Microworld_54.
UNSOLVED PROBLEMS OF PHYSICS_ 14
XXI1V. Big Neutrino Embarrassment
of “New Physics”

N.N. Leonov

The theory of non-linear oscillations established the hypothesis that there exists an object called “neutrino” is a
consequence of misinterpretation of a system of tracks that occur after neutron-to-proton transformation. The reason
for such misinterpretation was bad knowledge of the basic “classic” physics and the lack of necessary “classic”
physical intuition. This explains sixty years of failed neutrino experiments. Identification of structures of electrons,
neutrons, protons, and photons allowed for a detailed “classic” understanding of neutron-to-proton transformation
mechanism, and a detailed “classic” clarity of atomic nucleus structures at an imaginative level.

°

XXIV.1. History of “Neutrino” Concept

Having confined themselves to observable details in the phenomenon of “spontaneous”
disintegration of nuclei, physicists concluded that these details spoke for the fact that the energy
conservation law is broken in the phenomenon. However, this law has been fulfilled at all times
in all known phenomena. This law, in physicists’ opinion, could be fulfilled in the said
phenomenon as well, if only those disintegration reactions involved some unobservable particle.

Thus, in 1931, the hypothesis emerged thanks to W.Pauli’s ability that there exists the
material world a material particle called “neutrino”. The hypothesis required experimental
evidence. At first, test instruments were deployed in deep mines, then in ocean deeps, and then in
the depth of the reserved Baikal. However, the expected results have not been achieved despite
of a stream of motivating Nobel prizes awarded not for findings but for the perseverance
demonstrated. At present, there is a new, Protvino - Mediterranean experiment under
preparations.

XXI1V.2. Neutron-to-Proton
Transformation Reaction
Now let us look at the “neutrino” problem from a different perspective, as such unavailable
to the quantum theory.

XXIV.2.1. The Quantum Interpretation
of Neutron-to-Proton Transformation
Mechanism

When nucleus disintegrates a neutron-to-proton transformation may happen. It is well-known
that a free neutron not bound with other neutrons and protons is unstable. Once free, such
neutron becomes proton over time.

This reaction was observed in Wilson chamber as tracks of proton and electron that diverge
from the same point. But there are no tracks of neutron in the chamber. Then why is it believed
that tracks of proton and electron diverge from the point where neutron was? It is well-known
that the smallest microobjects are electron, proton, and neutron. Electron mass me=9.109-10'kg,
proton mass m,=1.67265-10 kg, neutron mass m,=1.67493-10>'kg. It is known that only those
objects can leave tracks in Wilson chamber that have electric charges. But neutron is electrically
neutral. Therefore it leaves no track in the chamber. And since my=my+me, physicists think that
there could be no other candidate in this reaction but the neutron that left no track.

Many pictures demonstrate neutron-to-proton transformation reaction with tracks of proton
and electron diverging at different angles, which are in rather a wide range. When interpreting
tracks in neutron-to-proton transformation reaction, physicists acted as a mere “son of prairies”
who “sings about what he sees”. According to this naive principles quantum physicists thought
that the observable picture of tracks corresponds to neutron disintegration reaction.



XXIV.2.2. “Classic” Interpretation of
Neutron-to-Proton Transformation Mechanism
by the Theory of Non-Linear Oscillations
The theory of non-linear oscillations (TNO), by various examples, teaches its followers such
findings that can be understood on a detailed, visual and illustrative level.

XXI1V.2.2.1. Electron Origination in
Neutron-to-Proton Transformation
Reaction
From this perspective, the origin of electron in the said reaction of free neutron transformation
into proton is completely unclear. Firstly, neutron cannot be a stable proton-electron object.
Otherwise, in the absence of magnetic interactions between electron and proton, electron and
proton would collapse on each other due to electric attraction. But since proton radius, according
to Rutherford’s empirical equation, r,=1.4-AY%.10"""m, cannot exceed 10 "“m, then radius of
such a mythical object would not exceed 10~ '*+10™">m. But, considering magnetic interactions,
the proton-electron system, according to TNO [1], is in the only state of globally stable static
equilibrium, in which the distance between proton and electron is 5.3-10''m, that is, Bohr
radius.

Secondly, the contemporary physics does not know whether neutron can somehow contain
electron. One can learn it if only has clarified what electrons and neutrons consist of and which
form can have. The quantum theory is incapable of doing so. Its followers claim that their
“common sense” makes head against such detailed images of microobjects [2].

TNO established that electrons and neutrons consist of ether elements and have vortex-like
structures (Fig. 1. 2) [3].
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Fig.1. Electron structure
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Fig.2. Neutron structure

It is difficult to imagine, even in a nightmare, how it could be possible to place electron in
the body of such neutron.

So, neutron has no electron inside. Therefore, it is a strange, outside guest in this reaction.
How could it get here? As said above, objects that lack electric charges leave no tracks in Wilson
chamber. There are only two such objects among microobjects we know: neutron and photon.

The experimental evidence of vortex-like structures of electron and neutron was obtained at
the Large Hadron Collider (LHC). It happened after LHC reached the maximum rated power.
Observed collisions of two super-energy protons showed that such protons, after collision with
each other, dispersed into multiple ether elements they consisted of. Physicists did not
understand it just like many other things. They failed to understand it because the microworld
theory neglects ether. Having failed to understand it, they continued to develop a fantastic theory
of entities that do not exist in the material world posing the theory as physical knowledge.



XX1V.2.2.2. Photon Version of
Electron Origination Neutron-to-Proton
Transformation Reaction

The quantum physics does not know photon structure. That is why it has no answer to the
question.

Why does the quantum theory not understand photon structure, and can we correct that? The
quantum theory believes that photon results from a collapse and annihilation of positronium — an
electron-positron pair.

TNO found that “collapse” and “annihilation” are purely quantum abstract concepts that have
no real carriers in the material world. The foundation was laid by the experiment by scientists of
the Nuclear Physics Institute of the Academy of Sciences of USSR (Alma-Ata) which results
implied that that indivisible energy quanta and indeterminacy relations are merely abstract
quantitative concepts of the quantum theory rather than objective factors of the material world
[4]. The “diggings” revealed that the original cause for the hypothesis of indivisible quanta was
that the microworld theory mistakenly neglected ether and its resistance to motion of
microobjects, and magnetic interactions between microobjects.

With regard to these factors, TNO was able to gain a visual and detailed understanding of the
structure of atomic nucleus and atomic electron shell [1]. TNO studies also showed that
positronium is in a globally stable state of static equilibrium, in which the distance between
positron and electron is almost next larger to Bohr radius! However, it turned out that “collapse”
and “annihilation” are non-scientific, “fake” concepts of the quantum physics, and do not reflect
the actual events.

The searches for ways to understand photon structure led to “physical dump” to where the
concepts unclaimed by the quantum theory had been sent. There appeared concepts of electron-
like microobjects having “negative” masses theoretically discovered by P. Dirac [5]. These
concepts were “dumped” as inconsistent with the quantum paradigm. One of such objects was
antielectron, an object having the structure of electron, mass me, “positive” unit electric charge
(+e) and magnetic moment vector e, i.e. positron having “negative” mass.

A killing, in physicists’ opinion, argument against the use of these concepts was the
statement of the lack of any experimental evidence for such microobjects. However, it emerged
that the argument was simply ridiculous. Indeed, the physics well knows the equation:
d/dt[mv(1-vec ) *]=q(E+c '[""]) that is widely used when analyzing the behavior of
microobjects. If we reverse the signs of both mass m and charge g, neither the equation itself nor
its solution change anyhow. Hence, antielectron tracks in Wilson chamber will be identical to
those of electrons. This implies a stunning conclusion: physicists are unable to distinguish
between antielectron track and electron track in observation chambers; that is why they have
always taken for electron tracks even antielectrons tracks!!!

Regarding electron-antielectron dipole, it appears that it has all the properties photon is
known to have. And again physicists argue that dipole of objects having “positive” and
“negative” masses should self-accelerate which has never been observed in experiments either.
But physicists cheat again: electron-antielectron dipole is electrically neutral so it leaves no
tracks in contemporary observation chambers. Hence, it is impossible in principle to observe its
self-acceleration.

Apart from known properties of photon, TNO revealed that electron-antielectron dipole
could self-accelerate to a steady speed that is a function of counter ether density [1].

If electron-antielectron dipole bumps into neutron, in highly gradient magnetic field such
neutron disintegrates into free electron and free antielectron. There are only magnetic
interactions between neutron and electron, neutron and antielectron.

Since electron and antielectron are diamagnetic substances [6], there is magnetic repulsion
between them and neutron. Therefore, electron escapes from neutron. This can be well seen in



Wilson chamber. Because of magnetic repulsion between neutron and antielectron, neutron
escapes from antielectron. Antielectron, due to its “negative” mass, rushes after neutron, and,
due to an enormous difference in masses, catches up with neutron and forms proton with it

(fig.3).
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Fig.3. Neutron-antielectron
structure of proton

So, in terms of TNO, neutron-to-proton transformation occurs in the reaction of neutron-
photon fusion of proton rather than in the free neutron disintegration reaction.

XX1V.2.2.3. Experimental evidence
for the Validity of Photon Version

Before we discuss how the validity of this version can be proven experimentally we need to
ascertain that there are no other theoretical options.

We can judge of the neutron-to-proton transformation reaction only observing proton and
electron tracks in Wilson chamber that diverge from the same point.

Wilson chamber, as is known, does not form either tracks of neutrons or tracks of other
microobjects that lack electric charges. That is why, in general, a system of tracks in this
chamber does not provide a complete information of the observable phenomenon.

Tracks of microobjects, even if formed in Wilson chamber, also can provide incomplete
information of what microobjects left the tracks. For instance, tracks of electrons and
antielectrons in Wilson chamber in the uniform external magnetic field are identical and does not
differ from each other at all.

Due to this peculiarity, in general, interpretations of track sin the chamber may be
ambiguous. For instance, a system of proton and electron tracks diverging from the same point
may result from disintegration of protium that consists of proton and electron, or from the
neutron-to-proton transformation reaction. Using supplemental information, physicists
established that the system of tracks results from neutron-to-proton transformation.

But even then, information on the neutron-to-proton transformation reaction contained in the
observable system of tracks remains incomplete. Transition from this incomplete information to
genuine and adequate understanding of the observable reaction depends on the researcher’s
qualification.

As the track system of proton and electron diverging from the same point does not provide
adequate information on the neutron-to-proton transformation reaction, there may be different
versions concerning the reaction details, and it is natural. It is obvious that only one of the
versions can be true. To verify this only true version we have to make it consistent with other
experimental facts.

To date, there are two such versions. One of them deals with disintegration and proceeds
from the fact that a system of proton and electron tracks reflects neutron disintegration into
proton and electron. This version emerged in the quantum theory. It gave rise to the hypothesis



of “neutrino”. This situation is specific in that neutrino leaves no observable tracks. Physicists
believe that they are able to observe results of neutrino interaction with other microobjects.
However, they claim that neutrino can freely fly through the Earth without any collision with
other microobjects. With thoughtless stubbornness, they seek to prove experimentally that all
experiments eventually fail.

Physicists’ statement regarding their ability to observe the results of interactions between
neutrino and other microobjects is experimentally impossible. Physicists explain their
experimental failures still not with experimental facts but with ill-grounded, unprovable,
theoretical assumptions. However, this fabulous process may last as long as the government
funds this senseless work.

Until the structures of electrons and neutrons remained unknown, it was impossible to
understand how neutron acts in such a way that it can disintegrate into proton and electron.
Physicists could not explain that. They appealed simply to believe it as one could believe in
Supreme Creator of the World.

Once TNO identified the structured of electron, neutron and proton, it would seem that the
situation has changed and it became possible to prove, visually, that the quantum version of
disintegration is true. The fact is that the structure of electron (fig.1) has a real material prototype
in the form of atmospheric vortex. Meanwhile, the structure of neutron (fig.2) results simply
from a theoretical analysis, and there are no real prototypes of objects having such form in the
material world.

But what if it is not neutron but proton that has the shape shown on Figure 2? At first sight, it
does not contradict any experimental facts. In such case neutron could be represented by a
proton-electron system of shape shown on Figure 3. However, this assumption is not consistent
with experimental facts.

Firstly, it is deduced from experiments that neutron is stable. However, its stability is rather
limited: experiments shown that the “lifetime” of a free neutron is close to 15 minutes. But
neutron as a proton-electron system shown on Figure 3 is not stable at all. Proton and electron in
this system are bound by means of electric and magnetic interactions, so that there is electric
attraction and magnetic repulsion between proton and electron. The electric attraction is
inversely proportional to the squared distance between these objects, while the magnetic
repulsion is inversely proportional to the cube of the same distance. That is why, at sufficiently
small distances, the magnetic repulsion is incomparably stronger than the electric attraction.

| am sorry for explaining the material at the junior school level but there is a risk that acting
physicists who set aside magnetic interactions between microobjects in the microworld theory
would hardly perceive even such explanation.

Secondly, it is deduced from experiments that collision of two high-energy protons may
result in proton disintegration into neutron and antielectron. It is inconsistent with the proton
structure shown on Figure 2.

The second version, revealed by TNO, stands for that proton is a result of neutron-
antielectron fusion where antielectron occurs because of the collision with neutron, and
disintegration of photon, that is an electron-antielectron dipole, into free electron and
antielectron.

How we can obtain experimental evidence as to the validity of this discovery?

Lifetime of free neutron was measured to constitute approximate 15 minutes. Different
researchers conducted these measurements at different arrangements and in different settings.
The accuracy of such measurements was different but sufficiently high. However, the range of
the lifetime values measured in different settings and in different conditions exceeded the
accuracy limits. Physicists do not know the cause for that.

Intuition hints that densities of photon fluxes in which the measuring arrangements were
could be different in different experiments. Hence, experimental evidence as to the proper



interpretation of the neutron-to-proton transformation reaction by TNO can be obtained by
irradiating the arrangement for measuring lifetime of free neutron with a flux of photons. Since
no protons change in a flux of photons, it is possible to change neutron lifetime by changing the
density of photons in the flux.

This is how one can prove the interpretation by TNO.

The same method can be used to study the neutron “lifetime” dependence on the density of
the flux of photons irradiating such neutron. We have to know this dependence in order to
organize a “cold” fusion of instantly self-disintegrating °Li and ®Be nuclei in controlled light-
nuclei power reactors [7]. We have to know this dependence also for a “cold” neutron-photon
fusion from a stable nucleus with P protons of nuclei containing more than P protons.

XX1V.2.2.4. “Classic” Interpretation
of a System of Tracks in
Neutron-to-Proton Transformation Reaction

The described version of neutron-photon fusion of proton well explains the system of tracks
observable in Wilson chamber without resorting to the hypothesis of “neutrino”.

Tracks of proton and electron in this system, for different reactions, differ in the angle
between the tracks; the angle varies in wide ranges. This is explained by the fact that when
photon — electron-antielectron dipole meets neutron, the angle between the centerline of the
magnetic field of neutron and the centerline of the dipole is random, i.e. photon may bump into
neutron from any side. As the motion speed of such photon is extremely high, neutron does not
make it in time to turn in such a way that its magnetic moment vector is along the dipole
centerline.

Photon, at collision with neutron, disintegrates into diverging electron and antielectron.
Antielectron rushes after neutron right away, and, having caught up with it, unites into proton
with it. Electron and proton tracks in Wilson chamber diverge from the same point. This speaks
for the fact that neutron-antielectron fusion of proton happens so quickly that such time is not
enough for electron and proton to have diverged to a microscopic distance that could be
registered by Wilson chamber.

Note

As proton consists of neutron and antielectron, it should seem that m,=my—me. But, in fact,
mp=my—2,5m,. The reason for that is that neutron and antielectron consist of ether elements and
have vortex-like shapes wherein ethereal jets coil around the central jet with different directions:
right-handed in neutron, and left-handed in antielectron.
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XXIV. boabioi HeMTPUHHBIH KOHPY3
«HOBOH (pU3UKM»

H.H.JIeonos

Teopus HeTMHEHHBIX KOJIEOAHUI yCTaHOBMIIA, YTO TUIIOTE3a CYIIECTBOBAHMA O0BEKTa 110 UMEHH «HEHUTPHHOY -
CIIEZICTBHE OIMMOOYHON TPAKTOBKH CHCTEMBI TPEKOB, MOSBILIONINXCS MPH TpaHCc(GOpMali HEHTPOHA B IPOTOH.
[IpramHO#t 3TOH TPaKTOBKH 0Ka3anoch ciaboe 3HAHHE OCHOB «KJIACCHIECKOI (DPU3UKU U OTCYTCTBHE HEOOXOAUMOM
«KITACCHICCKOM q)I/ISH‘IeCKOﬁ HWHTYULIUH. OTHM 00BACHIIOTCS MMECTUACCATUIICTHUC DKCIICPUMCHTAJIbHBIC HCYIaun
B HCHTPHHHBIX KCIIEPHMEHTaX. BBIABICHHE CTPYKTYp AJIEKTPOHOB, HEHTPOHOB, MPOTOHOB U (POTOHOB TO3BOJIHIIO
JOCTHUYb ACTAJIBbHOI'0 «KJIACCUYECCKOIro» INOHHMMaHHMKU MCXaHH3Ma TpaHC(I)OpMaLII/II/I HeﬁTpOHa B IPOTOH, a TAKKC
JIETATIbHOMN «KJIaCCHYCCKOM» SICHOCTH, Ha 00pa3HOM YPOBHE, TIOHMMAHHUS CTPYKTYPBI aTOMHOT'O sI/Ipa.

°
XXIV.1. Ucropusi nosiBjieHust
NOHATHS «HEHUTPHHO»

OrpaHvYMBIIMCH TOJILKO HAOJIOAAEMBIMU JCTASIMH B SIBJICHHUU «CaMOMPOU3BOJILHOTOY
pacmaja siaep, GU3UKH PEIIUIIU, YTO 3TU JI€TalId FTOBOPST O HAPYILIEHUH, B 3TOM SIBJICHUH, 3aKOHA
coxpaHeHus nHHepruu. Ho, BO BCEX HM3BECTHBIX SBICHHUSX, ITOT 3aKOH HEYKOCHHUTEIBHO
cobmronancs. CoOmtoieHre STOro 3aKOHa, 0 MHEHUIO (DU3UKOB, MOTJIO COOIOIATHCS, U 31ECh,
TOJIBKO TIPU YYACTHH B 3THX PACHaIHBIX PEAKIUAX HEHAOII01aeMON YaCTHIIbI.

Tak mnosBunace B 1931r, «c nerkoi pykw» B,Ilaynu, rumore3a cyiiecTBoBaHUS B
MaTepuaibHOM Mupe MaTepuanbHOM YacTHIbl — «HEUTPUHO». JTa TrumoTe3a norpedoBana
DKCMIEPUMEHTAJIbHBIX  JIOKa3aTenbCcTB. (CHavama OKCIEpUMEHTANbHBIE MPUOOPHl  OBLIH
YCTaHOBJIEHBI B ITyOOKMX FOPHBIX BBIPAOOTKAX, 3aT€M B OKEAHCKUX TIIyOMHAaX, 3aTeM B IITyOuHe
3anoBegHOro baitkana. OnHako, 0OKUAaeMble pe3yabTaThl TaK U HE ObUTH IOCTUTHYTHI, HECMOTPS
Ha MOTOK cTuMynupyromux HoGeneBckux npeMuid, MpUCyKICHHBIX HE 3a PE3YJIbTATHI, & TOJIHKO
3a IPOJAEMOHCTPUPOBAHHOE YNOPCTBO. B HacTtosmiee BpeMsi TOTOBUTCSA HOBBINM, [IpoTBuHO -
CPEAM3EMHOMOPCKHUI DKCIIEPUMEHT.

XXIV.2. Peakuus npeBpaieHus
HeNTPOHA B IPOTOH
A Temnepb B3IJISTHEM Ha «HEUTPUHHYIO» MpobiieMy ¢ Apyroil ctoponsl, KBaHTOBas Teopus Ha
3TO MPUHIMITHAIBHO HECTIOCOOHA.

XXIV.2.1. KBaHToBasi TPAaKTOBKA
MeXaHU3Ma NpeBpalleHust
HEeNTPOHA B IPOTOH

IIpu pacnanme sanpa, MOXET MPOUCXOAWTH MPEBpPALIEHHE HEUTPOHA B MPOTOH. XOPOIIO
M3BECTHO, YTO CBOOOJHBI HEUTPOH - HE CBA3AHHBIA C APYTMMU HEHTPOHAMHU U TPOTOHAMH,
HeycTouuB. CTaB CBOOOIHBIM, HEUTPOH, Yepe3 HEKOTOPOE BpEMsl, MPEBPAIAETCS B TPOTOH.

Orta peakius 3adUKCUpPOBaHA B HAOIIOIaTENbHONW KaMepe BuibcoHa B BUAE CIEIOB-TPEKOB
MIPOTOHA M JIEKTPOHA, PACXOIAIMIUXCS U3 OAHON M TOM ke Toukh. Ho crnemoB HeWTpoHA B 3TOU
kamepe HeT. [loueMy ke cumTaercs, 4TO TPEKH MPOTOHA U AJNEKTPOHA PACXOIATCS U3 TOUKH, B
KOTOPOW HAaXOJWJICA HEUTPOH? XOPOIIO M3BECTHO, YTO HAMMEHBITUMU OOBEKTaMHU MHKPOMHPA
ABJISIFOTCSL DJIEKTPOH, IPOTOH M HEUTPOH. Macca 3JIeKTpOoHa m=9,109-10'kr, macca IIPOTOHA
mp=1,67265-107271<r, Macca HEWTpOHa my=1,67493-10 *xr. N3BecTHO, YTO TpEeKH, B Kamepe
BunbcoHa, MOTYT OCTaBISITh TOJNBKO OOBEKTHI, OOJAMAIONINE SIEKTPHUSCKUMHU 3apsaamMu. Ho
HEUTPOH dreKTpoHenTpaieH. IlosToMy ero Tpeka B 3TOM Kamepe HeT. A Tak Kak Mpy=Mp+Mm. , TO



HUKAKOT'0 JIPYroro NpeTeH/IeHTa, KpOMe He OCTaBUBIIETO CIIe/l HEUTPOHA, 10 MHEHHIO (PH3UKOB,
B OTOU PEAKLUU HET.

Peakuuu npeBpaiieHus HEMTpOHa B NMPOTOH OTBEYAET MHOXKECTBO KapTUHOK, B KOTOPBIX
TPEKU IIPOTOHA M JJIEKTPOHA DPACXONATCA IOJ YIVIAMM, 3HA4YEHHs KOTOPBIX HaXOIATCS B
JIOBOJIbHO UIMPOKOM HHTepBase. Ilpu TpakTOBKE CHCTEMBI CIEIOB-TPEKOB pEaKLUU
IPEBpallCHHs] HEUTPOHA B IPOTOH, (PU3MKM MOCTYNMWIM TakK K€, KaK IPOCTON «CBhIH CTeNen» -
«4TO BUXKY, O TOM M moio». CoriacHo 3TOMYy HaWMBHOMY NpPUHIUITY, KBaHTOBBIC (DHU3UKH
HOCYMTANIM, YTO HAOJI0jaeMasi KapTUHKA TPEKOB OTBEUYAET PEaKIMU pacnasia HeWTpoHa.

XX1V.2.2. «<KKnaccuyeckas TPaKTOBKA
TEOPUH HeJMHEHBIX KoJe0aHuii
MEXaHHM3MA NpeBpaLeHUs
HETPOHA B IPOTOH
Teopust Henuuelnbix konebanuit - THK, ¢ momomipio pa3iauuHbIX MPUMEPOB, MpUydYaET
CBOMX IIOCJEIOBaTeNIel K TaKUM pe3yJbTaTaM HCCIIEJOBaHUM, KOTOpbIE MO3BOJSIOT JIOCTUraTh
MMOHUMAaHUS 3TUX PE3yJIbTAaTOB Ha JETATIbHOM, BU3YyaJbHO-HATJIAITHOM YPOBHE.

XXI1V.2.2.1. IlpoucxoxaeHue 3J1eKTPOHA
B peaKkuMy NpeBpalieHns
HEWTPOHA B MPOTOH

C oToif TOYKHM 3pEHHUS, COBEPIICHHO HEMOHATHO IPOUCXOXKICHHE JJCKTPOHA B
paccMaTpuBaeMOM peakluu MpeoOpa3oBaHuss CBOOOJHOIO HEHTpOHAa B NMPOTOH. Bo-mepBbIx,
HEUTPOH HE MOXKET OBbITh CTAOMJIBHBIM IPOTOH-3JIEKTPOHHBIM 00beKTOM. Eciin 0661 3TO OBLIO TaK,
TO, IIPU OTCYTCTBUM MAarHUTHBIX B3aUMOJICHCTBUI MEXY JIEKTPOHOM U IIPOTOHOM, 3JIEKTPOH U
NPOTOH CKOJUIATICHPOBAIH OBl JIPYT Ha Apyra M3-3a AIIEKTPHUYECKOTO MPUTSDKEHHUS. A Tak Kak
panuyc MpoTOHA, COrJIaCHO AMIMPUYECKOMY cOOTHoIlIeHuto J.Pesepdopra: r=1,4-A".10 "y,
HE MOXXET ObITh GoIbIIe, deM 107 "M, TO ¥ PagHyc TAKOTO MIU(PHYECKOro 06BEKTa HE MPEBHIIAI
6b1 Bemmummbl B 10 '*+107°M. Ho, mpm ydere MAarHHTHBIX B3aMMOJCHCTBHI, MPOTOH-
aniekTpoHHas cucrema, cormacHo THK [1], obnamaeT eaMHCTBEHHBIM TIOOAIBHO YCTOWYUBBIM
CTaTUYECKUM PaBHOBECHEM, B KOTOPOM PACCTOSHUE MEXIY MPOTOHOM M 3JIEKTPOHOM DPaBHO
5,3-10 ''m, T.e. Benmunne BopoBckoro pammyca.

Bo-BTOpBIX, MOXET JM D3JEKTPOH KAaKUM-TO HEBEPOSATHBIM 00pa3oM coJepxarbCsi B
HEUTPOHE, COBPEMEHHOM (hM3MKE HE M3BECTHO. JTO MOXHO y3HATh, TOJHKO BBISICHUB, U3 YETO
COCTOAT W Kakue (GOopMbI HMEIOT 3JIEKTPOHBI W HeWTpoHbl. KBaHTOBas TeopHus Ha 3TO
HecriocoOHa. E€ mocnenoBarenu 3asBisIOT, YTO UX «3PaBblii CMBICI» BOCCTAET IMPOTHUB TaKOU
JeTaju3aiud 00pa3oB MUKPOOOBEKTOR [2].

THK ycrtanoBuia, 4To 3J€KTPOHBI M HEHTPOHBI COCTOST U3 3JEMEHTOB 3¢upa U o01anarT
cMepuenoo0HbIME cTpykTypamu (puc 1. 2) [3].

Frprsrraeozzerd /A
Puc.1. CtpykTypa 351€KTpoHa

A
)

Puc.2. Ctpykrypa HEHTpOoHa



Kak MOXXHO pa3MecTUTh 3JIEKTPOH B TeJie TAKOr0 HEHUTPOHA, TPYAHO MPEACTaBUTH JAKE B
CTpAIIHOM CHE.
0
Urak, B HelTpoHe AiekTpoHa HeT. CreoBaTesibHO, B 3TOM PEaKIMH 3TO - YY»KOH, BHEIIHHUI
roctb. Kak oH mor cioga nmonacts? Beiie cka3aHo, 4to B kamepe BuilbcoHa cliebI-TpeKu He
OCTaBIISIIOT OOBEKTHI, JHUIIEHHBIE AIEKTPUUYECKUX 3apsaoB. Cpennu U3BECTHBIX MHUKPOOOBEKTOB
TaKUX 0OBEKTOB BCETO JIBa — HEUTPOH U (hOTOH.
°
DKCIEepUMEHTAIBHOE J0Ka3aTeIbCTBO CMEPUYEIIONOOHOCTH JIEKTPOHA U HEUTPOHA MOTYyUYEHO
Ha bomnbmom Apponnom Komnaiinepe - BAK. Dt1o cnyuunocs mnocine BbiBojga BAK Ha
MaKCUMaJbHYI0 PacYeTHYI0 MONIHOCTh. HaOmo/eHusi CTONKHOBEHUH JBYX CBEPXIHEPTHUYHBIX
INPOTOHOB TMOKAa3aJld, YTO A3TH NPOTOHBI, B pE3yJabTaTe CTOJKHOBEHHs, APYr C JPYrom,
pacchIMANNCh Ha MHOKECTBO AJIEMEHTOB 3(Upa, U3 KOTOPBIX OHU COCTOSITU. DUMKH ITOTO, KaK
U MHOTOTO JPYroro, Takxke He moHsuii. OHU 3TO HE MOHSIM M3-3a OTKa3a OT ydera 3¢upa B
Teopur MHUKpomupa. He MOHAB 3TOro, OHU, MO BUIAOM (PU3UYECKOTO 3HAHUS, MPOIOIIKUIH
pa3BUBaTh (PAHTACTUYECKYIO TEOPHUIO CYIIHOCTEH, HE CYIIECTBYIOUINX B MaTepuaabHoM Mupe.

XX1V.2.2.2. ®oToHHAas1 Bepcusi
NPOUCXO0KICHHS JIeKTPOHA
B Peakl Uy NpeBpalleHust
HEeHTPOHA B NPOTOH

KBanrtoBas ¢u3uka He 3HaeT cTpykTypy (orona. [losToMy, oTBeTa Ha 3TOT BOIPOC B HEM
HeT.

[Touemy ’xe MOHUMAHUS CTPYKTYphl (JOTOHA B KBAHTOBOH TEOPUH HET, U MOXKHO JIH 3TO
ucnpaBuTh? B KBaHTOBOW TE€OpUHU CUMTAETCs, YTO (POTOH POKIAETCS B pe3ysbTare Kojulanca u
AQHHUTUJISIUY IO3UTPOHHUS — DJIEKTPOH-TIO3UTPOHHOMN Haphl.

THK oOHapyxuia, 4TO «KOJJIANC)» U «AHHUTHIALHKSA» - YUCTO KBAHTOBBIE aOCTpaKTHBIE
MOHSTHS, HE UMEIOIME B MaTepuaabHOM Mupe peanpHbIX HocuTeneil. Hadano aToMy mostosxui
skcriepuMeHT coTpynHukoB MAD AH CCCP (Anma-ATa), U3 pe3ysbTaToB KOTOPOTO CIIEA0BalO,
YTO HEJIENMMbIe KBAaHTBl JHEPIMH M COOTHOILICHHUS HEONpeAeTIeHHOCTeH He OOBEeKTHBHbBIE
¢dakTopbl MarepHalibHOrO Mwupa, a BCero JHIlb a0CTPAaKTHbIE KOJUYECTBEHHBIE IOHATHUS
KBaHTOBOM Teopuu [4]. «Packomku» Mokaszaia, YTO MEPBOINPHUYMHON MOSBIEHUS THIIOTE3bI
CYILIECTBOBaHMs HEJEIUMBIX KBAHTOB SBWJIMCH OIIMOOYHBIE OTKa3bl OT yuyeTa, B TEOPUU
MHUKPOMHpA, 3pHpa C ero CONpPOTUBICHUEM JBI)KEHUIO MUKPOOOBEKTOB, U OT y4eTa MarHUTHBIX
B3aMMOJICHCTBUI MEXIY MUKPOOOBEKTaAMH.

VYuer otux ¢axktopoB mnozosmn THK ngoctuup BU3yaldbHO-IETATBHOTO TMOHUMAHUS
YCTPOMCTBA aTOMHOTO sijipa M 3JIEKTPOHHON oOomouku aroma [1]. Mccmemosanuss THK Ttakxke
MoKa3ajld, 4YTO IO3UTPOHMHA 00JanaeT riI00aJbHO YCTOMYUBBIM COCTOSIHUEM CTaTUYECKOTrO
paBHOBECHSI, B KOTOPOM PACCTOSTHUE MEXAY IMO3UTPOHOM M 3JIEKTPOHOM MOYTH Ha MOPSAIOK
6onbiie bopoBckoro paguyca! Tak oka3anoch, 4TO «KOJJIATNCY U «AHHUTWIIALUS» - HEHAy4HBIE,
«(eikoBbIe» MOHATUS KBAHTOBOU (PU3UKH, HE OTBEYAIOIINE PEATLHBIM COOBITHSIM.

[Touckn myTeil MOHMMaHHS CTPYKTYpbl (OTOHAa NpUBENH K «(DU3NYECKOW CBaJKe», Ha
KOTOPYIO OBLIM OTIPAaBJICHBI MPEJCTaBICHUS, HE BOCTPEOOBaHHBICE KBAaHTOBOW Teopweil. Tam
OKa3aJIUCh TPEACTaBICHUS 00 HIIEKTPOHOIMOJOOHBIX MHUKPOOOBEKTAaX C «OTPULIATETEHBIMUY
MaccaMu, TeopeTudecku oOHapyxeHHbIe [1.J]l[upakom [5]. Ha «cBamke» 3T mpencraBieHUs
OKa3aJICh M3-3a2 HECOOTBETCTBUS KBaHTOBOH mapanurme. OHUM M3 TaKMX OOBEKTOB OKa3alcs
AQHTHUDJIEKTPOH — OOBEKT CO CTPYKTYpOHM 3JEKTpOHa, OOJIaJarolMii Maccoil BETUYMHBI Me,
«TIOJIOKUTENBHBIMY) EIUHUYHBIM JJIEKTPUYECKUM 3apsAaoM (+e) M BEKTOPOM MarHUTHOI'O
MOMEHTA BEJIHYUHBI [, T.€. TO3UTPOH C «OTPHUIATEIHHOI» MacCco.

YOuiicTBEHHBIM, 10 MHEHUIO (U3UKOB, BO3PAKEHUEM IPOTUB HCIIOJIB30BAHUS 3TUX
MpeJCTaBICHU ObUIO yTBEp)KIEHHE 00 OTCYTCTBHHM HKCIEPUMEHTAJIbHBIX CBUICTEIHCTB
CYIIECTBOBaHMS TaKUX MHUKPOOOBEKTOB. OJHAKO, OKa3aloCh, YTO 3TO YTBEPXKICHHE IPOCTO



CMEXOTBOPHO. JIefCTBUTEBHO, B busmke XOPOIIIO H3BECTHO ypaBHEHHE:
didt[mv(1-v’c ) *]=q(E+c '["""]), uwmpoxo wucmomb3yemoe mpH  aHanM3e  IOBEACHUS
MHKpPOOOBEKTOB. ECIIM B 3TOM ypaBHEHHH OJHOBPEMEHHO H3MCHHUTH Ha MPOTHBOIOJIOKHBIC
3HAKM MacChl M W 3apsga (, TO HA CaMO YypaBHEHHE, HU €ro pEIICHHS COBEPIICHHO HE
usmensitcs. CrieoBaTenbHO, B Kamepe BMilbCOHA TPEeKH aHTUAJICKTPOHA OyIyT COBEPIICHHO
UICHTUYHBI TPEKaM 3JIeKTpoHOB. OTCIO/Ia CIeAyeT MOTPSCAIOIINI BBIBOI: (PU3UKKA HECIIOCOOHBI
OTJINYHTH, B HAOJIOMATEIBHBIX KaMepaX, TPEK aHTHAJIEKTPOHA OT TPeKa 3JIEKTPOHA; MO3TOMY,
JlaXKe TPEKU aHTHIJICKTPOHOB OHH BCETa BOCIPUHUMAIN KaK TPEKH dJIEKTPOHOB!!!.

Ecau paccMOTpeTh 3JIEKTPOH-aHTHUAJICKTPOHHBIN JHIIONb, TO OKAa3bIBAETCS, YTO BCEMH
U3BECTHBIMHU CBOMCTBaMH (pOTOHA OH OOJsiagaeT. M1 BHOBB MOCIEIOBATIO BO3paKEHHE (PU3HMKOB,
YTO JHIIONIb M3 OOBEKTOB C «IIOJOKUTEIBHON» M C «OTPHUIATEIHLHON» MaccaMH JOJDKCH
CaMOpa3TOHATHLCS, a 3TO TAK)KE HUKOT/Ia SKCIICPUMEHTAIBHO He Habmoaanock. U onsath GU3UKH
KYJIbHHUYAIOT —  DJICKTPOH-aHTUAJIEKTPOHHBIM JUIOJNb  DICKTPOHEHTpaleH, IMO0ITOMY B
COBPEMEHHBIX HAOJIOaTeIbHBIX KaMepax CJIeI0B-TpeKoB He octaBisieT. ClienoBaTelbHO,
HaOJIF0/1aTh €0 CaMOPA3rOH MPHHIUITHAIEHO HEBO3MOXHO.

Kpome wusBectHbiX cBOMCTB (ortona, THK BeIACHHMIA, YTO 3JIEKTPOH-aHTHUAICKTPOHHBIN
JIMIIOJB 00JIaIaeT CBOWCTBOM CaMOPA3TOHSTHCS 10 YCTAHOBHUBIICHCS CKOPOCTH, BEIHYMHA
KOTOPOU 3aBHCHUT OT IUTOTHOCTH 3upa Ha myTH aumnois [1].

o

Eciau  3/IeKTpOH-aHTUAJICKTPOHHBIA ~ JUIONh  HajleTaeT Ha HEHTPOH, TO OH, B
CHJIbHOTPAJMEHTHOM MAarHWTHOM I10Ji€ HEWTPOHA pacrajaeTcs Ha CBOOOIHBIA DIIEKTPOH H
CBOOOHBIA AHTUAICKTPOH. MeX Ty HEHTPOHOM U 3JIEKTPOHOM, HEHTPOHOM U aHTHAJIEKTPOHOM
HUMEIOT MECTO TOJILKO MAarHUTHBIE B3aMMOICHCTBHSL.

Tak Kak 3JIEKTPOH W QHTHUAJICKTPOH — JUAMArHETHKH [6], TO MEXIy HUMH M HEHTPOHOM
JIEUCTBYET MarHUTHOE OTTaJIKMBaHHE. [109TOMY, 3JEKTPOH YXOIAMT OT HEMTPOHA. DTO XOPOIIO
BUIHO B Kamepe BuibcoHa. M3-3a MarHWTHOTO OTTAJKWBAHHS, MEXAy HEHTPOHOM |
AHTHIJIEKTPOHOM, HEUTPOH yOeraer OT aHTHAIJIEKTPOHA. AHTHIJIEKTPOH, Omaromaps
«OTPHIIATETBHOCTHY CBOEH MacChl, OpocaeTcst BCie/ 3a HEUTPOHOM U, U3-3a OTPOMHOM pa3HUIIbI
Macc, JIOTOHSET HEUTPOH U 00BEIMHAETCS C HUM B POTOH (puc.3).

5
Z

Puc.3. HelTpoH-aHTUANEKTPOHHAS
CTPYKTypa IPOTOHA

Hrak, B TpakroBke THK, mpeBpaiieHne HEHTpoHa B NMPOTOH NPOUCXOJUT HE B PEAKIMU
camopacmazia CBOOOJHOI0O HEMTPOHA, a B peaKIUH HEUTPOH-(POTOHHOIO CUHTE3a IPOTOHA.

XXI1V.2.2.3. DkcnepuMeHTAJIbHOE 10KA3aTeJIbCTBO
HCTHHHOCTH
(poronHoil1 Bepcuun

[Tpexne, yem 00CYX AaTh CIIOCOO AKCHEPUMEHTAIBHOIO JOKAa3aTEIbCTBA MCTUHHOCTH ITOM

BEPCUH, HY)KHO YOEIUTHCS B €€ TEOPETUUECKOI 0e3anbTepHaTUBHOCTH.
°

O peakuuu npeBpanieHus HEHTPOHA B IPOTOH MBI MOXEM CYIUTh, HAOI0ast TOJIBKO CIIEIbI-

TPEKH IIPOTOHA U AIEKTPOHA B KaMepe BuibcoHa, pacxomsmuecs U3 OAHON TOUKH.



Kamepa Bunbcona, kak u3BECTHO, He (OPMHUpPYET CJIEIOB HU HEHUTpOHA, HU JPYTrUX
MUKpPOOOBEKTOB, JHIIEHHBIX 3JIEKTpHUecKuX 3apsaoB. [losromy, B obmiem ciywae, cucrema
CJIEIOB-TPEKOB B 3TOM Kamepe, 00Ja1aeT HenmoaHoW nHpopMaliuei o HaOJIt01aeMOM SIBIICHUU.

Crnenpl MUKPOOOBEKTOB, naxe cpopMmupoBaHHBIE B Kamepe BuibcoHa, TOKe MOTYT HECTH
HETOJIHYI0 MH(OpMAIMIo O TOM, KaKu€ MHUKPOOOBEKTHI OCTABWIIM ATHU CieAbl. Tak, B Kamepe
BuiibcoHa, NMOMEIIEHHOW B OJHOPOAHOE BHEIIHEE MATrHUTHOE II0JIE€, CJENbl JJIEKTPOHOB U
AQHTHURJIEKTPOHOB TOXKIAECTBEHHBI 1 HUUEM HE OTJINYAIOTCS IPYT OT Apyra.

N3-3a 3T0i1 0cOOEHHOCTH, B O0IIEM cy4yae, TPAaKTOBKHU CJIEI0B-TPEKOB B 3TOM Kamepe, MOTyT
ObITh HEOJHO3HAUHbI. Tak. cucremMa TPEKOB MPOTOHA M 3JIEKTPOHA, PACXOJAIIMXCS U3 OJHOU
TOYKH, MOXKET OBITh HMOPOXKICHA WM PacrajoM aToMa MPOTHUS, COCTOSILIEro M3 MPOTOHA U
AJIEKTPOHA, UJIU PeaKLuel npeodpazoBaHusl HEUTpOHa B IPOTOH. [101b3ysICh HONOIHUTEIBHBIMU
CBEICHUSIMH, (HU3UKH YCTAaHOBWJIM, 4YTO OTa CHCTEMa TPEKOB TMOPOXKICHA peaKluein
TpaHchopMauyu HEUTPOHA B IPOTOH.

Ho nmaxe u mocne storo, uHopmamus O peakiuu MpeBpalleHHs HEHUTpOHa B MPOTOH,
coJlepkamiasicss B HaOJIIOIaeMO CHCTeME TPEKOB, ocraeTcsi HemoiHou. I[lepexom or 3ToM
HENoJMHOW HH(OpMaMM K HCTHHHOMY, aJeKBAaTHOMY IOHMMAaHHIO HaOII0JaeMON peakiuu
3aBHCHUT OT KBATU(UKAIIUHN UCCIIECOBATEIS.

°

N3-3a TOrO, 4TO CHUCTEMAa TPEKOB MPOTOHA U JIEKTPOHA, PACXOASIIUXCS U3 OJHOM TOUKHU, HE
HECEeT TMOJHOW-aIeKBaTHOW HHGOpMalMd O peaklHUHu IMPEeBpallleHUus HEUTpoHa B MPOTOH,
BO3MOXHO, M 3TO E€CTECTBEHHO, ()OPMHPOBAHUE PA3HBIX BEPCUH O JETANSAX 3TOW PEaKIIHH.
O4eBHIHO, YTO M3 ATHX BEPCHM HMCTUHHOW MOXET OBITh TOJIBKO OjAHA. JlJii yCTaHOBJICHHS
HMCTUHHOCTU 3TOM €IMHCTBEHHO BEPHOM BEpCcUHU, HEOOXOAMMO COIJIACOBaHUE €€ C IPYrUMHU
SKCIIEPUMEHTABHBIMH (PaKTaMH.

.

B Hacrosiiee Bpems CylECTBYIOT Be Takue Bepcun. OHa U3 HUX — pacnaiHas, UCXOAIast
U3 TOTO, YTO CUCTEMa TPEKOB MPOTOHA M 3JIEKTPOHA OTpa)kaeT paciaj] HEMTpOHA Ha MPOTOH U
IEKTPOH. JTa BepcHs MOSBWIACH B KBAHTOBOM Teopuu. OHa mopoauia THIOTE3Y
CYyILIECTBOBaHMs «HEUTpruHO». Crenupukol 3TOM cUTyalluu SBISETCS TO, YTO HEUTPUHO HE
OCTaBJISIET HUKaKuX HaOIrofaeMblx cienoB. PU3MKM CUMTAIOT, YTO MM yJaeTcsd HaOIoaaTh
pe3ynbTaThl B3aUMOJCHCTBUII HEWTPUHO C JpYrMMH MuUKpooObekTamu. I[lpu sTOM, OHH
YTBEPXKIAIOT, YTO HEHUTPUHO CHOCOOHO OecHpensiTCTBEHHO, 0€3 CTOJIKHOBEHUH € ApYyrMMHU
MHUKPOOOBEKTaMH, TIPOJIETETh CKBO3b BCIO 3emiito. OHU MBITAIOTCS, ¢ OE3yMHOU YIPSMOCTEIO,
JI0Ka3aTh 3TO IKCIEPUMEHTAJIBHO, HO BCE SKCIIEPUMEHTHI 3aKaHYMBAIOTCS HEY1auyaMHu.

YTBepkaeHus: (GU3NKOB O TOM, YTO OHM MOTYT HaOIIOJaTh Pe3yiabTaThl B3aMMOIEHCTBHIA
HEUTPUHO ¢ JPYTMMH  MHKPOOOBEKTaMH, HKCIEPUMEHTAJIbHO HEBO3MOXHO. CBou
SKCIIEpUMEHTaJbHbIE HEyNauyu, (U3MKU OMNPAaBIBIBAIOT, ONATH K€ HE SKCIEPUMEHTAIbHBIMU
dakTamu, a OECIIOUBEHHBIMH, HEIOKa3yeMbIMU TEOPETHUECKUMH IpeanoioxeHusMu. OHaKo,
ATOT CKa304HBIN MPOIECC MOXKET UIUTHCSA J0 TeX MOp, MOKa He MPEKPaTUTCA rocyAapCTBEHHOE
(dbuHAHCUPOBAHUE ITUX OECCMBICTIEHHBIX PadoT.

°

[Toka He ObUIM U3BECTHBI CTPYKTYPHI JIEKTPOHOB M HEUTPOHOB, HEBO3ZMOKHO OBLIO MOHSTH,
KaK MOJET OBITb YCTpPOEH HEHTPOH, 4TOOBl OH MOT pachajarbCsi Ha MPOTOH U DJIEKTPOH.
OOBsacHUTD 3TO (pu3KKK He MOrTU. OHM MPU3BIBAIN MIPOCTO BEPUTH B ATO, KaK B CYIIECTBOBAHUE
Bcesbimnero Topuia Mupa.

ITocne toro, xak THK BbIsiBUIA CTPYKTYpBI 2JIEKTPOHA, HEHUTpPOHAa M IPOTOHA, MOIJIO
MOKAa3aThCs, YTO CUTYyallMsi M3MEHWJIAch, YTO IOSBUJIACh BO3MOXKHOCTh MOJTBEP)KJIEHUS, Ha
BU3yaJIbHOM YPOBHE, UCTUHHOCTU KBAaHTOBOM pacmajHOW BepcuH. [leno B TOM, 4TO CTPYKTypa
anekTpoHa (puc.l) obrmamaeT peaqbHBIM MaTEpUATBHBIM MPOTOTUIIOM B BHUAE aTMOC(EPHOTO
cmepua. CTpyKTypa *e HeUTpoHa (puc.2) sSBISETCA Pe3yIbTaTOM BCETrO JIUIIb TEOPETUUYECKOTO
aHaJIM3a, peasibHble MPOTOTHUIBI TaKOH (POpMBI 00BEKTOB B MaTepHalibHOM Mupe He U3BECTHBI.



A 4ro, ecnu Gpopmy, H300pKEHHYIO Ha PUCYHKE 2, UMEET He HEHTPOH, a mpoToH? Hukakum
9KCHEPUMEHTAJIbHBIM (DaKTaM, 3TO, Ha MEPBBIA B3MIAJ, HE HPOTHBOpEYUT. B 3TOM ciydae,
HEHUTPOH MOXHO OBUIO OBl MPEACTAaBUTH B BHUJAE NPOTOH-3JEKTPOHHOM CHUCTEMBI, MMEIOIIECH
(bopMy, peAcTaBIeHHYI0 Ha pucyHke 3. OnHaKo, 3T0 NPEANOJIOKEHHE C IKCIIEPUMEHTAIbHBIMU
¢dakTamu He corjacyercs.

Bo-nepBbIX, 3KCIIEPUMEHTAIBHO YCTAHOBIJIEHO, YTO HEUTPOH OOJIAZAeT YCTOMYMBOCTBIO.
IIpaBna, oHa sBiISAETCA BeCbMa OTPAaHUYEHHOM — JKCIEPUMEHTAJIBHO YCTAaHOBJIICHHOE «BpEMS
JKU3HU» CBOOOJTHOTO HEWTpoHa Onm3ko kK 15 mMuHyram. Ho HEHWTpoH B BHJE IPOTOH-
AIIEKTPOHHOHN CHCTEMBI, H300paKeHHOW Ha PUCYHKE 3, BooOIIe HeyCcTOHYMB. [IpOTOH 1 351eKTpoH
B 9TOW CUCTEME CBSI3aHBbI JJICKTPUYECKUM U MarHUTHBIM B3aUMOJEHCTBUSAMH, COIVIACHO KOTOPBIM
MEXIYy IPOTOHOM M DJJIEKTPOHOM JCHCTBYET JJIEKTPUYECKOE IPUTSHKEHUE W MarHUTHOE
orrasikuBaHue. Cuila 3JIEKTPUYECKOIO MNPUTSHKEHHs OOpaTHO IPOINOPLHUOHANBHA KBaapaTy
pacCTOSHUS MEXAYy OTHMHU OOBEKTaMH, a CHJa MarHUTHOTO OTTAJKHUBAaHUS OOpaTHO
OpONOpLUOHaNbHAs KyOy 3Toro paccrosHus. IM3-3a 3TOoro, mnpu JOCTAaTOYHO MabIX
PacCTOSIHUAX, CHJIa MAarHUTHOTO OTTAJKUBAaHHS HECPABHUMO OOJBbIIE CHIIBI 3JCKTPUYIECKOTO
IIPUTSKEHUS.

[Ipomry u3BMHEHUS 32 M3JIOKEHUE MaTepUalla HA YPOBHE MJIAJIIMX IIKOJBHBIX KJIACCOB, HO
€CTh OINACHOCTh TOT0, YTO ACUCTBYIOIIUM (PHU3MKaM, OTKA3aBIIUMCS OT ydyeTa MarHUTHBIX
B3aMMOJEHCTBUIN MEXTy MHUKPOOOBEKTAMHU B TEOPUU MUKPOMHpPA, OYAET CIIOKHO OJOJETHh U
Takoe 0ObsICHEHUE.

Bo-BTOpPBIX, 9KCIEPUMEHTAIBHO YCTAHOBIIEHO, YTO CTOJIKHOBEHUE JIBYX BBICOKOIHEPIMYHBIX
IIPOTOHOB MOKET IIPUBECTH K pacnaay NpOTOHA Ha HEUTPOH M aHTHRIEKTpoH. Co cxemoil
POTOHA, N300paKEHHON HAa PUCYHKE 2, 3TO COBEPILICHHO HE COTJIACYETCS.

.

Bropast Bepcus, BwisgBieHHas THK, cuutaer, yto 00pazoBaHue MPOTOHA MPOMCXOAMUT B
pe3ynbTaTe HEUTPOH-AHTUAIIEKTPOHHOIO CUHTE3a, B KOTOPOM aHTUIJICKTPOH MOSBIAETCA M3-3a
CTOJIKHOBEHHUSI C HEWTPOHOM M paclajia Ha CBOOOJHBIE AJIEKTPOH U AHTHAJIEKTPOH (POTOHA,
ABIIAIOILErOCs JIEKTPOH-aHTUIIEKTPOHHBIM JUIIOJIEM.

Kak noiay4uuts sKkcriepuMeHTaIbHOE T0KA3aTeNbCTBO HCTUHHOCTU 3TON TPAKTOBKU?

[Tpu n3MepeHun BpeMeHH! KHU3HU CBOOOIHOTO HEHTpOHA ObUT MOJIYYEH Pe3ynbTaT, ONMU3KHHA K
15 munyTam. OTH U3MEPEHUS TPOBOJMINCH Pa3HBIMU HCCIIEIOBATENSIMU HA Pa3HBIX YCTaHOBKAX,
B Pa3HBIX NMOMELICHUAX. TOYHOCTh M3MEpeHUil Oblia pa3HOM, HO JOCTAaTOYHO BbICOKOW. ITpu
9TOM, pa30poC 3HAYCHMM H3MEPSIEMOW BEJIIMYWHBI, MOJTYYEHHOM B pa3HBIX MOMEIICHUSX, B
pa3HbIX YCIOBUSAX MPEBBIIAT IPAHUIBI TOYHOCTH. [IpuunHa 3TOro (huznkaM He N3BECTHA.

WHTynus moAcKa3bIBaeT, YTO B Pa3HBIX SKCIEPUMEHTAX MOIVIM Pa3jinyaTbCs BEIUYUHBI
IUIOTHOCTH (DOTOHHBIX IOTOKOB, B KOTOPBIX HAXOJMJIUCh H3MEPHUTEIbHBIE YCTAHOBKHU.
CrienoBaTenbHO, SKCIIEPUMEHTAIBHOE JOKA3aTelIbCTBO MCTMHHOCTH TpakToBKH THK peaknum
IpeBpalleHUs] HEUTPOHA B MPOTOH MOXKHO TOJyYUTh, 00Tydass MOTOKOM (POTOHOB YCTaHOBKY
U3MEpPEHUs] BPEMEHH >KU3HM CBOOOJHOro HedTpoHa. Tak kak B MOTOKe ()OTOHOB IPOTOHBI
U3MEHEHUH He MpPEeTepIieBaloT, TO, MEHssSI INIOTHOCTh (DOTOHOB B MOTOKE, MOKHO BapbHPOBATh
BpeMs KU3HU HEUTPOHA.

Tak MOKHO JT0Ka3aTh UCTUHHOCTB TpakToBKH THK.

TakuM ke crocoOOM MOXKHO HU3YYHUTh 3aBUCUMOCTb «BPEMEHHM MKU3HW» HEUTpoHa OT
IUIOTHOCTH OOJTy4aroliero HEHTPOH MOTOKa (POTOHOB. 3HAHME ATOM 3aBUCHUMOCTH HYXHO JJIS
OpraHU3aIu «XOJOJHOI0» CHHTE3a MIHOBEHHO CaMOpacHaJarolIuxcs saep Li u °Be B
YIPaBJIAEMBIX SHEPreTUYECKUX PEaKTOpax Ha JErkKuxX sapax [7]. 3HaHHe 3TOH 3aBUCUMOCTH
HY)KHO TaKKe JJI «XOJIOJHOTIO» - HEUTPOH-(POTOHHOrO CHHTE3a M3 CTAa0WIbHOrO siapa ¢ P
POTOHAMH SI7Iep, COZIeprKaIuX Oojiee P MPOTOHOB.

XXI1V.2.2.4. «KKnaccuyeckasp TPaKTOBKA
CHCTEMBbI TPEKOB
peaKknyu npeBpameHust



HelTPOHA B IPOTOH

OnucanHast BepcHs O HEHUTPOH-(POTOHHOM CHHTE3€ IPOTOHA XOPOLIO OOBICHSAET
HaOJII0JIaEMYyI0 CUCTEMY TpEeKOB B Kamepe BuibcoHa, 0€3 IpHUBIEUEHUS TUIOTE3bI
CYILLECTBOBAHMS «HEUTPHUHOM.

Tpeku MpOTOHA U AIEKTPOHA B 3TOM CUCTEME, Ul Pa3HBIX PEAKLUN, OTINYAIOTCS BEJIMYUHOU
yria MeXIy TUMH TPEKaMH; BEJIMYMHA 3TOrO YIJIa BappbUPYETCs B IIMPOKHUX Ipelenax. ITo
OOBSICHAETCS TEM, 4YTO, MpH BCTpede (OTOHA — DBICKTPOH-aHTHIJIEKTPOHHOTO MO C
HEUTPOHOM, YroJl MEXIY OChI0 CUMMETPUM MAarHMTHOTO IIOJS HEMTPOHA M OCBIO CHUMMETPHUHU
JUIONS TPOU3BOJICH — (OTOH MOXKET HajeTaTh Ha HEUTpOoH ¢ noOoi cropoHbl. Tak Kak
CKOpPOCTb JIBJKEHMsI 3TOro (OTOHAa upe3BblYaiHO Oojbllas, TO HEHUTPOH HE YycCIeBaeT
MOBEPHYTbCS TaK, YTOOBI BEKTOp €ro MAarHUTHOIO MOMEHTA pPAaCHOJOXKHICS BIOJIb OCH
CUMMETPUHU JUIIOJIA.

@DOTOH, CTONKHYBIIMWCA C HEHUTPOHOM, pacmanaeTcss Ha pasz0erarommecs 3JIEKTPOH H
AQHTHUAJIEKTPOH. AHTURJIEKTPOH cpasy ke OpocaeTcst 3a HEHTPOHOM U, JIOTHAB €ro, 00bEUHSETCS
C HUM B IIPOTOH. B kamepe BuiibcoHa TpekH 21€KTpoHa U ITPOTOHA PACXOIATCA U3 OJHOU TOYKHU.
OTO TOBOPUT O TOM, YTO HEMTPOH-aHTUAIEKTPOHHBIN CUHTE3 MPOTOHA MPOMCXOAUT HACTOJIBKO
OBICTPO, UTO 3a 3TO BpEMs JIEKTPOH U MPOTOH HE YCHEBAIOT Pa30MTUCh HA MAKPOCKOMMUYECKOE
paccTosiHue, KOTOpOe MOTJI0 Obl ObITH 3apUKCHPOBaHO KaMepoil BuibcoHa.

IIpumeuanue

Tak Kak MPOTOH COCTOMT M3 HEUTPOHA M AHTHUAJICKTPOHA, TO, Ka3aJaoCh ObI, JOKHO OBITH
Mp=My—M.. Ho, B aelicTBUTENBHOCTH, My=My—2,5M. IIprunHa 3TOro 3aKiroyaercs B TOM, YTO
HEHTPOH M aHTUAIIEKTPOH COCTOST M3 3JIEMEHTOB 3pHUpa U UMEIOT cMepuernooOHbie (OopMBbI, B
KOTOPBIX 3(QHPHBIE CTPYU HABUBAIOTCS Ha LIEHTPAJIBHYIO CTPYIO C Pa3HBIMU HampaBlieHUsIMU. B
HEHUTPOHE 3TO HAIPABJICHUE — IIPABOCTOPOHHEE, a4 B AHTUAIIEKTPOHE — JIEBOCTOPOHHEE.



