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VIII. EXPERIMENT. THEORY

Leonov N.N.

Abstract
On a number of physical problems, a comparison is made of the effectiveness of the methods of cognition of
quantum theory and the "classical" methods of Newton. The well-known statements of physicists about their
"excellent knowledge" of "classical" methods turned out to be untrue. The theory of nonlinear oscillations,
operating with Newton's "classical" methods, has shown how to solve physical problems that do not lend themselves
to the methods of "new physics" - quantum theory and the theory of relativity.

P.LKapitsa, the future Nobel laureate in the field of superfluidity of liquid helium, returning
from his scientific training in Britain to Soviet Russia, took with him, borrowed from the
physicist Davy and shared by British scientists, the conviction that “One good experiment is
worth more ingenuity Newtonian mind [1].

How much accumulated black envy has poured out in this short phrase!

Let's see if the British physicists are right, and Kapitsa, who joined them, arguing that
experiment is more important than theory. Let's try, using simple terminology, to understand
what an experiment is, what a theory is, what is hidden behind these seemingly familiar terms,
can they, at least partially, replace each other, and can they be compared.

VIIIL.1. Why do we need
experiments and theory

To live surrounded by others, in peace and harmony, you need to know the language of
communication. To survive in this world, humanity must master the language of Nature.

Nature has its own language. The Material World consists of a huge variety of different
objects, the internal structure of which and the coexistence of which are determined by four
types of interactions - gravitational, electrical, magnetic and neutron. These objects and
interactions are the elements of the language of Nature.

Neglect of at least one of the elements of the language of Nature can lead to very unpleasant
consequences. Physics experiences many failures, asking experimental questions to Nature and
not getting answers to them. Because of this, in physics there was an impression that Nature,
like a spoiled capricious woman, often refuses to answer experimental questions, and that it is
useless to ask these questions [2 - p.140, 3 - p.12].

But Nature is not capricious and not malicious - she always fully and kindly answers our
questions, because people are her children, and if she does not answer, then this is because of
that. she does not understand these questions because we do not know how to formulate our
questions in her language. If we do not understand her answers, then this, again, is not her fault.
We do not always understand her due to insufficient knowledge of her language. The well-
known American science fiction writer R.Sheckley demonstrated this in an excellent artistic
form in his work [4]. So, if we address questions to Nature, then this should be done in its
language, and not in the language that our physics is trying to impose on it due to lack of
knowledge.

So why are experiments and theory needed in our cognition of the structure of the material
World around us?

First of all, let us recall that experiment and theory are different sections of any scientific
discipline. The area of application of experiments is above all. real objects. The theory deals,
as a rule, with artificial or substantial ones, more often. with mathematical analogues - models
of real objects.



Experiments are needed to expand our knowledge of the structure and functioning of Nature.
By asking Nature understandable questions, we get correct objective answers in its language in
the form of separate facts. But we want to see a portrait of Nature not in the form of separate,
unconnected small strokes - facts, but a whole picture, by which one can judge not only the
external form, but also the behavioral abilities of the depicted object hidden behind the external
form.

According to the frank admission of the famous R.Feynman [2], the state of the quantum
portrait of Nature does not provide such an opportunity.

Such a refinement of the portrait of Nature is only possible by theory - a section of a
scientific discipline capable of effectively searching for real connections between various facts,
and capable of finding the color shades necessary to truthfully complement the quantum portrait
of Nature.

Physics could not do this due to the fact that it was not able to master the "alphabet" of the
Natural language.

Physics could not do this due to the fact that it was not able to master the "alphabet" of the
Natural language.

Telling a wide audience in a popular lecture about the amazing properties of Nature,
Feynman said [2]: “I'm going to tell you how Nature behaves. And if you just agree that,
perhaps, she behaves in this way, then you will see that this is a charming and delightful person.
If you can, do not torment yourself with the question: “But how can this be?”, Otherwise you
will come to a dead end, from which no one has yet got out. Nobody knows how it can be. "

A very strange and incomprehensible explanation for the refusal of the scientific search for a
way out of the unpleasant impasse! When people began to lead an active life, they also knew
nothing about Nature, in essence, except for their primitive sensations. If they had behaved as
passively and indifferently as quantum physicists, then at present there would be no "classical"
or quantum theory.

TNK - the theory of nonlinear oscillations, armed with “classical - Newtonian methods,
managed to get out of this situation. She discovered that physics drove itself into a dead end,
which Feynman considered hopeless, voluntarily and directed, abandoning such elements of the
language of Nature as ether, with its resistance to the movement of material objects, such as
magnetic interactions between objects of the microcosm, and as electron-like micro-objects with
"negative" masses. Having supplemented its “phrasebook’ with these elements of the language
of Nature, TNC learned to exchange questions and clear answers with Nature.

Now it's time to get down to the specific details.

VIIL.2. Kapitsa,
superfluidity of liquid helium,
quantum and "classical" theories

Kapitsa was a very resourceful experimenter, but an unsuccessful theoretician. Having
discovered in experiments the phenomenon of superfluidity of liquid helium, with its seemingly
contradictory and very unusual properties, he was unable to discover either the substantial reason
for the existence of the phenomenon itself, nor the substantial reasons for the existence of its
extremely unusual properties.

Other quantum physicists also failed to do this, but they were able to understand that the
normal is not a superfluid form of liquid helium and its superfluid component has different, very
different properties. L.Landau was able to show that the normal and superfluid components have
different densities.

But the properties of each material object depend, first of all, on its composition. In addition,
the properties of an object can be greatly influenced by its internal structure. For example, it is
well known that graphite and diamond, having a carbon composition, have incomparable
hardness, and the reason for this is their internal structure.



Based on the fact that the normal and superfluid components have different properties, TNK
assumed that the helium atoms in these components are somewhat different from each other.

Despite the enormous authority of the quantum theory, which claims that the helium atoms
in these components are the same, TNK decided to check it out. However, information about the
structures of atoms in quantum theory, from the point of view of TNK, turned out to be too little
informative for this. Therefore, the issues of atomic structures of TNKs had to be dealt with
from scratch.

VIIL.3. TNK and the structure of the atom

Thanks to the idea of atomism. physicists managed to find out that an atom consists of a
compact nucleus, which is a system of nucleons - protons and neutrons, and an "electron cloud"
located around the nucleus. On this, their cognitive potential is exhausted. They failed to
understand, with detailed clarity, how the nucleus and the "electron cloud" are arranged

Quantum model images of atoms look like they are in a thick, vibrating fog. What model
images of the normal and superfluid components of liquid helium can be considered here
seriously?

t is well known. that protons have electric, intrinsic magnetic and nucleon fields, and
electrons - electric and intrinsic magnetic fields. All these fields, without exception, participate
in the arrangement of nucleons in the nucleus and electrons in the "electron cloud". But it
seemed to physicists that, despite the presence of real magnetic fields in micro-objects and
magnetic interactions between micro-objects, the magnetic interactions between micro-objects
should not be taken into account in theory due to the fact that this function is supposedly
performed by electric fields - both for themselves and for magnetic fields at the same time.
What an amazing theory! The only pity is that physicists could not seriously explain why the
magnetic interactions of neutrons, devoid of electric charges, fell under the same "quantum
cleansing". Instead of such an explanation, physicists just muttered in an undertone,
embarrassed, that somewhere inside the neutrons, electric currents must be raging. But these
currents have not yet shown themselves. Wherein. in physics it is well known, it is written in
black and white in any textbook, that electric charges, if any, on any object are located on the
outer shell of the object.

TNK found out, as a result of a thorough investigation, that physicists were unable to carry
out such a trivial operation as the construction of an adequate mathematical model of the
simplest protium atom, consisting only of one proton as a nucleus, and one electron, due to
neglect of not only magnetic interactions, but and due to neglect of such material objects as
ether.

Taking these factors into account allowed TNK to easily construct an adequate mathematical
model of an unexcited protium atom (Fig.1) [5].
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Fig.1. Diagram of the protium atom

Magnetic repulsion, in this model, between a proton and an electron, does not allow collapse
- the fall of an electron onto a proton under the influence of electric attraction, since electric
attraction is inversely proportional to the square of the distance, and magnetic repulsion is
inversely proportional to the cube of the distance. Recall that the threat of this collapse, in the
absence of magnetic repulsion, shocked physicists so much in the last century that they
immediately abandoned the use of the "classical" - Newtonian methods. They refused, without
giving themselves the trouble, or maybe because of the inability, to figure it out.



The resistance of the ether, in this model, to the movement of micro-objects, is the reason for
the dissipation of the energy of their movement, which ensures the convergence of the proton-
electron system to the only stable state of equilibrium.

Oddly enough, no matter how primitive in modern discipline, but in quantum theory the
concept of "stability" is generally absent. The absence of this concept in the theory of the
microworld, despite the scientific forecasts of the employees of the Gorky University, prevented
the prevention of the Chernobyl tragedy.

Now let us turn to the 4He atom. According to the results of the experiment on the
scattering of a-particles by nuclear structures [6], the 4He nucleus can be depicted in Figure 2
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Fig.2. *He core diagram

The specificity of this nucleus allows the "electron shell" of the atom, depending on external
conditions, to take three different forms A, B and C (Fig.3). These options have different values
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Fig.3. Variants of the "electron shell" of the *He atom

of the first ionization potential: A(*He,A)=24,586eV  [7], A(‘He,B)=2,788¢V.
A(*He,C)=1,449¢V.

These figures indicate that the "normal" component of liquid *He consists of separate, not
connected with each other, atoms (‘He,A4), and the superfluid one consists of atoms (‘He,C) [8].
Due to the ultra-low potential of the first ionization, atoms (*He,C) appear in liquid helium only
at extremely low temperatures. Due to the presence of a noticeable electric dipole effect in these
atoms, at very low temperatures they are able to combine with each other into extremely long,
macroscopic length [8], “one-dimensional” molecules. The binding energies of atoms in these
molecules are estimated at 0.862eV.

The presence of such ultra-long molecules from atoms (*He,C) explains the reasons for the
existence of the superfluid component of liquid *He with its amazing, seemingly, at first glance,
incompatible properties

Superfluidity situation *He even more interesting because of that the *He nucleus has a
different structure (Fig.4). A big surprise - because of this, in the neutral atom *He the "electron
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Fig.4. Scheme of the *He nucleus

shell" can exist only in the C form. The first ionization potential of this atom was found to be
1.313eV. This explains well why *He goes into a liquid state at lower temperatures than *He.
The binding energy of atoms in a diatomic molecule (*He,C) is estimated at 0.186eV, which is
four times less than in a diatomic molecule (‘He,C). This explains the enormous difficulties
encountered in obtaining a superfluid component in liquid *He,

But the most interesting thing is also the most unexpected - it turns out that the normal
component in liquid *He, as shown by calculations, simply does not exist, i.e. in liquid *He, only
the superfluid component exists alone.

All the results on the properties of liquid helium were obtained with the help of the mastered
and developed TNK "Newtonian ingenuity". This is convincing evidence of the insufficient
qualifications of physicists who have not been able to obtain these results on their own. This is
compelling evidence that quantum physics simply does not have a satisfactory knowledge of
"classical" physics with its effective Newtonian methods.

VIII1.4. The described embarrassment in physics -
random occurrence or
natural consequence
lack of professionalism?

The meaningfulness of the embarrassment in the situation with superfluidity of helium, as in
ancient alchemy, lies in the fact that the possibilities of an informal, substantial understanding of
experimental results by modern theoretical physics are catastrophically lagging behind
experimental successes.

Let's try to find out if this embarrassment with the superfluidity of helium is an accidental
single misunderstanding or one of a whole series? If this is something typical, then what are the
reasons for the typicality of these annoying misunderstandings?

VIILS. Special theory of relativity,
quantum theory
and experiments on accelerators
The special theory of relativity predicted that an increase in the speed of a micro-object
should cause an increase in its mass according to relation (1).

m()=m(0)(1-v’c ). (1)

The very first experiments on accelerators of micro-objects have confirmed this. But then the
incomprehensible and unpleasant experimental surprises began.

VIILS.1. First surprise -
quantitative error of relation (1)

When there were a lot of experiments, it turned out that, in the same ranges of acceleration
rates, the masses of electrons increased by three orders of magnitude, while the masses of
nucleons increased by only 1.5 times! But according to the relation SRT - (1), the relative
increases in their masses should be the same. This means that the relation (1) can be true only



qualitatively, but, in no case, not quantitatively. Consequently, the relations of SRT, from which
equality (1) is derived, are also quantitatively incorrect.

VIIL.5.2. Second surprise -
"Mass defect"

The second surprise was found not in large accelerators, but in instruments called mass
spectrographs and mass spectrometers. These devices are used to measure the masses of micro-
objects - free and composite, using the Lorentz effect, found when an electrically charged micro-
object moves orthogonal to the lines of an external magnetic field,

This surprise lies in the fact that, when measured, the mass of a micro-object consisting of &,
protons, k, neutrons and k. electrons is equal to M<k,m,+ky,mntk.m.. In other words, with such a
measurement, it turned out that the mass of a composite micro-object is less than the sum of the
masses of micro-objects, included in the compound object.

Physicists have not yet understood the true reason for this effect. Remaining true to their
highest professionalism, they decided that the result of these measurements confirms their idea
of the existence of "mass and energy equivalence", according to which the mass difference
Am=kymp+kymy+k.m—M transforms into the binding energy of a composite micro-object.

Taking advantage of this discovery, physicists have calculated the binding energies of the
deuteron, triton, *He nucleus and *He nucleus: E(D)=2,2MeV, E(T)=8,5MeV, ECHe)=7,7MeV,
E(*He)=28,3MeV.

TNK, based on the Rutherford ratio: ry(4)=1,4-4">-10""m, using the identification
procedure, built an adequate expression for the force of nucleon interaction: Fn=pr74—qr75,
p=1581-10""kg'm’-s %, g=5032-10 kg'm®s>. According to this expression, it turned out that
E(D)=0,133MeV, E(T)=0,653MeV, E(*He)=0,393MeV, E(*He)=1,046MeV. These estimates
turned out to be more than an order of magnitude smaller than the quantum estimates.

Let us recall that the magnitude of the difference Am in physics is called "mass defect".

VIILS5.3. Surprise third -
the true nature of the ""mass defect"

TNK learned [9] that understanding the true nature of the "mass defect" became possible
only after the discovery of the compositions and structures of electrons and neutrons (Fig.5).
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Fig.5. Electron and neutron schemes
It turned out that electrons and neutrons consist of ether elements and have tornado-like

structures. The proton, which is a composite, neutron-antielectronic object, also has an etheric
structure (Fig.6).

£

m/w



Fig. 6. Proton diagram
as a neutron-anti-electronic system

Due to these properties, neutrons and electron-like objects can exist only in a sufficiently
dense ethereal medium. And since, with the movement of free neutrons and electrons, the
density of the oncoming ether flow increases with increasing speed, then the masses of these
objects also increase with increasing speed, decreasing with decreasing speed.

This is how it is simply explained, known from SRT, the dependence of the values of the
masses of free electrons and neutrons on the speed of their movement.

However, this takes place only for free electrons and neutrons, since they have vectors of
magnetic moments and etheric jet streams directed opposite to the direction of motion. If the
vectors of their magnetic moments make up a certain angle ¢ with the velocity vector, then,
depending on the value of the angle ¢, the increase in the masses of these objects can vary from
maximum, at ¢=r, to negative, at p=0, even with an increase in speed movement.

This can take place in composite micro-objects, since in them the angle ¢, when moving,
can, for different elementary micro-objects, take values from 0 to z. And since, for free moving
objects, p=nr, then these properties of moving micro-objects just as easily explain the nature of
the "mass defect".

The above facts indicate that the relation (1) from SRT and the original SRT ratios for it are
not correct either qualitatively or quantitatively, due to the neglect of ether in SRT.

VIIIL.5.4. Surprise four
collisions of micro-objects,
overclocked on accelerators
Physicists tried to discover the structures of micro-objects experimentally, accelerating them
to high energies and trying to collide them with each other in counter-currents. Of the numerous
attempts, only collisions of two protons were recorded, which ended in the destruction of one of
them:
p+p—>p+n+e_+,

Since the proton has a "positive" electric charge, physicists believed that, in this collision, a
neutron and a positron appeared instead of a proton. But they were wrong again, confirming
their level of professionalism. In fact, according to TNK, the proton, being a composite,
neutron-antielectronic micro-object, decayed into its constituent neutron and antielectron [10].

The reason for this error of physicists lies in the fact that visual traces of reactions - tracks
are fixed in observation cameras located in uniform external magnetic fields. But, in such
external fields, an anti-electron is fundamentally indistinguishable from a positron, and an anti-
positron is fundamentally indistinguishable from an electron. So, as long as such observation
cameras exist, physicists have been unable to distinguish experimentally an anti-electron from a
positron, and an anti-positron from an electron. Hello physicists!

Nothing is known that decays have been recorded in other collisions of micro-objects. These
other collisions were "rebound", they were "elastic", leading only to changes in the directions
and energies of motion of the same micro-objects. Among the "ricocheted micro-objects were
very short-lived, quickly stopping and transforming into initial electrons or protons.

Why did they stop? After all, collision experiments were carried out in cavities with
extremely evacuated gases and free micro-objects. It seems that the movement of micro-objects
that have experienced a collision should not have encountered braking resistance.

However, physicists have excluded the ether from the quantum paradigm, with its resistance
to the movement of micro-objects. But they forgot that to exclude it from the cavities in which



experiments with micro-objects are carried out, i.e. it is basically impossible to pump out. This
means that it is possible to exclude the resistance of the ether to the movement of micro-objects
only in quantum dreams. The more micro-objects are accelerated, the stronger is the resistance
of the ether, the more energy is required to further increase the speed of movement of micro-
objects

Physicists explained the need for a constant increase in accelerating energy by increasing the
masses of accelerated micro-objects. But, the reason for the need for a constant increase in
accelerating efforts was not only an increase in the masses of accelerated micro-objects, but also
an increase in the resistance of the ether. And since the ether prevents the acceleration of
motion, its resistance contributes to the dissipation of the energy of motion.

When interpreting the results of "elastic" collisions of micro-objects, physicists were divided.
Some believed that short-lived micro-objects are the original moving micro-objects. Another
was more exotic - nothing said about this, except for quantum hypotheses, but they considered
that these micro-objects are not original, but re-emerged during elastic collisions, quantized
carriers of different interactions and other quantized objects. which they called mesons, peonies,
..., giving birth to a new "physical" discipline. At the same time, they did not pay attention to the
experimental proof of the absence of indivisible quanta of energy in Nature [6], despite the
proclaimed principle: "A good experiment is above all." Or maybe they just could not find a
decent way out of this situation?

VIILS.5. Surprise the fifth -
decay of an electron into ether elements

This surprise is connected, again, with an experiment in which of two colliding protons, one
decayed into a neutron and an anti-electron. Why only one of the two, and how did it happen?

Let me remind you that the proton is a composite, neutron-antielectronic micro-object
(Fig.2), in which the antielectron and neutron are linked only by magnetic interaction.

Nucleon attraction, electrical repulsion and, at the last stage of approach, magnetic repulsion
act between protons. Since p,=3" 10_4,ue, the magnetic repulsion between the anti-electrons tries
to push the anti-electrons out of the protons. Under the influence of this magnetic repulsion, the
distance between the centers of mass of the electron and the neutron in each proton, as the
protons approach each other, monotonically increases. If the neutrons and anti-electrons were
exactly the same, then, when the distance between the protons was reduced to 3,96- 10 ®m [11],
both anti-electrons would be pushed out of their protons.

But observation cameras record the decay of only one of the protons. Why? Since neutrons
and anti-electrons have aetheric tornado-like structures, the values of their masses and magnetic
moments, something elusive for us, differ from each other. Because of this, the distance between
the centers of mass of the neutron and the anti-electron of one of the protons reaches a critical
value at which the anti-electron is expelled from its proton, a little earlier than in the other
proton. This ejection of the anti-electron occurs very abruptly, like a shot. Therefore, the
distance between the centers of mass of the antielectron and the neutron in another proton
manages, by this moment, to reach its critical value, and this proton remains non-decayed.

The decay of one of the approaching protons was recorded at the approaching energy of
290MeV. It would seem, on the basis of what has just been said, at a slightly higher than 290
MeV, the energy of the convergence of protons, one would expect an almost simultaneous decay
of both protons into neutrons and anti-electrons. But, judging by the available information, this
was not observed. I would like to understand why?

If both protons decay at an approach energy greater than 290MeV, then on paper it would
look like this: p+p—n+n+e.+e.". But neutrons do not leave tracks in the observation chambers.



Anti-electrons with electric charges, if they existed, should have left their tracks, but this did not
happen.

In cases where there is no obvious visual hint of a true solution, modern physics often, like
ancient alchemy, falls into mysticism - indivisible quanta of energy, equivalence of masses and
energies, "neutrinos", quarks, muons, pions, bosons .... In such cases, TNK is looking for an
objective solution, making its way through possible options.

Antielectrons, in the situation under consideration, could not leave traces-tracks only in one
and only case - in the case of their decay into a multitude of anti-electron-like ether elements. At
the approach energy exceeding 290 MeV, anti-electrons become free. freeing themselves from
the yoke of the neutrons constraining them. at distances less than 3,96- 10 ®m. In this case, the
magnitude of the vector of their magnetic moment increases, almost instantly, by almost an order
of magnitude - from 8.372 s to u.. Under the influence of these rather powerful magneto-
etheric jet streams, anti-electrons are ether whirlwinds and disintegrate into diffuse cloudy
etheric structures. Note that the remaining neutrons can also face the same fate.

If there is a lack of experimental evidence, then at the beginning of the operation of the
LHC, the results of collisions of two protons, recorded by observing devices, were once shown
on the Internet. Several cloud structures were spreading across the screen, which could have
been generated by these decays.

After a while, these observing devices at the LHC were rebuilt so as not to confuse the
perplexed theoretical physicists who could not understand what was happening.
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VIII. DKCIHEPUMEHT.TEOPUA

Jleonos H.H.

Ha psine ¢pusnueckux npoOiemM NpoBeaeHO cpaBHEHUE 3(P()EKTUBHOCTH METOJIOB ITO3HAHUSI KBAHTOBOW TEOPUU
n «KJIACCHYCCKUX)» METOI0B Hrrorona. M3BecTHbIE YTBEPKACHUA ¢)H3HKOB 06 X «MIPCKpaCcHOM 3HAHUN»
CKJTACCHUYCCKUX» METOJOB, OKa3aJlIuChb HE COOTBETCTBYIOIIUMU HeﬁCTBHTCHBHOCTH. Teopm HEJTMHEHHBIX
KOJIE6aHHfI, onepupyromas «KJIaCCU4YCeCKUMN» METOJaMU HL}OTOHa, TOKa3ajia, KaKk MOXXHO pelIaTb CbI/ISI/I‘ICCKI/Ie
HpO6J’ICMI>I, HE IOJJar0IueCsa METOJaM «HOBOM (1)1/131/11(1/1)) - KBAHTOBOM TCOPHUU U TCOPUU OTHOCUTCIIBHOCTHU.

°

[1.JI.Kanuma, oyaymuii HoOGenesckuii jgaypear B 00JaCTH CBEPXTEKYUYECTH KHJIKOTO TEIus,
BEPHYBIIIUCH U3 HAYYHOU CTakupoBkH B bpuranuu, B CoBeTckyro Poccuto, 3axBaTil ¢ cOOOM,
3aMMCTBOBaHHOe Yy ¢u3uka J[PBM U pazgensemoe OpUTAaHCKUMHU pPaOOTHUKAMHU HayKH,
yoexaenue, 4to «OJHH XOpOIIUH OKCHEPUMEHT CTOUT OOJbIIe H300pEeTaTeIILHOCTH
HerororoBckoro ymax [1].

CKOJIbKO K€ HAKOTIMBILICHCS YePHON 3aBHCTH BBUTUIIOCH B 3TOH KOpOTKOM (hpasze!

ITocMmoTpuM, mpaBbel U OpUTaHCKHE (QU3WKH, U TPUMKHYBIMUH K HUM Karmiia, yTrBepxkias,
YTO HKCIEPUMEHT BaxkHee Teopuu. [lompoOyem, ¢ MOMOIIBI0 MPOCTON TEPMUHOJIOTHH, TTOHSTH,
YTO TAKOE IKCIIEPUMEHT, UTO TaKOE TEOPHSl, YTO CKPBIBACTCS 32 3TUMH, BPOie Obl, TPUBBIYHBIMH
TePMHUHAMH MOTYT JIH OHH, XOTS OBl YaCTMYHO, 3aMEHUThH JPYr Jpyra, U MOXKHO JH HX
CpaBHUBATb.

VIII.1. 3a4yemM HYXKHBI
IKCIIEPUMEHTHI H TEOPHs
UroObl )KUTh B OKPYXCHHU IPYTUX, B MUPE M COTJIACHH, HY)KHO 3HATH S3BIK OOIICHHUS.
UToOBI BBIKUTH B 3TOM MHPE, YEI0BEYECTBO JOKHO OCBOUTH SI3bIK [Ipupoab.
VYV Tlpupoasl ectb cBOW A3bIK. MaTepuanbHbIi MHUpP COCTOMT M3 OTPOMHOIO MHOXECTBA
pa3IMyYHBIX OOBEKTOB, BHYTPEHHEE YCTPOMCTBO KOTOPBIX M COCYIIECTBOBAHME KOTOPBIX

OINPENeNIAIOTCS YeTHIPbMS BUAAMHU B3aUMOIEWCTBUI — T'pPaBUTAL[MOHHBIM, 3JIEKTPHUYECKHUM,
MarHUTHBIM U HEUTPOHHBIM. DTU OOBEKTHI U B3aUMOJCHCTBUS U SBISIOTCS JIEMEHTAMU sI3bIKa
[Ipupospr.

[IpeneOpekeHne XOTsi ObI OJHUM M3 JIEMEHTOB si3bIKa [IpUpOIBI MOKET MPUBECTH K BEChbMa
HETIPUSATHBIM TocnecTBUAM. DHU3nKa UCTIBITHIBAET MHOTO HEY a4, 3a7aBasi SKCIIEPUMEHTATHHBIC
Bonpockl [Ipupojie W He mojiydass Ha HUX OTBETHl. M3-3a 3TOro, B (DM3HKE CIIOKHIOCH
BreuatieHue, 9ro llpwpoma, ciIoBHO w30aJloOBaHHAs Kamnpw3Has OKEHIIMHA, HEPEIKO
OTKa3bIBACTCSl OTBEUATh HA HKCIEPUMEHTAJIbHBIC BOMPOCHI, M YTO ATHU BOIPOCHI 3aJ1aBaTh
Oecmone3no [2— ¢.140, 3 - ¢.12].

Ho Ilpupona He kampu3Ha M HE 3JI0HAMEPEHHAa — OHa BCEr/a JOCTATOYHO IIOJHO H
JIoOpoKeTaTeNnbHO OTBEUAET Ha HAIlld BOIPOCHI, BEb JIOAHN — €€ JIETH, a €CIIM U HE OTBEYAEeT, TO
9TO TPOUCXOJIUT M3-32 TOTO. OHA ATH BOMPOCHI HE TMOHHMMAET TOTOMY, YTO MBI HE yMeEeM
(bopMynupoBaTh HalKM BONPOCHl HA € s3bike. Ecin jke MBI HEe MOHMMaeM €€ OTBETHI, TO 3TO,
OIISITh 7K€, He €€ BUHA. MBI €€ He Bcera IIOHMMaeM M3-3a HEeJIOCTATOYHOI'0 3HaHUs €€ si3bIKa. JTO
B TpEKpacHOW XYJOXKECTBEHHOW (opme MpoJeMOHCTPUPOBAT B CBOEM TMPOU3BEICHUHN
n3BecTHBIN amepukaHckuil anTact P.1llekmu [4]. Wrtak, ecau Mbl oOpariaemMcsi ¢ BOIIPOCaMH K
[Ipupone, TO 3TO HYKHO A€NaTh HA €€ S3bIKE, @ HE HA TOM, KOTOPBI, U3-32 HEJOCTATKA 3HAHUM,
MBITACTCS HABSA3aTh ¢il Halla u3uKa.



Tak 3adeM e HYXHBI DKCIHEPUMEHTHI W TEOPHS B HAaIlleM T[IO3HAHWU YCTPOWCTBA
OKpYXarolllero Hac MaTepuajibHoro Mupa?

[Ipexne Bcero, HAMOMHUM, YTO SKCIIEPUMEHT U TEOPHsI — Pa3Hble pa3/elibl 1000 HayuyHOU
qucuuruiiHbel. O0JacTh NMPUIOKEHHUS SKCIEPUMEHTOB — MPEXKJE BCEro. pealibHble OOBEKTHI.
Teopust umeer 1eno, Kak MpaBUIIo, ¢ HCKYCCTBEHHBIMH CYOCTaHIIMOHATIBHBIMU WIIH, YaIlle BCETO.
C MaTeMaTUYECKUMH aHAIOTaMH — MOAETISIMH PEaJbHBIX 0OHEKTOB.

OKCIIEpUMEHTBl ~ HY)KHBI ~ JUIS  paclIMpeHHs HalluX 3HaHUH 00 YCTpOWCTBE W
¢ynkumonnpoBannu [lpuponsl. 3amaBas [Ipupoge MOHATHBIE €l BOMPOCH, MBI TIONyYaeM
BEpHBIC OOBEKTHBHBIC OTBETHI Ha €€ S3bIKE B BUAE OTICIBHBIX (akToB. HO MBI XOTUM BUIETH
noptper Ilpuponbl He B BUAE OTHEIBHBIX, HE CBSA3aHHBIX MEXKIY COOOH MEIKHX Ma3KoB —
(hakToB, a LEIbHYIO KapTHHY, 10 KOTOPOH MOKHO CYJIUTh HE TOJIBKO O BHelIHel (opme, HO U O
CKpPBIBAIOIINXCS 32 BHEIIHEH (POPMOH, MOBEIEHUYECKUX CIOCOOHOCTSIX N300paKEHHOr0 00BEKTA.

ITo oTkpoBeHHOMYy mnpu3HaHuiO0 3HaMeHutoro P.Deiinmana [2], cocTOsHHE KBAHTOBOI'O
noprpeta [Ipupobl Takoil BO3SMOKHOCTH HE NIPEIOCTABIISET.

Takas mopabotka moprpera [Ipupojsl BO3MOXXKHA TOJBKO TEOpUEH — paslielioM Hay4YHOH
JTUCIUATUIAHBI, CIIOCOOHOM BeCTH A((PEKTHBHBIN MOUCK PEATBHBIX CBA3EH MEXIY Pa3IuIHBbIMH
¢dakTamu, W CHOCOOHOW HAXOMUTH I[BETOBBIE OTTEHKH, HEOOXOOMMBIE Ui TPaBIMBOTO
JIOTIOJIHEHUS KBAaHTOBOTO noptpeta [Ipupoast.

.

®dusnka He cMOrIJIa 3TO ClIeNIaTh U3-3a TOr0, YTO HE CyMella OCBOUTH «a30yky» Ilpupoanoro
SI3BIKA.

Paccka3piBass IIMPOKOH ayIUTOPUM B HOMYJISPHOHW JIEKIUH 00 yIUBUTEIbHBIX CBOMCTBAX
[Tpuponsi, ®etinman rosopui [2]: «5 codupatock pacckazath Bawm, xak Beger ceds [Ipupona. U
eciy Bl mpocTo cornacuteckh, YTO, BO3MOXKHO, OHA BeJleT ce0sl MMEHHO TaKUM 00pa3oM, TO BbI
YBHIUTE, YTO 3TO OYapoOBaTelbHAsl U BOCXUTUTENbHas ocoba. Ecin cMmoxere, He Myuaiite ceOs
BorpocoM: «Ho Kak ke Tak MOXkeT ObITb?», 10O B MPOTUBHOM ciydae BrI 3aiinere B Tymuk, u3
KOTOPOTO el HUKTO He BhIOMpaicsa. HUKTO He 3HaeT, Kak jke TaK MOKET OBITh.

OueHb CTpaHHOE U HEMOHATHOE OOBACHEHHE OTKa3a OT HAyYHOTO IOMCKAa BBIXOJAA U3
HenpusitHoro tynuka! Korma mnroam cranu BecTH akTUBHYIO JKU3Hb, OHH TOXE HHYEro O
[Ipupone, 1o cymecTBy, KpoMe CBOMX MPUMHUTHBHBIX OILIYIEHUH, He 3HaMH. Ecau Obl OHU Benn
ce0sl Tak JKe MacCUBHO M PAaBHOAYIIIHO, KaK KBAHTOBBIE (PM3UKH, TO B HACTOSIIEE BpeMs He ObLIO
ObI HU «KJIACCUYECKOI», HU KBAaHTOBOM TEOPHHU.

THK - Teopusi HeIMHEHHBIX KOJIECOAHHI, BOOPYKEHHAS «KJIaCCHUYECKUMU — HbIOTOHOBBIMU
METO/IaMH, U3 3TOW CUTyaluu BeIOpaThes cymena. OHa oOHapy»Kuiia, YTO B TYMHK, CYUTABIINNCS
DeitHMaHOM 0€3BBIXOHBIM, (PHU3UKa 3arHana ceOs JOOPOBOJILHO W HAMPABICHHO, OTKA3aBIINChH
OT TakuxX DJeMEHTOB s3blka [Ipuponsl, kak 3¢up, ¢ €ro CONPOTHBICHHEM IBHKCHUIO
MaTepHAIbHBIX 00BEKTOB, KAK MArHUTHBIC B3aWMOJIEHCTBUS MEXIYy OOBEKTaMH MUKPOMHUDA, U
KaK DIIEKTPOHOMOJO0HBIE MHKPOOOBEKTHl C «OTPUIATEIbHBIMH» MaccaMu. JIOMmOTHUB CBOWA
«pasrOBOPHHUK» 3TUMHU 3neMeHTamu si3bika [lpupomasr, THK Hayumnace oOmeHHMBaThbes ¢
[Ipupomoit BonmpocaMu U MOHSATHBIMUA OTBETAMHU.

A Tenepb nopa nepeiTH K KOHKPETHBIM JIETaJIsIM.

VIIIL.2. Kanuna,
CBEPXTEKYYEeCTh KUJTKOTO resius,
KBAHTOBAsl U «KJIACCHUYECKAsD» TEOPUH

[T.JI.LKanuia ObUT OYeHb HAXOJYUBBIM 3KCIIEPUMEHTATOPOM, HO HEYJAAYHBIM TEOPETHKOM.
OTKpBIB B JKCHEPUMEHTAX SBICHUE CBEPXTEKYYECTH JKUAKOTO TEIHsS, C €r0, KaKYIUMHUCS
MPOTUBOPEYMBLIMA M OYCHb HEOOBIYHBIMH CBOWCTBAMH, OH HE CyMeNl OOHApyXWUTh HH
CyOCTaHIIMOHAJILHYI0 TIPUYHMHY CYIIECTBOBAHHUS CaMOTr0 SBJICHUS, HU CYyOCTaHIMOHAIHHBIC

MIPUYMHBI CYIIECTBOBAHUS €0 YPE3BhIUaiHO HEOOBIYHBIX CBOMCTBR.
He cymenu 310 caenats u japyrue KBaHTOBble (u3uku, Ho OHM cymenu MOHSTH, YTO
HOpMasbHasi - HE CBepXTeKydas ¢opma KHUJKOTO TeIUs W €ro CBEpXTeKydash KOMIIOHEHTa



00712/1a10T pa3HbIMU, CHJIBHO pa3ivyaromuMucs cBoiictBamu. Jl.JlaHmay cymen mokasarb, 4TO
HOpMaJibHasi U CBEPXTEKyUasi KOMIOHEHTHI 00J1a/1al0T Pa3HbIMU TUIOTHOCTSIMHU.

Ho cBoiicTBa Ka)K0ro MaTepUaabHOTO OOBEKTa 3aBHUCST, MPEKJE BCETO, OT €r0 COCTaBa.
Kpome Toro, Ha cBoiicTBa 00BEKTa MOMKET OYEHb CHILHO BJIHSTH €r0 BHYTPEHHSS CTPYKTypa.
Hanpumep, XopoIo HW3BECTHO, YTO rpaduT W ajMas, WMes yIJIEPOJIHBIM cOCTaB, 00IamaroT
HECPABHUMOMW TBEPAOCTHIO, U MPUUMHOM 3TOTO ABJISIETCS UX BHYTPEHHSSL CTPYKTYpa.

Ucxonss m3 TOrO, YTO HOpPMAallbHAas M CBEPXTEKydas KOMIIOHEHTHI OOJaJar0T pPa3HBIMU
cpoiictBamu, THK mpeamnonoxuia, 4To aTOMbI Feaus B ’TUX KOMIIOHEHTAX YEM-TO OTINYAIOTCS
ApYT OT Apyra.

HecmoTpst Ha OrpOMHBIM aBTOPUTET KBAHTOBOW TEOPUHU, YTBEPKIAIOIICH, YTO aTOMbI I'EIUs B
ATUX KOMITOHEHTaX oxHu u Te ke, THK pemnmura 3to npoeputh. OpHAKO, CBEACHUS O
CTPYKTypax aTOMOB B KBaHTOBOI TeopuH, ¢ Touku 3peHust THK, okazanuce i1 3TOro CIUIIKOM
ManouHpopMmaTtuBHbIMH. [l03TOMY, Bonpocamu aroMHbIX cTpykTyp THK mpumiocs 3ausThcs «c
YHCTOTO JINCTA.

VIIL.3. THK u crpykTypa atoma

bnaronmaps maee atomMusMa. (pU3MKH CyMeNnH y3HaTh, YTO aTOM COCTOUT M3 KOMITAKTHOTO
S7pa, SBISIFOIIETOCS CHCTEMON HYKJIOHOB — IIPOTOHOB U HEHTPOHOB, U «IJIEKTPOHHOTO O0JIaKay,
pacIooKEHHOTO BOKPYT simpa. Ha 3TOM, MX TO3HaBaTeNbHBIA MOTEHIMAN BhIgoxcs. OHU He
CYMEJIH TIOHSITh, C IETATbHON YETKOCTBIO, KAK YCTPOCHBI SIIPO U «QIIEKTPOHHOE 00JIaK0»

KBaHTOBBIC MOZIETTbHBIE 00pa3bl aTOMOB BBITJISIAT KaK B TyCTOM KoseOuomiemcst Tymane. O
KaKMX MOJENbHBIX 00pa3aX HOPMAJbHOW M CBEPXTEKydel KOMIIOHEHT JKHJKOIO IeiMs 371ech
MOYKHO TOBOPHUTD BCEPbE3?

XO0po1I0 U3BECTHO. YTO MPOTOHBI 00IaJAI0T 3JIEKTPUUECKUMH, COOCTBEHHBIMU MarHUTHBIMHU
U HYKJIOHHBIMH TIOJISIMH, @ JJIEKTPOHBI - DJEKTPUYECKHUMH U COOCTBEHHBIMH MAarHUTHBIMU
nonsivMu. Bee 3Tm monst, 0e3 HMCKIIOYeHHus, YyJ4acTBYIOT B PACCTAHOBKE HYKJIOHOB B sIpe M
AIIEKTPOHOB B «3JIEKTPOHHOM obOsake». Ho ¢m3mkaMm mokazanoch, 4To, HECMOTpPS Ha HaJM4Yue
peaTbHBIX MarHUTHBIX TOJEeH y MHUKPOOOBEKTOB W MArHUTHBIX B3aUMOJCHCTBHHA MEXIY
MHUKPOOOBEKTaMHU, MAaTHUTHBIE B3aUMOJICHCTBUS MEXKITY MUKPOOOBEKTAMHU YUHTHIBATH B TEOPHU
HE CIIEAYeT M3-3a TOrO, YTO OyaTO OBl ATY ()YHKIMIO BBITIONHSIOT AJIEKTPUYECKHUE MO — H 32
ceOs1, M 32 MarHUTHBIC MMOJIs oHOBpeMeHHo. Kakas ynuButenbHast Teopusi! XKaib TOIbKO, 4TO
(GU3UKKM HE CMOMIM BCEpPhe3 OOBSACHHUTH, MOYEMY MArHUTHBIC B3aMMOJICHCTBUS HEUTPOHOB,
JUIIEHHBIX 3JIEKTPUUYECKUX 3apsaoB, MOANAIM MO 3Ty XKe «KBAHTOBYIO YHCTKY». Bmecto
TaKOro 0OBsACHEHUS, PU3UKHU TOJIBKO BIOJIT0JI0CA CMYILEHHO IPOOOPMOTAIIH, YTO I/1€-TO BHYTPH
HEUTPOHOB JTOJKHBI OylIeBaTh 3JeKTpHuueckue Toku. Ho 3TH TOkM Tak 10 cux mop ceOs u He
nposiBwid. [Ipu 3TOM. B (U3UKE XOPOIIO M3BECTHO, YEPHBIM IO OEOMYy HANHMCaHO B JIFOOOM
y4eOHUKe, YTO JICKTPUUECKUE 3apsijibl, €CIIM OHU €CTh, HAa JIOOOM OOBEKTE PaCIIOJIararoTcs Ha
Hapy>KHOU 000JI0YKe 0OBEKTA.

.

THK BbsicHMIa, B pe3ysbTaTe TINATEIBHOTO pacClieoBaHMs, YTO (DU3HKH HE CyMEJH
OCYILIECTBUTh TaKyH TPUBHAIBHYIO OIEpAIMIo, KaK MOCTPOSHHE aJeKBATHON MaTeMaTH4ecKOn
MOJIENIU IPOCTEHIEro aTomMa MpoTHsl, COCTOSALIETO TOJIbKO U3 OAHOTO MPOTOHA, B KAUeCTBE A/pa,
U OIHOTO 3JIEKTPOHA, U3-3a NPEHEOPEKEHHs HE TOJIbKO MarHUTHBIMU B3aMMOJEHCTBUSMU, HO U
M3-3a MPeHEOPEIKEHUSI TAKUM MaTePHAITbHBIMH O0BEKTaMH, KakK dup.

VYyer atux (akropos, nozpoawn THK 6e3 Tpyna mocTpouTh aJieKBaTHYI0 MaTeMaTHYECKYIO
MOJIeNTb HEeBO30YkKIeHHOTO aroma npotus (puc.1) [5].
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Puc.1. Cxema aroma npotus



MarHuTHOE OTTAJIKWUBaHHE, B ATOM MOJIEIN, MEXK/y IIPOTOHOM U DJIEKTPOHOM, HE TIO3BOJISIET
MPOU30UTH KOJUIANICY — TMAaJEHUI0 IEKTPOHAa Ha MPOTOH IOJA BIUSHHUEM 3IIEKTPUYECKOTIO
NPUTSOKEHUS,, TaK Kak dJIEKTPUYECKOE MNPUTSIKEHHE OOpaTHO MPONOPLUOHAIBHO KBaJApary
paccTosiHus, a MAarHUTHOE OTTaJKUBaHWE OOPAaTHO MPOMOPIHMOHATIBLHO KyOy pacCTOSHHUS.
HamomuuM, 4To yrpos3a 3TOro KoJjiamnca, NMpH OTCYTCTBUM MAarHUTHOTO OTTAJKUBaHMSA, TaK
CHJIFHO WIOKMpOBaJa (PU3MKOB B TPONUIOM BEKE, YTO OHHU cpa3y K€ OTKa3aluch OT
MCTIOJIB30BaHMs «KJIacCHIeckux» - HploTOHOBBIX MeToq0B. OTKa3zaimch, HE JaB cebe Tpyaa, a
MOJXET OBITh M3-32 HECIIOCOOHOCTH, B 3TOM pa3o0paThCsl.

Comnporusienue 3¢gupa, B 3TOW MOJEIH, IBIKEHHIO MHKPOOOBEKTOB, CIY)KUT MPUIHHON
JICCUTIAIIMA JHEPTHMH WX JBIDKEHHs, O00ECHeunBaroniell CXOAMMOCTh IPOTOH-3JIEKTPOHHOMN
CUCTEMBI K €IMHCTBEHHOMY YCTOHYHUBOMY COCTOSTHUIO PaBHOBECHSI.

Kak 3T0 HU CTpaHHO, KaK HM MPUMHUTHUBHO B COBPEMEHHOW IUCIMIUIMHE, HO B KBaHTOBOM
TEOPHUH MOHATHE «YyCTOWYMBOCTH» BOOOIIE OTCYTCTBYeT. OTCYTCTBUE 3TOrO MOHSTUS B TEOPUU
MHUKPOMHpA, HECMOTpPsSI Ha HAy4HbIE NPOTHO3bI COTPYIHHKOB [ 'OpbKOBCKOTO YHHBEpCHTETa,
MOMEIIANI0 TpeI0TBpalieHnio YepHOObUTLCKOM Tpareaum.

.

Tereps obpatumcst k atomy He. COracHO pe3yIbTaTaM SKCIEPHMEHTA [0 PACCESHHIO -

YACTHII Ha SICPHBIX CTPYKTYpax [6], smpo *He MoxeT ObITh H306pakeHo pucyHKoMm 2 [5].

te

Puc.2. Cxema siapa *He

Crierdpuka 3TOro siipa MO3BOJSIET «AJIEKTPOHHON 000I0UKe» aToMa, B 3aBUCUMOCTH OT
BHEIIHUX yCJIOBUH, MPUHUMATE TpH pasHbie Gopmbl A, B u C (puc.3). OTu BapuaHThI

O e , o O e , O o °
A B C

. 4
Puc.3. BapuaHTbl «31€KTpOHHON 000104KM» atoMa ~He

0071a/1al0T pa3HbIMH BEIWYMHAMH IIOTCHIIMATA TEPBOM HOHU3AIUU: A(4He,A)=24,5863B [71,
A(*He,B)=2,7885B. A(*He,C)=1,4495B.

T wE(pPbl TOBOPAT O TOM, YTO «HOPMAIBHAS» KOMIIOHEHTA JKHAKOro ~He COCTOMT H3
OT/IENBHBIX, HE CBSI3AHHBIX MEXTy coboii, aromoB (*He,A), a ceepxtexyuas — u3 aromos (‘He,C)
[8]. M3-3a CBEpPXHM3KOIrO NOTEHIMANA MepBOH HoHm3amun, arombl (‘He,C) TOSBISIOTCS B
JKUJIKOM TeJIMU TOJBKO MPU YPEe3BBIUAHO HU3KMX TeMmIeparypax. biaromaps HalIn4mio y 3THUX
aTOMOB 3aMETHOTO JJIEKTPHYECKOTO JHUIOIBHOTO d¢(deKra, OHH, TNPH OYECHb HHU3KHUX
TeMIeparypax, CIOCOOHBI OOBEAMHATHCS JAPYr C JAPYrOM B YPE3BBIYAWHO JIJTMHHEIC,
MaKpPOCKOIIUYECKOW JUIMHBI [8], «OJHOMEPHBIC» MOJICKYJIbl. DHEPrUU CBS3M aTOMOB B ITHX
MOJIEKyJIax OlleHHBaroTcs BennuuHoi 0,8623B.

Hannume Takux CBEPXAIMHHEIX MoJekyn u3 atomoB (‘He,C) OOBACHAET MPHIMHEL
CYIIIECTBOBAHMSI CBEPXTEKYUEH KOMIIOHEHTHI )KUJIKOTO ~He ¢ €€ yIUBHUTEIbHBIMU, KAKYITUMUCS,
Ha TIEePBBIN B3I, HECOBMECTUMBIMH, CBOMCTBAMHU



3 . 3
Cutyanust co cBepxTeKydecThlo ~He emé Oosee MHTEpecHa H3-3a TOro. 4To sapo ~He
. . 3
YCTPOEHO no-1apyromy (puc.4). bosibuoii croprpus — u3-3a 3T0ro, B HelTpaabHOM atome ~He

Puc.4. Cxema sgpa He

«QJEKTPOHHAsI 000JOYKa» MOXKET CYIIeCTBOBaTh TOoJbko B ¢opme C. IloreHiuman mnepBoi
MOHHU3AIIMK 3TOTO aTtoMa okasaincs paseH [,3133B. DT1o xopomio oO0BsACHSET, mouemy *He
EPEXOIUT B JKMIAKOE COCTOSIHHE NP OOJee HU3KMX Temieparypax, dem ‘He. Bemnmuumna
SHEPTHH CBSI3M aTOMOB B JIBYXaTOMHOH MOJIEKYJIE (3He,C) onieHuBaercs BennuuHon 0,1863B,
YTO BYETBEPO MEHBIIE, YEM B JIBYXaTOMHOW MOJIEKYJIE (4He,C). OTO0 OOBSCHSIET OTPOMHEIE
TPYIXHOCTH, BOHHKAIOIIHE [PH TIONYYEHHN CBEPXTEKYHUei KOMITOHEHTBI B JKIIKOM ~He,

Ho camoe uHTepecHOe SIBISIETCS U CaMbIM HEOXKHIAHHBIM — OKAa3bIBAETCS HOPMaJbHOU
KOMITOHEHTBI B JKHIKOM > He, KaK MOKa3aJi PACUETHI, IPOCTO HE CYIICCTBYET, T.¢. B JKHAKOM ~He
CUPOTIIMBO CYIIECTBYET TOJILKO CBEPXTEKydast KOMIIOHEHTA.

.

Bce pesynbrarhl 0 CBOMCTBAaxX JKMIKOrO TelMs, MOJYYEHbl C IMOMOIIBIO OCBOEGHHOH U
paszBuroii THK «HbHOTOHOBCKOW H300peTaTesIbHOCTH». DTO — YOCIUTEIBHOE CBHJETEIHLCTBO
HEOCTaTOYHON KBanmu(uKauu (PU3UKOB, HE CYMEBIIMX CAMOCTOSITEIBHO 3TH PE3YIIbTaThl
MONYYHTh. JTO — YOETUTEThbHOE JOKA3aTeIbCTBO TOTO, YTO KBAaHTOBas (hM3MKAa MPOCTO
HEYIOBJIETBOPUTEIHHO 3HAET «KIACCHYECKYIO» (U3MKy c e€ >(pdexTuBHbIME HBIOTOHOBBIMU
METOJIaMHU.

VIIL4. Onucanublii KOHPY3 B pusukKe —
cJay4yaiiHoe siBJIeHHe WU
3aKOHOMEpPHOeE CJICACTBHE

HeJ0CTATOYHOr0 mMpodeccnonaaInzma?

ConepkaTenbHOCTh KOH(Y3a B CHUTYyallMM CO CBEPXTEKYYECTBIO TIefusi, Kak M B JPEBHEH
aNXMMUH, 3aKII0YaeTcs B TOM, YTO BO3MOKHOCTH HE(POPMAaJIbHOTO, CYOCTAaHIIMOHAIHLHOTO
MOHUMAaHHUSA COBPEMEHHOH TEOPETUYECKOH (U3MKOH HKCIEPHUMEHTAIBHBIX — PE3YJIbTaTOB
KaTacTpo(UIECKN OTCTAIOT OT IKCIIEPUMEHTAIBLHBIX YCIIEXOB.

[TorpoOyeM BBIACHUTB, STOT KOH(PY3 CO CBEPXTEKYYECTBIO TelUs — CIy4aiiHOE eIUHHIHOE
HE0Opa3yMeHue WM OJHO u3 1enoro paga? Eciu 3TO - HEYTO TUNHUYHOE, TO B YEM COCTOAT
MPUYMHBI THTUYHOCTH dTHX JOCAJAHBIX HEA0OPa3yMeHUN?

VIILS. CnenuajibHasi TeOpusi OTHOCHUTEIbHOCTH,
KBaHTOBAasl TeOpPHs
¥ JKCIIEPUMEHTHI HA YCKOPHUTEJIAX
CrienianbHast TEOpHsi OTHOCUTEIBHOCTH MPEICKa3aia, YTO YBEIUYCHNE CKOPOCTH JABIKCHHS
MHUKPOOOBEKTA JTOJDKHO BBI3BIBATH YBEITMUEHHE €T0 MACCHI COTIACHO COOTHOIIEHUIO (1).

m(v)y=m(0)(1-*¢ ). (1)

HepBHe K€ OKCIICPUMCHTBI Ha YCKOPUTCIIAX MI/IKp006’b€KTOB 9TO MOATBCPAUIIN. Ho 3arem
Ha4YaJIMCh HCIIOHATHBIC U HCIIPHUATHBIC SKCIICPUMCHTAJIbHBIC CHOPITPU3EI.

VIIL5.1. Cropnpu3s nepsBblii -



KOJINYEeCTBEHHASI OIIUO0YHOCTH COOTHOIIeHHs (1)

Korpa skcnepuMeHTOB HaOpanoch AOCTATOYHO MHOTO, OKa3ajloCh, YTO, B OJHUX U TEX K€
JMana3oHax CKOpOCTEH pa3roHa, MacChl AJIEKTPOHOB YBEJIIMYMBAINCH HA TPH MOPsIIKA, TOrJa Kak
Macchl HyKJIOHOB YBEIMYMBAIHUCH Bcero Jjulib B 1,5 paza! Ho cormacHo cootnomenuto CTO —
(1), oTHOCHTENBbHBIE YBETMUYCHHUS X MAcC JOJDKHBI OBITh OJIMHAKOBBIMH. 3HAYUT, COOTHOILICHNE
(1), moxer OBITH BEpHO TOJHKO KAa4ECTBEHHO, HO, HU B KOEM Cllydae, He KOJIMYECTBEHHO.
CrnenoBatellbHO, KOJIMYECTBEHHO HeBepHbl M cooTHoweHuss CTO, U3 KOTOPBIX BBIBEACHO
paBenctso (1).

VIILS.2. Ciopupu3 BTOpoii —
«aedexT Mmace»

Bropoii cropnpu3 Obul oOHapykeH He Ha OOJIBIIMX YCKOpPHUTENSX, a Ha mpubopax,
Ha3bIBa€MbIX Macc-CleKTporpagaMu M Macc-CHEKTPOMETpaMHu. OTH NpHOOpBI ClyXKaT s
U3MEPEHUs] MacC MUKPOOOBEKTOB — CBOOOJHBIX M COCTABHBIX, C MOMOIIbIO HCIOIb30BAHUS
addekra Jlopenna, oOHAPYKEHHOTO TIPU IBUKCHHUH DJICKTPUUECKU 3apsHKEHHOT0 MUKPOOOHEKTA
OpPTOTOHAJILHO JIMHUSAM BHEIIHETO MArHUTHOTO TOJIS,

DTOT CIOPIIPH3 3aKIIFOYAETCS B TOM, TO, TPH U3MEPEHNH, MAaCCa MUKPOOOBEKTA, COCTOSIIETO
u3 k, TPOTOHOB, k, HEATPOHOB MU k. DIEKTPOHOB, OKa3blBaeTCsi paBHA M<kymptk,mytkeme.
WupiMu crioBamMH, TpU TaKOM HM3MEpPEHHH, OKa3aJloCh, YTO Macca COCTABHOI'O MHUKPOOOBEKTa
MEHBIIIE CYMMbI MacC MUKPOOOBEKTOB. BXOJISIINX B COCTABHOM OOBEKT.

WctunHoii nipuumHbl 3TOro 3¢ddekra Gpusuku 10 cux nmop He NoHsUM. OCTaBIIUCH BEPHBI
CBOEMY BbICOUalIIeMy MpO(GECCHOHAIN3MY, OHU PELIMIH, YTO Pe3yJabTaT 3TUX HM3MEpEeHUi
MOATBEPKJIAET UX MPEACTABICHHUS O CYIIECTBOBAHUU «IKBUBAJIEHTHOCTH MAacChl M 3HEPTHM»,
COIJIACHO KOTOPOMY Pa3sHOCTh Macc Am=k,mytkymy+kim.—M nepexoquT B SHEPIUIO CBS3U
COCTaBHOT'O MUKPOOOBEKTA.

Bocmonb30BaBmmCeE 3TUM OTKpBITHEM, (DU3MKHM TOACYMTANNA SHEPTUU CBSI3U JEUTpOHA,
Tputona, sapa °He wu smpa ‘He: E(D)=2,2MbB, E(T)=8,5M»sB, E(He)=7,7M>5B,
E(*He)=28,3M>B.

THK, wucxoas wu3 coortHomeHus Pesepdopra: VH(A)=1,4'A1/3'10_15M, C TOMOIIbIO
UJCHTH(UKAIIMOHHONW TPOIEIyphl, TOCTPOMIA aJ€KBATHOE BBIPAKEHUE IS CHIIBI HYKIIOHHOTO
B3aUMOJICHCTBUSA: Fn=pr4—qr’5, p=1581-107 krem’-c 7, q=5032- 10 kr-m®¢ % Cornacuo 3TOMY
BBIP@XEHHUIO, OKa3aJoCh, HYTO E(D)=0,133M5B, E(T)=0,653M5B, E(*He)=0,393M>B,
E(4He)=1,046M3B. DOTH OIEHKH OKa3allMCh OOJbIIIe, YeM Ha MOPSI0K, MEHBIIMMH KBAHTOBBIX
OLICHOK.

Hanomuum, uro BennunHy pazHocTH Am B U3UKE HA3BIBAIOT «I€PEKT MAcC».

VIIL5.3. Cropnipu3 TpeTuii —
HCTUHHASI IPUPOJA «AeeKTa Macc»
THK y3nana [9], uro nmocTwkeHuEe OHUMAaHUS UCTUHHOM MPUPOABI «aedeKTa Maccy CTallo
BO3MO>KHO TOJIBKO IOCJIE OTKPBITHSI COCTABOB U CTPYKTYP 3JEKTPOHOB M HEUTPOHOB (pHC.5).
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Puc.5. Cxembl anekTpoHa 1 HEUTPOHA



Oka3anoch, 4TO 3JIEKTPOHBI W HEHTPOHBI COCTOST W3 AJIEMEHTOB 3¢dupa u obnajgaror
CMEpUernofoOHBIMA  CTPYKTypamMu.  [IpoTOH,  SBIAIOIIMICS ~ COCTaBHBIM,  HEHTPOH-
AHTHAJIEKTPOHHBIM 00BEKTOM TaKKe 00sagaeT 3(pUpHON CTPYKTYpoH (puc.6).

)

Puc. 6. Cxema npoToHa
KakK HeﬁTpOH-aHTHBHCKTpOHHOﬁ CHUCTCMBbI

bnarogapss 3TMM cBOWCTBaM, HEHTPOHBI ¥  DJIEKTPOHONOJMOOHBIE OOBEKTHI MOTYT
CYIIIECTBOBATh TOJBKO B JIOCTATOYHO IJIOTHOW A(UPHOH cpeme. A Tak Kak, TIpH JBHKCHUU
CBOOOJHBIX HEHTPOHOB M HIIEKTPOHOB, IJIOTHOCTh BCTPEYHOTO IMOTOKa 3(Hpa BO3pacTaer ¢
POCTOM CKOPOCTH, TO M MAaCChI 3TUX OOBEKTOB YBEITMUUBAIOTCS C POCTOM CKOPOCTH, YMEHBIIAACh
C TIaJICHUEM CKOPOCTH.

Bort Tak mpocto o0bsicHsiercs, uzBectHas U3 CTO 3aBUCHUMOCTh BEIMYWUH MAacC CBOOOHBIX
3JIEKTPOHOB U HEUTPOHOB, OT CKOPOCTU UX JIBUKCHHUS.

.

OnnHako, 3T0O UMEET MECTO TOJBKO IS CBOOOIHBIX 3JIEKTPOHOB M HEMTPOHOB, TaK KaK y HUX
BEKTOPbl MArHUTHBIX MOMEHTOB M 3(HUpHbIE PEaKTUBHbIE CTPYH HAIPABJIEHbI IPOTHUBOMOJIOKHO
HarpaBJICHUIO ABMKeHHs. Eciu ke BEKTOPbI MX MarHUTHBIX MOMEHTOB COCTaBIISIIOT C BEKTOPOM
CKOPOCTH JIBUKEHUSI HEKOTOPBIN YToJl @, TO, B 3aBUCUMOCTH OT BEJTMYMHBI YTJIa ¢, IPUPOCT MACC
3TUX OOBEKTOB MOXKET MEHATHCS OT MAKCUMAIIBHOTO, MPH @=7, A0 OTpULATeIbHOTO0, ipu ¢=0,
JIaXKe MPU POCTE CKOPOCTH JIBUKECHHUSL.

DTO MOXET MMETh MECTO B COCTAaBHBIX MHKPOOOBEKTaX, TaK KaKk B HUX Yroil ¢, Ipu
JBYDKEHUH MOJKET, JJISl pa3HBIX 3JIEMEHTAPHBIX MUKPOOOBEKTOB, MPUHUMATH 3HaUYeHUs oT 0 110 7.
A Tak Kak, Juii CBOOOJIHBIX IBMXKYIIMXCS OOBEKTOB, @=m, TO 3TH CBONCTBA JABIKYIIUXCS
MHUKPOOOBEKTOB TaK ke MPOCTO OOBSICHSIOT U IPUPOAY «IedeKTa Maccy.

.

[IpuBenennsie GaxTsl rOBOPAT 0 ToM, uyTO cootHomeHue (1) 3 CTO u ucxomHble I HETO
cootHomenust CTO He BepHBI HU KadeCTBEHHO, HH KOJMYECTBEHHO, M3-32 MPEHEOpEKEeHUs B
CTO a¢pupom.

VIIL5.4. Cropnipu3 4yeTBepThIii-
CTOJIKHOBEHHSI MHKPOOOHEKTOB,
Pa30rHAHHBIX HA YCKOPHUTEJISIX
®duznkn mpodoBaH 00OHAPYKUTH CTPYKTYPHl MUKPOOOBEKTOB IKCIIEPUMEHTAIILHO, Pa3TOHSIs
UX JI0 BBICOKMX SHEPIUi M IBITASACh UX CTOJKHYTH JPYT C JPYrOM BO BCTPEYHBIX MOTOKax. M3
MHOTOYHCJICHHBIX TIOMBITOK, ObUIM 3a(MKCHPOBAHBI TOJBKO COYNAPEHUS JABYX HPOTOHOB,
3aBEPIIMBIIUECS PA3PyIICHHEM OJHOTO U3 HUX:

p+p—>p+n+e_+_

Tak kak MPOTOH 00JAJACT «ITOJIOKUTEIBHBIMY DICKTPUUECKUM 3apsIoM, TO (DU3UKHU Moiaraim,
YTO, B 3TOM CTOJKHOBEHHH, BMECTO IPOTOHA MOSIBUJIUCH HEUTPOH U MO3UTpoH. Ho oHM omsTh
OImMOINCh, TIOATBEPAUB CBOM ypoBeHb Tpodeccronanm3ma. Ha camom pnene, cornmacio THK,
IPOTOH, OYAy4d COCTaBHBIM, HEUTPOH-aHTHIJIEKTPOHHBIM MHKPOOOBEKTOM, pacrancs Ha
COCTABJISIOIINE €r0 HEHTPOH U aHTUANEKTpoH [ 10].



[Tpuumna 3T0M OMMOKK (HU3MKOB 3aKITFOYACTCS B TOM, YTO BH3YaJbHBIC CIIEIbI PEaKIui -
Tpeku (UKCUPYIOTCA B HaAOJIIOAATENBHBIX KaMepax, HaXOASIIMXCS B OAHOPOJIHBIX BHEIIHHX
MarHuTHbIX NOJsX. Ho, B TaKuX BHEIIHUX MOJSAX aHTUAIEKTPOH NMPHUHLUIHNAIBHO HE OTIMYUM OT
MO3UTPOHA, 4 AHTUIO3UTPOH NPUHIMIIMAIBHO HEOTIMYUM OT 3JIeKTpoHa. Tak uTo, mMokKa
CYIIECTBYIOT TaKue HaOmoJarenbHble KaMmepbl, (QU3WKH ObUIM HECHMOCOOHBI  OTJIMYHUTH
HKCIEPUMEHTAIILHO AHTUAJIEKTPOH OT TMO3UTPOHA, a AHTUIO3UTPOH OT 3eKkTpoHa. llpuser,
¢$uzuku!

.

O TOM, 4TO B APYIHX CTOJKHOBEHHS MHKPOOOBEKTOB 3a(hMKCHPOBAHBI pacrajpl, HHYEro He
W3BECTHO. OTH JPYTHe€ CTOJKHOBEHHS OBUIM «PUKOIIETHBIMH», OHH OBUTH «YIPYTHMI»,
MPUBOJMBIIMMHU TOJILKO K W3MCHCHUSM HANpPABICHUH W OHEPrHid JBHKCHUS TEX Ke
MUKPOOOBEKTOB. Cpeli «CPUKOMICTHBIINX MHUKPOOOBEKTOB OBUIM OYCHb KOPOTKOKUBYIIIHE,
OBICTPO OCTaHABIMBAIOLUECS U MPEBPAIIABLUIMECS B UCXOHbBIE SEKTPOHBI I IPOTOHBI.

[Touemy oHM ocTaHaBnuBanuch? Benp dKCIEpUMEHTHI MO CTOJIKHOBEHMSM MPOBOAMIHMCH B
MOJIOCTSIX C TPENeNbHO OTKAYaHHBIMH Ta3aMU U CBOOOJHBIMH MHUKpoOoOBekTamu. Bpoze Obl,
IBIDKEHUE MHUKPOOOBEKTOB, WCIBITABIIMX CTOJKHOBEHHE, HE JOJDKHO OBIIO BCTpeyaTh
TOPMO3SILETO COMPOTUBIICHHUS.

OnHako, (pM3WKH MCKIIOUMIM W3 KBAaHTOBOW MapaaurMbl 3(Up, C €ro COMPOTHUBICHUEM
JBIDKCHUIO MHKpOOOBekToB. HO oOHHM 3a0buiM, 9TO M3 MOJNOCTEH, B KOTOPBIX BEHYTCS
OKCIEPUMEHTBl C MHKPOOOBEKTAMH, €ro HCKIIYHTh, T.€. OTKayaTh HPHHIUIHAIBHO
HEBO3MOXKHO. 3HAYHT, UCKIIOUUTH CONPOTHBICHUE d(PUpa JABUKEHHIO MUKPOOOBEKTOB MOKHO
TOJBKO B KBaHTOBBIX MeuTax. UYeM CHJIbHEE Da3TrOHSAIOTCS MHUKPOOOBEKTHI, TEM CHUIIbHEE
COIIPOTHBIIEHHE 3(upa, TeM Oosblie IHEPruu TpeOyeTcs i JalbHEHIero yBeJINYeHUs
CKOpPOCTH JIBUKEHUSI MUKPOOOBEKTOB

OU3NKN 00BACHSIIN HEOOXOIUMOCTh TTOCTOSHHOTO POCTA Pa3rOHHOM HEPTUH YBEIUYCHUEM
Macc pasroHsSEMBIX MHUKpPOOOBEKTOB. Ho, mpuunHa HEOOXOAMMOCTH TOCTOSHHOTO HapacTaHHS
Pa3TOHHBIX YCHWJIMH 3aKIIF0YaIach HE TOJIBKO B YBEIIMYEHUH MACC PA3TOHIEMBIX MHUKPOOOBEKTOB,
HO ¥ POCTOM COTIPOTHUBIICHUS d(pupa. A Tak Kak dPHUp MPEMATCTBYET YCKOPEHUIO TBUKEHUS, TO
€ro CONPOTHUBIICHUE COJICHCTBYET U TMCCHIIAIINH SHEPTUHN JIBHIKCHUS.

.

[lpu wHTEpHpeTalMu pe3yabTaTOB «YNPYTHUX» COYIAPEHUH MHKPOOOBEKTOB, (H3UKH
paznenwiuchk. OJHU CUUTAIM, YTO KOPOTKOXKUBYIIHME MHKPOOOBEKTHI IMPEACTAaBISIOT COOOM
UCXOJIHBIE JABMXKYIIMECS MUKPOOOBEKTHI. [lpyruM Muiiee Obula 3K30THKAa — HUYTO 00 3TOM HE
TOBOPWJIO, KPOME KBAHTOBBIX THIIOTE3, HO OHHU IOCYUTAIM, YTO 3TH MHUKPOOOBEKTHI HE
UCXOJIHBIC, @ BHOBB MOSBUBIINECS MPU YIPYTUX COYAAPEHUAX, KBAHTOBAHHBIE HOCUTENN Pa3HBIX
B3aMMOJICHCTBUI W Jpyrvue KBAaHTOBAaHHbIE OOBEKTHI. KOTOpPHIE OHM HA3BATH ME30HAMH,
MUOHAMM,... ., 3apOJUB HOBYIO «(pHU3MYECKYIO»  IOUCHUIUIMHY. Ha sKcrepuMeHTambHOE
JIOKA3aTelbCTBO OTCYTCTBUS B [Ipupone HENenTMMBIX KBAaHTOB SHEpruu [6], OHM TPU ITOM,
BHUMAaHHUS HE OOpaTHIIM, HECMOTpPS Ha MPOBO3TJIAMICHHBIN MPUHIUI: «XOPOUIHA SKCIIEPUMEHT
MPEBBINIE BCETO». A, MOXET ObITh, OHH MPOCTO HE CMOTJIM HAWTH JOCTOMHBIN BBIXOJ M3
CO3/IaBLIEHCS CUTyaluu?

VIILS.5. Cropnpus narbii —
pacnaj 3J1eKTPOHA Ha dJeMeHThI 3¢upa

DTOT CIOPHPHU3 CBS3aH, OISThH K€, C IKCIIEPUMEHTOM, B KOTOPOM M3 JBYX CTOJKHYBIIUXCS
MPOTOHOB, OJIMH paclajics Ha HEUTPOH M aHTHANIEKTPOH. [loueMy TONBKO OAMH M3 ABYX, U KaK
3TO CIYYUIIOCH?

.

HamoMmHr0, 9TO MPOTOH SBIISIETCSI COCTABHBIM, HEHTPOH-aHTHUAJICKTPOHHBIM MHUKPOOOBEKTOM
(puc.2), B KOTOPOM aHTHIJIEKTPOH M HEUTPOH CBSI3aHBI TOJIBKO MAaTHUTHBIM B3aMMO/ICHCTBUEM.

Mexay NpoTOHaMH JEHCTBYET HYKIOHHOE MPUTSHKEHUE, dJIEKTPUIECKOE OTTAIKUBAHHUE U, HA
MOCJIEAHEM dTare CONMKEHHs, MAaTHUTHOE OTTalKHBaHue. Tak Kak ,un=3~1074,ue, TO MarHUTHOE



OTTAJKWBaHWE,  JEHCTBYIOLIEE  MEXAY  aHTHRJICKTPOHAMH,  TBITAETCS  BBITOJKHYTH
aHTUIEKTPOHBI U3 MPOTOHOB. [loa AelcTBHEM 3TOr0 MarHUTHOTO OTTAJIKUBAHMS, PacCTOSHUE
MEXy LIEHTpPaMH Macc 3JIEeKTPOHA M HEUTPOHAB KaXJIOM MPOTOHE , IPU CONMKEHUU MTPOTOHOB,
MOHOTOHHO pacteT. Ecnu Obl HEWTPOHBI U aHTHAJIEKTPOHBI ObUTH aOCONIOTHO OJMHAKOBBHI, TO,
MPU COKPAIIEHUH PACCTOSIHUS MEXIY MPOTOHAMHU IO 3,96:10 M [11], oba AHTHUAJIEKTPOHA
OB OBbI BEITOJIKHYTHI U3 CBOUX IMPOTOHOB.

Ho naGmonarensHble kKamepsl (PUKCUPYIOT pacmaj TOJIBKO OJHOTO M3 MpOTOHOB. [Touemy?
Tak Kak HEHTPOHBI M AHTHUAJIEKTPOHBI 00JIAMAIOT YPUPHBIMU CMEPUETIONOOHBIMU CTPYKTYPaMH,
TO BEJIMYMHBI UX MAcC ¥ MarHUTHBIX MOMEHTOB, YE€M-TO HEYJOBHUMBIM I HAC, OTJIMYAOTCS
Ipyr ot apyra. M3-3a 3T0ro0, paccTosHUe MEXIy IIeHTpaMH MacC HEWTpPOHA M aHTHAJIEKTPOHA
OJIHOTO W3 TMPOTOHOB JOCTUTAET KPUTHUYECKOW BEIWYUHBI, NPU KOTOPOH AaHTUDIIEKTPOH
BBITAJIKMBACTCS W3 CBOEr0 MPOTOHA, HEMHOTO paHblle, YeM B JPYyroM MPOTOHE. ITO
BBITQJIKMBAHUE AHTURJIEKTPOHA MPOMCXOAUT OYEHb PE3KO, Kak BbIcTpenuBaHue. I[loaTomy
paccTosiHue MEKIY LIEHTpPAaMH MacC aHTHAJIEKTPOHA U HEHTpPOHA B JIPyrOM MPOTOHE yCIEBaeT, K
3TOMY MOMEHTY, JOCTHYb CBOEH KPUTHYECKOM BEIMYMHBI, M OTOT TMPOTOH OCTAETCs
HEepacraBLIUMCS.

.

Pacman omHOTO M3 COMMKAIOMIMXCS TPOTOHOB OBLT 3a)MKCHPOBAH TP YHEPTUU COMMKEHUS,
paBHoit 290M»bB. Kazamock ObI, MCXOAS W3 TONBKO—YTO PACCKA3aHHOTO, MPH HECKOJIBKO
Oompmieii, yem 290M»1B, sHeprum COMMKCHHS TPOTOHOB, CJCAOBAIIO OBl OXHIATh IOYTH
OJIHOBPEMEHHOTO, pacraja oO0OWX MPOTOHOB Ha HEUTPOHBI M aHTHUANEKTpoHBI. Ho, cyns mo
umeroneiics nHpopmanny, 3Toro He HabJIrAa10Ch. X0TEN0Ch Obl OHATH, HOYEMY?

Ecnu Ob1, pu sHeprum cOmmkenus, oonpiiei, yem 290M»sB, pacnananuichk o6a mpoToHA, TO
Ha OyMmare 3TO BBINIAJENO ObI TaK: p+p—>n+n+e_++e_+. Ho HeliTpoHbsl B HaOIIOJATENBHBIX
KaMepax TPEKOB HE OCTABISAIOT. AHTUAIEKTPOHBI XKe, 00J1aIatoIINe IEKTPUUECKUMHE 3apsJaMH,
ecii Obl OHU CYIIECTBOBAJIH, JOJDKHBI OB OCTaBUTH CBOM TPEKH, HO 3TO HE IMPOU3O0IILIO.

B rtex cnywasx, korja OYEBHIHOTO BH3YyaJbHOTO HaMeKa Ha MCTUHHOE pEILIEHHE HET,
coBpeMeHHas (hM3MKa HEepelnKo, CIIOBHO JPEBHSS aXWMUS, BIAJAaeT B MHUCTUKY — HEICITHMBIC
KBaHTBl SHEPrUH, SKBUBAICHTHOCTb MAacC M YHEPTUN, HEUTPUHOY», KBAPKH, MIOOHBI, ITHOHBI,
0030HBI... . THK B Takux ciydasx uiier oObeKTUBHOE pelIeHrE, TPOOUBAsCh Yepe3 BO3MOXKHbBIC
BapUAHTBHI.

AHTHUAJIEKTPOHBI, B pacCMaTPUBAEMOW CHUTYyallMd, HE CMOTIH Obl OCTaBUTHh CIEABI-TPEKU
TOJBKO B OJHOM-€AMHCTBEHHOM Cjly4ae — B CiIy4ae MX pacmaja Ha MHOXKECTBa
AHTHAJIEKTPOHOMOAO0HBIX d7eMeHTOB ddupa. [lpu sHeprum cOMMKEHHs, MpEeBBIIIAONICH
290M»5B, aHTHAIEKTPOHBI CTAHOBSITCS CBOOOJHBIMH. OCBOOOX/IAsCh OT THETA CTECHSIONIUX WX
HEWTPOHOB. HAa PACCTOSHUAX, MEHBIIMX, YEM 3,96:10 m. IIpm sTOoM, BemMYMHA BEKTOpa HMX
MarHMTHOTO MOMEHTA YBEJIMYUBACTCS, MPAKTUYECKH MIHOBEHHO, MOYTH Ha MOPSIAOK — C
8,372 'tte 110 pte . IO/ BO3/GHCTBHEM STHX MArHHTO-3(HPHEIX JOBONBHO MOIIHBIX PEAKTHBHBIX
CTpYyH, aHTHDJICKTPOHBI — d(PUPHBIE CMEPYH W PacIaJaroTcs Ha pa3MbIThie 001avHbIe d(UPHBIC
CTPYKTYpBhI. 3aMETHUM, YTO OCTABIINECS HEUTPOHBI TAKKE MOXKET JKJIaTh Ta KE Y4acTh.

Ecnu He xBaTaeT sKCIIEpUMEHTAIbHBIX MOATBEPKICHHUM, TO B Hadaje skcruryatanuu BAK,
pe3yibTaThl  CTOJKHOBEHUI  ABYX IPOTOHOB, 3a(UKCHUPOBAHHBIE  HAOJIOJATEIbHBIMU
ycTpoiicTBaMu, ObLTH OHaKAbI IOKa3aHbl 1o MHTepHeTy. Ha sxpaHe pacIuibIBaaich HECKOJIBKO
00JIaYHBIX CTPYKTYP, KOTOPBIE M MOTJIM OBITH MOPOKAECHBI ’TUMHU PaCIaJaMH.

Yepes HekoTOpoe BpeMsi, 3TH HabmrojarenbHble ycrpoiicTBa Ha BAK Obutn mepecTpoeHsl,
9ToOBl HE CMYIIaTh O03a/JaY€HHBIX, HE CHOCOOHBIX TOHATH MPOUCXOJAIIETO, (UIUKOB-
TEOPETUKOB.









