Microworld 68
Newton's World 7

Vii. CAUSE OF SEMI-CENTURAL FAILURES
IN THE "NEUTRINOUS" AND IN THE "THERMONUCLEAR'" PROBLEMS -
LACK OF PROFESSIONAL APPROACH

Leonov N.N.
Abstract

Analysis of the "neutrino" problem has shown that the proton is obtained not in quantum fairy tales, but in
reality, as a result of the collision of a neutron with a photon, electron-anti-electron dipole. This understanding of
the transformation of a free neutron into a proton dispenses with the use of a fantastic “neutrino” that does not exist
in the material World, revealing the real reasons for seventy years of experimental failures in the “neutrino”
problem.

Analysis of the "thermonuclear" problem has shown that the quantum understanding of nuclear fusion in the Sun
and in the "hydrogen" bomb with the release of huge "thermonuclear" energy is wrong. Therefore, this
understanding of productive fusion reactions, taken as the basis for the operation of controlled power reactors on
light nuclei, led to fruitless experimental attempts in the "thermonuclear" problem. Analysis of the "neutrino”
problem made it possible to understand that real "cold" nuclear fusion really exists. It does not need to overcome
the electrical barrier, since such a barrier does not exist in "cold" fusion. The magnetic barrier, in comparison with
"hot" fusion, is as ridiculous as 13.65keV. "Cold" fusion is sequential neutron-photon fusion. Using the example of
a "hydrogen" bomb, the productive work of "cold" fusion from a "thermonuclear" charge of a "hydrogen" bomb of
unstable, instantly decaying, with the release of "thermonuclear” energy, *Li and *Be nuclei is described.
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VIIL.1. Introduction
When you first meet these problems, they seem completely alien to each other. Intersecting
with them more and more often, you begin to subconsciously feel some vague commonality.

Both the "neutrino" and "thermonuclear" problems were launched almost simultaneously -
almost a century ago. At first, as usual, there was a lot of promising advertising. Then there
were years and decades of empty expectations and unconvincing complaints about huge
technical difficulties. Suspicions arose and began to grow stronger that the developers of these
problems behave like charlatans-tailors from H.H.Andersen's fairy tale about the king's new
dress, or like the famous Hodja Nasreddin, promising to teach literacy to his long-eared
companion, but warning that, due to the huge technical difficulties, it can take a lot of time, and
hoping that during this time either the donkey will die, or the ruler will die, freeing the deceiver
from responsibility for false promises.

Since then, a number of rulers have changed, and working physicists have received
experimental evidence of the absence of indivisible quanta of energy in the real World [1].
However, ineffective methods for solving the "neutrino" and "thermonuclear" problems,
developed using the hypothesis of the existence of indivisible quanta, continue to be persistently
and ineffectively used, and the developers demand more and more funds to overcome technical
difficulties without supporting the chosen methods of solution with convincing justifications.

While the developers of these problems are slowly mastering the ideas allocated to
experiments, which are ineffective in advance from the point of view of solving problems, the
theory of nonlinear oscillations has become convinced.

-that the methods used by physicists to solve these problems are wrong and ineffectual,

-that the hypothesis of the existence of "neutrino" was a consequence of the erroneous opinion
physicists on the decay nature of the transformation of a neutron into a proton,

-that the reaction of transformation of a neutron into a proton is a reaction of a photon-neutron
synthesis of a proton, and

-that the reaction of neutron-photon fusion of a proton is the only reaction "Cold" fusion,
which can solve the "thermonuclear" problem, and about which



physicists have been arguing for so long and so meaninglessly.

VIIL.2. The "neutrino" problem

There were no grounds for the appearance of ideas about the existence of "neutrinos" until
observation cameras were created to record the tracks-tracks of micro-objects with electric
charges. If a micro-object does not have an electric charge, then, flying through the observation
camera, it leaves no track, remaining unnoticed at all. This imposes special requirements on the
interpreters of track-track systems. Based on these requirements, they should not make hasty
conclusions about the observed processes, analyzing the drawn track systems. Since micro-
objects that do not have electric charges do not leave tracks in the observation chambers, the
analysis of track systems requires, in the general case, taking into account, in their analysis, the
possibility of participation in the observed processes of non-fixed micro-objects devoid of
electric charges.

This, of course, complicates the analysis of the observed tracks, but excludes the appearance
of false, erroneous interpretations, such as the conclusion about the decay character of the
reaction of transformation of a neutron into a proton. But it was only this conclusion about the
decay character of the transformation of a neutron into a proton that led to the need to accept the
hypothesis of the existence of a "neutrino".

The system of tracks, corresponding to the reaction of transformation of a neutron into a
proton, consisted of two, diverging from the same point, tracks - an electron and a proton. As
already mentioned, in order to exclude a false interpretation of the observed reaction, it was
necessary to investigate the possibility of participation of micro-objects in it without electric
charges.

The nature of the tracks of the electron and proton confirms the participation of the neutron.
But this pair of tracks cannot say anything about the participation of a photon. A different
approach is needed here.

When the "lifetime" of a free neutron was measured experimentally, in different laboratories,
with the same measurement scheme, results were obtained that differ by values exceeding the
measurement errors. And since in these experiments the photon flux density was not controlled,
there was a real possibility that in different laboratories, when measuring the "lifetime" of a
neutron, the photon densities were not equalized. To solve this question, it was enough in one
laboratory to find out whether or not the flux density of photons used in the course of this
experiment influences the measurement result of the "lifetime".

But even if it was possible to establish, then, due to the lack of information in physics about
the structure of the photon, this information would be useless, since it would not allow obtaining
any new information about the reaction of the transformation of a neutron into a proton.

Only the theory of nonlinear oscillations, which revealed the structure of the photon, was
able to find out new, missing information. It turned out that a photon is an electron-anti-electron
dipole, which has the property, when colliding with a neutron, to decay into a free electron and a
free anti-electron. The electron, due to its diamagnetism, leaves the neutron, and the
antielectron, due to the diamagnetism and "negativity" of the mass, experiences a magnetic
attraction to the neutron. The neutron, both from the electron and from the antielectron, due to
their diamagnetisms, experiences magnetic repulsion and tends to escape from them, but the
antielectron, whose mass is almost three orders of magnitude less than the neutron mass, does
not allow the neutron to escape and, catching up with it. merges with it into a composite,
neutron-antielectronic micro-object (Fig.1), which by all indications is a proton.
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Fig.1. Proton diagram

Physicists turn to the hypothesis of the existence of "neutrinos" because of the following.
First, they naively, without elaborating on possible options, considered that the observed system
of electron-positron tracks speaks of the self-decay reaction of a neutron. Subsequent energetic
analysis of the observed traces of this reaction revealed signs of violation of the law of
conservation of energy, which has been repeatedly verified and reliably confirmed in other
circumstances.

Finally, physicists have noticed that the electron-proton system of tracks carries incomplete
information about the participants in the reaction displayed by these tracks. However, physicists
lacked the scientific education they received and scientific intuition to detect these invisible
participants in the reaction. Instead of looking for real, material participants in these reactions,
they, as if immature, but adults in age, turned to unscientific, mystical ideas about the existence
of mysterious "neutrinos" that had never been observed anywhere.

Note that these are not the only mystical quirks of physicists. Their "sleep of reason"
(according to F.Goya) gave rise not only to such scientific mirages as neutrinos, but also a whole
flock of other monsters such as muons, pions, ..., the collapse of matter, its annihilation, the
equivalence of mass and energy, ..

The theory of nonlinear oscillations found that an invisible participant in this reaction was a
photon in the form of an electron-anti-electron dipole. Colliding, at an arbitrary angle, with a
neutron, and transferring its momentum to it, the photon decays into a free electron and a free
anti-electron. Due to diamagnetism, the electron is repelled from the neutron and leaves it. Due
to the diamagnetism of the antielectron, the neutron experiences magnetic repulsion from the
antielectron and tries to escape from it, but since the value of the antielectron mass is three
orders of magnitude less than the neutron mass, then, experiencing magnetic attraction to the
neutron, due to the “negativity” of its mass, the antielectron catches up with the neutron and
combines with it to form a proton.

Thus, the theory of nonlinear oscillations

-revealed the true nature of the reaction of transformation of a neutron into a proton,
Understanding which is fundamentally unattainable in modern physics,

- found that the true cause of all long failures in the "neutrino" problem is the absence of
material "neutrinos" in Nature.

- [ found out that the "cold" fusion, about which physics so indistinctly spoke, is a sequence of
two reactions - first neutron, and then photonic.

VIL3. The "thermonuclear'" problem
The "thermonuclear" problem refers to the development and creation of controlled power
reactors based on light nuclei.
Two methods of extracting potential energy latent in atomic nuclei and released during their
destruction are known and are already used. Physics has let a lot of fog in the understanding of
these processes, casually and carelessly using special terminology.



It is well known that potential nuclear energy can be released in explosive and "smoldering"
- controlled ways, using both heavy nuclei living in the sauranium series of the periodic table,
and light nuclei that settled at the beginning of this table. For this, instantly self-decaying nuclei
are used from both parts of the periodic table. True, judging by the behavior of physicists, it
seems that they have not heard of such an ability of light nuclei.

Physicists say that in atomic (uranium, ...) bombs and reactors the release of energy occurs
due to nuclear fission reactions, and in thermonuclear bombs and in stars - in nuclear fusion
reactions. However, this juxtaposition is wrong. In fact, in both cases, the release of energy
occurs as a result of the synthesis of instantly self-decaying nuclei. So in a uranium bomb,
energy is released when neutrons, penetrating into the >>U nuclei, synthesize from them unstable
380 nuclei that do not currently exist in Nature, which immediately, instantly decay with the
release of energy. Energy is released here in the form of kinetic energy of scattering of nuclear
fragments, accelerated by electric and magnetic repulsion. How can the poor, poorly educated
physicists know about this, if they, since the century before last, refused to take into account the
magnetic interactions between the objects of the microworld?

In a thermonuclear bomb and in stars, energy is released when, as a result of a series of
reactions, unstable, instantly self-decaying °Li and ®Be nuclei are synthesized, which are
currently absent at the beginning of the periodic table, due to their instability

The first controlled power reactor based on heavy nuclei went into operation five years after
the explosion of the atomic bomb. Work on the creation of a controlled power reactor on light
nuclei has been going on for about seventy years after the explosion of the first thermonuclear
bomb, there are no real signs of progress, except for the assurances of interested physicists, and
hopes for success are rapidly falling.

I remember when I began to grow up and take an interest in the World in which I live, what a
sincere interest and what deep admiration the physicists who cognized the structure of this World
aroused in me. However, as I grew older, I and others began to have perplexed questions, to
which they first tried to answer very condescendingly, and then fell silent, introducing quantum
censorship in the scientific literature.

I wonder what they are trying so hard to hide from the taxpayers who finance them?

In the "neutrino" problem, we have dealt with this. At the same time, inadvertently, along
the way, we managed to touch upon the most "sore" topic of the "thermonuclear" problem
associated with the methods of its solution and found the only such way in the form of true
"cold" nuclear fusion. Let's move on to the "thermonuclear" problem. Let's start with the
details.

VIL.3.1. Solution diagram,
proposed by quantum theory

First, a "thermonuclear" — “hydrogen" bomb was manufactured and tested. It consisted of a
fuse - an "atomic" bomb, the explosion of which initiated explosive reactions in the main -
"thermonuclear" charge. The thermonuclear charge, on the other hand, consisted of nuclei of
gaseous deuterium D and tritium 7, which were used in the form of solid-state compounds with
°Li to compact the volume of the "thermonuclear” charge. Physicists considered that the energy
of the explosion of the "thermonuclear" filling is released as a result of reactions (1) [2]:

D+D—>He+n,

D+D—T+p, (1)
SLi+n—4He+T,

T+D—>4H e+n.

They use the same reactions in attempts to build controlled power reactors based on light
nuclei. But for some reason they don't work. Why?



VIL.3.2. "Classic" analysis
operability of a quantum circuit

Nuclear fusion should be understood as a reaction resulting in an increase in the number of
nucleons in the original nucleus containing Z protons and N neutrons. If, as a result of a nuclear
fusion reaction, only the number of neutrons increases, then a heavier isotope of the same
chemical element is synthesized. If the number of protons increases, then the nucleus of a
heavier chemical element is synthesized. These truths are common, but they must be voiced
here.

It is known that nuclear fusion occurs when the initial nuclei approach each other to a
distance less than 10 *m. At a distance of less than 10~ "*m, nucleon attraction works, creating
new nuclei.

And now the most important, but the most insidious and most interesting question. What the
conditions for the convergence of two nuclei of heavy hydrogen isotopes - deuterons and tritons,
provide the synthesis of new, heavier nuclei?

It is better to start any fundamental research with the simplest variant. If the results of
research require the identification of new details, then the task can always be complicated. If
you start right away with a complex task, then, behind a lot of fundamental details, you can see
something important.

The convergence of deuterons and tritons up to 10""m - the distance of nuclear fusion, is
hampered by the electrical and magnetic repulsion between these nuclei. And since the neutron
has no electric charge, and the vector of its magnetic moment is four orders of magnitude less
than the vector of the magnetic moment of the proton: z,=3- 1074,up, then instead of the deuteron
and triton it is quite enough to consider only two approaching protons.

Simple calculations showed that the approach of protons up to 10 *m m, when only the
electrical repulsion is taken into account, requires the energy of their approach equal to
0.144MeV. Physicists are well aware of this [2] and believe that overcoming the electrical
barrier is an extremely serious task.

As for the magnetic barriers that prevent the convergence of deuterons and tritons to the
distances of nuclear fusion, physicists know nothing about them at all, like unsuccessful students
- after all, in quantum theory, magnetic interactions between micro-objects are not taken into
account.

The magnetic repulsion between the approaching protons appears when the vectors of the
magnetic moments of the protons are located, according to the magnetic orientation effect [3], on
a straight line passing through these protons, and, due to the diamagnetism of protons, take
opposite directions. The smaller the distance between the protons, the more likely it is, the
smaller the magnetic barrier. Simple calculations have shown that if this occurs at a distance of
10" %m, then the magnitude of the magnetic barrier is F(g)= 45,5(10°~10***)MeV, or in more
detail: F(13)=45,04MeV, F(12)=45,49MeV, F(11)=45.5MeV.

Now you can go back to deuterons with tritons. Electric and magnetic barriers for them are
the same as for protons. But, according to quantum concepts, the binding energies of deuterons
and tritons, respectively, are equal to 2.2241MeV and 8.4820MeV, which is significantly less
than 40MeV. This means that approaching deuterons and tritons should disintegrate into separate
nucleons at distances between them exceeding the fusion distance.

Considering that the quantum values of the binding energies of atomic nuclei are too
imprecise, the theory of nonlinear oscillations, based on the Rutherford relation:
ra=1.4-4"%-10""m, using the identification procedure, established that the nucleon interaction is
described by the expression: F n=pf4—qr75, where  p=1581-1 0’59kg ms?
¢=5032-10""*kg-m®-s 2.



Based on this expression, the binding energies of the deuteron and triton turned out to be
equal to E(D)=0.133MeV, E(T)=0.653MeV - an order of magnitude less than quantum values.

The numbers obtained mean that physicists have been mistaken for all seventy years,
believing that list (1) contains reactions in which thermonuclear energy is released both in a
thermonuclear bomb and in the reactors they create, and, sparing no effort and money, created
man-made material monuments to their lack of professionalism ... This is what the "dream of
reason" leads to.

VIL.3.3. True fusion reactions
in a thermonuclear bomb

It is well known that a thermonuclear explosion in a "hydrogen" bomb, during its tests, took
place. The main, "thermonuclear" explosives in it are solid compounds of deuterium and tritium
with lithium-6. But it was found above that in direct collisions of deuterons and tritons, nuclear
fusion with the release of thermonuclear energy is impossible. This means that there must be
some other reactions of nuclear fusion, accompanied by the release of energy.

If, in search of these reactions, turn to the beginning of the periodic table, then it is easy to
find in it the absence of °Li and ®Be. These elements are absent in the periodic table due to the
instability, at the present time, of their nuclei. There are circumstances that speak in favor of the
fact that the fusion of these unstable, instantly decaying nuclei can initiate a thermonuclear
explosion.

First, it is well known that there are currently no unstable nuclei lighter than Lt in Nature. .
°Li nuclei are the first candidates for fusion from deuterons and tritons, which instantly decay,
with the release of thermonuclear energy, nuclei. What should be the reactions of this synthesis?

Secondly, in connection with this topic, another event took place, to which physicists were
unable to react.

Very important information was posted on the Internet: “In 1990, the Deutsche Welle radio
station reported that when nuclear tests began 40 years ago in the north-west of Yakutia, one of
them turned out to be incomparable in terms of power to any other (20-30Mt instead of the
calculated 10kT !). The explosion was registered by all seismic stations in the world. The
reason for such a significant discrepancy remained unknown. It was assumed, however, that
they tested a compact hydrogen bomb of unprecedented power at that time, however, a similar
device was developed in the USSR much later. "

This explosion was named Vilyui, after the place. In the vicinity of the explosion site, secret
studies of the causes of the explosion were carried out for a long time and persistently, but these
studies remained unsuccessful due to the unprofessionalism of physicists.

In 1950, tests of "hydrogen" devices had not yet been carried out anywhere in the world. At
the site of the Vilyui explosion, in 1950, a conventional "atomic" bomb was tested. The power
and nature of the Vilyui explosion testified that it was a real thermonuclear explosion, although
the "atomic" bomb itself did not contain hydrogen nuclei. And since on Earth, under natural
conditions, compact volumes of heavy hydrogen nuclei, necessary for an explosion of such
power, are not found, this explosion is not at all associated with heavy hydrogen nuclei.

What happened during the Vilyui explosion? The "explosive" in a "hydrogen" bomb is a
mixture of solid compounds of deuterium and tritium with °Li. Why is °Li needed here?

Deuterium and tritium are normally gaseous. For the bomb to be compact, deuterium and
tritium had to be bound into compounds that occupy a minimal volume. The lightest "impurity"
satisfying this requirement turned out to be SLi.

However, Nature gave lithium the role of not an auxiliary extra, but a prime minister.
Neither °Li nor *Be is in the periodic table. This means that *Li and *Be are instantly decaying
nuclei. And if, under the conditions created by the explosion of a uranium bomb, ¥Be is



synthesized from °Li, then the 8Be nuclei immediately decay with the release of the
corresponding energy due to the energy of the scattering of fragments of these nuclei, accelerated
by electric and, even more powerful, magnetic repulsion.

This is the only scientific explanation of the nature of the Vilyui explosion.

To make sure that the inexplicable, within the framework of quantum physics, the release of
energy in the Vilyui explosion occurred as a result of the fusion of ®Be nuclei from 6Li nuclei, it
is necessary to understand how the lithium nuclei, which are absent in a uranium bomb, could
have ended up at the site of this explosion.

It is well known that lithium occurs on Earth in the form of small, compact ore formations
[4]. Could one of these ore formations accidentally end up at the site of an atomic bomb test?
The answer to this question can only be found in geological prospecting archives. Due to the
flooding of the vicinity of this explosion, new field research became unavailable.

o

What are the means to carry out the synthesis of unstable, instantly decaying nuclei so that,
as a result of their decay, "thermonuclear" energy is released? Physicists have been trying
unsuccessfully for seventy years to do this by bringing nuclei closer together, each of which
contains protons. But on the way of such fusion there are electromagnetic barriers that prevent
the approach of nuclei to the distances from which nuclear fusion begins.

How this should be done has been shown by the above-described identification of the true
transformation of a neutron into a proton.

Now let's digress a little. At one time, in connection with the deepest stupor in the
"thermonuclear" problem, there was a lot of empty talk about nuclear fusion in general, as well
as about "hot" and "cold" nuclear fusion, in particular.

Let's start with the terminology. Let us agree to call the nucleus a system of interconnected
A nucleons - Z protons and N neutrons. According to this definition, the nucleus is a triton, a
deuteron, a proton, and a neutron. In [1], the results of an experimental proof that the system of
nucleons of a stable nucleus has a quasicrystalline structure are described.

By an elementary act of nuclear fusion, in the general case, we mean a procedure, after the
completion of which, in the initial nucleus with A nucleons, either N or Z increases by one.

The first act is a neutron attack on the nucleus, for example

ptn—D,

D+n—T.
In this act, there are no electrical barriers, and the magnetic barrier is only 13.65keV. There are
no other restrictions on this synthesis reaction. In this act, the number of neutrons in the nucleus
increases.

The second act is a photon attack of a free neutron

n+d‘—>n+e+_+e,+—>p+e+_,
or a neutron bound in a nucleus, but contained in a nucleon magnetic cluster without a proton:
T+d—>He+te; ;
here & is an electron-antielectron dipole e, is an electron, and e is an antielectron. In this act,
a proton is synthesized from a neutron by irradiation with a photon flux.

In the first act, there is only a relatively small magnetic moment, and in the second there are
no barriers at all. Therefore, the sequential application of first the first and then the second act
increases the number of protons Z in the nucleus by one.

Physicists are trying to achieve the release of "thermonuclear”" energy by combining the
nuclei of deuterium and tritium, "heating" them to solar temperatures, and believing for some
reason (apparently guessing on the "coffee grounds") that this is how energy is released on the
Sun. Therefore, they consider this synthesis "hot". But this, because of the huge magnetic
barriers, as we have seen, is impossible to do. They have been persistently and persistently
fighting over this for seventy years, without learning any lessons, but all in vain.



Against the background of protracted failures in the "thermonuclear" problem, there were
"bright minds" who proposed methods of nuclear fusion between deuterons and tritons without
strong heating of these nuclei, by creating special conditions, supposedly eliminating huge
electromagnetic barriers. They called these methods of synthesis "cold".

But, in fact, it was an empty talking shop.

We have just shown what real "cold" nuclear fusion is. This is neutron-photon fusion.

Now let us tell you what actually happens in a "hydrogen" bomb, how "cold" nuclear fusion
works in it. Recall that a "hydrogen" bomb has an "atomic detonator" - the usual, according to
the principle of operation, "atomic" bomb. As a result of its undermining, a huge temperature is
created, which scatters a "thermonuclear" charge into separate nuclei - a compact set of solid-
state compounds of deuterium and tritium with "Li. At the same time, as a result of the explosion
of the "atomic fuse", dense fluxes of neutrons and photons are created. These fluxes of neutrons
and photons, attacking deuterons and tritons, synthesize unstable, instantly exploding *Li nuclei.
Attacking 6Li nuclei, they create unstable, instantly exploding *Be nuclei.

How does this happen? No matter how disgusting it is to chew on the details for the
quantum elites, it is still necessary, given the outstanding abilities of quantum physicists, to tell
everything in more or less detail. For a more convenient notation, the nucleus X with N neutrons
and Z protons will be denoted here "X,

After the explosion of the "atomic" fuse, a nuclear mixture of deuterons D, i.e. (1H 1), tritons
T, i.e. CH)) and °Li nuclei, i.e. CLi;) will be in a dense neutron-photon cloud. The deuteron,
having passed through a single neutron-photon "cold" fusion, will turn into 'He,, i.e. into the
*He core:

D+n—T, T+d—>He.

The *He nucleus, passing, in turn, through "cold" fusion, will turn into 2Li3, i.e. into an unstable,
instantly decaying °Li nucleus.

Triton, having passed through photon-neuron-photon synthesis, will also turn into an
instantly decaying *Li nucleus.

The remaining SLi nuclei, i.e. °Li; nuclei, having gone through a single "cold" neutron-
photon fusion, will turn into *Bey, i.e. into instantly decaying ¥Be nuclei.

That is all the wisdom that the entire world physical elite could not master for seventy years,
wastingly extorting funds from taxpayers.
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VII. IPUYUHA ITOJTYBEKOBBIX HEYJAY
B <HEUTPUHHOW» U B «TEPMOSIIEPHOI» TIPOBJIEMAX —
OTCYTCTBHUE NPO®ECCHUOHAJBHOI'O MOJIXOJA



Jleonos H.H.

Ananuz <<HeflTpPIHHOfI>) HpOGJ’IeMH MnoKasaJjl, 4TO IMPOTOH MOJYy4ae€TCsA HE B KBAHTOBBIX CKa3KaxX, a B
,E[eﬁCTBHTeJILHOCTH, B pE3yJIbTAaTC CTOJKHOBCHHUA HeﬁTpOHa C (1)0TOHHI>IM, DJICKTPOH-AHTUBJICKTPOHHBIM JIUITOJIEM.
DTO MOHUMaHHUE TpaHC(bOpMaIII/II/I CB060,HHOF0 HeﬁTpOHa B IPOTOH 06X0,HI/ITC$I 0e3 MPUBJICUCHUA (baHTaCTI/I‘ICCKOFO,
HC CYHIECTBYHOLICTO B MaTCpUAIbHOM Ml/Ipe, ((HeﬁTpMHO)), 06Ha)l(aﬂ pCajbHbIC MNPUYUHBI CEMUACCATUIICTHUX
HKCIICPUMEHTATIBHBIX HEYJa4 B «HEHTPUHHON) Ipodiieme.

AHanmu3 «TepMosiiepHON» MpoOIeMbl TIOKa3all, YTO KBAaHTOBOE MMOHMMaHHUeE siiepHoro cuHTte3a Ha CoJHIE U B
«BOJOPOJHOIM» O0MOE C BBIACICHUEM OTPOMHOI «TepMOsAEPHOI» 3Hepruy, omudouHo. [IoaToMy, 3T0 IOHUMaHKE
TMPOOAYKTUBHBIX pCaKL[PII’I CHUHTE3a, B3ATBIX 38 OCHOBY CXCMBI pa6OTI>I YHOPaBJIAEMBIX DHCPTCTUICCKUX PEAKTOPOB Ha
JICTKUX sAApax, NPUBOAWIIO K 6eC1'lJ'[O)1HBIM OKCIICPUMECHTAJIBHBIM IONBITKAM B ((TepMOH}IepHOﬁ» r[po6neMe. Amnanns
((HCI‘/‘ITpI/IHHOI‘/‘I» HpO6JIeMI>I IIO3BOJIMJI TIOHATH, YTO peaHBHLIﬁ ((XOHOHHLIﬁ)) HHCpHBIﬁ CHHTEC3 HCﬁCTBHTeHLHO
cymectByeT. OH JnHIIeH HEOOXOAWMOCTH IPEOJ0JeBaTh JIIEKTPUIECKH Oaphep, Tak Kak Takoro Oapbepa B
«XOJIOAHOM)» CHUHTE3€ HE CYUIECTBYCT. MarsuTHbIN ke 6apLep, 110 CPAaBHEHHUIO C «TOPAYHUM» CUHTE30M, COCTABJIACT
Takyl0 CMEIIHYI0 BenuunHy, Kak 13,65koB. «XomomHblil» CHHTE3 SBISETCS ITOCIEAOBATEIFHBIM HEHTPOH-
(1)0TOHHLIM cunTe3oMm. Ha npumMepe ((BOHOpOHHOfI)) 60M6LI, OIMCaHa MPOAYKTHUBHaA pa60Ta «XO0JIOOHOTI'O» CHHTE3a
N3 «TEPMOAACPHOIO» 3apdana <(BOH0p0HHOﬁ)> O0MOBI HCyCTOfI‘{PIBI:IX, MIHOBCHHO pacnaaaromuxcs, ¢ BbIACIICHUEM
«TepMOsAIEPHOI» dHEPTUH, AAEP °Li n ®Be.

[ ]
VIIL.1. Berynmienue

Korna BcTpeuaemibcst ¢ 3TUMH NpoOsieMaMy BIEPBBIE, OHU KaXKyTCsl COBEPIIEHHO HYKUMHU
Ipyr apyry. Ilepecekasich ¢ HUMM Bce Yallle, HAUMHAEIb [I0JICO3HATENBHO OINYILATh KaKyl-TO
HESICHYIO OOIIIHOCTb.

.

U «uediTpuHHASA», M «TEPMOSACPHAs» NPOOIEMBbI MONYYMJIM CTAPThl MPAKTHYECKH
OTHOBPEMEHHO — TMOYTH cTonethe Haszan. CHavama, Kak BOIUTCS, Oblla Macca
MHOTro00€eIaroIeil pekyiaMbl. 3aTeM MOTAHYJIUCh TOJbl M JAECATUIICTUS MYCTBIX OXUAAHUN U
HeyOeUTENbHBIX Kajl00 HAa OTPOMHBIE TEXHHUECKHUE TPYAHOCTH. 3apOJMIINCH U CTAIN KPEMHYTh
MOJIO3PEHMSI, YTO Pa3padOTUUKK ITUX MPoOJIeM BedyT cedsl Kak IapiaTaHbl-TIOPTHSDKKA U3
ckazku [.X.AHzepceHa O HOBOM IIaThe KOPOJSi, WM Kak W3BecTHhIM Xomka Hacpemnus,
o0emaromui BbIydYUTh TPAMOTHOCTH CBOETO JUIMHHOYXOT'O CITyTHHKA, HO INPEXyNpexAatonuii,
YTO, M3-32 OTPOMHBIX TEXHMYECKMX TPYAHOCTEH, 3TO MOXET NOTpeOOoBaTh OYEHb MHOIO
BPEMEHM, U HAJCIOLIErocs, YTO 3a 3TO BpPEMsl WJIM HIIAK CAOXHET, WM NPaBUTENIb YMpET,
0CcBOOOIMB OOMAHIIIMKA OT OTBETCTBEHHOCTH 3a JIOYKHBIE O0CIIaHuA.

C Tex mOp CMEHWICA ULENbId psn TpaBuTeneil, a padoraromye (QU3NKA TOTYYIHIH
JKCIIEPUMEHTAIbHBIE JOKa3aTeIbCTBA OTCYTCTBHUS B pealbHOM Mupe HeIelMMbIX KBaHTOB
sHepruu [1]. OnHako HedpEKTUBHBIE METOABl PEIICHUS HEUTPUHHOW» M «TEPMOSJICPHON
npobneM, pa3paboTaHHbBIE, C TOMOIIBIO THUIOTE3bl CYHNIECTBOBAHUS HEACIMMBIX KBaHTOB,
MIPOIOJDKAIOT YIIOPHO U 06€3pe3yabTaTHO UCTIOIB30BAThCA, @ pa3padOTUHKH TPEOYIOT Bce OObIIe
u OOJbIIE CPEACTB HA MPEOJOTICHHUE TEXHUYECKUX TPYAHOCTEH, HE MOJKPEIUIsisi BHIOpaHHBIE
METO/Ibl peIICHUsl yOeAUTEeIbHBIMU 00OCHOBAHHUSIMHU.

.

[Toka pa3paboTunku 3TUX NPOOIEM HE CIIElIa OCBAaUBAIOT CPE/CTBA, BbIJCICHHBIC HA 3apaHee
0e3pe3yibTaTHbIe, C TOYKW 3PEHUSl PElICHUs MPOOJIeM, SKCIIEPUMEHTHI, TEOPHUS HEITHMHEWHBIX
KojeOaHull yoenuiaach B TOM.

-4TO METO/Ibl, UCTIOJIb3yeMble (PU3UKAMU /TSl pEILIEHUs] ITHX, TPOOIIeM, OIIMO0UHBI U
0e3pe3yabTaTHBI,
-4TO TUIIOTE3a CYIIECTBOBAHUS «HEUTPUHOY SIBUJIACH CIEICTBUEM OIIMOOYHOCTH MHEHHS

(U3UKOB O pacragHOM XapakTepe TpaHchopMay HEHTpoHa B TPOTOH,

-4TO peakuus TpanchopMai HEUTPOHA B IPOTOH SBIISETCA peakuueil (oToH-HEHTPOHHOTO

CHHTE3a IPOTOHA, U

-4TO peakusi HeUTPOH-(HOTOHHOTO CHHTE3a MTPOTOHA SBISETCS TOM SIMHCTBEHHON peaKiuen

«XOJIOJTHOT0Y CHHTE3a, KOTOPasi MOKET PEIINTh «TEPMOSIJICPHYIO» MPOOJIEMY, U O KOTOPO

TaK JIOJITO ¥ TaK 0eccoiep:KaTelIbHO PAaCcCCy AAt0T (PU3UKH.



VII.2. «HeiiTpuHHa» podJieMa

Jis TOsBIEHUS TPEACTAaBICHUH O CYIIECTBOBAaHMHM «HEUTPUHO» HE OBUIO HUKAKHUX
OCHOBaHWH, MOKa HE ObUIM CO37aHbl HaOIIOJaTeTbHbIe KaMephl, (GUKCHUPYIOIIUE CIIEAbI-TPEKH
MHUKPOOOBEKTOB, 00JIa/IAt0IIUX SIECKTPHUSCKUMU 3apsigaMu. Eciiim MEKPOOOBEKT IEKTPUICCKIM
3apsiioM He 00JIafaeT, To, MpoJieTas yepe3 HaOII0AaTebHYI0 KaMepy, OH TpeKa He OCTaBJISIET,
ocTaBasiCh BOOOIIE HE 3aMEUeHHBIM. OJTO HaKJIagblBaeT o0coOble TpeOOBaHUS Ha
WHTEPIPETATOPOB CUCTEM CIICHOB-TPEKOB. VIcXoas n3 3THX TpeOOBaHMH, OHU HE JOJDKHBI AEIaTh
MOCTICIITHBIX BBIBOJIOB O HAOJIOJAEMBIX TpOIEccax, aHATU3UPys HAPHCOBABIIUECS CHCTEMBI
TpekoB. Tak Kak MHKpPOOOBEKTH, HE OOJaJaloNIMe DJJICKTPUYCCKUMHU 3apsjaMu, B
HaOJII0JaTeNFHBIX KaMepaX TPEKOB HE OCTABIISIOT, TO aHAINU3 CUCTEM TPEKOB TpedyeT, B o01ieM
cilyyae, ydera, NpU HMX aHAJIU3€, BO3MOXXKHOCTH y4yacTHs B HAONIOJaeMBIX IpOIeccax He
3a(hUKCUPOBAHHBIX MUKPOOOBEKTOB, JIMIIEHHBIX JEKTPHUUECKUX 3apsI0B.

OTO, KOHEYHO, YCIIOKHSET aHalu3 HaOJI0ZAeMBIX TPEKOB, HO HCKIIOYAET IOSBICHUE
(anbmMBbIX, OMMOOYHBIX HHTEPIIPETAINA, TAKUX, KaK BBIBOJI O PACHaJHOM XapaKTepe peakluu
TpanchopManuyu HEHTpOHA B MPOTOH. A BEIb TOJNBKO ITOT BBIBOJ O PAacagHOM XapakTepe
TpaHchopMaud HEHTPOHA B TPOTOH W TMpPHBET K HEOOXOAWMOCTH TPHHATHUS THIIOTE3BI
CYIIECTBOBAHUS «HEHTPUHOY.

.

Cucrema TpeKoOB, OTBEYAIOIIAs PEAKINU TpaHC(HOopMauy HEHTPOHA B MIPOTOH, COCTOSIA U3
JIBYX, PAcXOJAIIMXCS U3 OJHOW M TOH )K€ TOYKU, TPEKOB — JJIEKTPOHA W mporoHa. Kak yxke
TOBOPWJIOCH, YTOOBI HCKITIOUUTD JIOKHYIO MHTEPIIPETALNIO Ha0JII0JaeMOM peaklinu, Hy>KHO ObLIO
UCCIIeI0BaTh BO3MOXKHOCTD y4acTUsl B HEl MUKPOOOBEKTOB 0€3 3JIEKTPUUECKUX 3apsi/iOB.

XapakTep TpPEKOB DJEKTPOHA M TPOTOHA MOATBEPIKIAET ydacTue HEUTpoHa. A BOT 00
ydacTuu ()OTOHA 3Ta Mapa TPEKOB HUYETO CKa3aTh HE MOXKET. 371eCh HY)KeH MHOMN IMOAXO/.

Korna skcriepuMeHTanbHO U3MEPSIIN «BPEMs KU3HI» CBOOOJHOTO HEHTPOHA, TO B Pa3sHbBIX
naboparopusax, 0OpU OJHOW M TOM K€ CXEMe M3MEPEHUH, MONyYWIH Pe3yibTaThl,
pasnuyaronecs Ha BEJIWYHHBI, TPEBBIIIAIONINE MOTPEIIHOCTH M3MEPEHUH. A Tak Kak B JTHX
HKCIIEPUMEHTAaX IUIOTHOCTh IIOTOKOB (DOTOHOB HE KOHTPOJIMPOBAJach, TO CYIIECTBOBaa
peanbHas BO3MOYKHOCTb, YTO B PAa3HBIX J1a0OpaTOpUsX, NMPU U3MEPEHUH «BPEMEHH >KUZHU»
HEHTpOHA TUIOTHOCTH ()OTOHOB HE OBUTM BBIpAaBHEHBI. UYTOOBI PEHIMTH 3TOT BOIPOC, TOCTATOYHO
ObUIO B OJHOW J1a0OPAaTOPUM BBISICHUTB, BIHMSET WJIM HET IUIOTHOCTh TOTOKAa (DOTOHOB,
UCIOJIb3YEMBIX B X0/I€ ATOT0 SKCIEPUMEHTA HA PE3YJIbTAaT U3MEPEHUS «BPEMEHH KU3HUY.

Ho nmaxe, ecnu Obl 3TO yaanoch YCTaHOBHUTb, TO, M3-3a OTCYTCTBHSI B (pU3MKe CBEIEHHH O
cTpykType (oToHa, 3Ta mHQOpMamHs OKa3anach Obl OECMONe3HOW, TaKk KaK HUKAKMX HOBBIX
CBEJICHUH O peaKIMy MPEeBPALICHNs HEUTPOHA B IPOTOH OHA HE TTO3BOJIMIIA ObI MOTYYHTh.

.

Y3HaTh HOBBIE, HEIOCTAIONINE CBEACHUS YIAIOCh TOJBKO TEOPHH HEIWHEHHBIX KOJIeOaHWH,
BBISIBUBIICH CTPYKTYypy (otoHa. Okaszamoch, 9TO (OTOH TPEACTABISET COOOW DICKTPOH-
AQHTUAJICKTPOHHBIA JHITIONb, KOTOPBIA 00JIaaeT CBOMCTBOM, NMPH CTOJIKHOBEHHH C HEHTPOHOM,
pacnagatbcsi Ha CBOOOJHBIM AJIEKTPOH M CBOOOJHBIN aHTHUAJIEKTPOH. DJIEKTPOH, M3-3a CBOETO
JUaMarHeTu3Ma, yXOIUT OT HEHUTpOHa, a aHTHRJIEKTPOH, M3-3a JUaMarHeTusMa M
«OTPHILATEIILHOCTHY MACChl, UCIBITBIBAET MarHUTHOE NPUTSDKEHUE K HelTpoHy. HeliTpoH ke, u
OT DJIEKTPOHA, M OT AHTHUINEKTPOHA, M3-3a MX JMaMarHeTH3MOB, HUCIBITHIBAET MAarHUTHOE
OTTAJIKMBAHUE M CTPEMHUTCS OT HHUX YOeXaTb, HO aHTHIJIEKTPOH, BEIMYMHA MAacChl KOTOPOTO
MOYTH Ha TPH MOPsIKa MEHbIIIE MacChl HEUTPOHA, HE JaeT HEUTPOHY yOexarb M, IOTOHAS €ro.
CIIMBAeTCA C HUM B COCTaBHOM, HEUTPOH-aHTHIJIEKTPOHHBIH MHUKpPOOOBEKT (puc.l), mo Bcem
TIPU3HAKaM, SBIISIOIIANCS TIPOTOHOM.
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Puc.1. Cxema npoTona

OOpatuThcs (PU3UKOB K THIIOTE3E CYIICCTBOBAHUS «HECHTPHUHOY» 3aCTaBUIIO cieayromiee. Bo-
MEepBBIX, OHM HaWBHO, ©0€3 m[POpadOTKM BO3MOXKHBIX BApUAHTOB, IOCUUTAIM, YTO
HaOIo/IaBIIasiCsl CUCTEMa DJIEKTPOH-TPOTOHHOTO TPEKOB TOBOPHUT O PEAaKIMU caMopacnajia
HelTpoHa. [locnemyromuii SHEpPreTUUEeCKHii aHaan3 HaOJIONaBIINXCS CIEAOB ATOW peakluu
0oOHapy>KWI MPU3HAKY HAPYIIEHUS 3aKOHA COXPAHEHUS YHEPTUU, MHOTOKPATHO ITPOBEPEHHOTO U
HAJIe)KHO MOATBEPKAECHHOTO B IPYTUX 00CTOATEIbCTBAX.

Haxonen-to ¢u3uku oOpaTuiym BHUMaHKUE HA TO, YTO HJIEKTPOH-IPOTOHHAS CHCTEMa TPEKOB
HECEeT HEMONHYI0 HH(popMamuio 00 YYaCTHHKAX PEaKIUH, OTOOpaKaeMOM STHMH TpEKaMU.
OpHako, pU3MKaM HE XBAaTHUJIO MOTYYEHHOTO MU HAYYHOTO 00pa30BaHMS U HAYYHON MHTYHIIUU
JUIsl OOHapy>KEHUs 3THX HEBHAMMBIX YYaCTHHMKAaX peakiuuu. BmecTo MOMCKOB peajbHbIX,
MaTepuaibHBIX YYaCTHUKOB 3THUX PEaKIHi, OHHU, CIOBHO HECO3PEBIIME, HO B3pPOCIbIE IO
BO3pAcTy JIOJIM, OOPATUIUCH K HEHAYYHBIM, MUCTUYECKUM MPEACTABICHUIM O CYIIECTBOBAHUN
TaWHCTBEHHBIX, HUKOT/1a ¥ HUT/IC He HAOIIOAaBIINXCSl KHEUTPUHOY.

3aMeTHM, YTO 3TO — HE €AMHCTBEHHbIE MHUCTUYECKHE BBIBEPTHI (PU3UKOB. VX «COH pazymar»
(mo @.I'oite) mopoaAmsl HE TOJILKO TaKWE HAyYHbIE MUPAXH, KaK HEUTPHUHO,, HO U IEIYI0 CTalo
IpYrMX 4Yy[OBMI THUIIA MIOOHOB, IIMOHOB,..., KOJUIAIIC MaTepuu, €€ aHHUTWIILHIO,
9KBHMBAJIEHTHOCTb MacChl U 3HEPTUM,... .

.

Teopust HenMHEHHBIX KoJeOaHM OOHAPYKUJIA, YTO HEBUANMBIM YJaCTHUKOM 3TOH PeaKIiH
SBUJICSI (JOTOH B BUE DIEKTPOH-aHTHIIEKTPOHHOTO MU0, CTaIKUBasCh, IO/ MPOU3BOIBHBIM
YTJIOM, C HEUTPOHOM, W, TIepefaBas €My CBOW WMITYJIbC, (POTOH pacmajacTcs Ha CBOOOIHBIN
AJIEKTPOH U CBOOOJHBIM aHTUAIEKTPOH. B cuiy numamarHeTusma, 3JeKTPOH OTTAJIKMBAETCS OT
HEHUTpOHA M YXOJWUT OT Hero. B cuily n[uaMarHeTusma aHTHUAJICKTPOHA, HEUTPOH HCIBITHIBACT
MarHMTHOE OTTAJIKMBAHWE OT AHTUAJIEKTPOHA M TBITAETCI OT HEro ybexaTh, HO TaK Kak
BEJIMYMHA MacChl aHTUIJIEKTPOHA HAa TPU NOPSJKAa MEHbIIE Macchl HEMTPOHA, TO, UCIBITHIBAS
MAarHMTHOE HPUTSKEHUE K HEHUTPOHY, M3-3a «OTPULATEIIbHOCTH CBOEH MacChl, aHTUAJIEKTPOH
JOTOHSIET HEUTPOH M 00BETUHSETCS C HUM B IIPOTOH.

.
Taxum 00pa3om, TeOpHs HETMHEHHBIX KOJeOaHMid
-BBISIBUJIA UCTUHHBIN XapaKTep peaknuu TpanchopMauy HeWTpoHa B IPOTOH, TOHUMaHHE

KOTOPOTO NMPHHIIUIHATHHO HEJOCTIKUMO B COBPEMEHHOH (PH3HKe,

-00Hapy>Kuia, YTO ICTUHHON MPUYMHOMN BCEX JOITUX HEy/lad B «HEUTPUHHOI» mpolieme

SBIISIETCS] OTCYTCTBUE MaTepUAIbHBIX «HEUTpuHO» B [Ipupose.

-00HapyKHJa, 4TO «XOJIOJHBIN)» CUHTE3, O KOTOPOM TaK HEBHATHO roBopHJa (pu3uKa, \

npeacTaBiIseT coboil mocaen0BaTenbHOCTh ABYX PeaKkLUui — CHayaua HEHTPOHHYIO, a

3areM (DOTOHHYIO.

VIL3. «TepmosinepHas» npodJiema
[Mon «repmosimepHOit» mpoOieMol MOHMMAeTcss pa3paboTKa W CO3MaHHE YIPaBISIEMBIX
SHEPTreTHUYECKUX PEAKTOPOB Ha JIETKUX sSIIpax



W3BecTHBI M yKe HCHIONB3YIOTCS JBa CIIOCO0a M3BJICUEHUS TMOTEHIMAIBLHOW HHEPIHH,
CKPBITOM B aTOMHBIX SIpax M BBICBOOOXKJAIOIIEHCS MpU MX paspymieHuH. Pu3uka HamycTuia
OYeHb MHOI'O TyMaHa B IOHMMaHHE 3THUX IPOILIECCOB, HEOPEIKHO M HEAKKYpPATHO HCIIOJIB3Ys
CIeLHaJIbHYIO TEPMUHOJIOTHIO.

XOopomio M3BECTHO, YTO MOTEHIMAJbHAS sJCpHAsl DSHEPIHsl MOXKET BBICBOOOXKIATHCS
B3PBIBHBIM U «TJICIOMIMMY - YIPABISIEMbIM COCOOAMH, C MCIIOJB30BAHUEM KaK TSKEINBIX sIIEp,
KUBYIIMX B 3aypaHOBOM psiy TaOmuIbl MeHzeneeBa, TaKk M JIETKHX SA€p, MMOCEIMBIIUXCS B
Hadane 3Toi Tabnmubl. J{st 3TOrO, M3 00OWMX dYacTei Tabnmubl MeHeneeBa HCHOIB3YIOTCS
MTHOBEHHO camopacnajaromuecs: aapa. llpaBga, cyas no moBefeHUIO (PU3HKOB, CO3AETCS
BIIEYATIICHUE, YTO O TAKOH CIIOCOOHOCTH JIETKUX SIIEP OHU HE CIBIIIAIH.

OU3NKH TOBOPAT, YTO B aTOMHBIX (YPAHOBBIX,...) 00MOax M peakTopax BbIJCIEHUE SYHEPTHU
MPOUCXOIUT OJaroaaps sJICpHBIM PEaKIUsIM JelIeHUs, a B TEPMOsIIEPHBIX O0MOax U B 3BE3/axX -
B SZIEPHBIX peakuusax cuHTe3a. OnHako, 3TO NpPOTUBONOCTaBIeHHE omrbouHo. Ha camom nene, B
o0oMX chy4asx BBIJCJICHHE JHEPrMd NPOMCXOJUT B pe3ylbTaTe CHHTE3a MIHOBEHHO
camopacnasarlomuxcs sjaep. Tak B ypaHoBOH OoMOe BbIIENEHHE SHEPruy MPOMCXOAMT, KOTna
HEHTPOHDI, IPOHHUKAs B AApa U, CHHTE3UPYIOT M3 HUX HEYCTOIYMBBIC, HE CYIIECTBYIOLINE B
Hacrosimee Bpemsi B Ilpupose, supa U, KOTOpBIE Cpasy e, MTCHOBEHHO PACIamaioTcs C
BBIJICTICHHEM SHEPTruu. DHEPrusl jK€ 3/1eCh BBIJEISICTCS B BUJIE KHHETHUYECKOW YHEPIHH pas3iera
SIIEPHBIX OCKOJIKOB, PA3rOHSEMBIX 3JICKTPUYECKUM M MarHUTHBIM OTTalIKUBaHUSAMHU. OTKyna ke
3HaTh 00 3TOM O€AHBIM, Mal000pa30BaHHBIM (PU3UKaM, €CJIM OHM €IlIE ¢ MO3alpOIIIOro BeKa
OTKa3aJHCh OT y4eTa MarHUTHBIX B3aUMOJICHCTBUI MEXKIAY 00BEKTaMH MUKpOMHUpa?

B tepmosiiepHoit 6oMOe U B 3Be3/1aX, BbIIEIEHUE SHEPTUH TPOUCXOIUT, KOT1a, B pe3ysbTaTe
ps/ia PeaKiuii, CHHTE3MPYIOTCS HeyCTOUMBbIE, MTHOBEHHO caMopacnajaommecs sapa °Li u °B,
B HacTosIlee BpeMs OTCYTCTBYIOIIME B Hauane Tabiauubl MeHnzaeneeBa, Mo MPUYMHE CBOEH
HEYCTOWYHUBOCTHU
. [lepBbIii ynpaBiseMblil SHEPTETUUECKUI PEaKTOP Ha TSDKENBIX sSApax 3apadoTan yepes3 msaTh
JeT TOCiie B3phIBa aTOMHOW OOMOBI. PaboOTBI MO CO3MaHHIO YHPABISIEMOTO YHEPTETUYECKOTO
peakTopa Ha JETKHX SApax BEAyTCS YK€ OKOJIO CEMHJIECATH JIET IIOCIE B3pbIBA IEPBOMI
TEpMOsIIEpHO OOMOBI, HUKAaKMX pealbHBIX TPU3HAKOB TIPOTpecca, KpOMEe 3aBepeHHI
3aMHTEPECOBAHHBIX (PM3UKOB, HET, M HAJEXK/IBI HA YCIIEX CTPEMUTEIHHO MaAatoT.

L]

IToMHIO, KOTrZma cTaym B3pOCIETh M HWHTEpecoBaTbcsi MHpPOM, B KOTOPOM JKHBY, Kakou
UCKPEHHUH MHTEpeC M Kakoe IIyOOKOe BOCXMILEHHE BBI3bIBAIM Y MEHS (DU3MKH, MMO3HAIOIUE
ycTpoicTBO 3Toro Mupa. OgHako, o Mepe B3pOCIEHUs, Y MEHS U Y IPYTUX CTAIU MOSIBISATHCS
HEJOYMEHHbIE BOIPOCHl, Ha KOTOpPbIE OHM CHayaja IbITAJINCh BECbMa CHUCXOIUTEIBHO
OTBEYaTh, a IOTOM 3aMOJIYAJIH, BBES B HAYYHOH JINTEPAType KBAHTOBYIO LIEH3YPY.

WnTepecHo, 9TO XK€ OHHM TaK YIOPHO TBITAIOTCS CKPBITH OT (DMHAHCHUPYIONINX HX
HaJIOTOIJIATEIbIIMKOB?

B «wmelitpunnoit» mpobiieMe MbI ¢ 3TUM pa3zodpanuck. [Ipu 3ToM, HEYasHHO, MOMYTHO HaM
yIalI0Ch KOCHYTbCSI CaMOH «OOJIBHON» TEMBI «TE€PMOSIIEPHOI» MPOOIEMBI, CBSI3aHHOM CO
crocobamu €€ pemieHus U OOHApYKWJIM €IMHCTBEHHBIH TakoWl crmoco0 B BHUJE HCTUHHOIO
«XOJIOZHOTOY siiepHOro cuHTe3a. Ilepeiinem k «repmosaepHoi» npodiaeme. Haunem c neranei.

VIL.3.1. Cxema pemeHus,
NpeasIoKeHHAs KBAHTOBOM Teopuei

Chauana Obl1a U3TOTOBIIEHA M alpOOMPOBaHA «TEPMOSIIEPHAs» - «BOAOpOAHAs» Oomba. OHa
COCTOSJIa U3 3amajia — «aTOMHON» OOMOBI, B3pHIB KOTOPO MHUIIMUPOBAI B3PBIBHBIC PEAKIIMU B
OCHOBHOM — «TE€PMOSACPHOM» 3apsijie. TepMOsSAepHBI Jke 3apsii COCTOSIT W3 sIep
ra3onofo0HbIX Jjeiitepust D w  Tputus 7, KOTOpble, Ui KOMIAKTH3alUu OO0Bema
«TEPMOSIIEPHOTOY» 3apsifia, OBUTH HCIIONB30BAHBI B BHJAC TBEPIOTEIBHBIX COCAMHCHHMI ¢ °Li.
@OU3HUKHM TTOCUYNUTANN, YTO SHEPTHS B3PHIBA TEPMOSIACPHON» HAYMHKH BBIJCISCTCS B PE3yabTaTe
peaxuuii (1) [2]:



D+D—>3He+n,

D+D—T+p, (1)
®Li+n—4He+T,

T+D—"*He+n.

OTH Ke peakudd OHM MCIOJNB3YIOT W B IONBITKAX MOCTPOEHUS  YIPaBISIEMbIX
HHEPTEeTHYECKUX PEaKTOPOB Ha JIETKUX sapax. Ho onn mouemy-to He pabdoratot. [Touemy?

VIL.3.2. «Kiaccuyeckmii» aHaIu3
PadoTOCIOCOOHOCTH KBAHTOBOI CXeMbI

[Tox siaepHBIM CHUHTE30M CIIEJIyeT MOHUMATh PEaKIUIO, 3aBEPUIAIONIYIOCS YBEITMUYCHUEM
KOJIMYECTBA HYKJIOHOB B MCXOJIHOM sIpe, coAepxKalieM Z MpoToHOB U N HeltpoHoB. Eciu, B
pe3ysipTaTe peakluu SIIEPHOr0 CHHTE3a, YBEJIUYMBAETCS TOJIBKO KOJMYECTBO HEHTPOHOB, TO
CHHTE3UpYeTCs OoJiee TSHKEIBIH M30TOI TOTO e XMMUYECKOTo neMeHTa. Eciau yBennuuBaercs
KOJINYECTBO MPOTOHOB, TO CHHTE3UPYETCS SO Oosee TSHKEIOTO XUMHUYECKOTO dJIeMEeHTa. JTH
WCTHHBI IPOTIMCHBIE, HO OHH JIOJDKHBI OBITH 3/16Ch 03BYUCHBI.

W3BecTHO, YTO SACpPHBIA CHHTE3 MPOUCXOJUT MpPH CONMKEHHM HUCXOAHBIX SAep M0
paccrostaist Menbirero, em 107 '*m. Ha paccrosmnn, memsmem 107 '*M, paGotaer HykioHHOE
MPUTSKEHUE, CO3/1aI0IIee HOBBIE S/Ipa.

A Tenepb caMblil TJIaBHBIM, HO caMbli KOBapHBIM M caMblii MHTEpecHBIH Bompoc. Kakue
HayalbHblE YCIOBUS COJVDKEHUS JBYX SAEp TSDKENIBIX H30TONOB BOJOpOJa — JEUTPOHOB MU
TPUTOHOB, 00ECIIEUMBAIOT CUHTE3 HOBBIX, O0JIee TSKENbIX sep?

.

Jlroboe mpUHIMITMATBHOE WUCCIICOBAHNE JTyUIllle HAYMHATH C MPpOCTelIiero BapuanTa. Eciu
pe3ybTaThl MCCIEAOBAHUN MOTPEOYIOT BBIABICHHS HOBBIX JETalel, TO 3a1ady BCETJa MOXKHO
YCIIOKHUTh. Ecium  ’ke HauuMHaTh Cpa3y coO CIOXKHOM 3aJayd, TO, 33 MHOECTBOM
MENPUHLUINAIBHBIX JeTajell MOKHO IPOCMOTPETH YTO-TO BaYKHOE.

COMmKeHuIo IEHTPOHOB M TPUTOHOB 10 10"m - pacCTOSTHUSA SIAEPHOTO CHHTE3a, MEMIAIOT
JJNIEKTPUYECKOE W MAarHUTHOE OTTAIKUBAHHUS MEXIy OSTUMH SiApaMu. A Tak Kak HEHTpOH
AJIIEKTPUYECKOTO 3apsifla He MMEET, a BeKTOp ero MarHUTHOIO MOMEHT Ha 4YeThIpe MOpsIKa
MEHBIIIE BEKTOpa MarHUTHOTO MOMEHTA MPOTOHA: 1y=3" 1074,11p, TO BMECTO JIEHTpOHA M TPUTOHA
BIIOJIHE JIOCTAaTOYHO PACCMOTPETH TOJILKO JIBA CONMMMKAIOIIUECS TPOTOHA.

[IpocThie pacueThl TOKa3aid, 4TO COJNMKEHHWE MPOTOHOB [0 10y, MpU y4eTe TOJBbKO
ANIEKTPUYECKOTO OTTAIKMBAHMS, TpeOyeT dHeprun ux commkenus, pasHor 0,144M»sB. Ousuku
3TO XOPOMIO 3HAIOT [2] M CYMTAIOT, YTO MPEOAOJIEHHE DIEKTPUYECKOTO Oapbepa SBISETCS
YPE3BBIYANHO CEPHE3HON 3a1aueil.

.

Uro kacaercsi MAarHUTHBIX 0apbepoB, MPENATCTBYIOMUX CONMKCHUIO TEUTPOHOB H TPHTOHOB
JI0 PAcCTOSIHUU SIAGPHOTO CHHTE3a, TO O HHUX (U3UKH COBCEM HHUYEro HE 3HAIOT, Kak
HEYyCIIeBAIONINE YYCHHKH — BEJb B KBAaHTOBOW TEOPUH MAarHUTHBIC B3aUMOJICHCTBHUS MEKIY
MHUKPOOOBEKTAMHU HE YUUTHIBAOTCS.

MarHuTHOe OTTAJIKUBAaHME MEXIy COMMKAIOLIMMUCA MPOTOHAMU IMOSIBIISETCS, KOrja
BEKTOPbl ~MAarHUTHBIX ~MOMEHTOB IIPOTOHOB  pAaCIOJIOKATCsl, COIJIACHO  MAarHUTHOMY
opueHTaroHHOMY 3¢ dekTy [3], Ha MPsSMOU, TPOXOIIel Yepe3 dTH MPOTOHBI, U MPUMYT, H3-3a
JlMaMarHeTu3Ma IMpOTOHOB, IIPOTHUBOIIOJIOKHBIE HalpaBaeHs. YeM MeHbIlEe pacCTOSHUE MEXITY
NPOTOHAMH, TEM JTO BEPOSTHEE, TEM MEHbIIE BEeIMYMHA MarHUTHOro Oapwepa. IIpocTeie
pacyeThl MOKa3aiM, YTO €CJIM 3TO MPOMCXOIUT NP PAacCTOSHUM, paBHOM 10 TM, TO BennumHa
MarHMuTHOTO Oapbepa paBHa F(q)=45,5(106—1qu_zz)MaB, nmn peranbhHee: F(13)=45,04Mb5B,
F(12)=45,49M5B, F(11)=45,5M>5B.



Tenepp MOXHO BEpPHYTHCS K ACUTPOHAM C TPUTOHAMHU. OIJIEKTPUUYECKHE W MATrHUTHBIC
Oapbepbl A HUX T€ e, 4TO M JuId NpoToHOB. Ho, COrilacHO KBaHTOBBIM MPEJCTaBICHUSM,
SHEPTUU CBA3U JEHTPOHOB U TPUTOHOB, COOTBETCTBEHHO, paBHHI 2,2241 M5B u §,4820M>»B, uto
CyIIECTBEHHO MeHbile, yeM 40M»aB. 3Haunt, cOnvbkaronuecs: 1eHTPOHBI U TPUTOHBI JIOJKHBI
pacchlmaThCsl Ha OTHCNbHBIE HYKJIOHBI HA PACCTOSIHUAX MEXKAY HHMH, IPEBBIIIAIONINX
paccTosiHue CUHTE3A.

Y4uTbIBask TO, YTO KBAHTOBBIE 3HAUCHUSI SHEPTUHN CBA3H aTOMHBIX SiJIEp CIMILIKOM HETOYHbIE,
TEOpHUs HEJIMHEHHBIX KoJeOaHWMH, UCXOJ M3 COOTHOIICHUs Pesepdopaa: Fn=1.4'A1/3'10_]5M, c
MOMOIIBI0 WICHTH()DHUKAIMOHHONW MPOIEIyphl, YCTAHOBHIA, YTO HYKJIOHHOE B3aWMOJICHCTBHE
ONMUCHIBAETCS BBIPAKEHUEM: Fn=pr_4—qr_5, rae p=1581- 10 kM’ ¢ 2, q=5032- 10 kr-m®c 2

Ucxoas 3 3TOTO BBIpaXKEHHsI, SJHEPTUN CBSI3U JACUTPOHA U TPUTOHA TMOJIYUMIIMCH PABHBIMU
E(D)=0,133M5B, E(T7)=0,653M»5B — Ha nopsiioKk MeHbIIIe KBAHTOBBIX 3HAYCHHUH.

.

[Toydennbie 1uppsl 03HAYAIOT, YTO (PUBHKH BCE CEMBJECAT JIET ONIMOATUCh CUUTAS, YTO
cnucok (1) comepKUT peakiuHu, B KOTOPBIX BBIIENIACTCS TEPMOSJEpHAsi SHEPrus U B
TEepMOsIIEpHOM O0MOE, 1 B CO31aBaEMBIX MU PEaKTOpax, U, He yKaJiesi CUJI U CPEICTB, CO3IaBalld
PYKOTBOpHBIE MaTepUaAIbHBIE MAMSATHUKHA CBOEMY HenpodeccrnoHamu3My. BoT kK yeMy nmpuBOIUT
«COH pazyMmay.

VIL3.3. UcTUHHBIE peaKkuU CUHTe3a
B TepMosijiepHoii GomOe

X0po1I0 U3BECTHO, YTO TEPMOSZIEPHBIN B3PbIB B «BOJLOPOIHONW» O0MOE, ITpH €€ HCIIBITaHUSIX,
cocrosuicd. OCHOBHOM, «TE€PMOSAEPHOI» B3PBIBUATKOM B HEW SBISIOTCS TBEPLOTENIbHBIE
COEIMHEHUs JAeWTepuss W TpUTUS C JuTHeHM-6. Ho Bblme oOHapyXeHO, 4TO B MPSIMBIX
CTOJIKHOBEHUSIX JEHTPOHOB U TPUTOHOB SIACPHBIN CUHTE3 C BbIACJIECHUEM TEPMOSIEPHOMN 3HEPTUn
HEBO3MOKEH. 3HAYUT, JOJDKHBI CYLIECTBOBAaTh KAKHE-TO APYrUe peakUu SIEPHOrO CUHTE3a,
COINPOBOKAAIOIINECS BBIJICTICHUEM YHEPTHH.

Ecmu, B momckax 3TuX peakiuii, 00paTuThCs K Hadary Tabmuisl MeHaeneeBa, To HETPY/AHO B
Hel 0OHApYXUTh OTCYTCTBHE °Li  *Be. B Tabmmie Men/ieneeBa 5TH 2IIeMEHThI OTCYTCTBYIOT U3-
3a HEYCTOMYMBOCTH, B HACTOsIIEE BpeMs, UX siaep. EcTb 00cTosTeNnhCcTBa, TOBOPSILKE B MOJIB3Y
TOTO, YTO CHUHTE3 3TUX HEYCTONYMBBIX, MTHOBEHHO PACMaAAIOIINXCS SAep MOKET HHUIIMUPOBATD
TEPMOSIJIEPHBII B3PbIB.

.

Bo-miepBbIX, XOpOIIO H3BECTHO, 4YTO OoJiee JIETKUX, YeM °Lt, HEYCTOWYUBBIX SJEP, B
HAcTosIee BpeMs, B IIpupose Her. 3HAUHT. syapa ~Li SBIAIOTCS MEPBBIMH MPETEHICHTAMH HA
CHUHTE3 U3 JICUTPOHOB U TPUTOHOB MIHOBEHHO PaclaJlalolInXcs, C BbIICICHUEM TEPMOsIEpHON
sHeprud, aaep. Kakumu 10mKHbI ObITh peakui 3TOro cuHresa’?

.

Bo-BTOpHBIX, B CBSI3U C ATOW TEMOH, MPOU3OMLIO €lI€ OJHO COOBITHE, HA KOTOpoe (DHU3UKHU HE
CyMEIU OTpearupoBaTh.

B Hurepuere Obiia momenieHa oyeHb BaxkHas uHopmamnus: «B 1990r pagmocranims
«Hemeukas BomaHa» cooburmiia, uro korga 40 jer Has3ax Ha ceBepo-3amaje SIKYyTHM Hadyaluch
SIIEPHBIE MCIIBITAHUS, OJHO U3 HUX I10 MOLIHOCTH OKa3aJ0Ch HECPABHUMO HU C KAKHUM IPYTUM
(20-30MT BMecTo pacuetHbix 10kT!). B3pbIB 3apeructpupoBaiu Bce CEMCMUYECKUE CTAHIIUN
mupa. IlpuuMHa CTONB CYIIECTBEHHOIO PACXOKIEHMsI TaK W OCTajlaCh HEU3BECTHOM.
[Ipeamonaranu, mpaBjia, YTO UCHBITATN KOMIAKTHYIO BOJOPOJHYIO O0MOy HEOBIBAIO MO TeM
BpeMEHaM MOIIHOCTH, 0JJHaKo, mogooHoe ycrpoiictBo B CCCP pazpaborano ropasno mosxe.

DTOT B3pBIB Ha3BaIM Buimrolickum, o mMeHN MecTa. B okpecTHOCTH MecTa B3phIBa JIOJITO U
YIOPHO MPOBOAMIUCH CEKPETHBIC HCCIEAOBAHUS IPHUYMH B3PbIBA, HO O3TH HCCIECIOBAHUSI
ocTanuch 0e3pe3ynbTaTHBIMU U3-32 HenpodeccHoHanu3mMa (QU3UKOB.

B 1950r ucneiTanus «BOJOPOAHBIX» YCTPOMCTB HHUTJE B MHUpPE €Ille HE MpoBOAMIuCh. Ha
Mmecte Bumroiickoro B3peiBa, B 19501, mpoBOAMINCH UCHIBITAHUS OOBIYHOM «aTOMHOI» OOMOBI.



MormHocTh W XapakTep Buiroiickoro B3pbiBa CBUIETEILCTBOBAIM O TOM, YTO 3TO OBLI
HACTOSIIMI TEpPMOSIIEPHBIM B3pBIB, XOTA caMa «aTOMHas» OomOa BOJOPOAHBIX siep He
cojepxkana. A Tak Kak Ha 3emiie, B €CTECTBEHHBIX YCIOBHUIX, KOMIIAKTHBIE OOBEMBI TSKEIBIX
s1ep BOJOPOJa, HEOOXOIMMBbIE JUIsl B3pbIBa TaKOM MOITHOCTH, HE BCTPEYAIOTCS, TO 3TOT B3pHIB
BOOOIIIE HE CBSI3aH C TSHKEIBIMU BOJIOPOTHBIMU SIPaMHU.

UYro mpousonuio Bo Bpems Bumroiickoro B3peiBa? «B3phIBUaTKON» B «BOIOPOIHON» OomMbe
SIBJISIETCS] CMECH TBEPJBIX COCUHEHUN JEUTEPHS U TPUTHS C SLi. 3auem 31ech HYXXEH SLi?

JleWiTepuii ¥ TPUTHIA B HOPMAJBHBIX YCIOBUSX HAXOIATCS B Ta3000pa3HOM COCTOSHHU.
YroOsr 60MOa ObLTa KOMITAKTHOM, ICWTEpUH M TPUTUIH HYKHO OBLIO CBSI3aTh B COCIMHCHMS,
3aHMMAaIOIe MUHUMAaIbHBIA 00beM. Hanbomnee erkoit «mpruMeckio», YAOBIETBOPSIOMIECH ATOMY
TpeGoBanmIo, oKazancs °Li.

Opnaxo, Ilpuposga oTBena TUTHIO POJIb HE BCIOMOTATENbHOIO CTATHCTAa, a Mpembepa. B
Tabnuie MenaeneeBa HET HU 5Li, uu *Be. D10 0O3Ha4aeT, 4To 3Li u ®Be ABNSIOTCS MIHOBEHHO
pacmafarouEMucs sapaMu. M ecim, B yCIOBHAX, CO3aHHBIX B3PHIBOM yPAHOBOH G0MOBI, H3 °Li
CHHTE3UPYETCA ¥Be, 1o sapa *Be cpa3zy K€ pacnajaroTcsi C BBIACICHUEM COOTBETCTBYIOLIEH
SHEPruM 3a CUET DHEPruu paszjieTa OCKOJKOB 3THX SIEP, PA3rOHAEMBIX 3JCKTPUUYECKUM H, €Ile
00J1e MOIIHBIM, MATHUTHBIM OTTAJKWBAHHUSIMH.

JT0 — eAUHCTBEHHOE Hay4yHOe 00bsiCHeHHe NpupPoAbl Buiitoiickoro B3phiBa.

UroObl yOenuThCsl, 9TO HEOOBSCHIUMOE, B paMKa KBAaHTOBOH (DM3WKH, BBIICICHUE SHEPTHU
npu BuimolickoM B3phIBE MPOM3OIUIO B pe3yibTaTe CUHTE3A SIAEP *Be u3 sanep SLi, HYKHO
MOHSTh, KaK sipa JTUTHs, OTCYTCTBYIOIIME B ypaHOBOW OomOe, MOTJIM OKa3aThCsi Ha MeEcTe
IIPOBEJEHUS 3TOTO B3PbIBA.

XopolIo H3BECTHO, YTO JIMTUM BCTpeuaercs Ha 3emie B BUAE HEOOJIBIINX, KOMITAKTHBIX
pyIHBIX 00pa3zoBaHuii [4]. Moro Jin 0HO U3 TaKUX PYJAHBIX 00PA30BaHUN CIy4ailHO OKa3aThbCs
Ha MECTE HCTIBITAaHUI «aTOMHOI» 60MOBI? OTBET Ha 3TOT BOIPOC MOKET HAXOAUTHCS TOJBKO B
apxuBax TeoJIoropa3Beiku. M3-3a 3aTOIUIEHUSI OKPECTHOCTEH 3TOro  B3pbIBA  HOBBIE
HCCIIEJOBAHMS HA MECTHOCTH CTaJIM HEJOCTYITHBIMH.

.

Kakumu ke cpelncTBaMu BeCTH CHHTE3 HEYCTOMYMBBIX, MTHOBEHHO PacHaJarolluxcs saep,
4TOOBI, B pE3ylbTaTe€ MX pachaja, BbIICIWIACH «TepMosiiepHas» sHeprusa’ Dusuxu yxe
CEMBJECAT JIET MBITAIOTC 0E3YCHENIHO ATO JIeNaTh C TOMOIIBIO COMMKEHHUS sSIIeP, B KAKIOM U3
KOTOPBIX HaXOJSATCsl NPOTOHBI. HO Ha MyTH Takoro CMHTE3a CTOAT AJIEKTPOMATrHUTHBIE Oaphephl,
MPENATCTBYIOINE CONMKEHUIO SAEP 10 PACCTOSHUM, C KOTOPBIX HAUWHAETCS SIAEPHBIN CHHTE3.

Kak 310 cnemyer nenarp, IOKa3ajo OIMCAHHOE BBILE BBIABIEHUE HCTUHHOM peakuuu
TpaHchopMaluy HEUTPOHA B TIPOTOH.

.

A Ttemepp HemHOTro oTBiedeMmcsa. OIHO BpeMs, B CBS3M C [IyOOYaIIUM CTYHmoOpoM B
«TEPMOSJIEPHON» TpodiieMe, PacIUIOAMIOCh MHOTO ITYCTBIX Pa3rOBOPOB O SIJAEPHOM CHHTE3€
BOOOIIIE, a TAKKE O «TOPSTUEM» U «XOJIOJHOMY SIZIEPHOM CHHTE3€, B YaCTHOCTH.

Haunem ¢ TepMuHooruu. Y cnoBUMCcs Ha3bIBaTh SAPOM CUCTEMY CBA3aHHBIX MEKIY c000ii 4
HYKJIOHOB — Z TPOTOHOB U N HelTpoHOB. COriacHO 3TOMY ONpPEAENCHUIO, SIIPOM SBISETCS U
TPUTOH, U NEUTPOH, U MPOTOH, U HEUTpoH. B [1] ommcaHbl pe3yabTaThl 3KCHEPUMEHTAIBHOTO
J0Ka3aTenbcTBa  TOrMO, YTO ~ CHCTEMa  HYKJIOHOB  CTa0WJIbHOrO  siipa  olsagaer
KBa3UKPUCTAIITNYECKON CTPYKTYpOil.

[lon »memeHTapHBIM aKTOM SJIEPHOTO CHHTE3a, B oOmeM ciydae, OyaeM MOHHMAaTh
MpoLEeaypy, IOce 3aBepLICHHUs] KOTOPOW, B HMCXOAHOM siApe ¢ A HYKJIOHAaMH Ha EIUHMILY
YBEIWYUBAETCSA Wi N, unu Z.

IlepBrIii akT 3aKJIFOYAETCSI B HEUTPOHHOM aTake siapa, HaIpuMmep

ptn—D,
D+n—T.



B sToM akrte anekTpuueckue Oapbepbl OTCYTCTBYIOT, & MarHUTHBIH Oapbep COCTaBISIET BCETO
13,65koB. Huxakux apyrux OrpaHHMYEHUH Ha DTy pEakluio CUHTe3a HeT. B aTom akre
YBEJIMUUBAETCS KOJIMYECTBO HEUTPOHOB B sI/IpE.

Bropoii akT 3akmtoyaercs B (GOTOHHOM aTake cBOOOJHOTO HEUTPOHA

ntd—ntes +e_ —ptes
WIA HEHTPOHA, CBA3aHHOTO B SIPE, HO COJEPIKAMIETOCS B HYKIIOHHOM MarHUTHOM Kjactepe 0e3
MPOTOHA:
T+d—’He+e. ;
371ech d — JNEKTPOH-aHTHAIEKTPOHHBINA JUIONb, e - DIEKTPOH, - - aHTHIIEKTPOH. B ToM
aKTe U3 HEUTPOHa, yTeM 00y4eHus: (POTOHHBIM TOTOKOM, CHHTE3UPYETCS IPOTOH.

B nepBoM akTe cymiecTByeT TOJIBKO OTHOCHTEIHHO HEOOJBIIOW MAarHUTHBIA MOMEHT, a BO
BTOpOM OapbepoB HEeT coBceM. [lodaToMy mocneoBarenbHOE MPUMEHEHHE CHadana MepBoro, a
3aT€M BTOPOr'0 aKTa YBEJIMUUBAET B sJIpE€ HA €AMHUILY KOJIMYECTBO IPOTOHOB Z.

.

OU3NKK  TBITAIOTCS  JOCTUYh  BBICBOOOXKICHHS  «TE€PMOSIIEPHOW» OSHEPrHuU  IyTeM
0o0BbeTMHEeHNUS AJep JSUTEpUs U TPUTHS, «PA30TPeBash» UX JI0 COTHEYHBIX TEMIIEpPATyp, U CUUTAs
moyeMy-To (T0-BHIUMOMY, Tajasi Ha «KOo(eHHOH Tymie»), 9TO TaKk BHICBOOOXKIACTCS YHEPTUs Ha
Comnnue. [ToaTOMY 3TOT CHHTE3 OHU CUHTAIOT «ropssuum». Ho 3To, 13-32 OrpOMHBIX MAarHUTHBIX
0apbepoB, KaKk MbI BHJICNH, C/I€TaTh HEBO3MOKHO. OHU YITOPHO U HACTOWYUBO OBIOTCS HAJ 3TUM
YK€ CEMBJECST JIeT, HE U3BJIeKasi YPOKOB HO BCE BITYCTYIO.

Ha ¢one 3aTspkHBIX HEyJad B «TEPMOSIEPHON» MpoOieMe, HAIUTUCh «CBETJIbIE TOJOBBIY,
IpeUlaraBuive crnocoObl SJEpHOr0 CHUHTE3a MEXIY ACHTpPOHAMHU M TPUTOHAMU O€3 CHIIBLHOIO
pasorpeBa 3TUX g1ep, C MOMOILBIO CO3/IaHMsl CHEIHMATIbHBIX YCIOBUI, OyATO Obl yCTpaHSIOLIMX
OTPOMHBIE IEKTPOMArHUTHbIE Oapbepbl. ITH CIIOCOOBI CHHTE3a OHU M HAa3bIBAIIU «XOJIOTHBIMI.
Ho, na nene 3To O6bu1a MycTas rOBOPHIIBHS.

.

MBI TOJNBKO-YTO TMOKA3aJid, YTO TAKO€ HACTOAIIUN «XOJOIHBIN» SAEPHBIA CHHTE3. DTO —
HEHUTPOH-(POTOHHBIN CHHTES.

Teneps pacckaxkem, 4TO K€, Ha CaMOM Jelie, TPOUCXONT B «BOJOPOTHOM» O0MOE, KaKk B HEH
paboTaer «XOJOAHBIN» sIEPHBIA CcUHTE3.. HamomHMM, B «BOIOpOAHON» OomOe umeercs
«aTOMHBIN B3pBIBATENb» - OObIUHAs, 110 MPUHIIUAITY padOThI, «aToMHas» OomOa. B pesynbrare eé
MOJAPBIBA  CO3JIAETCSl  OTPOMHAsi  TEeMIleparypa, pacchllaionias Ha  OTIEeNbHbIE  sapa
«TE€PMOSIAEPHBII» 3apsa] — KOMIAKTHOE MHOKECTBO TBEPAOTENIbHBIX COCIAMHEHUHN AEUTEpHs U
tputns ¢ °Li. TIpu 3TOM, B pe3ylbTaTe B3phiBA «ATOMHOTO 3alTajay CO3IAKTCS TIOTHBIE MOTOKH
HEUTPOHOB U (DOTOHOB. DTH TOTOKM HEHUTPOHOB M (DOTOHOB, aTaKys ACHUTPOHBI U TPUTOHBI,
CHHTE3UPYIOT HEYCTOMYMBBIE, MIHOBEHHO B3pBIBAIOIIMECS sApa °Li. Arakyst sapa °Li, omm
CO3/IAI0T HEYCTOHUMBBIE, MTHOBEHHO B3DBIBAIOIINECS sIpa * Be.

Kak 3to mpoucxomur? Kak HHM ONpOTUBENO pa3KeBbIBaTh JETANU JUIsl KBAHTOBBIX JIIUT,
NpUaeTcss BCE JKe, YIUTHIBAsI BBINAIOMIAECS CIIOCOOHOCTH KBAaHTOBBIX (DM3HMKOB, paccKa3aTh BCE
Oonee-meHee netanbHO. [y Gonee ymoOHOM 3amucH, aapo X ¢ N HeldTpoHaMu W Z MPOTOHAMHU
GyzieM 31ech 0603HaYaTh Xy

ITocne B3pbIBa «aTOMHOIOY 3amana, iAepHas CMech U3 JEHTPOHOB D, r.e.('H)), TPUTOHOB 7,
T.e. CH)) u snep °Li, T.e. (Li3)okaxeTcs B IUIOTHOM HeHTpOH-GOTOHHOM obmake. JleiTpoH,
PO Yepe3 eIMHUYHBIN HEUTPOH-(DOTOHHBINA «XOJIOHBINY CUHTE3, IPEBPATHTCS B 'He,, 1.c. B
SIAPO ‘He:

D+n—T, T+d— He.
Snpo 3He, MIPOI/Isl, B CBOIO OYEPENb, YEPE3 «XOJOAHBIN» CHHTE3, NPEBPATUTCS B ’Lis, T.e. B
HEYCTOMYMBOE, MTHOBEHHO PACIaJarolIeecs PO °Li.

TpuToH, mpoiias yepe3 POTOH-HEUPOH-POTOHHBIN CHHTE3, TAK)KE MPEBPATUTCS B MTHOBEHHO
pacnazaromeecs saapo ~Li.

OcraBummecst siapa SLi, T.e. Anpa 3Lis, poia Yepe3 EeAUHUYHBIA «XOJIOTHBIN», HEUTPOH-
(OTOHHBIN CUHTE3, MPEBPATATCS B *Bey, T.e. B MTHOBEHHO pacrnajaronyecs sapa *Be.



Bot u Bces npemMyapocCTb, KOTOPYIKO BCs MHpPOBast (1)I/I3I/I‘I€CKa$[ 9JInTa HE MOIJla OCBOUTH
CCMBIECCAT JICT, BITYCTYIO BbIMOT'asl Y HAJIOI'OIIATCJILIIMKOB CPEICTBA.



