJ, YTO 3HEPTUHU CBSI3U 3JIEKTPOHA U HEHUTPOHA OTJHUYAKTCA JPYr OT
Jpyra, HO MoJIyYeHHbIe TOJIBKO 4TO olleHKH (En=1,686M3B, E.=252,5I'3B) BepHee, oT/IM4YHeE UX APYT
OT Jipyra, 0Ka3a/IoCh COBEpLUIEHHO HEOKUJAHHBIM. DTU OLleHKH I0JIyYeHbl B IPeI0JI0)KeHUH, YTO
paspylieHHs CTPYKTYp Nap 3J1eKTPOHOB M Map HEMTPOHOB MPOUCXOAAT IPU HUX COJMKEHUH [0
psAMOro KOHTakTa, Ho B MUKpoMupe Takhe KOHTAaKThbl IPAaKTUYeCKHU HEBO3MOXHbI, OHU J10JIKHbI
NPOUCXOAUTh Ha KOHEUYHBbIX pACCTOSHUSAX, TIOCPEACTBOM pas/JMYHbIX B3aMMOJENCTBUH.
CnenoBaTesIbHO, B pe3yJibTaTe 3TOT0 06CTOATENbCTBA, OLleHKH En U Ee JOKHBI YMEHBIIUTBCS, HO
HAaCKO0JIbKO, 6€3 3KCIlepUMeHTa/lbHbIX HAMEKOB, He U3BeCTHO. TeM He MeHee, IJITaBHOE OCTAHETCS -
BesJIMuMHa E. Bce paBHO OCTAaHETCS 3HAYUTeJbHO 60Jiblie, yeM Ej .

[

B 3TUX pe3yJsibTaTax HEOXKUJAHHBIMM OKa3a/MCh JBa aclekTa. [lepBbIi acneKT CBA3aH C TeM,
YTO BeJIMUMHA 3Hepruu cBa3u E,=1,686M3B o6ycnoBjieHa CONpPOTHUBJIEHHEM HEUTPOHHOrO -
S1/lepHOTO OTTAaJIKMUBAaHUsI COJNIMKEHUI0O HEUTPOHOB, a BesinunHa E.=252,5T3B - conpoTuBieHneM
MarHUMTHOTO OTTaJIKUBAaHUA COJIMXKEHUIO 3JIEKTPOHOB. BOMTOe B nozco3HaHMe, LOJTUMU rofaMU
KBAaHTOBOTO TOCNOJACTBa B (uU3MKe, NpejCTaBJeHHEe O TOM, YTO siJiepHble B3aUMOJENUCTBUSA
HaMHOI'0 CUJIbHee MarHUTHBIX, He MOXeT Cpa3y CMUPUTHCA C TAaKOW OTPOMHON AucHponopuuen
BeJIMYMH 3HEPTUH CBA3H, IPOTUBOpeYallell N0JCO3HAaTelbHbIM, UHTYUTUBHBIM NpeJCTaBJIeHUsM.
JTO 4Ype3BbIYAMHO HENpPHUSTHOE YYBCTBO He KOMIIEHCHUPYETCs TeM, YTO pa3yM JIerKO HaXOAUT
00bsSICHEHHE 3TOM AUCHPONOPLMUHU - YTO OTHOCUTEJBHO HeboJsbllas BeJMyuHa E, 00bscHAeTCA
MaJsbIM pacCTOSIHUEM JeWCTBUSl $€PHOr0 OTTAJKWBAaHUsI MeXJAYy HYKJOHaAaMHM, a OrpOMHas
BeJIMYMHA Ee - CpaBHUTEJIbHO FMTAHTCKUM PAcCTOSIHHEM [JeMCTBUSI MarHWTHOTIO OTTaJIKWUBaHUA
MeX/y 3JIEKTPOHAMH.

Jpyro#l acuekT CBsI3aH C eCTeCTBEHHbIM BONpPOCOM - 3a4yeM [Ipupojie Takas AUCIPONOPLUS B
3HeprusAx CBfAISM HeHUTpoHa U 3JyeKkTpoHa? [lo-BUAMMOMY, 3TOMYy eCTb KakKas-TO Cepbe3Hasd
NpUYMHA, CBsf3aHHasi C QYHKUUOHAJbHBIMU IpeJHAa3HAYEHUSIMHM 3THX MHUKPOOOBEKTOB.
[IpepHa3HauyeHUd e 3TU COBEPILLIEHHO pasHble.

HelTpoHBI, KaK U3BECTHO, CO3JAOT U30TONMHOE pPa3HOOOpa3ve XUMHUYECKUX 3JIeMeHTOB. Jlis
3TOr0 OTHOCUTEJIbHO He6O/IbLION 3HEPTUHU CBA3U UM J,0CTATOYHO.

JJIEKTPOHBI, MO3WTPOHBI, AHTUIJEKTPOHbl U AHTHUIO3UTPOHBI SABJSIOTCH €JUHCTBEHHBIMU
3JIeMEHTAPHbIMU HOCUTEJISIMUA 3JEKTPUYECKUX 3apsiloB B MUKpoMmupe. Haxozasick B cocTaBHBIX
MHUKPOOO'bEKTax — aTOMaX, IPOTOHAX, POTOHAX..., OHH, YIaCTBYA B K0JieOAaTe/JbHbIX ABWKEHUSX,
reHepUpyIT 3JIEKTPOMAarHUTHbIE BOJIHbl C LIMPOYAHIIMM CHEeKTPOM d4acToT. Tak, 4acToTa
M3JIy4eHUs 3JIEKTPOH-aHTUIJIEKTPOHHOIO JUIOJIF, B 3aBUCMMOCTH OT BeJUYHUHBI NpPEBbILIEHUSA
Macchbl aHTHU3JIEKTPOHA HaJ Maccoi 3JIeKTPOHA, MOXKeT NpuHaAlexaTb uHTepBany (0.1015)c 1, a
4acTOTa aHTU3JIEKTPOHA B IPOTOHe OJin3Ka K 1,24-1025¢-1. KosiebaTesibHble HArPy3KH, MPU TAKUX
4acToTaX, MOTYT pas3pylIUTb 3JeKTPOH U aHTHUIJIEKTPOH, He 06J1ajialoliye AOCTaTOYHO OO0JIbIION
3HeprueH CBSI3U.
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CywecTBylOT 6OJIbLIME COMHEHHS B TOM, YTO COBpeMeHHas (U3UKA CMOXET OLEHUTb U
IPHUHATb 3THU OLEHKU. ITU COMHEHHS OCHOBAaHblI Ha TOM, YTO QU3UKU [0 CUX IOP UTHOPUPYIOT
3KCNepUMEeHTa/JbHble [I0Ka3aTeJbCTBA CylleCTBOBAaHUS 3(upa, MOJydyeHHble B IPOCTOM H
ocTpoyMHOM 3KcnepuMenTe @u3o (1851r) [4]. A.DUHIITENH, KOTUPYIOILIMNACA KaK FeHUaJbHbINA
¢U3MK, 0O6BSBUB TUNOTETHUYECKHWHN 3Up, HAPYIIMB BCe HayudHble MNPUWIKMYUSA, 006JaJa0IUM
CBOWCTBAMHU eJie [5], OTKa3aJjcs OT ero y4eTa B 3HAMEHHUTBIX, HO KOJTUYECTBEHHO OLIMOOYHBIX,
Teopusx oTHocuTesbHOCTH. CorsnacHo CnenuanbHoW Teopuu OTHOCUTENBHOCTH, 3aBUCUMOCTD
BeJIMYMHBI MAcChl 3JIeKTPOHA U HYKJIOHA OT BEJIMYMHBI CKOPOCTH MUKPOOOBEKTA, 3alIMChIBAETCS
ofHOM U TOoW ke QopMyJoH, OJUHAKOBOM U [AJd 23JEeKTPOHa, U [iJIS HYKJOHA:
m(v)=m(0)(1-v2c-2)-05. OfHaKO, SKCIEPUMEHTHI Ha YCKOPHUTEJISX MI0Ka3aJH, YTO, B OJJHUX U TEX XKe
JHanaszoHax CKOPOCTeH pasTOHa, MacChl 3JIeKTPOHOB YBEJUYUBAIUCh HA 2+3 NOPAAKA, TOTJA Kak
Macchl HYKJIOHOB YBeJIMYUBaIUCh Bcero B 1,5 pasal



[ ]

A Tenepb paccMOTpUM COJIMKEHHE [IBYX IPOTOHOB U BBIYMCJIHUM OLEHKY 3HEpTrUM COJIMKeHUs
W, Heo6X0JUMOM He TOJIbKO JJ1s1 pacnaZa 060MX NPOTOHOB HA HEUTPOHBI U @aHTHU3JIEKTPOHBI, HO U
[ TOCJeAyIoLlero pacnaja HeMTpPOHOB W aHTHU3JIEKTPOHOB Ha 3JIeMeHTbl adupa. JHeprus
Ka)X/IoOr0 MpPOTOHA, JBIXKYLIErocsd €O CKOPOCTbIO V,, paBHa wp=0,5mpv,2, ciiejoBaTeNbHO,
W=2wp=myv,2.

Korpa paccrtosiHue Mex/Jy NPOTOHAaMH COKPATUTCS O BeJUYHUHBI, HECKOJBKO GOJIbLIEH, YeM
3,96:10-15M, 06a MpOTOHA pacnaAyTcsad Ha HEUTPOHBI U aHTHUAJIEKTPOHKIL [locie 3TOro, IeHTp Macc
KaXXJIOl HeUTPOH-aHTUIJIEKTPOHHOW mMaphbl OyJeT NpoAo/oKaTh JBU)XEHUE B MpexHeM
HaNpaBJIEHWH U C NIpeXHel CKOPOCTbI0, paBHOH Vp. CaMu ke HEHTPOH M aHTHU3JIEKTPOH, B CBOEM
JABWKeHUH, OYAyT yAansaTbCcs APYr OT Apyra Bc/eACTBUEe TOTO, YTO B MOMEHT pachaja MpoTOHa
AHTU3JIEKTPOH BBICTpeJMBaeTC U3 HeWTpoHAa ¢ 3Heprued B 145MaB, B cTopoHy,
IPOTHUBOIOJIOKHYIO JBUKEHHUI0 TPOoTOHA. M3-3a 3TOr0, CKOPOCTH JBUKEHUSI HEUTPOHA YBEJUUUTCS
Ha BEJIMYUHY Vn1: Vq=Vp+Vy1, @ CKOPOCTb aHTUIJIEKTPOHA YMEHBIIUTCA HA BEJIMUUHY Vei: Ve=Vp—Vel.
BequyuHBl Vi1 U Ver YAOBJETBOPAIOT HWMIYJbCHOMY COOTHOLUEHHWIO: MnVni=MeVer U
3HepreTudeckoMy 6anancy:  0,5mnvni2+0,5mevei2=145MaB. OHM NpPUHUMAKOT 3HAYEHUS:
Vn1=9,26M:C"1, ve1=17025Mm-c1.

WTak, nocje pacnaja NpoTOHOB, KaX/JAbli HEUTPOH OyJeT JBUrATbhCsS CO CKOPOCTBIO Vn=Vp+
9,26M-c! 1 aHepruet wy=0,5myvy2, a KaXK/Abll aHTUIJIEKTPOH - CO CKOPOCTBIO Ve=Vp—17025M:c-1 u
aHeprue we=0,5meve?. ITO TMO3BOJIAET HAUTHU OLIEHKY O3HEpPruu COJIMKeHUs TPOTOHOB,
HeoOX0UMYI0 [l UX pacnaZla Ha HeUTPOHbl U aHTU3JIEKTPOHBI, U JaJbHEHLIero cOJUKeHUs
HEUTPOHOB M aHTH3JIEKTPOHOB [JI0 UX pa3pylleHHs Ha CBOOOJHbIe, He CBA3aHHble MEXAY COOOH,
3JIeMeHThI 3dupa.

0

PaccMoTpuM cuTyanuio ¢ aHTHaJleKTpoHaMU. CHadaja 3/eCb HYXKHO OLleHHUTb paboTy A.i 1O
NPEeOIOJIEHUI0 3JIEKTPOMAarHUTHOTO OTTAJKUBaHUA MeXJy [JBYMs aHTHU3JIEKTPOHAMHU IpHU
cOIKeHUU UXx OoT 3,96-10-15M - paccTosiHUA pacnaZa IPOTOHOB HA HEUTPOHBI U aHTUIJIEKTPOHBI,
0 2re=7,952:10-16M —paccToTHUSA TPSAMOro KOHTAKTA aHTHUIJIEKTPOHOB.. OKa3asoch, 4YTO 3Ta
paboTa Tak e paBHa A.1=0,505-10123B.

W3 sToi BeJIMUUHBI HA JIOJII0 OJJHOTO aHTHU3JIEKTPOHA NPUXoAuTcs sHeprus B 0,2525-10123B. B
xoyasx ato 6yget (0,2525-1,6-10-7=0,404-10-7) /x. JHeprus ABUKEHHUS 3JIEKTPOHA ONHChIBAETCS
BbIpakeHHeM: 0,5mev.2. [l0aTOMy, 4TOOBI NPOTOHBI pacnajvcb HAa HEUTPOHBI U AaHTU3JIEKTPOHBI, a
3aTeM aHTHU3JIEKTPOHBI COJIU3UINCH 10 MPSIMOro KacaHHUs M paciaja Ha 3JieMeHThl 3QUPa, HYKHO,
YTOOBI CKOpOCTb JBHYKEHUS AHTUIJIEKTPOHA yZA0BJIeTBOpAJIa COOTHOIIEHHUIO:
ve2=0,404:2-9,1-1:1024mM2¢c2 U v.=0,421-1012mc-1. A Tak Kak 17025M-:c-! MHOro MeHbllIe, 4YeM
0,421-10%2Mc-!, TO CKOpPOCTb JABWXXEHHS NPOTOHA JOJHKHA ObITh paBHA CKOPOCTU [IBIKEHUS
a"HTHajeKTpoHa: vp=0,421-1012mMc-1, a 3Heprus cOJMKEHUs] MPOTOHOB [JOJDKHA OBITh paBHA
1,85-10153B.
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BeiM4MHbBI 3HEPTUH CBSI3U 3J1eKTPOHA (U aHTH3/IeKTpoHA) E.=252,5T3B u sHepruu comxeHus
npoToHoB B 1,85-10153B kaxkyTcst HenpaB/[0M006HO OTpOMHbIMHU. Kak 3To npoBepuTh?
[IpoaHaM3npyeM BCIO CUTYaLUI0, OIUPAsICh HA UMEIOLHUECS IKCIIepUMeHTaIbHble PaKThI.

HauyHeM c HarloMHUHaHUSA 06 9KCIIepUMeHTa/IbHOM (paKTe, CBU/IeTeJbCTBYIOLEM O TOM, YTO, IpU
COJIM>KEeHUM JIBYX NMPOTOHOB C 3Heprueidl B 290MaB, ofuH U3 HUX pacnajiaeTcs Ha HEUTPOH U
aHTHUIJIEKTPOH. PaccMOTpeEB BhILIE 3Ty CUTYAlMIO, Mbl, UCXO/S1 U3 HAIIUX CBEJAEHUUN 06 YCTPOUCTBE
IPOTOHA, NPUILJIU K BBIBOAY, UTO, IPU 3HEPTUU COJIMKEHHUS TPOTOHOB HECKOJIbKO 60JIbliIel, yeM
290M3B, fomKHBI pacnafaTbCsl HA HEUTPOHBI M aHTU3JIEKTPOHBI 00a mpoToHa. OZfHaKO, HACKOJIbKO
MHe U3BECTHO, TaKHe IKCIlepuMeHTabHble paKThbl He Hab/I10aNCh.

[Touemy? Besab Ha ToM ke BAK npoTOHBI pasroHSAOTCA 4O 3HAYUTEJbHO OOJBIIMX 3HEPTHUM.
Heyxesn ke B skcriepuMenTax Ha BAK npoTtons! He crankuBarwTca? Eciu 3To Tak, Toraa 4eM xe
TaM 3aHUMMal0TCs 9KCIIepUMEHTATOpPbI? A ec/iM CTaJTKUBAIOTCS, TO BCE 3TU CTOJIKHOBEHHS J0/IKHBI
3aBepllaTbCsl pacnafaMud I[POTOHOB C BBbICBOOOKJEHHMEM aHTHUIJIEKTPOHOB. A TakK Kak



AHTHU3JIEKTPOHBl OCTaBJSAKT B HaOJIOJATeJbHbIX KaMepax 4YeTKHe TpeKH, TO BO3HHUKAeT
eCTeCTBEHHBIN BOMPOC — IOYEMY 3TO He HabJtojaeTcsi?

Ha sToT Bompoc cyliecTByeT TOJbKO OJWH OTBET — aHTHU3JIEKTPOHBI, NPUO6GpeTs cBOGOAY, B
pe3y/bTaTe pacnaja IpPOTOHOB, Cpa3y, UMW MOYTHU Cpa3sy, CTOJKHYBIIMCb CBOUMHU MarHUTHBIMU
CTPYsIMH, pacnaZialoTcs Ha 3JieMeHThbl 3¢upa. YToObl paccuuTaTb UCTUHHOEe 3HAaYeHHe Ee, HY»KHO
3KCNEepUMEeHTaJbHO YCTAaHOBUTb, NMPU KaKUX 3JHEPrusx cOJmxeHUs npoToHoB W*, mocie ux
CTOJIKHOBEHHs] M pacnaZa, B HabJ/w0JaTeJbHOM KaMepe NpONaJalOT MapHble TPeKHU
AHTHU3JIEKTPOHOB C NPOTHUBOIOJIOKHBIMU HanpaBseHUAMM. JlajbHelliue pacdyeTbl BeLyTCA IO
NpOJEeMOHCTPUPOBAHHOM Bblllle MeToAuKe: W*=myvp2, vp2=W*mp1, ve=v,-17025, vp»17025-ve=vy,
Ee=0,5meve?=0,5W*memp-1=2,73-10-4W*,

[ ]

B nepBbix 3kcnepuMeHTax Ha BAK pacna/ibl aHTU3JIEKTPOHOB ObLJIM 3adpUKCUPOBaHbl. OHAKO,
$Y3MKHY 3TOr0 He MOHSAJIM U [IepeCTPOUJIM HabJtojaTeIbHble yCTPOUCTBA TaK, YTO OHU IlepecTaan
duKcUpoBaTh pacnaj, aHTHU3JIEKTPOHOB Ha 3sieMeHThl 3¢upa. [locse atoro, BAK npeBparuiics B
WHCTPYMEHT [iJIsl UTPbl B IPOTOHHBIM MUHT-NIOHT, HA KOTOPOM $U3UKHU BbLJIABJIMBAIOT NPOTOHKI C
PasHBIMHA CKOPOCTSIMM M, COOTBETCTBEHHO C Ppa3HbIMM MaccaMM M CYUTAOT UX He
«BO30YyKJAEHHbIMU» MPOTOHAMH, a HOBBIMU MaTepHUaJbHbIMU CYLIHOCTSMU. [IpoJo/mKaThCcs 3TO
dursnyeckoe 6e306pa3ue MOXKET /10 NpeKpalleHUss UHAHCHPOBAHMUSL.



