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XXX. "COLD" NEUTRON-PHOTON SYNTHESIS -
STIMULANT
SOLAR RADIATION,
THE EXPLOSION OF THE "HYDROGEN" BOMB, THE VILYUY EXPLOSION
AND ENERGY RELEASE IN THE REACTOR ON LIGHT NUCLEI

N.N.Leonov

The thermonuclear problem is understood as the creation of a controlled energy reactor on light nuclei.
Physics believes that this can be done using synthesis reactions, in which the initial nuclei are deuterium and
tritium. Work on the thermonuclear problem began as soon as the first “hydrogen” - thermonuclear bomb
was detonated. Sixty years have passed since then, but apart from tempting promises, there is no convincing
evidence that the chosen scheme of solving the problem can lead to success.

°
XXX.1. Situation analysis

[t all started with the explosion of an atomic bomb and the creation of controlled power reactors

with heavy nuclei based on the scheme of explosive energy release reactions.

XXX.1.1. Creating an “atomic” bomb

The development of the atomic bomb began with the identification of reactions that produce
energy for the decay of atomic nuclei. First, uranium atoms were chosen for these purposes. Among
them, there are two “self - decaying” isotopes - U238 and U235. Among the entire set of uranium
atoms, the isotope U238 is 99.27%, and the isotope U235 is 0.72%. In terms of prevalence, the isotope
U238 is preferable, but its half-life is 4.5 billion years, and U235 is “only” 710 million years.

Based on the combination of these properties, U235 was selected. When the U235 core decays, one
neutron is released, which, falling into another U235 core, synthesizes the U236 core. The nucleus of
U236 is unstable, it instantly breaks apart, releasing two neutrons. These two neutrons, falling into
the new U235 nuclei, cause the release of four neutrons already. This is how the chain reaction of
U235 core decays begins with the release of huge explosive energy - fragments of decayed nuclei
gain energy under the influence of electric and magnetic repulsions.

This reaction is initiated and maintained if the compactly spaced U235 cores have a well-defined
“critical” total mass. The value of the “critical mass” was determined experimentally. The
experimenter collected this mass sequentially by hand from small amounts of U235. When the chain
reaction of disintegrations began, he managed to stop it, reducing this mass. But he still died,
though not from the explosion, but from an unknown, until then, lethal dose of radiation that
accompanied the chain reaction that began.

So clearly and carefully was developed an understanding of the reactions that ensure the release
of energy from the explosion of the “atomic” bomb.

L]

According to experimental data [1], the nuclei of all chemical elements have quasicrystalline
structures from their nucleons. These structures have different stable statically equilibrium States,
in which the distances between each pair of nucleons are constant, in the absence of external
influences.

In a chain reaction, as a result of nuclear decays, new, smaller nuclei occur. Nuclei formed as a
result of decays are in perturbed, non-equilibrium States. Under the influence of interactions, the
nucleons of the nucleus, in an oscillatory transition process, rush to their stable structures due to
the resistance of the ether. Fluctuations of the nucleons of the nucleus in this transition process,
serve as a source of deadly high-frequency radiation, life-threatening te6m, which cause “radiation”
disease.

XXX.1.2. Creation



controlled energy “nuclear” reactors

In “atomic” bomb are realized the processes of synthesis instantly decaying nuclei with the
emission of enormous amount of destructive energy. In order for this energy to be used for peaceful
purposes, it was necessary to learn how to control the course of a chain reaction. Physics coped
with this brilliantly, and five years after the first explosion of the “atomic” bomb, the first controlled
reactor with heavy nuclei was launched in the USSR.

It should be noted that insufficient knowledge is a very dangerous disease of quantum theory.
Even before the Chernobyl disaster, the staff of Gorky University discovered, using the theory of
nonlinear oscillations [], that Chernobyl reactors have a very high sensitivity (and low stability) in
relation to the violation of the prescribed operating modes. Quantum physicists were unable to
understand this and did not accept the warnings. Trying to prove their case, they went to the
violation of the prescribed regime that caused the Chernobyl disaster.

Further events showed that quantum physicists, at the cost of many people’s lives, still checked
the truth of the statements of Gorky’s specialists in the theory of nonlinear oscillations and silently
agreed with them.

XXX.1.3. The development of a “hydrogen» -
thermonuclear bomb

After mastering the energy of the decay of heavy nuclei, physicists said that they had finally
discovered the secret of Solar radiation.

After developing and testing the “hydrogen” bomb, they recovered - “now we know exactly the
real secret of Solar radiation.” This knowledge helped physicists form a system of reactions that
ensure the release of explosive energy in a “hydrogen” bomb. Since the “hydrogen” bomb
assembled according to this scheme was successfully tested, this successful approbation is
perceived by developers as an experimental confirmation of the infallibility of this scheme.

Based on the same scheme, they are trying to build controlled energy reactors with light nuclei.
Why have the developers of the thermonuclear problem been plagued by one continuous failure for
sixty years?

Let’s try to find answers to this question.

XXX.1.4. Quantum interpretation
processes of Solar radiation
Part of the Solar radiation, according to physicists [2], is generated in the following reactions of
the hydrogen cycle:

p+p—>D+e++v,

er+e- -2y, (D
p+D—3He+y,

3He+3He—*He+2p.

The theory of nonlinear oscillations has found that this view is wrong. The root cause of this is
the erroneous physical interpretations of Foucault and Oersted’s experiments, according to which
the ether is absent in Nature, and magnetism plays a secondary role, originating from the
movement of electric charges. Because of the inability to understand the fallacy of these ideas,
physicists did not include in the quantum paradigm the account of the ether and the account of
magnetic interactions between micro-objects.

Taking into account the ether and magnetic interactions between micro-objects allowed the
theory of nonlinear oscillations to reveal the error of physics ‘ opinion about the nature of Solar
radiation.

o

The first reaction from (1), according to the theory of nonlinear oscillations, looks like this (here

e-* is a positron with a “negative” mass, i.e. an anti-electron []):



p+p—p+n +e-*.

One can understand the content of this reaction only by remembering that the theory of
nonlinear oscillations has discovered the composition and structure of the electron, neutron, and
proton []. It turned out that the electron and neutron are elementary objects of the microcosm,
consist of ether elements and have tornado-like structures (Fig.1), and the proton - a composite
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Fig.1. Diagrams of electron and neutron structures

micro-object consisting of a neutron and an anti-electron (Fig.2) that are connected only by the
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Fig.2. Proton structure diagram

In this reaction, the decay of one of the protons into its constituent neutron and anti-electron
was experimentally recorded. This reaction was recorded when the proton convergence energy
was equal to 290 MeV. If the protons were exactly the same, as quantum theory suggests, then both
protons would have to decay simultaneously in this reaction. And since only one has decayed, these
protons, something elusive for us, differ from each other. So, in this reaction, with a convergence
energy of 290MeV, when one of the protons decayed, the other was close to decay, and, for the
decay of both protons, the convergence energy must have slightly exceeded 290 MeV. It follows that
the binding energy of an antielectron and a neutron into a proton is close to 145 MeV.

o

The second reaction from (1) is also incorrect. If in the first reaction the proton decayed into a
neutron and a positron, then the electron-positron system (i.e., positronium), taking into account
magnetic interactions, would have a globally stable static equilibrium, in which the distance
between the positron and the electron would be almost an order of magnitude greater than the
“Bohr radius”. Obviously, “collapse” and “annihilation” are not possible in such a system.
Consequently, the ideas that arose when analyzing the dynamics of this system about the
equivalence of mass and energy, i.e. about the possibility of an informal, meaningful explanation of
the phenomenon of mass-to-energy and energy-to-mass transition, are also erroneous.

When one of the protons decays into a neutron and an anti-electron, this anti-electron,
combined with an electron, is able to create one of two types of photon - “fast” or “slow”. In a “fast”
photon, the distance between an electron and an antielectron is less than 4:10-1° m, and its speed is
close to c and depends on the density of the oncoming ether. In the “slow” photon, known in physics
as “paired Cooper electrons”, the distance between the electron and the antielectron is several
orders of magnitude greater than 4-10-10 m, and the speed is several orders of magnitude less than
C.



The third reaction in (1) can only be realized if the proton and the deuteron get closer to the
nuclear fusion distance of 10-1m. There are two obstacles to this: electric repulsion - the “electric
barrier” and magnetic repulsion - the “magnetic barrier”. The electrical barrier is caused by
electrical charges. Its value for two protons is 0.144 MeV. Physicists consider it the most difficult
obstacle to proton synthesis of heavier nuclei.

The magnetic barrier is caused by the diamagnetism of the proton, which generates magnetic
repulsion. It is not known to physicists, since magnetic interactions between micro-objects are not
taken into account in quantum theory. And the theory of these interactions is not developed at all.
When the theory of nonlinear oscillations took up the problems of the microcosm, it had to build a
theory of magnetic interactions between micro-objects “from scratch”. Neither the correct ratios of
the magnetic moment vectors of electrons, neutrons, and protons were known, nor quantitative
descriptions of the intrinsic magnetic field strengths of these microobjects, nor the diamagnetism of
electrons and protons, nor the paramagnetism of neutrons. When all this was found and
constructed, it turned out that the magnitude of the magnetic barrier between the two protons is
45.5 MeV, which is 300 times higher than the electric barrier. And if physicists consider the electric
barrier to be the most difficult obstacle, then you can only dream of overcoming the magnetic
barrier.

Therefore, the third reaction can be written - “the paper will endure everything”, but it is
impossible to implement it, since the binding energy of the deuteron is significantly less than the
value of the magnetic barrier. Because of the magnetic barrier, when a proton and a deuteron
approach, the deuteron splits into a neutron and a proton when the distance between the proton
and the deuteron becomes several orders of magnitude greater than 10-14m.

Indeed, if the vectors of the magnetic moments of the proton and deuteron at large distances r
did not have opposite directions, i.e. if there was no magnetic repulsion between the proton and the
deuteron, then, when r decreases, these vectors, due to the orientation magnetic effect [], will
inevitably take opposite directions and a magnetic repulsion will occur between the proton and the
deuteron.

If the magnetic moment vectors of the proton and deuteron are opposite only at r from 10-13m to
10-1*m, or from 10-2m to 10-*m, or from 10-1m to 10-1*m, then the value of the magnetic barrier
will be equal to (45.5-0.46) MeV=45.04 MeV, (45.5-0.005) MeV=45.49 MeV, 45.5 MeV.

Physicists believe that the release of energy during nuclear fusion must be accompanied by
appropriate neutron fluxes. In Princeton (USA), on August 10, 1978, the tokamak “PL” achieved
such convergence energies of hydrogen nuclei, which resulted in a sharp jump in neutron fluxes [2].
However, the release of energy as a result of synthesis reactions was not recorded. Apparently,
there was a simple destruction of deuterons at r>10-14m.

o

The last, fourth reaction involves two 3ne nuclei. The 3ne core consists of one a neutron and two

protons (Fig.3). The theory of nonlinear oscillations has established that identification

Fig.3.3He core diagram

procedure that the value of the neutron magnetic moment vector is four orders of magnitude
smaller than the value of the proton magnetic moment vector: pn,=3-10-%y,. Therefore, the total
magnetic moment vector of the 3He core is close to 2u,. Consequently, the magnitude of the
magnetic barrier on the path of the fourth reaction is almost four times greater than the value of
45.5 MeV. Therefore, this reaction is only possible on paper, but not in the real World.



XXX.1.5. Quantum interpretation
reactions of the explosive release of energy
in the “hydrogen” bomb

A “hydrogen” bomb consists of deuterium and tritium nuclei designed for reactions with the
release of thermonuclear energy and an “atomic” bomb as a fuse that creates the conditions
necessary for these reactions to take place. Required for fast, explosive thermonuclear reactions,
the high density of many deuterons and tritons is achieved by solid connections of these nuclei with
6Li nuclei. Due to this, as a result of an “atomic” explosion, the thermonuclear “explosive” retains,
for some time, a density sufficient for the course of thermonuclear fusion reactions,

Physicists believe that “thermonuclear” energy is released as a result of the following nuclear
reactions [2]:

D+D—3He+n,
D+D-T+p, (2)
T+D—4He+n,
6Li+n—>*He+T.

However, the first three reactions from (2) are unrealizable for the same reason - the Deuteron
and Triton, due to their inability to overcome the magnetic barrier, scatter into separate protons
and neutrons, at a distance exceeding 10-14m. Only the fourth reaction can be implemented, since
the magnetic barrier in it is only 13.65 KeV due to the fact that the magnetic field of the neutron is
four orders of magnitude weaker than the magnetic field of the proton, but for its implementation, a
large neutron energy is needed.

Another embarrassment.

XXX.1.6. Quantum scheme of operation
thermonuclear power reactor

Quantum physicists, based on their ideas about the reactions of Solar radiation and about the
reactions in the “hydrogen” bomb, for the seventh decade believe that a controlled energy reactor
on light nuclei can produce “thermonuclear” energy in the reactions of mutual collisions of
deuterons and tritons. But they can’t do anything.

Instead of a detailed analysis of the background of their ideas, they stupidly try to create
conditions for nuclear reactions, the unrealizability of which they do not know. As a justification for
their rightness, they turn to the fact that “thermonuclear” bombs have been developed and tested,
although they are not able to prove that their understanding of these reactions is the only correct
one.

However, it is shown above that mutual collisions of deuterium and tritium nuclei are not
accompanied by the release of “thermonuclear” energy.

XXX.1.7. The results of the situational analysis

To assess the situation in the thermonuclear problem, the words of the famous F.Goya and his
fellow Spaniards are best suited: “the Dream of the mind gives birth to monsters”.

Indeed, for almost two centuries, physicists have not paid attention to the fact that the results of
the experiments of Fizeau (1851) and Oersted (1821) are misunderstood. Because of this, it is
believed that ether is absent in Nature, and that magnetism comes from electricity. Because of these
errors, the ether, with its resistance to the movement of micro-objects and the magnetic
interactions between micro-objects, are not included in the paradigm of the quantum theory of the
microcosm.

This “dream of the mind” of physicists gave rise to such monsters as the idea of the fundamental
impossibility of constructing a theory of the microcosm using the “classical” Newtonian formalism
and a large number of other erroneous ideas, such as “equivalence of mass and energy”,
“neutrinos”, “quarks”, “muons”, “bosons”, ...

One of the main results of this analysis is the discovery of the fallacy of quantum concepts about
processes on the Sun, in the “hydrogen” bomb and in the projected thermonuclear energy reactor.



Let’s try to find out what the true reactions of the synthesis of light nuclei that provide the
release of nuclear decay energy look like.

XXX.2. Is it possible to obtain nuclear decay energy
without the participation of the deuterons and tritons?

There is only one known experimental event that can answer this question. This is the Vilyuy
thermonuclear explosion. This explosion occurred during the test of the “atomic” bomb in the area
of the Vilyuy river in 1950, when the “hydrogen” bomb was not yet in the USSR or in other
countries. Information about this explosion in the USSR was classified. It appeared only on the
Internet: “In 1990, the “German wave” radio station reported that when nuclear tests began 40
years ago in the North-West of Yakutia, one of them was incomparable in power with any other
(20-30MT instead of the estimated 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 the time, but such
a device was developed in the USSR much later.”

In the vicinity of the explosion site, secret investigations of the causes of the explosion were
conducted for a long time and carefully, but these studies were inconclusive. And what could you
expect from researchers with training at the level of modern quantum concepts?

The power and nature of the Vilyuy explosion indicated that it was a real thermonuclear
explosion, although the “atomic” bomb itself did not contain hydrogen nuclei. And since on Earth, in
natural conditions, the compact volumes of heavy hydrogen nuclei required for an explosion of
such power are not found, this explosion is not associated with heavy hydrogen nuclei at all.

So, the analysis of the situation with the Vilyuy explosion suggests that the release of energy of
the thermonuclear level without the presence of deuterium and tritium nuclei is feasible.

XXX.3. Meaningful understanding
causes of the Vilyuy “thermonuclear” explosion

What happened during the Vilyuy explosion? The “explosive” in a “hydrogen” bomb is a mixture
of solid compounds of deuterium and tritium with lithium-6. Physicists used lithium primarily as a
means to seal the hydrogen “charge” in the form of solid compounds with lithium. So, the total mass
of lithium was not less than the mass of the hydrogen “charge”.

However, Nature has assigned lithium the role of Prime Minister rather than auxiliary
statistician. There is no lithium-5 or beryllium-8 in the periodic table. This means that lithium-5
and beryllium-8 are instantly decaying nuclei. And if, under the conditions created by the explosion
of a uranium bomb, beryllium-8 is synthesized from lithium-6, then the beryllium-8 nuclei
immediately disintegrate with the release of the corresponding energy due to the energy of
scattering fragments of these nuclei, dispersed by electric and, even more powerful, magnetic
repulsions.

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

Could a sufficiently compact set of lithium-6 have happened to be at the site of a test “atomic”
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 have happened to be at the site of the “atomic” bomb test?

Given the level of quantum thinking, such an idea could hardly have puzzled researchers about the
causes of the Vilyuy explosion.

The authorities, who did not receive an explanation of the objective reasons for this explosion,
decided to flood the vicinity of this explosion, in order to avoid new troubles. Therefore, new
research at the site of the Vilyuy explosion is impossible. And since compact lithium ore formations
were found in those places, the answers to these questions can only be found in the archives of
geological exploration.

XXX.4. Types of nuclear fusion



Nuclear fusion refers to the production of a new, heavier core as a result of the fusion of two
nuclei. There are ideas that this fusion of cores can occur in two ways. One of them is called “hot”,
the other - “cold”. However, the possibility of “cold” synthesis is denied by physics. They consider”
hot “ synthesis to be the only possible one.

XXX. 4. 1. «<Hot» nuclear fusion

The fusion of two nuclei into one is prevented by electric and magnetic barriers generated by
electric and magnetic repulsions. Overcoming these barriers to the fusion of deuterium and tritium
nuclei, in the thermonuclear problem, is possible only when the convergence energies exceed the
value of the electromagnetic barrier. To obtain such high energies of convergence of hydrogen
nuclei, they must be “heated”, accelerating to high speeds. Therefore, this method was called “hot”.

Physicists have been trying for sixty years in various ways to “persuade” unruly deuterons and
tritons to merge, but they do not succeed. Deuterons and tritons, for their part, try to make it clear
that they are capable, in different settings proposed by them, not of merging, but only of
disintegrating into separate protons and neutrons due to the fact that the magnitude of the
electromagnetic barrier is greater than the values of their binding energies.

But physicists do not understand them and persistently and fruitlessly stand their ground.

°

It should be noted that when the “hydrogen” bomb explodes, the “hot” synthesis does not work
for the same reasons. Therefore, to develop an understanding of the mechanism of thermonuclear
energy release, there is nothing left but to identify the true mechanism of “cold” synthesis.

XXX.4.2. "Cold" neutron-photon nuclear fusion

Due to long failures in the thermonuclear problem, some physicists try to solve this problem with
the help of "cold" nuclear fusion, without understanding its content. These people are trying to
achieve a fusion of "non-heated" deuterons and tritons. But the value of the electromagnetic barrier
that prevents the synthesis of light nuclei does not depend on the dynamic state of deuteron-triton
pairs at all.it remains the same as in the "hot" synthesis, i.e. the obstacles that cannot be eliminated
in the "hot" synthesis do not disappear.

And since it is impossible to break through electromagnetic barriers, it is necessary to eliminate
their sources in nuclear fusion reactions. The source of the electromagnetic barrier is the
convergence of the two nuclei. Physicists say they don't know how to avoid this, as if they didn't
write the last, fourth reaction from (2).

What is the content of the last formula from (2)? In this formula, instead of two nuclei, there is
only one-a separate neutron is not an atomic nucleus, since it does not contain an electric charge
and is not able to hold either an electron or a positron near it. And since it has no electric charge,
there is no electric barrier in this reaction. And because the value of the neutron's magnetic
moment vector is four orders of magnitude smaller than the value of the proton's magnetic moment
vector, the magnetic barrier in this reaction is reduced to the minimum possible value of 13.65 KeV.

What to do next? To complete the nuclear fusion reaction, this neutron absorbed by the original
nucleus must be converted into a proton. But physicists have experimentally established that the
"lifetime" of a neutron is close to 16 minutes. Do not wait for the same, in each act of synthesis of a
new core for 16 minutes!

The theory of nonlinear oscillations, identifying electron-antielectron the structure of the
photon, found that the transformation of a neutron into a proton takes place in the collision of a
photon with a neutron, and that the "lifetime" of a neutron depends on the density of attacking his
photons.

Therefore, to reduce the "lifetime" of a neutron, it is necessary to increase the photon flux
density. As a result, you will get a new nucleus with an additional proton

This is how the mechanism of "cold", neutron-photon synthesis works.

XXX.4.3. "Cold" fusion -
the cause of the Vilyuy explosion



and the explosion of the "hydrogen" bomb

The thermonuclear explosive in the Vilyuy explosion was lithium. . The preliminary explosion of
the "atomic" bomb created dense streams of neutrons and photons necessary for the "cold"
synthesis of unstable, instantly decaying 8Be nuclei.

The same thing happened in the "hydrogen" bomb. The preliminary explosion of the "atomic"
bomb created dense streams of neutrons and photons necessary for the "cold"synthesis of unstable,
instantly decaying 5Li nuclei from deuterons and tritons, as well as for the "cold" synthesis of
unstable, instantly decaying 8Be nuclei from 6Li.

A discussion of the possibilities of building controlled power reactors on light nuclei using cold
fusion reactions can be found in [5].
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XXX. «X0JIOAHbIM» HEUTPOH-®OTOHHbIN CUHTES3 -
CTUMYJIATOP
U3JIYYEHUA COJIHIIA,
B3PbIBA «BOIOPOJHOM» BOMBbI, BUWIIOMCKOI'O B3PbIBA
Y BbIJIEJIEHU A SHEPTUU B PEAKTOPAX HA JIETKUX SIIPAX

H.H./leoHnos

YcTaHOBJIEHO, YTO JIETKHe A/pa, B «ropsiueM» CUHTe3e, He CJIMBAIOTCA B HOBbIe f/Ipa, a pPa3pyLIalOTCA Ha
OT/e/IbHble HEHTPOHBI U NMPOTOHBI U3-3a GOJIBLIMX 3JeKTPUYECKUX M MAarHUTHBIX «b6apbepoB» MHOpsAKa
40M»3B, mnpeBbILIAIOIIUX BEJIMYMHBl 3HEPrud CBSAI3U 3TUX sAfep. Teopus HeJMHEHHBIX KoJeGaHUN
06HapyKWUJa, YTO 3TH «bapbepbl» yMeHbIIAOTCA 10 13,65kaB B «x0/10HOM» HEUTPOH-GOTOHHOM CHHTE3E,
JIOCTH>KeHHe NOHUMaHUs CoJlepKaTeIbHOr0 MexaHU3Ma KOTOpPOro NPUHIMIKAJAbHO HeJJOCTYIIHO KBaHTOBOM
TEOPHUU U3-3a ePEKTOB €€ MapasurMhbl.

°
XXX.1. TepmosizepHasi npo6sieMa.
AHa/u3 cutyauum

[log TepMosiiepHON mNpo6JIeMOM MOHUMAaeTCs CO3JaHHUE YIPABJISEMOIO 3HEPTeTHUYECKOro
peakTopa Ha Jerkux sgpax. Pusvka cUMTaeT, UTO 3TO MOXKHO CJesaTh, C MOMOLIbI0 peaKL Ui
CUHTEe3a, B KOTOPBIX UCXOJTHBIMU SIBJSIOTCS si/ipa AedTepus U TpUTUsA. PaboThl Haj TepMosiiepHOU
npo6IeEMOM HaYaIUCh, KaK TOJIBKO Oblla B30pBaHa lepBasi «BOAOPO/HAsA» - TepMosiiepHasi 6oM6ba.
C Tex mop MpOULIO yKe HIeCThAECAT JIeT, HO, KpOMe CO6JIa3HUTENbHbIX 00€laHUM, HET HUKAKUX
yO6eauTeNbHbIX CBU/IETENbCTB TOTO, YTO BbIOpAaHHAs CXeMa pellleHHs] TPo6JieMbl MOKeT IPHUBECTH
K ycIexy.
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Bce Hayasiochb co B3pbIBa aTOMHOM 60MOBI M CO3JjaHHS, HA OCHOBE CXeMbl peaKIUi BbljesleHus
B3PbIBHOU 3HEPI'UHY, YIIpaBJisieMblX dHEPreTUYECKUX PEaKTOPOB Ha TsKeJIbIX A/ipax.

XXX.1.1. Co3aHHe «aTOMHOM» 60MOBI

Pa3pa6oTka aTOMHON 60MObI HayaJjach C BbISIBJEHUS peaKIUH, TPOAYLIHUPYOLUIUX BEIPAOOTKY
3HEpPruM pacnajia aToOMHbIX gep. CHavyasa, JIJisl 3TUX 1ieJiel, 6blIM BhIOpaHbl aTOMbI ypaHa. Cpeu
HUX eCThb JiBa «caMopacnajarwiguecs» uzorona - U238 u U235, Cpegu Bcero MHOXeCTBa aTOMOB
ypaHa usoton UZ38 coctaBasieT 99,27%, a usorton U235 - 0.72%. [lo pacnpocTpaHeHHOCTH, U30TOI
U238 mpeanoyTHTe/IbHEE, HO IEpUO/, ero MoJiypacnaja paBeH 4,5 Muiinapja Jiet, a U235 - «Bcero»
710 MUJIJIMOHOB JIET.

[Io COBOKYNHOCTH 3THUX CBOMCTB 6bl1 BbIOpaH Uz, [Ipu pacnage siapa U235 BeijenseTcs O4UH
HEWTPOH, KOTOPbIH, onajas B Apyroe saapo U235, cuHTe3supyeT aapo U236, dapo U236 HeycTOMYHUBO
- OHO MCHOBEHHO paclaiaeTcsl, Bbless yKe Ba HEUTPOHA. ITH /iBa HEUTPOHA, 10ONa/jasi B HOBbIE
afpa U235, BbI3bIBAIOT BbIJEJIEHHE YXKe YeThIpex HEMTPOHOB. Tak HauMHaeTCA LeNHasd peakLusa»
pacnazioB safep U235 ¢ Bble/IeHHEM OTPOMHOM B3pPBIBHOUM 3HEPTUHU — OCKOJIKU paclaBIIUXCS Sep
HabUPAIT 3HEPTHUIO MO/ BO3/lelICTBUEM 3JIEKTPUYECKOTO U MAarHUTHOTO OTTaJIKUBaHUM.

JTa peakLusi HauMHAETCHA U MOJJeP>KUBAETCs, eCM KOMIIAKTHO pacloJioXKeHHble sfpa U235
006J/1a/1aI0T BIIOJIHE ONpe/ieIEHHON «KPUTUYECKOU» CYMMapHON Macco. BesinunHa «KpUTHYECKOH
Maccbl» Obllla oOmpejiesieHa 3KCIepUMEHTA/JbHO. JKCIEPUMEHTATOp cobupas 3Ty Maccy
NOCJIeI0OBaTe/IbHO BPYYHYI0 M3 He6OJbIIUX KoandecTB U235 Korza Havasach LielHas peakuus
pacnazioB, OH ycIies eé 0OCTAaHOBUTb, yMEHbIIUB 3Ty Maccy. Ho oH Bce ke oru6, XoTb He OT B3PbIBa,
a OT HEU3BECTHOH, 10 TeX MOP, CMePTEAbHON [103bl U3/YYEeHHUS, CONMPOBOXK/AABIIEr0 HAYaBILYOCS
LeTTHYI0 peaKLHUI0.

Tak 4eTko W TIIATEJbHO OBbLJIO BbIPAOOTAHO NOHMMaHWE peaKlUil, 06eclneyrBaIIUX
Bbl/leJIeHHe S9HEPTUU B3PbIBA «KATOMHOW» 60OMOBI.

o

CorslacHO 3KCIepMMEHTAJbHBIM JaHHbIM [1], dApa Bcex XMMHUYECKHUX 3JIEMEHTOB 006J1aZjaloT
KBAa3UKPHUCTAIMIECKUMU CTPYKTYPAMU U3 CBOMX HYKJIOHOB. DTU CTPYKTYpPhl 06J1aJal0T pa3HbIMU
YCTOMYUBBIMU CTaTUYECKH PABHOBECHBIMU COCTOSIHUSIMH, B KOTOPBIX PACCTOSIHUS MEXAY KaxKJ0H
Napoi HYKJIOHOB OCTOSHHO, NPY OTCYTCTBUHY BHELIHUX BO3/EUCTBUM.

B umenHo#l peakiuu, B pe3yJsbTaTe S[epPHBIX pacnajioB, NPOUCXOAUT BO3HUKHOBEHHUE HOBBIX,
boJsiee MeJIKMX sijiep. fpa, BO3HUKILIME B pe3y/bTaTe pacnafioB, HAXOJSTCS B BO3MYLIEHHBIX,
HEepaBHOBECHbBIX COCTOsSIHUAX. [lo/ BJMsIHMEM B3aUMO/IEHCTBUM, HYKJIOHBI 51/Jpa, B KOJle6aTeJIbHOM
NepexoIHOM IMPOLIeCCE, YCTPEMJISIOTCSA K CBOUM YCTOMYUBBIM, BJjiarofjapsi CONpoTUBJIEHHIO 3dupa,
cTpykTypaM. KoJsiebaHus HYKJIOHOB sifjpa B 3TOM IepeX0JHOM Ipoliecce, CaAyKaT UCTOYHUKOM
CMepTeJbHBIX BbICOKOYACTOTHBIX M3JyYeHUN, ONACHBIX JJs >XHU3HU Te6bM, UTO BbI3bIBAIOT
«JIy4EBYIO» 00OJIE3HB.

XXX.1.2. Co3aanue
yIpaBJ/iieMbIX JHEPreTUYEeCKUX «aTOMHbBIX» peaKTOPOB

B «aToMHOH» 60MGe peaM3yTCs MPOLecChl CHHTEe3a MFHOBEHHO DPaclaJialoliuxcs sfiep C
BblJleJIECHUEM OrPOMHOW pas3pyIIUTEJIbHOW 3SHepPruH. YTOoObl 3Ty IHEPTUI0 MOXHO OBLIO
UCIOJIb30BaTh B MUPHBIX L[eJISIX, HY>KHO ObLJI0O HAYYUTHCS YIPABJATb XOJOM LENHON peaKIuu.
®dusznka ¢ 3TUM GJIeCTALe CIpaBUIACh, U Yepe3 MATh JIET IOCAe MEPBOr0 B3pPbIBA «aTOMHOW»
60M6b1, B CCCP 3apaboTas nepBblil ypaB/isieMblid peaKTOp Ha TSKeJbIX s/[pax.

L]

Hy>HO 3aMeTHUTh, YTO HEJOCTATOYHOE 3HAHHWE — OYeHb OMacHasi 60Jie3Hb KBAHTOBOUW TEOPUH.
Emwé o YepHOOBLIBCKOM KaTacTpPodbl, COTPYAHUKHA ['OpbKOBCKOTO YHHUBEPCUTETA OGHAPYKHUJIH,
MEeTOZlaMH TEOPHUM HEJWHEHHBIX KOJIeOaHUH, YTO peakTopbl YepHOOBLIA 06J1aJJal0T O4YeHb
BBICOKOW YYBCTBUTEJbHOCTbIO (M HU3KOH YCTOHYMBOCTBIO) IO OTHOIIEHHWIO K HapyLIEHUIO
IpeANUCAHHbIX DPEXHUMOB pab6oThl. KBaHTOBble QU3UKM, OKa3aJUCh HECNOCOGHbI B 3TOM
pa3o6paThCcsl U He BOCIIPUHSIN NpeAynpexgeHus. [IbITasgch J0Ka3aTh CBOIO NMPABOTY, OHU MOILJIN
Ha HapylleHHe NPeJIMCAaHHOT0 PEXHMA, BbI3BaBlIee YepHOOBIIbCKYIO KaTacTpody.



JlasibHel1Me cOOBITHUA NMOKa3aly, YTO KBAHTOBble QU3UKH, LIEHOW KM3HU MHOTHUX JIIOJieH, Bce
»Ke NPOBEPUJIM UCTUHHOCTb YTBEPXKJEeHUIN rOPbKOBCKUX CIELHATUCTOB M0 TEOPUU HeJIMHEWHBIX
KoJIe6aHUH U MOJIYa C HUMU COTJIaCUJIUCh.

XXX.1.3. Pa3pa6oTKa «BOAOPOAHOMN -
TepMOAJEePHONA GOMOBI

[locne oBJyiafieHUs1 3HEpPrued pacnajia TOKeAbIX fAAep, GU3UKU 3asBUJIM, YTO, HAKOHEL-TO,
OTKpbLIU TallHy COJIHEYHOTO U3/TyIEHHUS.

[Tocsie pa3paboTKU U anpo6aIiyu «BOJAOPOJHON» 60MOBI OHM MOMPABUINUCH — «BOT TeNepPb Mbl
TOYHO 3HaeM JleCTBUTe/IbHYI0 TakHy COJIHEYHOIO M3JIy4eHHUs». ITU 3HaHUA NOMOTIJIN QU3HKaAM
chOpMHUpPOBATh CUCTEMY peaKlMH, 06eCleyuBaWIINX BbIJieJleHUe B3pPbIBHOW 3JHEPrUM B
«BOJOPOAHOM» 60MOe. Tak Kak «BOJOpOJHAsA» 60MOa, COOpaHHas M0 3TOU cXxeMe, Obljla YCIELUHO
anpo6upoBaHa, TO 3Ta ycHellHas anpobanuss BOCHPUHUMAETCS pPa3pabOTYUKAMHU KakK
3KCIepUMEHTATbHOE TIOATBEPKAeHUE 6€30IIM60YHOCTH 3TOU CXEMBI.

Ucxo/is1 U3 3TOM 3Ke CXeMbl, IbITAIOTCSA MOCTPOUTD yIIpaBJsieMble 3HEPTeTUYECKHE PEaKTOPhI Ha
Jerkux siapax. [loueMy ke pa3paboOTUUKOB TepMOsilepHON MpOOGJEMBI LieJbIX MIECTbAECAT JIeT
npecjeyl0T OAHU CIJIOIIHbIE HeyJauu?

[TonbITaeMcst HAUTH OTBETHI HA 3TOT BOMPOC.

XXX.1.4. KBaHTOBas TPAaKTOBKA
npoueccos usjay4dyeHus CosHIa
Yacte CoJIHEYHOTO U3JY4YeHHUs, MO0 MHeHUI GU3UKOB [2], reHepupyeTcad B CJAeAyIOLIUX
peakuusax BOAOPOLHOr0 LIUKJIA:
p+p—>D+e++v,
er+e- -2y, (1)
p+D—3He+y,
3He+3He—*He+2p.

Teopusi HeJIMHENHBIX KOJe6aHUN 0OHAPYXKUJIA, YTO 3TO MHEHHe oUIM604HO. [lepBonpuynMHON
3TOro CcJayXaT owubo4YHble ¢$U3UYECKUe HHTeplpeTanuyd 3KciepuMeHTOB Pyko U IpcTena,
COrJIaCHO KOTOpPBIM 3¢up oTcyTcTByeT B [Ipupoze, a MarHeTM3M HrpaeT BTOPUYHYIO pOJIb,
NPOUCXOJSI OT ABMIKEHHUS 3JIEKTPUYECKUX 3apsi/ioB. M3-3a HeclmoCOGHOCTH MOHSAThH OIKUOOYHOCTD
3TUX MNpeJCcTaBJeHUH, QU3UKM He BKJIUYW/IM B KBAaHTOBYI0 NApagurMy ydeT sdupa U y4eT
MarHUTHBIX B3aUMOJEUCTBUN MeXAY MUKPOOObEKTaMU.

YdeT 3dupa U MarHUTHBIX B3aUMOJEUCTBUH MeXJy MHUKPOOObEKTaMM I103BOJIUJIM TEOpHUU
HeJIUHENHBbIX KOJIeOaHUMH BBIABUTbH OIIMOOYHOCTb MHeHUA QuU3WKU o0 npupoge CosHeyHOro
H3JIy4yeHus.

L]

[lepBas peaknus u3 (1), corjiacHO TEOPUHX HEJTMHENHBIX KOJIe6aHWUM, BBITJSAAUT TaK (37€ech e_* -

HO3UTPOH C «OTPULIATEJbHOM» MAaCCOM, T.€. aHTUIJIEKTPOH):

p+p—-p+n +e-*.

[IoHATH cO/epXXaTeJbHOCTb 3TOM peaKLMH MOXHO, TOJbKO BCIIOMHHUB, 4YTO TeOpUs
HeJIMHEeWHBIX KoJiebaHUM 06HapyKuJia COCTaBbl U CTPYKTYPHhI 3JIeKTPOHA, HEUTPOHA U NMPOTOHA |[].
Okasasioch, YTO 3JIEKTPOH U HEWUTPOH SIBJSIOTCSA 3J€eMEHTApPHbIMU OOGBEKTAMH MHUKPOMMPA,
COCTOSIT U3 3JIEMEHTOB 3dupa U 06/1a/Jal0T CMEPUENOA0OHBIMU CTPYKTYpaMHu (puc.1), a npoToH -
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Puc.1. CXeMbI CTPYKTYPp 3JIEKTPOHA U HEUTPOHA

COCTAaBHOW MUKPOOOBEKT, COCTOSIIUN U3 HEUTPOHA U aHTHAJIEKTPOHA (pUC.2), CBS3aHHBIX TOJBKO

MarHUTHBIM B3aUMOJIeHCTBUEM
f” /A
Vrri 2O

Puc.2. Cxema cTpyKTypsl IPOTOHA

B 9TOM peakuuu B3KCIepUMEHTaJbHO 3adUKCUpPOBaH pachaj OJHOrO W3 MPOTOHOB Ha
COCTaBJISIOLME ero HEWTPOH M aHTHUIJEKTPOH. JTa peakuus 3adUKCHpPOBAHA, KOTJA IHEprus
COJIM>KeHUs TPOTOHOB OblyIa paBHA 290M3B. Eciiu 661 TPOTOHBI GbIIM aGCOMIOTHO OJJUHAKOBBIMH,
KaK CYMTaeT KBaHTOBAasd TeOPHs, TO B 3TON peaKL U JOJLKHBI ObIJIN Obl pacnacTbCs OJHOBPEMEHHO
006a MpoTOHa. A Tak Kak pacnaJjicsi TOJbKO OJHUH, TO 3TH NPOTOHBI, YeM-TO HEYJIOBUMBIM JJIs1 HAC,
OTJIMYAIOTCS JPYT OT Apyra. 3HA4MT, B 9TOM peakLuy, Ipy 3Hepruu comxkenus B 290MaB, korja
OJIMH M3 NPOTOHOB pacnaJjcsd, Jpyrod 6bL1 6JM30K K pacnajy, Y, AJd pacnaja 000HUX NPOTOHOB,
3Heprusi cOJMXKEHUs1 JOoJ/DKHA ObLIa 4yTh-uyTh MHpeBbllaTb 290 MaB. OTciooja ciefyer, 4To
3Heprus CBSI3W aHTHIJIEKTPOHA U HEUTPOHA B NPOTOHe 6/iM3Ka K 145M3B.

°

Bropas peakuus us (1) Toxe HeBepHa. Eciy 6bl B nepBoi peakLUu NPOTOH pacnafalics Ha
HEUTPOH ¥ INO3UTPOH, TO 3JIEKTPOH-MO3UTPOHHAsA cUCTeMa (T.e. NMO3UTPOHHUM), NpPHU ydeTe
MarHUMTHBIX B3aUMOAEeNCTBUM 061a/a1a 6bl T/106a/JbHO YCTOMYMBBIM CTATUYECKUM PAaBHOBECHUEM,
B KOTOPOM PacCTOSIHHE Me/y MO3UTPOHOM U 3JIeKTPOHOM ObLJIO Obl TOYTH HA NOPALOK 60JiblIe
«bopoBckoro paauyca». O4eBHJHO, YTO «KOJUIAIC» M «AHHUTWIALUS» B TAaKOW CHUCTeMe
HeBO3MOXXHbI. CJyiefjoBaTe/IbHO, BO3HMUKIIWE, TMPU aHalM3e JUHAMUKH OSTOH CHUCTEMBI,
npejcTaBjeHUsl 00 3KBHUBAJEHTHOCTU MacChl U 3HEPTHH, T.e. 0 BO3MOKHOCTH HepOpPMaJIbHOTO,
coZlep>kaTeJbHOI'0 0ObSICHEHUS SABJIEHUS Nlepexo/ia MacChl B 9HEPTUI0 U JHEPTUM B MacCy TaKxke
OIIMOGOYHBL.

Korza ofuH U3 NpOTOHOB pacnajaeTcsd Ha HEWTPOH U aHTUIJIEKTPOH, TO aHTHU3JIEKTPOH,
00 beIMHUBLIUCH C 3JIEKTPOHOM, CIOCOGEH CO3JaTh OJAUH U3 [BYX BUAOB QOTOHA — «OBICTPBLIM»
WU «MeJIJIeHHBII». B «6pIcTpOM» GOTOHE, paccTOsAHUE MeXAY 3JIeKTPOHOM M aHTHU3JIEKTPOHOM
MeHble, yeM 4-10-10M, a ero cKOpocTb 6JIM3Ka € M 3aBUCUT OT IJIOTHOCTU BCTpeyHoro 3dupa. B
«MeZJIeHHOM» (OTOHE, U3BECTHOM B QU3HKe KaK «crmapeHHble KymnepoBcKue 3JIeKTPOHBI», pac
CTOSIHHE MEX/Y 3JIEKTPOHOM M aHTHU3JIEKTPOHOM Ha HECKOJIbKO MOPSIKOB 60Jblie, yeM 4-10-10pm,
a CKOpPOCTb Ha HECKOJIBKO NOPsIJIKOB MEHbIIIE C.

o

TpeTbs1 peakuus B (1) MOXXeT peasM30BaThCsl TOJbKO B TOM CJy4dae, eCJId NPOTOH U JeUTPOoH
COMM3ATCA [0 pacCTOssHUS sjepHoro cuHTe3a 10-14M. 3JTOMy ecTb [ABa HpensiTCTBUA
3JIeKTpUYeCcKoe OTTaJIKUBaHUe - «3JIeKTpUYEeCKUH Oapbep» W MarHMTHOe OTTaJKUBaHUe -
«MarHUTHBIN Gapbep». JJEeKTPUUYECKUM OGapbep BO3HUKAeT H3-3a 3JEeKTpUYecKUX 3apAaoB. Ero
BeJIMYMHA /s AByX NpoToHOB paBHa 0,144M3B. ®uU3WKH CYMTAIOT €ro caMbIM TPYJLHO
peo/i0/IMMbIM IIPeNATCTBUEM Ha IyTH NPOTOHHOrO CUHTEe3a 60Jiee TsKeJIbIX a/ep.

MarHuTHBIM 6apbep BO3HHUKAeT M3-3a JUaMarHeTU3Ma NPOTOHA, MOPOXKAAIOILEero MarHUTHOe
oTTajJKMBaHUe. DPU3MKaM OH He H3BeCTEH, TaK KaK MarHUTHble B3aUMOJEUCTBUSA MeXAy
MUKPOOO'BEKTAaMU B KBAaHTOBOM TeOpPUM He YYMUTHIBAlOTCA. M Teopus 3THUX B3aWMOJEWCTBUH
COBeplleHHO He pa3BuTa. Korja Teopuss He/JMHEWHBIX KoJIeGaHUMM 3aHAJAch 33JadyaMHu
MUKPOMUPA, el NpULLIOCh CTPOUTh TEOPHUI0 MarHUTHBIX B3auUMOJEWCTBUH  MeXAy
MUKPOOO'bEKTAMH «C HyJsi». He ObLIM M3BECTHbI HU BEpPHbIE COOTHOUIEHUS] BEJUYHH BEKTOPOB



MarHUMTHBIX MOMEHTOB 3JIEKTPOHOB, HEMTPOHOB M IPOTOHOB, HU KOJMYECTBEHHble OIMCAHUA
HanpsKeHHOCTeN COOCTBEHHbIX MAarHUTHBIX T0JIe 3TUX MHUKpPOOO'bEKTOB, HU JuMaMarHeTH3M
3JIEKTPOHOB U INPOTOHOB, HU INapaMarHeTUsM HeWUTpoHOB. Korja Bcé 3To OblI0 HaljeHO U
IOCTPOEHO, 0Kas3aJoCh, YTO BeJMUYUMHA MAarHUTHOro Gapbepa MeXJy ABYyMs NPOTOHAaMHU paBHa
45,5M53B, uto B 300 pas BhlIlIe 3JIEKTPUIECKOro 6apbepa. M ecsii GU3UKKM CYUTAIOT 3JIEKTPUIECKUH
6apbep caMbIM TPYZAHO NPEOAOJUMBIM NPENsATCTBUEM, TO O PEOJ0JIeHUM MarHUTHOro 6apbepa
0CTaeTCA TOJbKO MeYTaTh.

[loaTOMy TpeTbl0 peakLHI0 MOXXHO HalKCaThb - «6yMara BCE BBITEPIHUT», HO peasiM30BaThb eé
HEBO3MOXKHO, TaK KaK JHeprus CBsI3U [JeWTpoHAa 3aMeTHO MeHbllle BeJHYUHbl MarHUTHOIO
G6apbepa. M3-3a MarHuTHoro Oapbepa, HpU COJMKEHUM NPOTOHA U JeUTpoHa, JeWTpOH
pacchlniaeTcsi HAa HEUTPOH U MPOTOH, KOrJla pacCTOsIHUE MeXy NPOTOHOM U JeTPOHOM CTaHeT Ha
HEeCKOJIbKO NMOPAAKOB 60Jblie, yeM 10-14Mm.

JelcTBUTE/NbHO, eC/IM BEKTOPbl MarHUTHBIX MOMEHTOB NPOTOHA U JeWTpoHa Ha OOJIbIIUX
pPacCTOSAHUAX I He MMeJM IPOTHBOIIOJOXKHBIX HalpaBJIeHWH, T.e. €CIM MeXJy INPOTOHOM H
JeTPOHOM He OBbLIO MarHMTHOIO OTTAJIKMBaHUA, TO, NPHU YMEHBIIEHHWU I, 3TU BEKTOPHI,
6sarojapss ~ OpUEHTALMOHHOMY  MarHuTHoMy  3ddekty  [3], HeMHHyeMO  HOPUMYT
IPOTHUBOIIOJIOKHBIE HAaNpaBJIeHUs] U MeXJy NPOTOHOM U JeWTPOHOM BO3HHKHET MarHUTHOe
OTTaJIKUBaHHeE.

Ec/iv BeKTOPBI MarHUTHBIX MOMEHTOB [IPOTOHA U JIeUTPOHA NPOTHUBOMOJIOXKHbBI TOJBKO IIPU I' OT
10-13m go 10-%M uam ot 10-12m go 10-14M, miau ot 10-1'm go 10-14M, TO BeaAMYHHA MaArHUTHOIO
bapbepa OyneT paBHa (45,5-0,46)M3B=45,04M3B, (45,5-0,005)M3B=45,49M>5B, 45,5M3B.

@U3UKU CUUTAIOT, YTO BblJe/IeHHe 3HEPTUU NPU AlePHOM CUHTe3e JOJ/LKHO CONpPOBOXAATBCA
COOTBETCTBYIOILUMHU NOTOKaMU HEUTPOHOB. B [Ipunctone (CIIA), 10 aBrycta 1978r Ha TokaMake
«[IJIT» 6bLIM AOCTUTHYTHI TaKWe 3HEPTUU CONMKEHUs BOAOPOJHBIX s1/iep, B pe3yJibTaTe KOTOPbIX
PEe3KO0 MOJCKOYMJIN NOTOKK HEUTPOHOB [2]. OfHaKo, Bblie/iIeHUe 3HEPTUHY, B pe3yJibTaTe peaKk Ui
CUHTe3a, 3adUKCHpPOBAaHO He ObLI0. Buaumo, 6bl0 MpocTOe paspylieHue JeUTPOHOB IpU I
>10-14Mm,

[ ]

B nocsiesHel, yeTBepTOH peakLUM Y4acTBYIOT JBa spa 3He. Aapo 3He cocTOMT U3 OJHOrO

HeUTpoHa U AByX NpoTOHOB (puc.3). Teopus HeJMHEWHBIX KOJIe6aHUN YCTAaHOBUJIA, C TOMOILbIO

Puc.3. Cxema sipa 3He

WJeHTUUKAMOHHON MPOLeAyphl, UTO BeJMYMHA BEKTOpA MAarHUTHOTO MOMEHTa HEMTpOHa Ha
yeTblpe NOpPAJAKAa MeHblle BeJUYUHbl BEKTOpPAa MAarHUTHOIO MOMEHTA MNpPOTOHA: Un=3-10-%up.
[ToaTOMy, CyMMapHBI BEKTOpP MarHMTHOTO MOMeHTa sfpa 3He 6su30K 2u, CiiefoBaTesbHO,
BeJIMYMHAa MarHUTHOro 6apbepa Ha NyTH YeTBEPTOM peaKLMU OYTH BYeTBepO 60Jiblie BeJTUYHHbI
45,5M3B. [loaToMy, 3Ta peakliysi BO3MOXHa TOJbKO Ha OyMare, HO He B peajibHOM Mupe.

XXX.1.5. KBaHTOBasi TPAaKTOBKa
peakiuii B3pbIBHOTO Bblie/I€HUsI JHEePruu
B «BOJAOPOAHOI» GoMGe
«BomopoiHasi» 60M6a COCTOUT U3 Afep AeUTEePHUS U TPUTHUS, TpeiHA3HAYEHHBIX JIJIsl PeaKIUH C
BblIeJIEHUEM TEpPMOSIIEPHON 3HEPTMH M U3 «aTOMHOH» 6GOMG6LI B KayecTBe B3pbIBaTeJs,
CO3/IaI0IIEero yCJIOBHUs, HeOoGXOMUMble JJisi OCYIIECTBJEHHS 3TUX peakiui. Heobxomumasa s
OBICTPOTO, B3PBIBHOIO NMPOTEKAaHHUSI TEPMOSIEPHBIX peaKLHi, BbICOKAas MJIOTHOCTb MHOXKECTBA



JIeUTPOHOB U TPUTOHOB JIOCTUTAETCsS 3a CYET TBEPAbIX COEJUHEHUH 3THUX SIAEP C AApaMH OLi.
BJyiarosiapsi 3ToMy, B pe3yJsibTaTe «aTOMHOI'0» B3pbIBa, TEPMOsi/iIepHasi «B3pbIBYaTKa» COXPaHsIET,
HEKOTOpOe BpeMsi, JIOTHOCTb, JOCTATOYHYIO JJI51 IPOTEKAHHUS peaKIuid TePMOsIEPHOTO CUHTE3],
@®U3UKU CYHUTAIOT, UYTO «TEPMOsZIEpHAsA» JHEPTHUS BbIAEJSETCS B pe3y/bTaTe CJeAyIOIIUX
sIIepHBIX peakuuu [2]:
D+D—3He+n,
D+D—-T+p, (2)
T+D—*He+n,
6Li+n—>*He+T.

OjiHako. mepBble TPU peaklUUd U3 (2) HepealusyeMbl IO TOM e MPUUUHE - JIEUTPOHBI U
TPUTOH, U3-3a HECIIOCOOHOCTH INpeoJi0JleTb MarHUTHBIM Gapbep, pacchIAalOTC Ha OT/eJIbHble
NPOTOHBI U HEWUTPOHbI, HA paAcCTOSIHWUM, NpeBblatoneM 10-14M. PeanusyeMoil MoOXKeT ObIThb
TOJIBKO YeTBepTasi peakl s, TaK Kak MarHUTHbIN 6apbep B Hel paBeH Bcero 13,65kaB u3-3a Toro,
YTO MarHUTHOeE I10Jle HEUTPOHA Ha YeThIpe NopsAKa c1abee MarHUTHOTO 110J1 IPOTOHA, HO J1A eé
peasiM3alvu Hy»KHa 60JIbllasi 3HePTrusi HeUTpoHa.

OnsaTh KoHDY3.

XXX.1.6. KBanTOBas1 cxema paGoThbI
TepMOAJEePHOro JHepreTUYECKOro peakropa

KBaHTOBbIEe GU3UKH, UCXOJS U3 CBO UX NpeJcTaBleHUl o peakiusax COJTHEYHOTr 0 U3/IyYEHUS U O
peakLUsiX B «BOJOPOJHON» OOMOe, ye CeAbMOM [ecATOK JIET CUYUTAIOT, UYTO yIpaBJisieMbli
3HepreTUYEeCKUN peaKkTOpP Ha JIETKHUX si/[pax MOKeT MPOAyLMpPOBaTh «TePMOsIEPHYIO» IHEPTUIO B
peakLUsAX B3aUMHBIX CTOJIKHOBEHUN JeUTPOHOB U TPUTOHOB. HO y HUX HHUYEro He MOJIy4YaeTCsl.
BMmecTo feTasbHOTO aHa/lM3a NPeAUCTOPUHM CBOUX NpeJCTaBJI€HUH, OHU TYNO NBITAOTCA CO34aTh
yCJIOBUSA [/ fAEPHBIX peaklyi, 0 HepeaJu3yeMOCTH KOTOPBIX OHM He 3HawT. B KaudecTBe
0060CHOBaHUS CBOEH MPABOTbI OHU OOPAIIAIOTCA K TOMY OOCTOSITENBCTBY, UTO «TE€PMOSIAEPHbBIEN»
60MO6BI pa3paboTaHbl U alPOGUPOBaHbI, XOTS U HE CIIOCOOHBI I0KA3aTh, YTO UX MOHUMaHHUE 3THX
peakL Ui IBJSIeTCS eJUHCTBEHHO BEPHbIM.

OfHako, BbIlIe MOKa3aHO, YTO B3aMMHble CTOJKHOBEHHUA fAJep JeHTepusad WU TPUTHUA He
CONPOBOX/AAIOTCA BbIJleJIEHUEM «TePMOSAJEePHON» JHEPTUH.

XXX.1.7. UTOoru CUTYyallMOHHOI'0 aHa/Iu3a

J/1s1 OLleHKH CUTyaluH, CJAOKHBLIEWCS B TEPMOsIEPHOM Mpo6JseMe, Jiydlle BCEro MOAXOMSAT
cs0Ba 3HaMeHUTOro ®.I'olis1 1 ero conieMeHHUKOB - MclaHLeB: «COH padyMa poxJaeT YyAOBHULL».

JlefcTBUTENIbHO, y)Ke IMOYTH JBa CTOJIeTUss QU3UMKM He 0OpaljaloT BHUMaHHUS Ha TO, YTO
pe3yabtaThl 3kcnepuMeHToB Puso (1851) u Apcrepa (1821) monsAThl HeBepHO. M3-3a 3TOrO,
CYyMTaeTcs, 4YTo 3Up oTCyTCTBYeT B [Ipupoje, ¥ YTO MarHeTHU3M MPOUCXOAUT OT 3JIEKTPUYECTBA.
W3-3a 3TUX 0mIMNOGOK, 3QUpP, C ero CONpPOTUBJIEHUEM JBWKEHUI0 MHUKPOOOGBEKTOB U MAarHHUTHbIE
B3aUMOJIEMCTBUS MeX/Jy MHUKPOOOBbEKTaMH, He BKJIYEHbl B NapaJjUrMy KBaHTOBOU TeopuHU
MHUKpPOMHDPA.

ITOT «COH pasyma» (QUIUKOB TMOPOAWJI TaKUX YYJOBUIL, KakKk HpeJCTaBJeHUs O
NPUHLUNHAIBHOA  HEBO3MOXXHOCTH  INOCTPOEHUsI  TEOPUM  MHUKPOMHpAa €  I[OMOLIbIO
«kJIaccuyeckoro» HproToHOBa ¢opManusMa M 60JbLIOE MHOXECTBO JAPYrMX OIIMO0YHBIX
npeJcTaBJeHUH, TUNIA «9KBMBAJEHTHOCTb MacChl U SHEPTUN», KHEUTPUHO», KKBAPKU», KMIOOHBI»,
«BO30HEBIY, .... .

OZiHUM U3 IJIaBHBIX UTOTOB 3TOT0 aHA/IM3a SIBJISETCS 0OHApY>KeHUe OIHMGOYHOCTH KBaHTOBBIX
npejcTaBieHUd o mpolleccax Ha CoJiHIIE, B «BOJOPOJAHON» 6GOM6Ge W B MPOEKTUPYEMOM
TepMOsZIePHOM 3HepreTUYECKOM peaKTope.

[lonpo6yeM y3HaTb, KaK BBbIVIAJAT MWCTUHHblE peakLUH CHUHTe3a JIETKUX sJiep,
obecneyuBaloll1e BbljieJleHHue SHEPTUH A/epHOT0 pacnazja.

XXX.2. Bo3MO0>KHO JIM MOJIyYeHH e SJHEPTrUM SIAEePHOro pacnaja
6e3 y4yacTus JEUTPOHOB U TPUTOHOB?



M3BecTHO TOJIBKO O/IHO 3KCIEPUMEHTA/NbHOE COObITHE, CIOCOOHOE OTBETUTh HAa 3TOT BOIPOC.
310 - BUIIOKWCKUU TEpMOsIlePHBIA B3PbIB. JTOT B3PbIB NPOU30LIEs] MPU UCHBITAHUNA «aTOMHOU»
60M6bI B paiioHe peku Buusroi B 1950r, korma «BojgopoaHoi» 6omM6bl HU B CCCP, HU B Apyrux
CTpaHax ellé He O6bL10. MHbopMalusa 06 aTom B3pbiBe B CCCP 6blya 3acekpedeHa. OHa nosiBUIACh
TosIbKO B UHTepHeTe: «B 1990r paguoctanuus «HeMmenkass BosiHa» coo6luia, 4To Korjaa 40 Jiet
Ha3aJl Ha ceBepo-3anajie KyTUU HaYaIUCh SifiepHble UCHBITAHUS, OJJHO U3 HUX [0 MOIHOCTH
0Ka3a/loCh HeCpaBHUMO HHM ¢ KakuM Jpyrum (20-30MT BMecto pacueTHbix 10KT!). B3pwiB
3aperucTpupoBajyd BCe CeUCMUYECKHMe CTaHUUMKM Mupa. [IpuyMHa CTOJMb CylIeCTBEHHOrO
pacxXoXeHUsl TaK U OCTajJach HeM3BeCTHOU. [Ipeanonarany, npas/ia, YTO UCHBITAJIN KOMIIAKTHYIO
BOJIOPOIHYI0 60MOY HEOBIBAJION MO TEM BpeMeHaM MOIIHOCTH, OJHAKO, MOJ06HOe YCTPOHUCTBO B
CCCP paspaboTaHO ropas/io Mo3xe».

B okpecTHOCTH MecTa B3pbIBa A0JITO U TILATEJIbHO NPOBOAWJINUCH CEKPETHBIE MCC/IeL0BaHUSA
NPUYMH B3pPbIBA, HO 3TH UCCJEJ0BAHUS OCTA/NMCh 6e3pe3y/ibTaTHbIMU. Jla U YTO MOXKHO GbLIO
0XHUJaTb OT HCclefoBaTesJed C TMOATOTOBKOM Ha ypPOBHE COBPEMEHHBIX KBAHTOBBIX
npeJiCTaBJeHUU?

MowHocTh U XapakTep Buiroiickoro B3pbiBa CBUAETENbCTBOBAJIM O TOM, YTO 3TO Obla
HACTOSIUUM TEpPMOSIAEPHBIM B3phIB, XOTS caMa «aTOMHasg» 6omba BOJOPOJAHBIX sJiep He
cojlepkasia. A Tak Kak Ha 3eMJie, B eCTECTBEHHbIX YCJI0BUSAX, KOMIIAKTHbIE 06'bEMBI TSXKEJIbIX s1/iep
BOJIOPO/ia, HEOOXOJUMBbIEe /151 B3pblBa TaKOM MOILHOCTH, HE BCTPEUYAIOTCS, TO 3TOT B3PbIB BOOOIIE
He CBfI3aH C TSHKeJIbIMU BOJOPOJAHBIMU SI/IpaMU.

WTak, aHanu3 cuTyanuu ¢ BUJIIONCKHMM B3pPBIBOM TOBOPUT O TOM, YTO BblJjeJIeHUE 3HEpruu
TEpPMOSIIEPHOT0 YPOBHSA 6e3 NPUCYTCTBUSA AJep AeUTeprs U TPUTUS pean3yeMo.

XXX.3. CogepixaTesibHOE IOHUMaHHUe
npu4YvH BWIIOMCKOro «TepMOsIiepHOro» B3pbIBa

Yrto mpousouuio Bo BpeMsi Buuitoiickoro B3pbiBa? «B3pbIBUaTKON» B «BOJOPOAHON» GoMbe
SIBJISIETCSI CMEeChb TBEP/AbIX COeJUHEHUU AeUTepruss U TPUTUSA C JUTUEM-6. PU3UKU UCTIOJIb30BaIU
JIUTUH, TIPex/ie BCEero, Kak CpeACTBO JAJs YIUIOTHEHUS BOJOPOJHOrO «3apsifia» B BUJE TBEPAbIX
coeJUHEHUN c JauTheM. Tak 4To, 06llasg Macca JUTHS OKasajacb He MeHblle, 4YeM Macca
BOJIOPOJIHOTO «3apsifiar.

Opnako, [lpupoja oTBesa JIUTUIO POJIb HE BCIOMOraTe/JbHOTO CTAaTUCTa, a NpeMmbepa. B
Tabsinie MeH/iesieeBa HET HU JIMTHUS-5, HU 6epUJINA-8. ITO 03HAYAET, UTO JIUTUN-5 U GepuIni-8
SIBJSIIOTCSI MTCHOBEHHO pacnaJamiuuMucs sapamMu. U eciu, B yC/l0OBHUsX, CO3JaHHBIX B3PbIBOM
ypaHOBOU 60MObI, U3 JUTHUSA-6 CUHTE3UpyeTcs OepWIui-8, To sfpa OGepuiusa-8 cpasy ke
pacnajfanTcs C BblJleJleHHEM COOTBETCTBYIOLIE SHEPTUH 3a CUET IHEPTUH pasJieTa OCKOJIKOB 3TUX
s/lep, pa3roHseMbIX 3JIEKTPUUECKUM U, ellle 60Jie MOLIHbIM, MAarHUTHBIM OTTaJIKHBaHUSIMHU.

JTo - e JMHCTBEHHOE HAay4YHOe 0GbsiCHEHMe NpUpoabl BUiloiickoro B3pbiBa.

L]

MorJio i1 Ha MecTe UCOBITAaTeJbHOI0 «aTOMHOIO» B3pblBa ciaydaiHo jrfpfnmcziocrtaToyHo
KOMIIAaKTHOE MHO>X€eCTBO JIMTHUS-67

Xopolll0 U3BECTHO, YTO JIUTHUU BCTpevyaeTcs Ha 3eMJie B BU/Jle HEOOJIbIINX, KOMIIAKTHBIX PYAHBIX
o6pa3oBaHui [4]. MorJio Jin OZJHO U3 TAKUX PYJHBIX 00pa30BaHUH CJy4alHO OKa3aThCs Ha MeCTe
HCNbITaHUN «aTOMHON» 60MObI? YUUTHIBAsA ypOBEHb KBAHTOBOI'O MBILLJIEHUS, TaKasi Uesl Bpsi/ Jik
MOTJIa 03a/Ja4UTh McClefoBaTesel NpuYrH BUtolcKkoro B3pbiBa.

Bsnacty, He mnNoay4YuBIIME OOBSCHEHUS OOBEKTHBHBIX MNPUYUH 3TOr0 B3PbIB3, pELIUJIU
OKPECTHOCTH 3TOTO B3PbIBa, BO M36eXaHUEe HOBBIX HENPUATHOCTEHN, IPOCTO 3aTONUTh. [loaTOMY,
HOBBIE HCC/IEe[0BaHHsA Ha MecTe BUIIOKWCKOTO B3pbiBa HEBO3MOXXHBI. A TaK KaK KOMIAKTHbIE
pyAHble 0O6pa30BaHUS JIUTHUSL B TeX MeCTaX BCTPeYasJuChb, TO OTBEThl Ha 3TU BOMPOCHI MOTYT
HaXOJUTbCA TOJBKO B apXUBaX re0JI0ropa3BeiKH.

XXX.4. Buapl 11epHOro CMUHTE3a
[lox aaepHbIM CUHTE30M NOHMMAETCS MOJIyYeHUe, B pe3yJibTaTe CAUSHUSA JBYX s1[ep, HOBOTO,
6oJsiee Tskesioro spa. EcTb mpejcTaB/ieHus 0 TOM, YTO 3TO CAUSHUE S1lep MOXKET MPOUCXOAUTh



JByMA crnoco6amMu. OJMH W3 HaxX HaA3bIBAIOT «TOPSYMM», JPYrod - «XOJOAHBIM». OJHAaKO,
BO3MOXHOCTh CYIII€CTBOBAHHUS «XOJIOJHOTO» CUHTEe3a PU3UKKU OTPUIIAIOT. «['OpAYUN» CUHTE3 OHU
CYHUTAIOT €JMHCTBEHHO BO3MOXKHBIM.

XXX.4.1. «T'opAYui» AAePHbINA CUHTE3

CivsaHUI0 [BYX sJep B OJHO MNPENsTCTBYIOT 3JEKTPUYECKUHA M MarHUTHbIA Gapbephl,
NOpOX/iaeMble 3J1eKTPUYeCKUM Y MarHUTHBIM OTTaJIKMBaHUAMU. [IpeosiosieHne 3THX 6apbepoOB Ha
NYyTH CJHUSHUA d]iep AeHUTepus U TPUTHS, B TepMOsilepHOH Npo6JieMe, BO3MOXKHO TOJIBKO NpHU
3Heprusx cOJIMKeHHUs, NPeBbILIAOLIMX BeJUYUHY 3JIEKTpOMarHuTHoro 6apbepa. [1s nosyyeHus
TaKHUX O0JIbLIMX 3HEPTUH CONMKeHUA siep BOAOPOJa, UX He0OX0JUMO «HarpeBaTb», Pa3roHss [0
BBICOKUX CKOpocTeil. [I03ToMy, 3TOT c1oco6 HAa3BaIU «TOPSUUMY.

®du3MKK yXKe LIecTbAeCAT JIeT NbITATCA Pa3HbIMU CIIOCO6AMH «yTOBOPUTb» HENOCJYIIHbIE
JLeHTPOHbl U TPUTOHBI HAa CJAWSAHUSA, HO Y HUX HUYEro He mnoJjydaercd. [JleWTPOHbI U TPUTOHBI
NBITAIOTCS, CO CBOEHM CTOPOHBI, JJaTh MOHSTb, YTO OHU CHOCOGHBI, B Pa3HbIX IpejJaraeMblXx UM
YCTAHOBKax, He Ha CJIUsIHUe, a TOJIbKO Ha paclaj, Ha OT/eJibHble IPOTOHbI U HEUTPOHBI U3-3a TOTO,
YTO BeJIMYMHA 3JIEKTPOMarHUTHOro0 6apbepa 60Jibllie BEJIMYHUH UX SHEPTUH CBSI3U.

Ho ¢u3MKM MX He TOHUMAIOT U YIIOPHO U 6eCIJIOAHO CTOSIT HAa CBOEM.

°

Hy»HO 3aMeTHUTBh, 4TO, IPU B3PbIBE «BOJOPOJHOU» 60MOBI, «rOPAYUNA» CUHTE3 HE paboTaeT U3-
3a Tex e npuyuH. CiefoBaTesNbHO, A/ BbIpAaG0TKM NOHHMaHUSA MeXaHU3Ma BblJeJIeHUs
TEPMOAJEPHON 3HEPIrUU He OCTAeTCA HUYero MHOro, KpoMe BBISBJE€HUS UCTUHHOTO MeXaHU3Ma
«XOJIOJJHOTO» CUHTE3a.

XXX.4.2. «X0/1I0AHbIH» HEUTPOH-POTOHHBIN SAAEPHbIA CUHTE3

W3-3a fo/rux Heyjad B TEPMOsIAEPHOM Mpo6/ieMe, HEKOTOpble GU3UKU MBITAIOTCS PELIUTh 3Ty
npo6sieMy C MOMOLIbID «XOJIOZHOTrO» SIAEPHOr0 CUHTE3a, He MOHMUMasi ero CoJep>KaTejibHOTo
CylIeCcTBa. ITH JIIOJU NbITAIOTCSA JO0OUTHCS CIAUSHUSA «He Pa30rPeThIX» JeUTPOHOB U TPUTOHOB. Ho
Be/lb OT JJHHAMHUYECKOI'0 COCTOSIHUS AEUTPOH-TPUTOHHBIX [Tap COBEPIIEHHO He 3aBUCHUT BeJIMYMHA
3JIEKTPOMAarHUTHOr0 Gapbepa, MPENsITCTBYIOIIEr0 CUHTE3Y JIEFKUX S1[iep, OHA OCTAaéTCs TOM IKe,
YTO U B «TOPSTYEM» CUHTE3E, T.€. HEYyCTPAHUMBbIE B «FOpsiYeM» CUHTE3€e MPEeNnsITCTBUS HEe UCYe3al0T.

L]

A pa3 depes3 3/IeKTPOMarHuTHbIe 6apbepbl MPOOUTHCA HEBO3MOXKHO, TO HY)KHO YCTPAaHUTb UX
MCTOYHUKU B peakLMsX SJAEPHOro CUHTe3a. MICTOYHHKOM e 3JIeKTPOMarHUTHOTO Gapbepa
SIBJIsIeTCs cOMKeHUe JIBYX s/iep. PU3MKU rOBOPSAT, YTO He 3HAIOT, KaK 3TOr0o U36exaThb, Kak OyATO
3TO He OHU HaNMca/Iv NOCJAeJHIO, YETBEPTYIO peakLuio us (2).

Kakasi copepxaTesbHOCTb 3aKJ/4yaeTcs B mnociaenHeill ¢opmyne u3z (2)? B atoit popmyne
BMECTO JBYX si/lep eCTb TOJIbKO OJHO — OTZAEJbHbIA HEUTPOH aTOMHBIM SI[POM He SIBJISETCS, TaK
KaK He COJIeP>XKUT 3JIEKTPUYECKOr0 3apsi/ila U He CIOCOOEH yJep>KaTh 0KOJIO ce0s1 HU 3JeKTPOH, HU
MO3UTPOH. A TaK KaK OH He UMeeT 3JIEKTPUYECKOro 3apsija, TO B 3TOM peaKIMU 3JeKTPHUUYEeCKUN
f6apbepa OTCYTCTBYeT. A M3-3a TOrO, YTO BeJIMYMHA BEKTOpPAa MAarHUTHOIO MOMEHTAa HEUTPOHA Ha
yeTblpe NOPsIIKA MEHbIIEe BEeJUYMHBbl BEKTOpPAa MAarHUTHOTO MOMEHTAa NPOTOHA, MAarHUTHBIN
bOapbep B 3TOU peaKIMu yMeHbIAeTCSa 0 MUHMMaJIbHO BO3MOXKHOM BestndrHbI 13,65k3B.

A gTo genaTh panblie? /[y 3aBepllieHUs] peaklMu CUHTe3a s1/1pa, 3TOT HEUTPOH, NOTJIOIEHHbIN
HCXOZHBIM SIZIPOM, HY?>KHO MPEBPATUTD B POTOH. Ho GH3UKHN 3KCIepUMEHTaNbHO YCTAHOBUIIH, YTO
«BpeMs KU3HU» HEUTPOHA 6/M3K0 K 16 MuHyTaM. He AaTh e, B KOK/JOM aKTe CUHTE3a HOBOTO
aapa no 16 MuHyT!

Teopusi HeJIMHEWHBIX KOJieGaHUM, BbISIBUB 3JIEKTPOH-aHTU3JIEKTPOHHYIO CTPYKTYpPy (POTOHa,
yCTAaHOBWJIA, YTO MpeBpallleHue HEWTPOHA B MPOTOH NPOUCXOAUT B pe3yJibTaTe CTOJKHOBEHUS
$boTOHA C HEHUTPOHOM, M 4UYTO «BpPeMS >KHU3HH» HEWTPOHA 3aBHUCUT OT IIJIOTHOCTH IIOTOKA
aTaKyoIUX ero GOTOHOB.

CiiefoBaTesIbHO, [1J1S1 YMEHbILIEHUs «BPEMEHH KU3HU» HEUTPOHA HY:KHO yBEJIMYUTD IJIOTHOCTD
noToka GOoTOHOB. B pe3y/ibTaTe 3TOr0, HOYIUTCS HOBOE SI/IPO C AONMOJHUTENbHBIM IPOTOHOM.

Tak paboTaeT MeEXaHU3M «XO0JIOJJHOTO», HEUTPOH-POTOHHOI'0 CUHTE3a.



B kBaHTOBOU QU3UKe NpHBeJleHHOe NMOHUMaHUe MeXaHW3Ma paboThl «XO0JIOJHOIO» CUHTE3a
NPUHLMNHAIBHO HEJOCTHXKHUMO U3-3a lePeKTOB e€ napaJUrMbl.

XXX.4.3. «X0JI0AHBIN» CUHTE3 -
npuyuHa Buwoiickoro B3pbiBa
4 B3pbIBa «BOJAOPOAHON» GOMGBI

TepmosiiepHO# B3pbIBYaTKOM B BUiIOMCKOM B3pbiBe Obl1 JUTUH. [IpesBapUTe/NbHbINA B3PbIB
«aTOMHON» O6OMOBI CO3/1a/1 MJOTHbIe MNOTOKUM HEWTPOHOB U (OTOHOB, HEOOXOAUMbIE [JIs
«XO0JIOJAHOTO» CUHTEe3a HEYCTOMYHUBbBIX, MTHOBEHHO pachajawInuxcs ajep 8Be.

To >xe caMoe MpouU30ILIO U B «BOAOPOAHON» GoMOe. [IpeaBapUTe/bHBIA B3PbIB «aTOMHOW»
60MO6BI CO3/1aJ1 IIJIOTHbIE IOTOKU HEUTPOHOB U POTOHOB, HEOOXOAMMBIE /IJIS1 «XOJIOJHOT0» CUHTEe3a
HEYCTOUYHMBbIX, MTHOBEHHO pachaJarwluxcsa aaep SLi u3 JeUTPOHOB U TPUTOHOB, a TakKxke JJid
«X0JIOJJHOT'0» CHHTEe3a HeyCTOMYUBBIX, MTHOBEHHO pacnajarlnuxcs sjep 8Be u3 6Li.

.

C obcyx/JeHrMeM BO3MOXHOCTEW MOCTPOEHUs YNpaBJsieMblIX JHepPreTUYeCKUX pPeaKTOpPOB Ha

JIETKHX s1/Jpax C IOMOILBIO peaKL Ui «X0JI0JHOr0» CHHTe3a MOXKHO N03HAaKOMUThCA B [5].



