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XXV. Experimental Verification
of Ethereal Nature of
Electron and Neutron Structures
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The theory of non-linear oscillations found that elementary microobjects — electrons and neutrons — consist of
multiple ether elements and have vortex-like shapes [1]. Can this be verified in direct experiments? Diffraction
methods fail here. At maximum juxtaposition of these microobjects, electrons and neutrons should “disperse” into
ether elements. Such juxtaposition results in nature from enormous pressure inside a confined space (“black holes”),
and at collision of high-energy microobjects — tetraelectronvolt cosmic rays. In the Earth environment, it is yet
impossible to observe processes happening in confined spaces at super-high pressure. Tetraelectronvolt
juxtaposition of two protons has recently become possible in LHC. We further discuss how such protons collide and
what LHC detectors record in such cases.
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Experiment has always been the only criterion for the validity of theoretical concepts of the
material object structure. The physics repeatedly pointed it out (e.g., [2,3]). Though, having
proclaimed the priority of experiment over theory, physicists themselves repeatedly breached
this principle.

One of such breaches is forty years understatement of the findings [4] indicative of the lack
of indivisible energy quanta in the material world.

The reason why the hypothesis of indivisible quanta was accepted were failed attempts by
the physics to build an adequate “classic”” mathematical model of atom. The theory of non-linear
oscillations (TNO) established that physicists failed to build such models of atoms because they
had set aside ether that interacts with microobjects, and neglected magnetic interactions between
microobjects [5].

Ether was disregarded because the results of a very simple and neat experiment by A.H.L.
Fizeau which proved ether exists were explained by light refraction effect [6], while the light
refraction effect as such is explained by the fact that ether has different densities in different
media.

Magnetic interactions between microobjects were neglected due to the mistake by A.M.
Ampere who, when analyzing Oersted’s experiment results, concluded that magnetism results
from electricity. Back then, it was yet unknown that all electric charge carriers feature intrinsic
magnetism as well. That is why then nobody doubted Ampere’s conclusion. When it came to
knowledge that all microobjects, including electrically neutral neutrons, feature intrinsic
magnetism, it became necessary to clarify whether Ampere was right. But physicists either
simply did not want it or were short of qualification so they did without verifying Ampere’s
conclusions and blindly believed him despite of the new findings concerning the properties of
electrical current carriers.

XXV.1. The Role of Elementary Microobjects
in the Matter Structure

TNO established that elementary microobjects are neutron, electron, positron, antielectron —
positron having “negative” mass, and antipositron — electron having “negative” mass. Al the
remaining micro- and macroobjects are composite and consist of different combinations of these
five microobjects.

There are several types of composite microobjects being not chemical substances. They are
photons — self-accelerating dipoles that consist of elementary, electron-like microobjects, one of
which has “positive” mass, and another has “negative” mass. The most common are electron-
antielectron dipoles. There also exist positron-antipositron dipoles. All these dipoles have zero
total masses.



In addition to these “chargeless” dipoles, there may be dipoles having double elementary
electric charges (—2e) and (+2e). They are electron-antipositron and positron-antielectron
dipoles.

Non-chemical composite microobjects include positronium that consists of electron and
positron, antipositronium that consists of antielectron and antipositron, proton that consists of
neutron and antielectron, antiproton that consists of neutron and antipositron, and protonium that
consists of proton and antiproton.

Non-chemical substances also include atomic nuclei that consist of protons and neutrons.

The smallest representative of a chemical substance is atom. It consists of nucleus and
electrons. All other composite objects of the material world are various combinations of
substance atoms.

XXV.2. Theoretical Capabilities
of the Quantum Physics

In the context of unprecedented self-advertisement of the quantum physics, it may seem, put
it nicely, weird to claim that its theoretical capabilities are very limited. However, this is really
SO.

The strongest argument for such claim is forty years of understatement by the physical
science of the experimental evidence as to the lack of indivisible energy quanta in the material
world [4]. There are several possible causes for this understatement.

The experiment results were published in the central physical journal of USSR Academy of
Sciences and in a special collection of abstracts. It was impossible not to notice these results. The
only explanation could be related only with the lack of will or capability to reveal the true
reasons for resorting to the hypothesis of indivisible energy quanta. The major cause for such a
lack of capability is underdevelopment of the “classic” physical intuition that results from
unsatisfactory informal knowledge of the “classic” physics, and inability to apply the natural
“classic” visual thinking.

TNO identified the causes that originally made physicists, when building the microworld
theory, resort to the hypothesis of indivisible quanta. One of them was a mistaken conclusion
Ampere made based on Oersted’s findings that magnetic field around current conductor is
generated by electric charges moving along the conductor. Back then, it was yet unknown that
electric charge carriers have self-magnetic fields. That is why then nobody doubted Ampere’s
conclusion until it came to knowledge that all microobjects have self-magnetic fields.

When self-magnetic fields were discovered in any and all microobjects, Ampere’s conclusion
had to be revised as not only electric charges were moving together with current carriers but also
self-magnetic fields of current carriers. However, the physics did not make such a revision.
Publications lack even a timid hint at the necessity of such a revision for verification of
Ampere’s conclusion.

TNO revealed that Ampere’s conclusion was wrong having found that magnetic field around
conductor in Oersted’s experiment is induced by the motion of self-magnetic fields of current
carriers rather than by their electric charges [6].

Why does the physics keep to Ampere’s misunderstanding of the magnetism nature? When
one gives physicists a ready solution “on a silver platter” they think on feet. This means their
potential capabilities are all right. Then why do they not show their initiative and search for such
a solution? Apparently, this is due to some psychological aspects of “bandwagon effect” when
the authority of a recognized leader (Ampere in this case) overrides any initiative of a common
individual.

What did physicists loose having neglected magnetic interactions between microobjects and
considering magnetism not to be an independent phenomenon? Microobjects cannot be visually



observed even using microscopes. But there is such a phenomenon in the macroworld as
atmospheric vortex — tornado that can be observed visually. The physics still does not understand
how tornado functions and what makes its stable.

Having found the actual mechanism that excites magnetic field around current conductor in
Oersted’s experiment, TNO obtained an effective key to solution of problems associated with
magnetism, including to disclosure of how atmospheric vortex is structured and functions.

Physicists call this magnetic field “circular”. However, they are wrong again. The term
“circular” results from a naive contemplation of the field lines visualized using iron dust on a
plane orthogonal to the conductor [7,8]. In fact, this field is spiral and cylindrical while the
circular structure is simply spiral cylindrical coaxial magnetic lines projected on the plane. For
sceptics, [8] offers a trivial modification of Oersted’s experiment that allows for observing
visually the experimental evidence as to the field being spiral. An essential element of such
magnetic field is left-handed rotation of its spiral lines.

Due to this information on how magnetic field is generated, TNO found that an atmospheric
vortex exists only because of magnetic interactions between ionized air elements pumped
through the vortex.

Magnetism of pumped air elements generates in an atmospheric vortex a vortex-like
magnetic whirl which magnetic lines, according to Oersted, are left-handed. This magnetic whirl,
having quite a definite constant exterior shape has continuously changing contents: it consists of
self-magnetic fields of continuously pumped air elements.

Atmospheric vortex resembles a flow-through jet engine wherein a magnetic whirl functions
as a compressor that creates a powerful jet of blown air by highly compacting the air and
accelerating it in addition.

Now we can pass on to electron structure.

Once electrons, protons and neutrons had been discovered, the fortune forsook physicists.
They were not able to identify either the composition, or structures of electrons, protons and
neutrons, despite of the fact that they obtained all experimental data required for that. They
attempted to use conventional methods for this purpose. Neither diffraction studies, nor
destructive collisions of microobjects accelerated on powerful arrangements helped them.

Diffraction studies did not yield positive results.

Experiments on accelerating machines revealed that forecasts by Special Theory of Relativity
(STR) regarding increase in mass of microobjects with increase in their motion velocity are,
seemingly, true. According to STR, the dependence of microobject mass on its motion velocity is
described by the equation: m(v)=m(0)(1-v?c %)°3, which is the same both for electrons and for
protons. The equation means that relative mass increments of electrons and protons, given the
same velocities, are the same. However, experiments showed that, within the same velocity
ranges, masses of free electrons increased by a factor of 2+3 while masses of free protons
increased only by 1.5 times! This implies rather an unexpected and very pleasant conclusion that
the equation above is false.

However, physicists perceived these results in a different way. They failed to understand the
reasons for an enormous experimental difference between relative mass increment of electron
and relative mass increment of proton. Guided by “herd mentality” with respect to Einstein’s
authority, they considered the quantitative relation of STR that describes the velocity dependence
of such masses to be wrong.

This being the case, physicists concluded that experiments for acceleration of microobjects
revealed not electrons and protons that increased in their masses with increase in the motion
velocity but new material entities other than electrons and protons which they called myons,
pions, bosons, etc.

This is how a new, extremely unpleasant wave of physical forgery came on.
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The first wave of physical forgery related with the history of true electron structure discovery
emerged in the analysis of Fizeau’s experiment results as he obtained experimental evidence of
ether that interacts with the matter [6]. The forgery resulted in that the physics denied ether.

The second wave of physical forgery in this story emerged in view of a number of
misconceptions regarding the nature of magnetism, which led to the disregard of magnetic
interactions between microobjects [6].

Driven by these two waves, a new wave of physical forgery is associated with the emergence

of such notions as “collapse”, “annihilation”, and “mass-energy equivalence” as a result of
unqualified analysis of positronium dynamics [5].

XXV.3. Discovery of Electron,
Neutron and Proton Structures

Since the notion of “mass-energy equivalence” appeared to be false there was nothing in
experiments on accelerating machines where new material entities, such as myons, pions, etc.,
could come from. These “new entities” were extremely unstable: their masses rapidly decreased
after the acceleration of microobjects.

It did not contradict anyhow to the general concepts of the velocity dependence of
microobject masses. The physics confirmed said increase in masses of microobjects in
acceleration with experimental observations. The increase in masses was explained according to
the principle of “mass-energy equivalence” as a partial transformation of motion energy of
microobjects into their masses. But the physics failed to gain an informal, substantial
understanding of such a phenomenon.

TNO tried to elaborate such a substantial understanding and it succeeded in doing so. To this
effect, electron and neutron structures had to be understood. It emerged that electron consists of
electron-like ether elements and its structure is a direct countertype of the atmospheric vortex
structure (fig.1).
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Fig.1. Electron structure

Neutron appeared to consist of neutron-like ether elements and to have a circular loop shape

rather than a straight shape (fig.2).
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Fig.2. Neutron structure

Neutron, unlike proton, appeared to be an elementary microobject, while proton is a
composite, neutron-antielectron microobject (fig.3) [9].



Fig.3. Neutron-antielectron
structure of proton

XXV.4. Experimental Evidence as to
Electrons and Neutrons have
Ethereal Vortex-Like Structures
There are several well-known phenomena proving the above structures of electrons and
neutrons.

XXV.4.1. Structures of Electrons, Neutrons and Protons
and the Mechanism of the Motion Velocity
Dependence of their Masses

Masses of electron, neutron, and proton that have vortex-like structures depend on the
density of ether pumped through them. When a microobject is moving, the density of counter
ether increases with increase in the motion velocity. For instance, no mystic physical concepts
are used to explain an increase in masses of these microobjects with increase in their motion
velocity. When the motion velocity decreases, the density of counter ether decreases as well; as a
result, the microobject mass decreases too. The simplicity and obviousness of such explanation
substantiality is in a sharp contrast with formal STR relations.

XXV.4.2. Causes for Disproportion of
Relative Mass Increments at
Variation of Electron and Proton Velocities

All ethereal jets of electron are exposed to ambient ether. Therefore, ambient ether is
simultaneously being pumped through all separate jets of such electron. Thereby, electron
feature a very high sensitivity of its mass to variation in the density of ambient ether. Neutron
mass sensitivity to variation in the density of ambient ether is significantly lower as the main
portion of neutron jets is isolated from ambient ether with multiple external jets. This is quite a
simple explanation of the experimental fact speaking for that masses of free electrons accelerated
on accelerating machines can increase by two or three times while masses of neutrons and

protons, within the same velocity ranges, increase only by 1.5 times.

XXV.4.3. Why Mass of Proton
is Less than a Difference of
Neutron and Antielectron Masses

Antielectron is positron having “negative” mass. It has a unit “positive” electric charge and
self-magnetic field which magnetic moment vector is pe. Like electron, it has a shape of vortex
with left-handed spiral ethereal jets (fig.1).

Neutron has a circular vortex-like structure which spiral jets are right-handed (fig.2).

Proton is a neutron-antielectron system (fig.3). As long as neutron and antielectron in proton
are very close to each other, the opposite rotations of their ethereal jets result to decrease in their
masses as well as to decrease in their total mass.

XXV.4.4. Solar Wind



Experiments proved that the Earth is blown over by so-called “solar wind” that consists of
various microobjects moving away from the Sun, including electrons and protons. In the Earth
vicinity, speed of “solar electrons” is close to 600m-s'. The reason is that electron resembles a
flow-through jet engine. Magnetic whirl of electrons, vortex-like in shape, is continuously
pumping through itself ambient ether and thus creates ethereal jet. Because of this, free electron
is in constant motion. And since electron in motion is exposed to resistance from ether, electron
is accelerated to a steady speed that is a function of the density of counter ether.

There are also neutrons and protons in “solar wind”. They also create their own jets ethereal
jets that make free neutrons and protons move in the “wind”.

Motion velocities of free electrons, protons and neutrons are proportional to their magnetic
moments. TNO found that 1=8,37244,=2.5-10"up.

XXV.4.5. Direct Experimental Evidence
as to Ethereal Nature of
Electrons and Neutrons

It has been already said quite a lot about diffraction failures in identification of electron and
neutron structures. The causes were trivial: what kind of diffraction can take place in an ethereal
cloud?

To study the structures of these microobjects by means of destruction, there were designed
machines for accelerating microobjects to high velocities and further destructive collisions.

The world knows several generations of microobject accelerators. They are of different
power. LHC features the record power to date. Accelerators preceding LHC did not have power
sufficient to disintegrate electron and neutron into ether elements. Only LHC has such power.

Let us see what happens to protons approaching each other. Experiments on accelerating
machines established that when two protons approach each other an elastic collision takes place
without disintegration of protons if the approach energy is less than 290MeV.

If their approach energy is 290MeV, one of them disintegrates into neutron and antielectron:
p+p—p+n+e_". Physicists, being short of proper qualification, believe that proton in this reaction
disintegrates into neutron and positron. This disintegration occurs when the distance between
protons is 3.96:10 °m. Since 3.96:107°<10*, proton and neutron keep moving under the
influence of nucleonic and magnetic interactions, and antielectron is distancing from them with
initial energy 290MeV.

According to Rutherford’s empirical estimation, radius of atomic nucleus, depending on
number A of nucleons contained in the nucleus is defined by the equation: r,(4)=1.4-43.10""
m. Based on this estimation, the distance between proton and neutron in deuterium is
2r,(2)=3.52-10"°m. And since atomic nucleus consists of nucleonic magnetic clusters of
deuterium Kkind, the given information implies that one of the approaching protons disintegrates
into neutron and antielectron not inside but outside the nucleonic magnetic cluster. Hence, none
of the nucleonic magnetic clusters of atomic nucleus can contain more than one proton.

Why does only one neutron disintegrate in the reaction in question? In order to ensure that
protons approach each other to some distance, we have to accelerate them to the appropriate
velocities and energies. Such energies are needed to overwhelm electric and magnetic repulsion
between protons.

Each proton consists of neutron and antielectron. If neutrons were identical, and if
antielectrons were identical either, then both protons should disintegrate under certain conditions
rather than only one.

However, there are no identical objects in the real world. All objects have some differences
we cannot perceive. Likewise, neutrons and antielectrons differ from each other. In spite of this
fact, electric and magnetic forces that act on approaching protons are absolutely the same. But
the binding energies of antielectrons in protons somehow differ.



It stands to reason that when two protons approach each other with energies slightly
exceeding 290MeV, both protons should disintegrate:

ptp—2n+2e ",

Hence, the average binding energy of antielectron in proton is 145MeV.

At rest, the mass center of antielectron in proton coincides with the mass center of neutron
(fig.3). When protons approach each other, neutrons are only exposed to ether resistance while
antielectrons have to overwhelm electric and magnetic repulsion as well. Under the influence of
such repulsion, the mass center of antielectron is distancing from the mass center of its neutron,
and consequently is discharged from proton with energy equal to its binding energy in proton.

After protons disintegrated into free neutrons and antielectrons, with an initial approach
energy of protons exceeding 290 MeV, pairs of neutrons and antielectrons move almost
independently from each other.

Neutrons mostly move under the nucleonic forces. Within distance range (3.528:107",
3.96:10 ") m they are attraction forces while at distances less than 3.528-10 °m, they are
repulsion forces.

Antielectrons, having lost some portion of approach energy they need to leave protons,
spend the remaining portion to overwhelm electric and magnetic repulsion.

If neutrons disintegrate at approach and disperse into neutron-like ether elements which
LHC detectors will not notice it even if such element are in quite energetic motion.

Destructive collision of antielectrons makes them disperse into two clouds of high-energy
antielectron-like ether elements. Since these elements have electric charges and quite high
energies, LHC detectors can sense them.

TNO established that “radius” of antielectron r.=3.976-10"°m. If we knew distance p
between antielectrons at which they disperse into antielectron-like ether elements, we could
easily calculate the motion energy of protons required for such juxtaposition of antielectrons.
However, critical distance p is unknown. Therefore, we cannot critically evaluate the actual
ability to observe how antielectrons “disperse” in LHC.

Nevertheless, once, during an Internet review of LHC operation, there have been
demonstrated images of two oval clouds of different color as detected in LHC.

XXV.4.6. Conclusions

According to the analysis by TNO, microobjects may disintegrate in three different ways
when two protons approach each other. This is because of the fact that proton is a composite,
neutron-antielectron object.

When the distance between protons exceeds 10~'“m, they approach each other overwhelming
electric and magnetic repulsions. When the work done by electric and magnetic interaction
forces between protons reaches a value close to 290MeV, protons disintegrate into neutrons and
antielectrons. This happens when the distance between protons becomes close to 3.96:10°m.

As a result of this disintegration approach energy E of protons is divided into approach
energy of neutrons E, and approach energy of antielectrons E... At proton disintegration, its
antielectron is “discharged” with an energy close to 145MeV, in the direction opposite to the
motion direction of proton and its neutron. That is why, after disintegration of protons, approach
energy of neutrons increases to E,+290MeV, and approach energy of antielectrons decreases to
E.e—290MeV.

After disintegration of protons, since 3.96:10 °m<10"*m, neutrons approach each other
given nucleonic interactions. At distances (3.528:10 ", 3.96:10 ") m, they can be exposed to
nucleonic attraction, while at distances less than 3.528-107"> m, they are exposed to nucleonic



repulsion. Having approached to a critical distance, neutrons “disperse” into neutron-like ether
elements. LHC detectors are not capable of sensing such a “dispersion”.

Antielectrons, once “discharged” from protons, keep approaching, and spend their energy to
overwhelm electric and magnetic repulsions. Having approached to a critical distance, they
“disperse” into to ova clouds of electrically charged antielectron-like ether elements. Once, it
was displayed in the Internet how these clouds look like on a screen in a big hall filled with
curious public.
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This is the maximum one can observe at collision of high-energy protons. However,
physicists do not understand it. They think out fabulous, false entities instead of an objective
adequate analysis. They treat water simulating scientific achievements.

All these pseudoscientific messes result from an unqualified approach to the developed
theory. It all began from an ignorant, narrow-minded disavowal of the results of an excellent
experiment by Fizeau who already in 1851 had proven that ether exists. Time after, this forgery
led to almost avalanche occurrence of scientific forgeries. This negative process develops just
like in the English children song:

For want a nail,

The shoe was lost.
For want of a shoe,
The horse was lost.
For want a horse,
The rider was lost.
For want of a rider,
The battle was lost.
For want of a battle,
The kingdom was lost.
And ail for the want
Of a horse shoe nalil.
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XXV. JkcnepuMeHTAIbHAs IPOBEPKa
3¢ upHOIl NPUPOABI
CTPYKTYP 3JIEKTPOHOB M HEHTPOHOB

H.H. Jleonos

Teopuss HeMMHEHHBIX KoyeOaHUII OOHApPyYXKMIA, YTO DJIEMEHTAapHBIE OOBEKTHI MHKPOMHpA — 3JIEKTPOHBI U
HEHUTPOHBI COCTOSIT W3 MHOKECTB 3JIEMEHTOB 3(QHpa U 06IaaroT cMepyenonooHsMu Gopmamu [1]. MoxHo i1 310
IPOBEPUTh B IPAMBIX SKcrepuMmeHTax? JndpakmuoHHble MeTOmbl 3aech He pabotaror. [lpum mpenensHOM
CONMKEHUH 3THX MHKPOOOBEKTOB, OJDKHO MPOUCXOIUThH «PACCHIIAHKME)» DIIEKTPOHOB M HEHTPOHOB HA HIIEMEHTHI
adupa. Takoe cOmmxenue B [Ipupose NPOUCXOIUT B pe3ysbTaTe CO3NaHUS OTPOMHOTO JABJICHUS B OIPaHHYCHHOM
3aMKHYTOM HPOCTPAHCTBE — «UYEpHBIC IBIPBDY, W TPH COYZAPEHHH BBICOKODHEPTUYHBIX MHKPOOOBEKTOB —
TCPAJICKTPOHBOJLTHBIC KOCMHYCCKUE JIYy4H. B 3emubIx YCJIOBUSAX Ha6H}O[[eHI/Ie mpoueccoB, MPOUCXOOAIINX B
3aMKHYTBIX OTpaHUYCHHBIX O6’I)eMaX, IIpU CBEPXBBICOKUX MABJICHUAX, TTOKAa HEBO3MOXKHO. Tepa3ﬂeKTpOHBOHLTHO€
cOmKeHue IBYX MPOTOHOB HelaBHO cTajio peanusyembiM B BAK. Huke pacckazaHo, kKak NPOUCXOIAT COyAapeHHs

TaKWX MPOTOHOB , M UTO IPH 3TOM puKcHupyeTcs nerekropamu BAK..
°

OKCIIEpUMEHT BCET/1a SIBIISIICS €IMHCTBEHHBIM, O0€3a1bTepHATUBHBIM KPUTEPUEM UCTUHHOCTH
TEOPETUYECKUX  MPEIACTaBICHUA 00 yCTpOHCTBE MarepuanbHbIX 00BeKkTOB. Du3nka
HEOJHOKpPaTHO 3TO MoauyepkuBaia (Hampumep, [2,3]). IlpaBma, mpoBoO3riIacuB HpPUOPUTET
IKCIIEpUMEHTA HaJl Teopuel, (GU3UKH cCaMH e STOT IMPUHIIMIT HEOAHOKPATHO HAPYILIAIH.

OgHuM W3 DTUX HapyLIEHUM SBISETCS COPOKAJIETHEE 3aMaldMBaHUE pPE3YJIbTaTOB
JKcnepuMeHTa [4], roBopsAumMX 00 OTCYTCTBMM B MaTepHalbHOM Mupe HenenuMbIX KBAHTOB
DHEPIHUH.

[TpyunHON NPUHATHS TUIIOTE3bl CYIIECTBOBAHUS HEAEIUMBIX KBAHTOB SIBWIMCH HEYAAauu
(U3UKK B ONBITKAX MOCTPOEHUS aIEKBaTHOM «KJIACCHYECKOI» MaTeMaTHYECKONH MOJIENIU aToMa.
Teopust HenuHelHbIx konebanuit — THK yctanoBuna, 4ro ¢usuky He cymenu MOCTPOUTH 3TU
MO/JIEJIM aTOMOB M3-3a OTKa3a OT yuyeTa 3(pupa, B3aMMOJCHCTBYIOIEr0 ¢ MUKPOOOBEKTaMH U U3-
3a 0TKa3a OT y4eTa MarHUTHBIX B3aUMOJICHCTBUIT MEKIY 00BEKTaMU MUKpomupa [5].

OTtka3 oT ywera 3¢dupa HpoM30LIEN H3-32 TOTO, YTO SKCIIEPHUMEHTAIbHbIE PE3yJbTaThl, B
OUYeHb MPOCTOM M 3yeraHTHOM 3kcnepuMente A.MN.JI.Du3o, nokas3bBarolue CyIIeCTBOBAaHUE
apupa, ObUTM OOBSICHEHBI APPeKTOM mpeaoMieHuss cera [6], Torma, kak cam 3¢ddekr
IpEeOMJIEHUSI CBeTa OOBSACHSAETCS TeM, YTO, B pa3HBIX cpelnax, 3dup obnagaeT pa3HbBIMU
BEJIMYNHAMU TUIOTHOCTH.

OTka3 OT y4yeTa MarHUTHBIX B3aUMOJCHCTBUI MEXIy MHUKPOOOBEKTaMM IMPOU3OLIEN H3-3a
ook A.M.Amnepa, MOCYUTABIIET0, IPU aHAJN3e pe3yabTaToB 3kcrepuMmenTa X.K.Opcrena,
YTO MAarHeTH3M IMPOMCXOJUT OT AJEKTpudecTBa. B To Bpems emé He ObIJI0 M3BECTHO, UYTO BCE
HOCHUTENIU 3JIEKTPUUECKUX 3apsiioB 00JanaloT emé M cOOCTBEHHBIM MarHeTusmom. [lostomy
TOTJ]a HUKTO HE YCOMHMWICA B BbIBoJle AMIiepa. Korja ctano u3BecTHO, UTO BCE MUKPOOOBEKTHI,
BKJIIIOYAass U JJIEKTPOHEHTpalbHble HEHUTPOHBI, 00Jalal0T COOCTBEHHBIM MarHeTU3MOM,
noTpedOBajIOCh BBIICHUTH, IpaB Jin AMriep. Ho ¢pusuku 3Toro To a1 NpocTo He 3aXOTENH, TO JIN
UM HE XBaTWIO KBalM(UKalMK, HO OHU OOONUIMCH Oe3 MpPOBEpKHM BBIBOAA AmIepa, CIerno
MIOBEPUB €MY, HECMOTPS Ha HOBBIE PE3YNIbTAThl O CBOMCTBAX HOCUTENEH IMEKTPUUECKOrO TOKA.

XXV.1. Pojib 3j1eMeHTapHBIX 00bEKTOB MUKPOMHPa
B YCTPOHCTBE MaTepuu

THK ycraHoBmia, 4YTO 53JI€MEHTAPHBIMH OOBEKTaMH MHUKPOMHpA SIBJISIFOTCS HEHUTPOH,
AJIEKTPOH, MO3UTPOH, AHTUDJIEKTPOH — MO3UTPOH C «OTPULIATEILHON» MacCOM, U aHTUIIO3UTPOH —
3JIEKTPOH C «OTPHIATEIILHOW» Maccoil. Bce ocTaibHBIE OOBEKTHI MHUKPO — M MaKpoOMHUpa
SIBIISIFOTCS. COCTABHBIMU, COCTOSIIIIUMU U3 Pa3HBIX KOMOWHAIUI 3TUX MATH MUKPOOOBEKTOB.

Cy1iecTByeT HECKOJIBKO BHI0B COCTAaBHBIX MUKPOOOBEKTOB, HE OTHOCAIINXCSA K XUMHUUYECKUM
BelecTBaM. OJTO (OTOHBI — CaMOPa3TOHSAIOIIMECS AMIOJIHN, COCTOSLIME W3 DIEMEHTApHBIX,



AIIEKTPOHOIIOIO0HBIX MHUKPOOOBEKTOB, OJMH U3 KOTOPBIX OOJNAMAeT «IOJOXKUTEIBHONWY, a
Ipyroi — «oTpunareabHoi» Maccamu. Hanbosnee pacnpocTpaHeHbl 3J€KTPOH-aHTHAIECKTPOHHBIE
Tunond. Takke CyIIecTBYIOT MO3UTPOH-aHTHIIO3UTPOHHBIE TUNoaH. Bee atu nunonu obnagaror
HYJIEBBIMH CYMMapHBIMH MacCaMH.

Kpome sTux «0e33apsaoBbIX» AMIOICH, MOTYT CYIIECTBOBATH TUIONU C YIBOCHHBIMHU
3JIEeMEHTaPHBIMU AIEKTPUUYECKUMHU 3apsiiaMu (—2e) u (+2e). ITO 37eKTPOH-aHTUIIO3UTPOHHBIN U
MO3UTPOH-AHTUIICKTPOHHBIN JUITONH.

K HexumuueckoMy BHly COCTaBHBIX MUKPOOOBEKTOB OTHOCUTCS MIO3UTPOHUMN, COCTOSIIIUN U3
AIIEKTPOHA U TIO3UTPOHA, AHTUIIO3UTPOHUH, COCTOSIIIUI W3 aHTHAJICKTPOHA M aHTHIIO3UTPOHA,
IIPOTOH, COCTOSIIIMN M3 HEHTPOHA U AHTHAJICKTPOHA, AHTHUIPOTOH, COCTOSALINI W3 HEHUTpOHA U
AHTUTIO3UTPOHA U TIPOTOHUM, COCTOSIIINN U3 IPOTOHA ¥ AHTUIIPOTOHA.

K HexumuueckuM BeliecTBaM CleAyeT OTHECTH W fpa aTOMOB, COCTOSIINE U3 MPOTOHOB U
HEHUTPOHOB.

HaumeHnbmmM mpencTaBuTeIeM XUMHYECKOTO BellecTBa siBisgeTcs aToM. OH COCTOHUT U3
sapa M DJEKTPOHOB. Bce ocTanbHBIE COCTaBHBIE OOBEKTHI MaTepHATbHOIO Mupa SBISIOTCS
pa3IMYHBIME KOMOMHAIMSIMU aTOMOB BEILIECTBA.

XXV.2. Teoperuuyeckne BO3MOKHOCTH
KBAaHTOBOH (pu3uKku

B ycnoBusix OecriperieIeHTHOI caMopeKiiaMbl KBAHTOBOM (DU3HMKH, MOXKET MOKa3aTbCsl, MIATKO
rOBOps,, CTpPaHHBIM YTBEP)KJIEHHE O TOM, 4YTO €€ TEOpEeTHYECKHE CIIOCOOHOCTH BechMa
orpanudeHsl. OHaKO, 3TO AEHCTBUTEIBHO TaK.

0

HanOonee cuiabHBIM apryMEeHTOM, B IOJIb3y 3TOI'O YTBEP)KACHHUS, SBISETCS COpOKaleTHee
3aMamyuBaHue (PU3NYECKOW HAyKOW HKCIEPUMEHTAIbHOTO JOKa3aTeNbCTBA OTCYTCTBHUS B
MaTepHaJIbHOM Mupe HeeTUMbIX KBaHTOB dHEpruu [4]. Y 3TOro 3amMaaunBaHUs €CTh HECKOJIBKO
BO3MO>KHBIX ITPUYHH.

Pe3ynpTaThl 3TOr0 SKCHEpUMEHTa ObUIM ONMYOJIMKOBAaHBl B IIEHTPAIBHOM (U3UUYECKOM
xypHaie AH CCCP u B cnenuanbHoM cOOopHHMKe aHHOTanuil. He 3ameTuth 3TH pe3ynabTaThl
ObUIO0 HEBO3MOXKHO. ENMHCTBEHHOE OOBsSCHEHHE MOIJIO OBITh CBS3aHO TOJIBKO C HEXeJTaHHEeM
WIM C HEYMEHHEM BBISBICHUS HCXOAHBIX, HCTHHHBIX MPUYMH OOpALIEHUS K THUIIOTE3e
CYILECTBOBAHMsI HEAEIUMBIX KBAaHTOB 3HEPTUHA. OCHOBHOW MPUYMHOM 3TOTO0 HEYMEHUS SIBIISETCS
HEPa3BUTOCTh  «KJIACCUYECKOW»  (U3NYECKOM  MHTYMIMM,  SBISIOLIAsCS  CIEACTBHEM
HEYJOBJIETBOPUTEIILHOTO HE(OPMAIBHOIO 3HAHUE «KJIACCUYECKOW» (U3MKH M HEyMeHue
INPUMEHSTh €CTECTBEHHOE «KJIACCUYECKOE» 00pa3HOE MBILIICHHE

0

THK BbiiBUJIa HCXOJHBIE NPUYMHBI OOpalieHus (U3MKOB, MPH IOCTPOCHUU TEOPUU
MHUKPOMHPA, K TUIIOTE3€ CYIIECTBOBAHUS HEACTUMbIX KBaHTOB. OHOM U3 HUX, ObLIT OIIMOOYHBIN
BbIBOJI AMIlepa U3 pe3yJIbTaTOB 3KCIEpUMEHTa OpCTela, YTO MAarHUTHOE II0Jieé BOKPYT
IIPOBOJHMKA C TOKOM T'€HEPUPYETCS ABMKYIIUMUCS 110 IPOBOJHUKY IEKTPUUECKUMHU 3apsiiaMu.
B T1e BpemeHna emé He ObUIO M3BECTHO, YTO HOCHUTEIHM 3JIEKTPHYECKOIO TOKa 00JadaroT M
COOCTBEHHBIMU MarHUTHBIMH NOJSIMU. [103TOMY BBIBOI AMIepa He MOABEPrajics COMHEHUSAM 10
TeX TOp, MOKa HE CTaJl0 M3BECTHO, YTO BCE OOBEKTHI MUKpOMHpA 00J1aal0T COOCTBEHHBIMU
MarHUTHBIMH TTOJISIMU.

Korma Oputi oOHapy»eHbl COOCTBEHHBIE MArHUTHBIE TOJS Y BCEX, 0€3 HCKIIOYEHUS,
00BEKTOB MUKPOMHPA, BBIBOA AMIiepa MOTpedOBall IMepecMoTpa — BeJlb BMECTE€ ¢ HOCUTEISIMHU
TOKa JIBUTAINCHh HE TOJIbKO JJIEKTPUYECKHE 3apsibl, HO U COOCTBEHHbIE MarHWTHBIE MO
HocuTeneil Toka. OHako, Takoil mepecMoTp B (pusmke peain3oBad He OblI. B myOnukanusx Her
Ja)ke poOKOro Hameka Ha HEOOXOJMMOCTh TaKOro MepecMoTpa A INPOBEPKH HCTUHHOCTH
BbIBOJA AMIepa.



THK BbIsIBHIa OMIMOOYHOCTH ATOTO BBIBOJAa Amriepa, OOHAPYKHB, YTO B IKCIIEPUMEHTE
OpcTena MarHUTHOE II0JIe BOKPYr IPOBOAHHMKA BO30YXKAAeTCs JBUYKEHHEM COOCTBEHHBIX
MarHUTHBIX IOJIEH HOCUTENECH TOKa, a HE IBUKEHUEM UX AJICKTPUUECKUX 3apsiioB [6].

[Touemy @¢u3uka 10 CcHX MOp PYKOBOACTBYETCS OIIMOOYHBIM TOHUMAHUEM MPUPOIBI
Maraetusma, chopmynupoBanabiM Ammepom? Korma momHocHinb (U3HKaM TOTOBOE PEIICHUE
Ha «OJIOZIeUKe C 30JI0TOM KaeMOYKOI», OHM CXBAThIBAIOT €ro «Ha JIETy». DTO FOBOPUT O TOM,
YTO C MOTEHIMAIBHBIMH CIIOCOOHOCTAMHM Yy HUX BCE B mopsuke. I[louemy ke oHM camu He
MPOSBISIOT COOCTBEHHYI0 MHHMIIMATUBY MO TMOUCKY 3TOoro peuieHusi? Ilo-Buaumomy, B 3TOM
BUHOBAThl KAaKHE-TO TICUXOJIOTHYECKHE AaCIeKThl «CTaAHOrO 3(dexra», Korga aBTOPUTET
MPU3HAHHOIO JMJAEpa, B JaHHOM ciydae — AMIiepa, HEUTpaau3yeT WHULMATHUBY PsAIOBOIO
VWHIUBUYyYyMa.

.

Uro morepsuin (DU3MKH, OTKA3aBIIMCh OT y4YeTa MATrHUTHBIX B3aWMOJCUCTBUN MEXIY
MUKPOOOBEKTAMH U CUUTAsi MAarHETU3M HE CaMOCTOSITENbHBIM siBieHHEeM? OOBEKThl MUKPOMHUPA
BU3YyaJlbHO HE HaOJI0JaeMbl Ja)ke ¢ MOMOUIbI0 MUKpOCKONoB. Ho B MakpoMupe cyliecTByeT
Takoe SBJIEHHME, KaK aTMOC(EpHBIi cMepd — TOPHAAO, JOCTYIMHOE HEMOCPEACTBEHHOMY
BU3YaIbHOMY HAONIOACHUIO. B (Qu3nke 100 CUX MOp HET TNOHMMAHUS MEXaHW3Ma €ro
(GYHKIIMOHUPOBAHMSI U IPUYUH €r0 CTA0OMIIBHOTO CYIIECTBOBAHHUS.

OOHapy>XMB UCTUHHBIA MEXaHU3M BO30YXXICHHUS MarHUTHOTO TOJISI BOKPYT MPOBOJHHUKA C
TOKOM B 3kcrnepuMente Opcrena, THK momyunna sd¢ekTuBHbIN KIIOY K pEHIeHHIO 3ajad,
CBSI3aHHBIX C MarHETU3MOM, B TOM YHCJIC, K PACKPBITHIO yCTPOHCTBA aTMoc(epHOro cMepya U
MeXaHHu3Ma ero (pyHKIHOHUPOBAHUSI.

OuU3MKK HA3BIBAIOT TO MATrHUTHOE IOJIE «KPYroBbIM». OJHAKO, OHHM OISITh OIIMOAFOTCS.
TepMuH «KpyroBoe» SIBISI€TCS pE3yJbTATOM HAWMBHOIO CO3€pUAHUs JIMHUI 3TOro IOJIs,
BU3YaJIM3UPOBAHHBIX C IIOMOIIBIO JKEJIE3HBIX ONWJIOK Ha IUJIOCKOCTH, OPTOTOHAIBHOU
MPOBOJHUKY [7,8]. B I€HCTBUTENBLHOCTH K€, 3TO MOJIE SABISAETCS CIUPATbHBIM [IUIMHAPUYECKUM,
a Kpyrosasi CTPYKTypa SIBJIIETCSI BCEro JMIIb MNPOCKIHUEH, HAa 3Ty IUIOCKOCTh, CIUPAIbHBIX
UUJIUHAPUYECKUX COOCHBIX MAarHUTHBIX JUHUHA. [{ns ckenTukoB B [8] yka3aHO TpUBHAJIbHOE
BUJIOU3MEHEHHE DHKCIEpPUMEHTa Jpcrefa, KOTOPOE TO3BOJUT BHM3yaJbHO HAOIIOJIATh
AKCIIEPUMEHTAIIBHOE JIOKA3aTeNbCTBO CIHPATBHOCTH ATOro moiid. CyllleCTBEHHBIM 3JIEMEHTOM
3TOr0 MArHUTHOTO TOJIS SIBJISIETCS IEBOBUHTOBAS 3aKPYTKA €r0 CIUPAIbHbBIX JIMHUH.

bnaromapss atum cBeaeHusm o ¢dopmupoBanuu MarHuTHoro mnoss, THK BbeisicHmma, 4to
aTMOC(EepHBIM CMepY CYIIEeCTBYeT Ojarojapsi TOJAbKO MAarHUTHBIM B3aUMOJEHCTBUS MEXKIY
VOHU3UPOBAHHBIMU 3JIEMEHTAMH BO3/1yXa, IPOKAYUBAEMBIMU YEPE3 CMEPY.

MarseTusmM NpOKaYMBAEMbIX JJIEMEHTOB BO3JyXa CO3JaeT, B aTMOC(EPHOM CMepue,
CMEpUYEenoIOOHbIII MarHUTHBIX BUXpPb, MAarHUTHBIE JIMHUKW KOTOPOTO OO0JIAJal0T, COTJIACHO
Opcreny, JE€BOBUHTOBOM 3aKpPYTKOH. ODTOT MAarHUTHBIA BHUXPb, MUMEsI BIOJIHE ONPEIEICHHYIO
MOCTOSTHHYIO BHEIIHIOW (opMy, 00JalaeT HEMPEPHIBHO MEHSIOMUMCS COACpXKAHHEM — OH
COCTOUT M3 COOCTBEHHBIX MATHUTHBIX MOJIEH HEMPEPHIBHO MPOKAYNBAEMBIX DJIEMEHTOB BO3/yXa.

ATMOCQEepHBIi cMepd TOX0XK Ha TMPOTOYHBI pEaKTUBHBIM JBUTATEIh, B KOTOPOM
MAarHUTHBI BUXPbh BBITIOJHSET POJb KOMIIPECCOPA, CO3JAI0IIEr0 MOUIHYIO PEAKTUBHYIO CTPYIO
M3 TPOrOHAEMOrO BO3AYyXa, 3a CYET CHJIBHOIO YIUIOTHEHHMS JTOrO BO3AyXa H €ro
JIOTIOJTHUTEIbHOTO PA3rOHA.

.

Ternepb MOKHO MEPEUTH K CTPYKTYPE AIEKTPOHA.

[Tocne OTKpBITHS 3IEKTPOHOB, MPOTOHOB M HEUTPOHOB, yaada MmokuHyna ¢pusukoB. OHU He
CyMENH BBISICHUTh HU COCTaBa, HU CTPYKTYP DJIEKTPOHOB, MPOTOHOB M HEMTPOHOB, HECMOTPSI HA
TO, YTO BCE HIKCIIEPHUMEHTAIbHBIC TaHHBIC, HEOOXOIUMBIE JJIsl 3TOTO, MU ObLIN ToNy4deHbl. OHU
NBITAINCh HUCHOJIB30BaTh JUIsl ATONO TPAaJAMLMOHHBIE MeToAbl. MM He momMorau Hu
TU(GPAKIIMOHHBIE MCCIENOBAHUS, HU pa3pyIIAlOIINe CTOJKHOBEHHUS PAa30THAHHBIX HA MOIIHBIX
YCKOPUTENSIX MUKPOOOBEKTOB.

JudpakimoHHbIe UCCIETOBAHUS K TO3UTHBHBIM pe3yIbTaTaM HE MPHUBEIIH.



DKCTIEepUMEHTBI Ha YCKOPHUTENSX OOHapyXwiu, 4To mpenckazanus CrenuanpHoit Teopuun
OtHocurensHocTd — CTO, 00 yBeNnWYeHHH MacChl MUKPOOOBEKTOB, C POCTOM CKOPOCTH HX
IBUXKEeHMS, BpoJie Obl, BRIMONHAIOTC. Cornmacao CTO, 3aBHCHMOCTh MacChl MUKPOOOBEKTa OT
CKOPOCTH €T0 JBWXCHHS OTHMCHIBACTCS BHIPAKCHHUEM: m(v):m(O)(l—Vchz)fo’S, OJIMHAKOBBIM KakK
JUISL DJIEKTPOHOB, TaK M JUIsl MPOTOHOB. DTO BBIPAXKEHUE TOBOPUT O TOM, YTO OTHOCHUTEIIbHbBIC
MPUPALLEHUS] MACC JIEKTPOHOB U MPOTOHOB, IIPU OJIHUX U TEX CKOPOCTAX, OANMHAKOBBI. O HAKO,
OKCIIEPUMEHTHI TTOKA3ajM, 4TO, B OJHUX M TEX K€ JHara3oHaX CKOPOCTEH, MacChl CBOOOIHBIX
9JIEKTPOHOB YBEIMYMBAIUCh, Ha 2+3 moOpsAkKa, TOraa, Kak Macchl CBOOOJIHBIX IPOTOHOB
yBETUYUBAIUCH Beero B 1,5 paza! Otcrona ciieyeT BecbMa HEOXKUJAHHBIN U OU€Hb HEPUSTHBIN
BBIBO/I, UTO NMPUBEICHHOE BBIPAKEHUE HETPUEMIIEMO OIIHOOYHO.

OpnHako, (DM3WKU BOCHPHHSUIA 3TU Pe3yiabTaThl WHaue. OHM HE CyMENH TOHSTh MPUYUH
OTPOMHOM SKCHEPUMEHTAIBHONW PAa3HULBI MEX]y BEJIMYMHONM OTHOCHUTEIBHOTO MpPUPALICHUS
MacChbl QJIKTPOHA M BEJIUYMHOM OTHOCUTEIBHOTO TMPHUPAIICHUS MacChl MpOTOHA. A
konuyecTBeHHOe cooTHomeHue CTO, onuchiBaromiee 3aBUCUMOCTb 3TUX Macc OT CKOPOCTH, OHU
MOCUYUTAIA BEPHBIM, MCXOAS W3 «UYYBCTBA CTQJHOCTH» IO OTHOIICHHUIO K aBTOPUTETY
OUHIITEHHA.

Hcxons w3 3TOrO0, (PM3WKH PEIIMIIA, YTO B IKCIICPHUMEHTAX I10 Pa3roOHy MHUKPOOOBEKTOB,
3apUKCUpOBaIM HE SJIEKTPOHBI M MPOTOHBI, YBEIUYUBIIME CBOU MACChl MPU YBEIUYCHUH
CKOPOCTH JIBHKCHHSI, 2 HOBBIE MaTEPHAIbHBIEC CYIIIHOCTH, OTJIMYHBIE OT JIEKTPOHOB U MPOTOHOB,
HA3BaHHbBIE MU MIOOHAMU, TMOHAMH, 0030HAMH,. .. .

Tak HaKaTWIIa HOBAsl, YPE3BBIYANHO HETIPUATHAS, BOTHA (pr3uvecKkor (anbcuduKaIim.

o

[TepBast BonHa ¢usmueckoil (ambcupukammuyu, UMEIIas OTHOIICHUE K UCTOPUU OTKPBITHS
HMCTUHHOIO YCTPOMCTBA 3JEKTPOHA, BO3HUKJIA MPU AHAIIM3E PE3YNbTAaTOB 3KcnepuMeHTta Puso,
MTOJTYYUBIIETO SKCTIEPUMEHTAIBHOE JTIOKa3aTeIbCTBO CYILECTBOBaHMS adupa,
B3aMMOJICHCTBYIOIIETO C BemecTBoM [6]. B pesynbrare atoii (anbcudukanuu, B (U3NKe
IIPOM30MLIeN OTKa3 OT yuyeTa 3upa.

Bropas Bomna ¢anscudukanuu, B ITOH HCTOpUH, OOpa3oBajiach B CBA3H C PSAOM
HEJIOPa3yMEHUN OTHOCUTEIHLHO MPHUPOIBI MarHeTH3Ma, KOTOPhIE MPUBEIM K OTKa3y OT yd4eTa
MarHUTHBIX B3aMMOJICHCTBHI MEXIy 00BEKTaMU MUKpoMupa [6].

OOycnoBneHHass 3TUMHM JByMs, HOBas BoJiHA (usmueckod Qanbcupukanuy cBsizaHa ¢
BO3HUKHOBEHHEM TMOHATUN «KOJUIANC», <«AHHUTWIALMSI» M <«OKBUBAJEHTHOCTh MacChl M
SHEPTUM», BOHUKIIUE B PE3yJbTaTe HEKBATU(DHUITMPOBAHHOTO aHAIN3a JUHAMHKHU TO3UTPOHUS

[5].

XXV.3. OTKpbITHE CTPYKTYP
3JIEKTPOHA, HEHTPOHA U MPOTOHA

Tak Kak HOHSATHE «IKBUBAJEHTHOCTH MAacCChl U SHEPrHUM» OKa3aJoch (albLUIMBKOW, TO, B
HKCIIEPUMEHTAaX Ha YCKOPUTENISX, HOBBIM MaTE€pPHAIbHBIM CYIIHOCTSIM BpPOJE MIOOHOB,
IUOHOB.... HEOTKyAa OBUIO B3AThCS. OTH «HOBBIE CYIIHOCTH» OKa3aJUCh Ype3BbIYAHO
HEYCTOMUYMBBI — TMOCIE MPEKpaIleHHUsl pa3roHa MHKPOOOBEKTOB BEIMUYMHBI UX MacC OYEHb
OBICTPO YMEHBIIAIHCH.

OTO HUYYTh HE MPOTHBOPEUMIIO OOIIMM MPEACTABICHUSM O 3aBHCHUMOCTH BEIMYMH Macc
MHUKPOOOBEKTOB TPU HM3MEHEHHUH WX CKOPOCTH. YBEJIHMUEHHE Macc MHUKPOOOBEKTOB, MPU HX
pasroHe, B (pU3UKe MOJATBEPKIAIOCH SKCIIEPUMEHTAIBHBIMU Ha0M0AeHUAMU. OOBACHSAIOCH 3TO
YBEJIIMUEHUE MACC, COIIACHO «IKBHUBAJEHTHOCTU MACChl M SHEPTUN». TIEPEXOIOM YaCTH dHEPTUU
JIBUKEHUS MUKPOOOBEKTOB B MX Macchl. Ho HedopmanbHOro, conepkareiabHOro MOHUMaHUS
MeXaHU3Ma 3TOro sIBJICHUs (PU3MKa BEIpabOTaTh HE CyMena.

°

THK momnbiTamack BbIpaOOTaTh Tako€ COAEPIKATEIbHOE TOHUMaHWE, Wy He€ 3To

MOJTYYHIIOCK. {7151 3TOTO MOTPEeOOBaIOCh MOHATH CTPYKTYPHI AIEKTpOHA U HeHTpoHa. OKa3anocs,



YTO AJIEKTPOH COCTOUT U3 3JICKTPOHONOJOOHBIX 3JIEMEHTOB 3(HUpa U €ro CTPYKTYpa SIBISIETCS
IPsIMBIM aHAJIOTOM CTPYKTYphI aTMocdepHoro cmepya (puc.l).

PP p s ew e s s s s/
Puc.1. Ctpykrypa 31€eKTpoHa

HeiiTpon okazaincsi COCTOAIIMM M3 HEHTPOHOIOAOOHBIX 37€MEHTOB 3(upa, HO 001aAIOIINUM
HE TIPSMO#A, a KOJIbLIEBOM, 3aMKHYTOU Ha ce0s1, hopmoii (puc.2).

A
)

Puc.2. Crpykrypa HeHTpoHa

Heiitpon, B oT/inuue OT MpoOTOHA, OKA3aJICs JIEMEHTAPHBIM 00bEKTOM MUKPOMHPA, & IPOTOH
— COCTaBHBIM, HEUTPOH-aHTUAJICKTPOHHBIM MUKpOoOBeKTOM (prc.3) [9].

)
A4

V

Puc.3. HeliTpoH-aHTUAIEKTPOHHAs
CTPYKTYypa IPOTOHA

XXV.4. JkcnepuMeHTaTbHbIE J0KA3aTEJIbCTBA TOI0, YTO
3JIEKTPOHBI M HEHTPOHBI 00J1a1210T
3(pupHBIMHE cMepPUYEeNOI00HBIMHU CTPYKTYPAMH
CymiecTBYIOT HECKOJBKO XOPOLIO H3BECTHBIX SIBJICHHH, KOTOpBIE IOATBEPIKAAIOT
MCTUHHOCTh MPUBEIEHHBIX BBILIE CTPYKTYP 3JIEKTPOHOB U HEUTPOHOB.

XXV.4.1. CTpyKTYpBI 2JIEKTPOHOB, HEHTPOHOB U MPOTOHOB
W MEXaHHM3M 3aBHCHMOCTH BeJIHYHH HX MacC
OT CKOPOCTH /IBHKEHUSA

Macchl 35eKTpoHa, HEUTpOHa U MPOTOHA, O0JIAAIONIUX CMEPUEOJOOHBIMHU 3 CTPYKTYPaMH,
3aBHCSAT OT IJIOTHOCTH IpOKayuBaeMoro 4epe3 Hux 3¢dupa. [Ipu nBHKEHUM MHUKPOOOBEKTa,
IUIOTHOCTh BCTPEYHOTO TMOTOKa 3(Hpa YBETUYHUBACTCS C YBEJIMYEHHUEM CKOPOCTU JIBUKEHUS.
Tax, 0e3 UCIOJIb30BaHUS MUCTHUECKUX (PU3NUYECKUX NpEACTaBICHUHN, 0OBICHAETCS YBEIMUYEHUE
Macc A3THX MHKPOOOBEKTOB IpPH YBEIWYEHHUH CKOPOCTH HX JBUXKeHus. Korma ckopocTh
JBYDKEHUS yMEHBIIAeTCs, MaJaeT M BEJIWYMHA IUIOTHOCTH BCTPEUHOrO MOTOKa 3(upa;
BCJIEJICTBHE JTOTO, YMEHBIIAeTCs M Macca MHUKpooOwbekTa. IIpocToTa M OYEBUAHOCTDH
COJEPXKATENBHOCTH  3TOro  OOBSICHEHUS  CWJIBHO  KOHTpacTHpyeT ¢  (GopMajlbHbIMU
cootHowmeHussmu CTO.



XXV.4.2. [IpyyuHbI JUCTIPONIOPIHH
OTHOCHTEJIbHBIX NPUPAlleHU Mace
NPU H3MEHEHHH CKOPOCTeii 3JIEKTPOHOB M MPOTOHOB
Bce a¢upHBIe CTpyH 37IeKTpOHA OTKPBITHI s BHEHIHero s¢upa. [losromy, BHEIIHMIA 3hup
OJTHOBPEMEHHO HPOTOHSETCS 110 BCEM OTICIBHBIM CTPYSM 3JeKTpoHa. B cuiy sToro, anexkTpon
o0ajaeT OYeHb BBICOKOM UYYBCTBUTEIBHOCTBIO BEJIMYMHBI CBOCH MAacChl MO OTHOILICHHIO K
MU3MEHEHHIO IJIOTHOCTH BHEUIHEro 3¢upa. UyBCTBUTEIEHOCTh MAacChl HEUTPOHA, IO OTHOLIEHHIO
K M3MEHEHMIO IUIOTHOCTH BHEIIHEro 3(Qupa, CYIIECTBEHHO HIDKE, TaK KaK OCHOBHAas Mmacca
HEWTPOHHBIX CTPYH M30JIMPOBaHA OT BHEIIHErO 3(Hpa MHOXKECTBOM BHEIIHHX CTPYH. DTO
JOCTAaTOYHO TPOCTO OOBACHSAET SKCIEPHUMEHTAIBHBIA (DAaKT, TOBOPSAMIMKA O TOM, YTO MAaCCHI
CBOOO/HBIX 3JIEKTPOHOB, IPH PA3roHE HA YCKOPHUTENAX, MOTYT YBEIWYMBAaThCS Ha JIBa-TPH
HopsijiKa, TOTAA, KaK MacChl HEHTPOHOB M TPOTOHOB, B TEX K€ JAMANA30HAX CKOPOCTEH,
YBEJIMYMBAIOTCS BCETO B MOJITOPA pasa.

XXV.4.3. [louemy BeJIMUMHA MAcCChl IPOTOHA
MeHbIlIe Pa3HOCTH BeJIMYMH Macc
HEHTPOHA M AHTHIJIEKTPOHA

AHTUAJIEKTPOH SBISIETCSl IO3UTPOHOM C «OTpHUIATENbHOM» Maccoil. OH obnagaer
€IMHUYHBIM «IIOJIO)KUTEJIBHBIMY 3JIEKTPUYECKUM 3apsiIoM U COOCTBEHHBIM MarHUTHBIM IIOJIEM,
BEJIMYMHA BEKTOpa MATHUTHOIO MOMEHTA KOTOPOro paBHa pe. Kak u ayieKTpoH, oH umeer popmy
cMepua C JICBOBUHTOBOM 3aKPYTKOW CIMPaJIbHBIX 3()UPHBIX CTpyH (puc.l).

Heiitpon oOnagaeT KOJIBIEBON CMEpUEIOAO0HON CTPYKTYPOM, CIMpPATIbHBIE CTPYH KOTOPOH
UMEIOT [IPABOCTOPOHHIOK0 3aKPYTKY (puc.2).

[Iporon, mnpencraBiasieT coOOW HEHTPOH-aHTHAIEKTPOHHYIO cucreMy (puc.3), Tak kak
HEHUTPOH M AaHTHUANEKTPOH B MPOTOHE HAXOAATCS O4YEHb OJM3KO JApyr K JApyry, TO
IIPOTUBOIOJIOKHBIE 3aKPYTKU UX 3PUPHBIX CTPYH NPUBOJAT K YMEHBILIEHUIO BETUYUH UX Macc U
K YMEHBILIEHUIO BETUYUHBI UX CYMMapHON MacCBhl.

XXV.4.4. ConHeunblii BeTep

OKCNEpUMEHTAIIbHO YCTAHOBJIEHO, YTO 3eMJII0 O0JyBaeT TaK Ha3bIBAEMBIH «COJIHEUHBIN
BETEp», COCTOSIUHN 13 NBUKYIIKXCsS 0T CONHIA Pa3InYHBIX MUKPOOOBEKTOB, B UHCIIE KOTOPBIX
€CTh JJIEKTPOHBI M MpPOTOHBI. B okpecTHOCTH 3€MJM, CKOPOCTh «COJHEYHBIX AIIEKTPOHOB)»
6mu3ka Kk 600M-c . TIpHunHa 9TOro 3aKIIOYAETCS B TOM, UTO SJEKTPOH MOXOXK HA MPOTOUHBI
PEaKTUBHBIN JBUTAaTENb. OJEKTPOHHBIM cMepuenojoOHbI, 1o ¢opMe, MarHUTHBIA BHUXpb,
HEMPEePhIBHO NMPOKayMBasi yepe3 ceOs BHEIIHUH 3(pup, cO3aeT peakTUBHYIO 3(DUPHYIO CTPYIO.
bnarogapst sTomy, CBOOOAHBIN AJNEKTPOH HAXOAUTCS B HETPEPHIBHOM JIBJKEHUHU. A Tak Kak, B
CBOEM JIBWXKEHMH, JICKTPOH HCIBITHIBAET COMPOTUBIICHUE 3(Hpa, TO JIEKTPOH pasroHseTcs 10
YCTaHOBUBIIEHCS CKOPOCTH, 3aBHUCSILEH OT IUIOTHOCTHU 3(QHpa Ha €ro MyTH.

B «conHeyHOM BeTpe MPUCYTCTBYIOT €I1€ HEUTPOHBI U MPOTOHBI. OHU TakK K€ CO3AAI0T CBOU
pEaKTUBHBIE
3(HUpHBIE CTPYH, 3aCTABJISIOIINE CBOOOIHBIE HEUTPOHBI M IPOTOHBI ABUTAaThCS B TOM «BETPE.

CxopocTu JBHKEHUSI CBOOOJHBIX 3JIEKTPOHOB, IPOTOHOB M HEHUTPOHOB MPOMOPLUUOHAIBHBI
BEIMYMHAM X MarHUTHBIX MoMeHTOB. THK BbrAcHMAa, YTO 14=8,37214,=2,5- 10%,.

XXV.4.5. lIpsimoe
IKCIIEPUMEHTAJbLHOE 10KA3aTeJILCTBO
3(pupHOI NPUPOALI
3JIEKTPOHOB ¥ HEMTPOHOB
O nudpakMOHHBIX HEyJauaxX B BBISIBJICHUU CTPYKTYP JIEKTPOHOB M HEUTPOHOB TOBOPHIIOCH
y’Ke€ JOCTaTO4YHO MHOTrO. [IpHuMHBI 3TOr0 OKa3alu TPUBHUAIBHBIMM — Kakas JU(PPAKLUS MOKET
IPOUCXOIUTH Ha 3(pupHOM 0bOsaKe?



Jnis uccnenoBaHusi CTPYKTYp 3THX MHUKPOOOBEKTOB IyTEM pa3pyllIeHUs ObUIM CO3JaHbI
YCKOpUTENHU Ui pa3roHa MHUKPOOOBEKTOB JI0 BBICOKMX OJHEPruil H  MOCIEAYIOIIMX
pa3pyLIUTEIbHBIX CTOJIKHOBEHUIA.

B Mupe cyiiecTByIOT HECKOJIBKO MOKOJICHUN yCKopHuTeneil MUKpooObekToB. OHU 001aiatoT
pa3HbBIMM MOIIHOCTSIMU. PexopaHyr0o MoOIIHOCTh, B Hacrosuiee Bpems, umeer bAK.
JlobAKoBCckHE yCKOpUTEIHM MOITHOCThIO, HEOOXOAUMOW I pa3pylIeHUs dJEKTpOHA U
HEHTpOHA HA MEeMEHTHI d(upa, He o0namanu. Takas MOIIHOCTh TOCTHTAeTCs TOJIbKO Ha BAK.

°

[TocMOTpUM, 4YTO HPOUCXOAUT CO CONMIKAIOLIMMUCS HPOTOHAMHU. OKCIEPUMEHTHI Ha
YCKOPUTENSIX YCTaHOBUJIM, 4YTO, HpHU COJMXKEHUH [BYX MPOTOHOB, MPOUCXOJUT YIPYroe
CTOJIKHOBEHHE, O€3 pa3pyleHus IPOTOHOB, €CIIM SHEPrus cOmmkenus Mmenpiie 290M»sB.

Ecnmu sHeprus ux coOmmkenus paBHa 290M»1B, oauH M3 HUX pacmajaeTrcs Ha HEUTPOH U
AHTHUDJICKTPOH: p+p—>p+n+e7+. Ou3nKH, U3-32 HEAOCTATOYHOW KBaIM(UKAIIMH, CIUTAIOT, YTO B
9TOM peakiuu MPOTOH pachagaeTcs Ha HEHTPOH M MO3UTPOH. DTOT pachaj MPOUCXOAUT IpU
PACCTOSIHAM MEXIy HPOTOHAMHM, paBHOM 3,96-10 °m. Tak kak 3,96-10°<10™", To mporon u
HEUTPOH NBIKYTCA Jaibllie MOJ JCHCTBHEM HYKJIOHHBIX M MarHUTHBIX B3aWMOJCWUCTBUM, a
AQHTHURJIEKTPOH yJaJsieTcs OT HUX C HayallbHOU 3Heprueit 290M»aB.

[To smmupuueckoii omenke 3.Pe3sepdopaa, paamyc aTtoMHOro sapa, B 3aBUCUMOCTH OT
KolIuuecTBa A  HYKIOHOB, COJIEpXAIIUXCS B  SAApE, OIpPENesieTcs]  BbIPAKEHUEM:
r,I(A):1,4-A1/3-10715 M. CornacHo 3TO# OILIEHKE, pACCTOSIHUE MEXIY MPOTOHOM M HEHTPOHOM B
neiiTpoHe paBHO 2r,(2)=3,52-10"°M. A Tak Kak aTOMHOE SIPO COCTOUT M3 HYKIOHHBIX
MarHUTHBIX KJacTepOB BUJA JEHTPOHA, TO, U3 MPUBEACHHBIX CBEJACHUMN, BHITEKACT, YTO OJUH U3
CONMMXKAIOIIMXCS IPOTOHOB pACMaJaeTcsi HAa HEUTPOH M AaHTUAJIEKTPOH HE B HYKIOHHOM
MarHMUTHOM KJlacTepe, a BHe ero. CieaoBaTenbHO, HU OJUH HYKJIOHHBIM MarHUTHBIA Ki1acTep
ATOMHOTO 5i/ipa HE MOXKET COJIEPKATh B CBOEM cOCTaBe 0oJiee 0JTHOTO MPOTOHA.

°

[Touemy B oOcCyxIaeMoW peakuuu COJMKEHHUS MPOTOHOB 3a(UKCHUPOBAH pacmajg TOJIBKO
onHoro HeuTpona? J[lng Toro, ytoOBl MPOTOHBI COJM3HMIMCH 10 HEKOTOPOIO PAacCTOSIHUA,
HEO0OXOUMO MX Pa30THaTh /10 COOTBETCTBYIOLIUX CKOPOCTEW M SHEPTUil. DTH SHEPTUU HYKHBI
JUISL TIPEOJOJIEHHST DJIEKTPUYECKOIO0 WM MArHUTHOTO OTTAJIKMBAHWM, IEHCTBYIOIIUX MEXIY
MPOTOHAMH.

Kaxxaplii TpOTOH COCTOMT W3 HEUTpOHA W aHTHANEKTpoHA. Ecnu Obl HEUTpPOHBI ObLIH
a0COIOTHO OJMHAKOBBIL, M €CJU Obl ObLIM aOCOJIOTHO OJMHAKOBBI AHTHAJIEKTPOHBI, TO, MPHU
OTIpeIeIEHHBIX YCIOBHSIX, TOJKHBI ObIIIN OBl pacnaaaThCcs He OJUH, a 00a MPOTOHA.

Opnaxo, B peaJibHOM Mupe HEeT COBEPILIEHHO OJAMHAKOBBIX 00bEKTOB. Bee oHM yem-To, yacTo
COBEPULIECHHO HEOLIYTHMBIM ISl HAac, OTJIMYAKOTCS APYr OT Apyra. TOUHO TaKkKe OTIMYAarTCs
JIpyr OT Jipyra HEHUTPOHBI M aHTUAJIEKTPOHbI. HecMOTpst Ha 3TO, JEKTpUUECKHUE U MarHUTHBIE
CHJIBI, ICUCTBYIOIIME HA COMIMKAIONINECs IPOTOHBI, COBEPIICHHO OJJMHAKOBbL. Ho sHepruu cBsizu
AHTHURJIEKTPOHOB B IIPOTOHAX HECKOJIBKO Pa3IUYalOTCS.

CoBepIIeHHO 0YEBU/IHO, YTO MPH SHEPTHUIX COMMIKEHUS IBYX MPOTOHOB, UyTh OOJBIINX, YEM
290M>»B, pacnianuce 061 00a MpoTOHA:!

pHp—2n+2e_",

CremoBaTenbHO, CPEIHSSI BEIMYMHA DHEPTHUU CBSI3M AHTUAJICKTPOHA B TMPOTOHE paBHA
145M»B.
°
B cocTostHum mokosi, HEHTP MacC aHTUAJIEKTPOHA COBNAJAET, B MPOTOHE, C IIEHTPOM Macc
HerTpona (puc.3). [Ipu cOnmxeHnr MPOTOHOB, HEUTPOHBI UCTIIBITHIBAIOT TOJIBKO COMIPOTHBIICHUE
3(pra, AHTHUBJICKTPOHBI K€ BBIHYXACHBI IMPCOAOJICBATH CHIC JJICKTPUYCCKOC W MArHUTHOC
orTankuBanue. [log BIUsgHHEM ATOrO OTTAJIKWBAHUSA, [IEHTP MacC aHTUAJIEKTPOHA yIaJseTCs OT



LIEHTpa Macc CBOETO HEWTPOHA, U, B PE3yJIbTATE, BBICTPEIMBAECTCS W3 IPOTOHA C JHEPruew,
pPaBHOM 2HEPruM CBOEH CBSA3U B IPOTOHE.

[Tocne pacnasa mMpOTOHOB HAa CBOOOJHBIC HEHTPOHBI M AHTUAJICKTPOHBI, MPH HAYAIbHOM
SHEPruM COJMXKEHUS MPOTOHOB, MpeBbimaromel 290M»sB, nmapsl HEUTPOHOB M AHTHAJICKTPOHOB
JBUKYTCSl IOYTH HE3ABUCUMO JPYT OT JIpyra.

HeiTpoHbl n1BHXKYTCS, B OCHOBHOM, IIOJl BIMSHHEM HYKIOHHBIX cwi. B wuHTepBane
paccrostamit (3,528:107"%, 3,96:107°)M 9T0 - CHIBI NPHUTSKEHHS, NP PACCTOSHMAX, MEHBIIAX
3,528 10715M, — CHJIBI OTTaJKUBaHUS.

AHTHYJIEKTPOHBI, TNOTEPSIB 4YacTh JHEPruM CcOJMKEHMS HA BBIXOJ H3 NPOTOHOB,
OCTAJIbHYIO YaCTh 3aTPAuYMBAIOT HA [IPEOAOJIEHUE FIEKTPUUECKOr0 U MAarHUTHOTO OTTAJIKUBAHMSL.

Ecnmu  HeHTpoOHBI, CONM3MBILKCH, pPa3pylIaTcs, PACCHINABIINCh HAa COCTABISIOUIME HX
HEUTpOHONOM0OHbBIE 71eMeHThl 3¢dupa, To aerekropel BAK storo He 3amersr naxe B TOM
cllydae, eCJIM TH AJIEMEHTHI OyIyT 00JIafaTh JOCTATOYHO SHEPTHYHBIM JIBHKCHUEM.

Pazpymaroiiee CTOIKHOBEHUS! aHTHRJIEKTPOHOB MPHUBEJET K UX PAaCCHIIaHUIO Ha JiBa oOiaka
BBICOKOOHEPTHYHBIX AHTHUAJIEKTPOHOINOMAO0OHBIX 3JIEMEHTOB 3¢upa. Tak Kak 3TH 3IEMEHTHI
00ajatoT 3JEKTPUYECKUMHU 3apsJaMM W JOCTaTOYHO BBICOKUMH SHEPrUsiMH, TO OHH
nerekropamu BAK MoryT ObITh 3a)MKCUPOBAHEI.

THK yctanoBuia, 4to «paanyc» aHTHIJIEKTPOHA Fe=3,976:10'°m. Eciu 651 Gblia M3BeCTHA
BEJIMYMHA p PACCTOSHUSA MEXAY aHTHAJIEKTPOHAMH, IPU KOTOPOM MPOMCXOJAUT UX paCChIIaHUE
Ha aHTUAJIEKTPOHOIOJO00HBIE JIEMEHTHI 3(PHUpa, TO HETPYJHO OBLIO OBl BBIUUCIUTH IHEPTUIO
JBWD)KEHUS TMPOTOHOB, HEOOXOIMMYIO MJISi TaKOTO COJIKEHUS aHTHAIEKTpoHOB. OnHaKo,
KpUTHYECKas BeIUYMHA p He Wu3BecTHAa. [lo3TOMy TeopeTHyYecKH OLEHHUTh peaJbHYIO
BO3MO>KHOCTh HAOJIOJEHUSI «pacChlllaHus» aHTUAJIeKTpoHOB Ha BAK He ynaércs.

Tem He MeHee, OoJHaXAbl, BO BpeMs paccka3za Ha VutepHere o pabore BAK, Obuim
IPOJEMOHCTPUPOBAHbBl  H300paK€HUS ~ JABYX  Pa3HOLBETHBIX  OBAJIbHBIX  O0JIAKOB,
3a(pUKCUPOBAHHBIX JETEKTOPAMHU.

XXV.4.6. Utoru

CornacHo anamu3y, nposeaeHHomy THK, mnpu cOnmxeHun [ByX NPOTOHOB, MOTYT
OPOMCXOIUTh TPH PA3HBIX paclaga MUKPOOOBEKTOB. DTO OOBSCHAETCS TEM, 4TO HPOTOH
ABJISIETCS] COCTABHBIM, HEUTPOH-aHTUAJIEKTPOHHBIM OOBEKTOM.

°

Koraa paccTosHue MeXIy MpOTOHaMH Gombme 107 '*M, OHM COMIKAIOTCS, TPEOIOIIeBas
AIIEKTPUUYECKOE U MarHuTHoe oTTajkuBaHus. Korna paGora 3/eKTpHUECKUX M MAarHUTHBIX CHII
B3aUMOJICCTBUSL MEXJy MPOTOHAMH JOCTUTHET BEJIWYWHBI, Onm3kor 290M»B, mnpoToHbI
pacmanyTrcss Ha HEWTPOHBI M AHTHUIJIEKTPOHBL. OJTO MPOU30MAET, KOTJa PAacCTOSHUE MEXKIY
MPOTOHAMH cTaHeT Gmm3kuM 3,96:10 m.

B pesynbprare sTOro pacmanaa, sHeprusi E COMMKEHUS MPOTOHOB Pa3/EeiMTCA Ha DHEPTUI0
cONMMXEeHHs] HEUTPOHOB Ep U SHEPTUIO CONMMYKEHUS! aHTUIIEKTPOHOB F,.. Ilpu pacnazge mporona,
€ro AaHTHUIJIEKTPOH «BBICTPEIMBAETCS» C HSHepruei, Ommskoir 145M»sB, B cTopowny,
MPOTUBOIMOJIOKHYIO JIBUYKEHUIO IPOTOHA U ero HeWTpoHa. [losTomy, mocie pacnajga NpoTOHOB,
SHEPrus COMMKEHUS HEMTPOHOB YBEIMUUTCS 10 BenUuuHbl E,+290MbB, a sHeprus cOmmkeHus
AHTHRJIEKTPOHOB YMEHBIIUTCS 10 E,e—290M»3B.

0

ITocne pacnmaga mpOTOHOB, Tak Kak 3,96:10 Pm<10""y, HEUTPOHBI OYyAyT COMMIKATHCS C
Y4EeTOM HYKIOHHBIX B3ammopeiicteuit. Ha paccrosmsix (3,528:107"°, 3,96:10 °)m onn Gymyr
WCTBITBIBATh HYKIIOHHOE TIPUTSKEHWE, 4 TMPU PACCTOSHUSX, MEHBIINX, YEM 3,528'107]5M, -
HYKJIOHHOE  OTTajnkuBaHue. COJIM3MBIIMCH /0 KPUTUYECKOTO PACCTOSHUS, HEUTPOHBI
«pacchImaroTcs» Ha HEUTpoHOMo100HbIe AneMeHThI ddupa. [lerexkropsl BAK 3aduxcupoBats 310
«pacchllanue) He CIIOCOOHBI.



AHTHAJICKTPOHBI, TIOCJE «BBICTPEIUBAHMS» W3 MPOTOHOB, TPOJIODKAIOT CONMKEHHUE,
3aTpayuBasl CBOIO SHEPrUI0 Ha IMPEOJOJECHUE IIEKTPUUYECKOr0 M MArHUTHOIO OTTAJKHWBaHUM.
CONM3HUBIINCH IO KPUTUYECKOTO PACCTOSIHHSI, OHU «PACCHINAIOTCS» Ha JIBa OBAJbHBIE OOJaKa
JIEKTPUUECKU 3apsDKEHHBIX  aHTHRJIEKTPOHONOAOOHBIX 3yeMeHTOB s¢upa. OnpHaxiel, B
WNutepHere ObUIO MOKa3aHO, KaK Ha JKpaHe B OOJBIIOM 3ajie, HANOJIHEHHOM JIOOOIBITHON
MyOJIMKOM, BBITJISIIAT 3TH 00JIaKa.

°

OTO MakCUMyM U3 TOrO, YTO MO>XHO HAOJIIOJaTh MPH CTOJKHOBEHHUU BBICOKOIHEPIMUYHBIX
npoToHoB. OnHaKo, GU3UKU 3TOro HE MOHUMAIOT. OHU MPUAYMBIBAIOT CKa304YHbIE, (haJIbIINBBIE
CYLIHOCTH BMECTO OOBEKTMBHOI'O aJ€KBAaTHOIrO aHanu3a. OHM TOMUYTCS HA MECTEe, UMUTHUPYs
Hay4yHbIE JOCTUKECHMUSL.

Bce atu okonoHayuHble 0e300pa3usi OOBACHSIOTCA HEKBAIM(UIMPOBAHHBIM IOJIXOIOM K
pazBuBaeMoM Teopuu. Haganock BCE 3TO ¢ HErpaMOTHOrO, IHPEAB3SATOrO JAE€3aBYMPOBAHUS
pe3yJbTaTOB BEJIUKOJENHOro 3KkcrnepuMenta duzo, nokaszasuero emeé B 1851r cymecrBoBanue
sapupa. Cmyctss Bpems, oTa (anpcudukanus BbI3Baja MOYTH JIABUHHOE TIOSBICHHE HOBBIX

Hay4yHBIX (pambcuuKauid. DTOT HEraTUBHBIN MPOIECC Pa3BUBAETCS KAaK B aHTJIMICKON JIE€TCKOM
IIECEHKE:!

For want a nail,

The shoe was lost.
For want of a shoe,
The horse was lost.
For want a horse,
The rider was lost.
For want of a rider,
The battle was lost.
For want of a battle,
The kingdom was lost.
And ail for the want
Of a horse shoe nalil.

Orta neceHka Obla nepesefieHa Ha pycckuil Camyninom Mapmakom [9]:

He 05110 rBO3 1 -
ITonkxoBa
IIpomnaia.

He Ob110 MOAKOBBI —
Jlomane

3axpomaia.

Jlomanp 3axpomaina —

Komanup
yowur.

Konnwnma pazoura -

Apmus 6eXKUT.

Bpar BcTynaer B ropox
IIneHHBIX He mAAA.
OTtTOro, 4TO B Ky3HHUIIE

He ObL10 rBO3/4.



