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XV. A.-M. AMPERE
AND THE THERMONUCLEAR PROBLEM

Leonov N.N.

The first "hydrogen" - "thermonuclear" bomb was created and tested in 1952. After that, immediately began work
on the creation of controlled "thermonuclear" power reactors - power reactors on light nuclei. Almost seventy years
have passed since then, but until now, apart from empty promises of creating an energy paradise on Earth, there are
no real hints of success in solving this problem in the thermonuclear problem.

The theory of nonlinear oscillations - TNO, after conducting its own investigation, discovered the
reason for such long empty promises and real failures in the thermonuclear problem. This reason was
formed two hundred years ago, with Ampere's erroneous interpretation of the result of the famous
experiment of Oersted (1821). Due to Ampere's mistake, the physics of the microworld thoughtlessly
refused to take into account the magnetic interactions between micro-objects. As a result, the reactions
of fusion of light nuclei, which provide the release of thermonuclear energy in the Sun and in the
"hydrogen" bomb, were misunderstood by physicists. The same reactions were incorporated into the
scheme of building controlled "thermonuclear” reactors.

A method for solving the "thermonuclear" problem was discovered by TNO when analyzing the
causes of equally long failures in the "neutrino" problem [1].

[ ]

XV.1. Introduction

Confidence in the fundamental possibility of creating controlled power reactors
operating on the nuclei of light chemical elements came as a result of the creation and
explosion of the first "hydrogen" bomb in 1952. Since then, work began on the creation
of such reactors. This work is being carried out both by joint international forces and by
individual states, but so far neither convincing facts nor ghostly hints of success have
been received, except for empty promises that all huge costs will pay off.

To find a way out of this situation, it is worth remembering a suitable statement by
Confucius: “It is very difficult to catch a cat in a dark room. Especially if she's not there".
In this difficult situation, the "cat" undoubtedly exists - this is proved by the test
explosion of the first "hydrogen" bomb. But are they looking for her in that “room”?

XV.2. Quantum circuit
"Thermonuclear"” reactions
The "thermonuclear" charge in the "hydrogen" bomb consists of deuterium D and
tritium T, bonded into solid-state lithium-6 6Li compounds. Therefore, the quantum
scheme of nuclear reactions in which the release of "thermonuclear" energy in the
"hydrogen" bomb occurs, according to physicists [2], is described by expressions (1).

D+ D — 3He + n,

D+D — T+p, (1)
8li+n—*He+ T,

T+D — %He + n.

Based on these ideas, the developers of thermonuclear reactors decided to use, as
sources of "thermonuclear" energy, nuclei D and T, with its release in reactions:



D+ T — *He + n,
D+D—T+p, (2)
3He + D — “He + p.

Having decided on the sources of "thermonuclear" energy, the developers began to
test various devices for reactors with solid-state and plasma deuteron-triton targets.
Since the reactions between nuclei, producing "thermonuclear" energy, occur at
distances between them less than 107'“m, the main task, and the main technical
difficulty for the developers, was to find such a reactor device that would ensure such an
approach.

In some reactors, solid-state targets were fired at streams of energetic photons or
high-energy micro-objects to accelerate deuterons and tritons to the required speeds, in
others - in stellarators and tokamaks - the deuteron-triton plasma was heated to
extremely high temperatures [2]. The purpose of these developments was to launch
reactions (2), in which the release of "thermonuclear" energy would begin.

Evidence of the beginning of the release of "thermonuclear" energy, according to
the developers, should be, according to (1), the formation of a flux of free neutrons.
Such evidence has indeed been observed. For example, on the PLT tokamak
(Princeton, USA) on the night of August 10, 1978. But there was no energy release.

XV.3. Ampere
and the reason for the formation
tokamak neutron flux

TNO discovered that the reason for the formation of a flux of free neutrons in a
tokamak is associated with Ampere's long-standing mistake, made when interpreting
the results of Oersted's experiment (1821). Ampere, announcing that magnetism is
secondary to electricity, that it comes from the movement of electric charges, did a
"disservice" to physicists in general, and to the developers of the "thermonuclear"
problem in particular.

Because of this Ampere's mistake, physicists stopped taking into account the
magnetic interactions between micro-objects. As a result, all efforts of quantum physics
to achieve a solution to the "thermonuclear" problem turned out to be completely empty,
senseless and fruitless. Let's try to explain this in detail and intelligibly.

This will require some small calculations.

First, let us find out the magnitude of the electric and magnetic barriers that prevent
the approach of deuterons and tritons up to a nuclear fusion distance of 10~"*m

Recall that a deuteron consists of one proton and one neutron, while a triton
consists of one proton and two neutrons. It is known that the proton has a "positive"
electric charge (+e) and its own magnetic field with the vector of the magnetic moment
Mp, and the neutron has no electric charge, but has its own magnetic field with the
vector of the magnetic moment un, and that un=3-10-%up [3]. In this way. the electric
charges of the deuteron and triton are concentrated in their protons. The intrinsic
magnetic fields of the deuteron and triton also consist mainly of the magnetic fields of
their protons. Consequently, the electric and magnetic barriers that prevent the
approach of deuterons and tritons to the distances of nuclear fusion coincide with high
accuracy with these barriers that prevent the approach of two protons.



The magnitude of the electrical barrier that prevents the approach of two protons to
the distances of nuclear fusion is equal to the energy required to overcome the electrical
repulsion between the protons along this path, or to work on bringing two unit electric
charges closer to this distance. This value is calculated by the formula:

10—14
We(p.p)=| lax2dx | = 0.144 MeV ,
where a=¢e?, e=1,602-10-1°C, a=23,098-10-2°kg-m3-s~2.

The developers consider this electrical barrier to be one of the most formidable
obstacles in the "thermonuclear" problem.

The magnetic field, in contrast to the electric field with central symmetry, is
axisymmetric. Therefore, the nature of the magnetic interaction of two protons depends
on the relative position of their vectors of magnetic moments up1 and pp2. Due to the
magnetic orientation effect [4], these vectors tend to be located along a straight line
passing through both protons.

If these vectors are on a straight line passing through both protons, then magnetic
attraction acts between them at the same direction up1 and pp2, and repulsion in
opposite directions. And since a proton is a diamagnet, the vectors of the magnetic
moments of protons, in the absence of external influences, tend take opposite
directions.

In the latter case, when the vectors of the magnetic moments of the protons upt1 and
Mp2 are located on a straight line passing through the protons and are directed opposite
to each other, the magnitude of the magnetic barrier. preventing the convergence of
protons up to 107'*m is calculated by the formula:

10—14
Wi(p.p)=| [Bx3dx | = 45.5MeV,
where $=122,233-10-40kg-m*-s~2.
This situation is typical for solid target reactors. It has a magnetic barrier 300 times
larger than an electric one! Greetings from Ampere!
And how are things in plasma reactors?

In plasma reactors - stellarators and tokamaks - the deuteron-triton plasma is in an
external magnetic field. If again instead of deuterons and tritons we consider, to
simplify the picture, to focus on the main thing, only a pair of protons, then, with a
sufficiently large distance between the protons, each of the protons will carry out
magnetic interaction only with an external magnetic field, practically not noticing the
magnetic field of the other proton. In this case, the vectors of the magnetic moments of
the protons will have the same directions, generating the forces of magnetic attraction
between the protons, but at large distances these forces of attraction will be very weak.

With a decrease in the distance between the protons, the difference between the
strength of the external magnetic field and the strength of the own magnetic field of
proton No.1, at the point where proton No.2 is located, passing through the zero value,
will become negative. As a result, one of the vectors of the magnetic moments of the
protons will turn over, and the forces of magnetic repulsion will be established between
the protons.



If this happens at a distance of 1079m between the protons, then a magnetic barrier
of magnitude will arise (in [1], this expression was erroneous)

10-14
Wi(p.p)=| IBx3dx |=45.5(1-102428)MeV.
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At g=13, 12 and 11, the magnitude of this barrier is 45.04MeV, 45.49MeV and 45.5MeV.
In this way. the magnetic barrier in this case acquires a maximum value already at
g<11.

From the obtained relation it may seem that the magnetic barrier in these reactors
can be removed completely if the external magnetic field in the reactors is made such
that g=14. But from [2] it follows that all attempts to increase the intensity of the used
external magnetic fields were unsuccessful.

So, it turned out that in all types of reactors the magnitude of the magnetic barrier is
not less than 40 MeV.

The check carried out by TNO showed that the binding energies of nucleons in
nuclei, calculated by quantum theory, are overestimated by an order of magnitude. If in
the quantum theory the binding energies of deuterons and tritons are, respectively,
equal to 2.2241MeV and 8.4820MeV, then, according to TNO, they turned out to be
equal to E(D)=0.133MeV, E(T)=0.653MeV - an order of magnitude less than quantum
values [1].

These results mean that attempts to overcome even relatively small electrical
barriers, not to mention relatively gigantic magnetic ones, do not lead to a synthesis that
provides the release of "thermonuclear" energy, but to a simple scattering of deuterons
and tritons into separate protons and neutrons.

That is the whole mystery of the seventy-year failures of quantum physics in the
"thermonuclear" problem. Let the developers thank Ampere for these failures and the
shortcomings of their qualifications.

XV.4. Failure of the hot idea
nuclear fusion

What is "hot" nuclear fusion and how did this term come about? Physicists believe
that due to high-temperature heating of deuteron-triton plasma, free deuterons and
tritons can be accelerated to very high speeds, at which deuterons and tritons can
overcome electrical barriers, creating conditions for nuclear fusion with the release of
"thermonuclear" energy. They did not verify this either theoretically or experimentally.
They simply believe in it, proceeding from the fact that the explosion of the "hydrogen"
bomb was successful. Therefore, they believe, they will succeed in building a controlled
reactor.

Physicists in the "thermonuclear" problem are stimulated by the rapid success in
creating controlled reactors on heavy nuclei. But they do not understand that the
situations in these problems differ fundamentally. They do not understand what these
fundamental differences are. As for the "uranium" bomb and uranium "reactor,
physicists insist that energy is released in them as a result of nuclear decay reactions.
In the "hydrogen" bomb, in their opinion, the release of "thermonuclear" energy occurs
as a result of nuclear fusion. If such interpretations came from unsuccessful



schoolchildren, it would not be surprising, but hearing them from those who associate
themselves with serious scientists is very unusual.

In fact, both in the "uranium" bomb and in the "uranium" reactor, energy is released
as a result of neutron fusion from 235U nuclei of unstable, instantly self-decaying 226U
nuclei.

Looking ahead, we note that both in the "hydrogen" bomb and on the Sun,
"thermonuclear" energy is produced not in the reactions of collisions of deuterons and
tritons, but in the reactions of fusion of unstable, instantly self-decaying light nuclei °Li
and 8Be. But more on that below.

And now a few words should be said about the qualifications of physicists dealing
with the "thermonuclear" problem. They believe that nuclear fusion reactions are quite
possible [2]:

D+ D,
T+ D.
D + 3He,
D + SLj,
p+Li,

At the same time, they choose the first two types of reactions - between deuterons and
tritons due to the fact that in these reactions, in comparison with others, the value of the
electric barrier is minimal. About magnetic barriers, blindly and naively, not in a
scientific way trusting Amper, they do not mention at all. As the famous Russian fabulist
I.A.Krylov said: “I didn't even notice the elephant” [5].

One more thing. When the "uranium" bomb was detonated, physicists began to say
- "Now we know how the energy of the Sun is generated." A few years later, a
"hydrogen" bomb was detonated, and physicists said - "Now we know for sure the
source of solar energy." After that, they wrote reactions for the synthesis of solar
energy [1], in which, in their opinion, again should take place nuclear fusion with the
participation of nuclei, each of which contains protons:

p+p,
p + D,
3He + 3He,

Apparently, everything is clear without comment. Can you recklessly trust such
"scientists"?

By the way, if nuclei containing protons could participate in nuclear fusion, then
they would have to be high-energy, i.e. this synthesis, in the terminology of physics,
would be "hot". Alas, it turned out that this is fundamentally unrealizable.

XV.5. The triumph of the idea of "cold"
nuclear fusion
So what should the poor, feeble physicists do now? Nature took pity on them, and
in 1950 offered them a hint - arranged the Vilyui explosion. She gave physicists enough
information, hoping they would understand.



In 1950 in Yakutia, in the vicinity of the Vilyui River, a test "atomic" explosion was
carried out with a design power of 10kt. However, the real explosion brought
completely unexpected results - the power of the real explosion was 20-30Mt. Judging
by the power, instead of "atomic", there was a "thermonuclear" explosion. But at that
time Russia had no "hydrogen" bombs yet. Thorough secret investigations on the
ground have not brought clarity. But it was not the mushrooms that had to be found, but
the reasons for such an explosion - it was necessary to use not the legs and eyes, but
the main apparatus of scientific activity - the ability to think analytically. But the
physicists did not succeed in this. To avoid unexpected, inexplicable troubles in the
future, the place of the Vilyui explosion was flooded.

The Vilyui explosion proved experimentally that "thermonuclear" energy release
does not occur as a result of collisions between deuterons and tritons. What is the
reason? The compact set of deuteron-triton mixtures at the explosion site is a
supernatural phenomenon. But in the "thermonuclear" explosives of the "hydrogen"
bomb, 6Li was present as an auxiliary material. TNO discovered that °Li and 8Be are
absent in the periodic table. And they are absent there because they are unstable -
once formed, they immediately disintegrate. There remains the only explanation that is
not subject to mysticism - the "thermonuclear" explosion occurred as a result of the
nuclear fusion of an unstable instantly self-decaying 8Be from a compact natural lithium
deposit that happened to be in the place of an "atomic" explosion. This version is
supported by the fact that lithium is actually found in those places in the form of
relatively small compact deposits [6].

From what and how can unstable °Li and 8Be nuclei be synthesized? "Hot" fusion
that occurs when two protons approach each other. and in general two nuclei
containing protons, as shown above, despite the assurances of physicists, is
fundamentally impossible.

At one time there was talk about the possibility of "cold" fusion of nuclei containing
protons, without their acceleration to high energies, but all these conversations, on the
part of physicists with insufficient qualifications, ended in empty "shaking of the air."

Nuclear fusion is called "cold" if fusion reactions occur without significant energy
pumping into the nucleus, at a sufficiently low temperature.

TNO discovered the real "cold" nuclear fusion, studying the "neutrino" problem,
experimental work on which has been unsuccessfully conducted for as long as in the
"thermonuclear" one [1].

An erroneous hypothesis about the existence of a "neutrino" surfaced during the
analysis of the phenomenon of transformation of a neutron into a proton [1]. The
scientific qualifications of physicists to reveal the true reaction of the conversion of a
neutron into a proton turned out to be insufficient. The graphic information about this
reaction, in the observation chamber, was reflected in the form of proton and electron
tracks coming from the same point. The true reaction, revealed later by TNO, was that
the synthesis of a proton from a neutron took place due to the collision of a photon - an
electron-anti-electron dipole, which caused the decay of a photon into a free electron
and an anti-electron, followed by an anti-electron-neutron synthesis of a proton.

In order to understand this, it was first necessary to discover long-standing, still
uncorrected in physics, fundamental errors made in the interpretation of the results of
key experiments by Oersted (1821) and Fizeau (1851). Due to these errors, physics
refused to take into account the ether and magnetic interactions in the theory of the



microworld. As a result, physics has significantly weakened its cognitive potential and
has lost a significant part of its orientation capabilities in the material World. Speaking
on behalf of the physics of the microworld, one could say: "... since then everything has
been stretching in front of me deaf, crooked roundabout paths ..." [7]. As a suitable
illustration, one can point out that physicists still do not know the structure of the photon
and believe that the photon occurs as a result of the "collapse" and "annihilation" of
positronium: e*+e"—2y [2], whereas positronium, in fact, possesses a static stable
equilibrium, in which the distance between the electron and the positron is almost an
order of magnitude greater than the "Bohr radius".

One gets the impression that many physicists made a mistake with their profession,
choosing the pseudoscientific fantasy together as a scientific field.

However, "business - time, fun - hour". Not really bothering, TNO managed to find out that
"cold" nuclear fusion is realized in the form of a neutron-photon reaction. Its purpose is to
increase the number of protons in a nuclear target.

Neutron fusion does not cause any special worries - there is no electric barrier at all, and
the magnetic one, due to the smallness of the neutron magnetic field, is only 13.65keV. It is
incomparable with "hot" proton fusion.

A photon attack can turn a new neutron into a proton if this neutron does not hit an already
existing nucleon magnetic cluster containing a proton, since the presence of a proton in a
cluster makes all neutrons of this cluster stable.

The deuteron, as a result of neutron fusion, turns into a triton. Repeated neutron attacks
turn it into a hydrogen-4 nucleus and a hydrogen-5 nucleus. Subsequent photon attacks turn
these hydrogen nuclei into unstable, instantly self-decaying, releasing energy. °Li nuclei.

Instantly self-decaying, with the release of energy, 8Be nuclei can be obtained by a
similar scheme of "cold", neutron-photon fusion from lighter nuclei.

Nuclear fusion reactions with the release of energy according to the same scheme
go to the Sun and in the "hydrogen" bomb.
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XV. A.-M. AMIIEP
U TEPMOAJAEPHAA IIPOBJIEMA

Jleonos H.H.

[lepBast «BOZOpPOAHAs» - «TepMosiJiepHasa» 60Mb6a 6bLa co3/jaHa U UcnblTaHa B 1952r. [locsie aToro cpasy
HayaJUChb paGoThl HAJ, CO3JAaHHEM YIPABJSEMBIX «TE€PMOSIEPHBIX» JIHEPreTHUYeCKUX PeaKTOpOB -
3HepreTUYECKUX peaKTOPOB Ha JIETKUX sApax. C TeX Mop MPOILJIO MOYTH CEMBJECAT JIET, HO [0 CUX IIOp,
KpoMe NYCThIX O6GelaHWM C03JaHUs IHEPreTUYecKOoro pas Ha 3emJie, B TepMOsi/[epHON mpobJsieMe HeT
WKaKUX peaibHbIX HAMEKOB Ha YCIeX B pellleHUH 3TOU NPOoGJIeMBIL.

Teopus HennHelHbIX Kose6aHui - THK, npoBesas cob6cTBeHHOe pacciiefjoBaHHe, O6HAapYXKuJa NPUYUHY
CTOJIb JOJTUX MYyCTBIX OOEIaHUM W peasbHBIX HeyJady B TepMOsilepHOH mpob6JseMe. JTa NpUYMHA
cbopMupoBasach elé JBECTH JIeT Has3aj, NpPU OLIMOOYHOW MHTepHnpeTalUyd AMIIEPOM pe3y/bTaTa
3HaMEeHUTOro 3KcrnepuMeHTa Jpcrefa (1821). Us3-3a omnbku Amnepa, B ¢pU3MKe MUKpPOMHUpA Ge3LyMHO
OTKa3aJIMCh OT yYyeTa MarHUTHBIX B3aUMOJENHCTBUI MeX/y MUKPOOOGbeKTaMU. BeieacTBUe 3TOro, peakyuu
CUHTe3a JIETKUX si/iep, 06ecreYrBaoLIye BblleJIeHHe TepMOsiiepHOH aHepryuy Ha COJTHIIE U B «BOZOPOJLHON»
6oMOe, OKa3aJUCh MOHATHI GU3NKAMU HEBEPHO. JTH )K€ peaKIUH OblIN 3aJI0XKeHbl U B CXeMY IOCTPOEHHS
yIpaBJ/sieMbIX «TEPMOSIAEPHBIX» PEAKTOPOB.

Cnoco6 peleHUs1 «TepMoOsiiepHOM» Mpo6seMbl 6611 OTKPLIT THK npu aHa/v3e NpUYUH CTOJIb XKe J0JTUX
Hey/a4d B «<HEUTPUHHOU» npobsieme [1].

°
XV.1. BcrynyieHue

YBepeHHOCTb B HpHHL[HHHaJIbHOﬁ BO3MO>XHOCTH CO3JaHHuA ylipaBJid€eMbIX
3HepreTUYeCKUX pPeaKkTOpOB, pabOTalUMUX Ha f/paxX JIETKUX XUMUYECKUX 3JIEMEHTOB,
npullja B pe3yJbTaTe CO3JaHUsI U B3pbIBA MEPBOM «BOAOPOAHOM» 60MObI B 1952r. C Tex
NOp U HayaJUCh pabOThl MO CO3JaHUI0 TAKUX PEAKTOPOB. ITU pabOThl BeAyTCA Kak
06’be,£[I/IHeHHbIMI/I MeXAYHapOAHbIMU CUJIAaMH, TAK U OTAE€JIbHBIMHA roCyAapCTBaMH, HO 40
CUX TOpP He MOJIyYeHO HU yOeAuTeJibHbIX PaKTOB, HU NMPU3PAYHbIX HAMEKOB Ha YCIEX,
KpOoMe IMYCThIX OGGLHaHHﬁ, 49TO BC€ OT'POMHBI€ 3aTPATbI OKYIIATCA.

YToObI HANTU BbIXOJ, M3 3TOM CUTYAI[UH, CTOUT BCHOMHUTD NMOAXO0/slee BbICKa3bIBAaHHUE
Kondyuus: «O4eHb TpyJHO MOMMAaTh B TEMHOM KOMHaTe KOIIKY. OCOGeHHO, ec/ii eé TaM
HeT». B 3Tol HeMpOCTOM CUTyallMM «KOIlIKa», 6€CCIIOPHO, CYIECTBYET — 3TO JOKa3bIBaeTCs
UCIBITATEeJbHbIM B3pbIBOM NEPBOM «BOJOPOAHOM» 60MObI. Ho B TOW JIM «KOMHaTe» eé

iy T?

XV.2. KBaHTOBas cxeMa
«TEepMOsIAEPHBIX» PeaKI i
«TepMosinepHbIH» 3apsi/i B «BOAOPOJHOU» 60Mbe cocToUT U3 AedTepusa D u tputus T,
CBSI3aHHBIX B TBepPJOTeJ/IbHblE COeJMHEHUs JUTUEeM-6 ©Li [loaToMy, KBaHTOBas cxeMa
AJlepHbIX peaKLUUl, IPU KOTOPBIX NMPOUCXOAUT BblJieJIeHUE «TepPMOAJLEPHOU» IHEPTUU B
«BOJIOPOIHOM» 60MOE, IO MHEHUI0 GU3UKOB [2], onmucbiBaeTcs BbipaxkeHUsiMH (1).

D+D—3He+n,
D+D—T+p, (1)
6Li+n—*He+T,
T+D—*He+n.
Ucxona U3 3TUX NpeAcTaB/IeHUH, pa3pabOTYMKHU TEPMOsZePHBIX PEaKTOPOB pellu/Iv
WCIO0JIb30BaTh, B KayeCTBe UCTOYHUKOB «TepMosZepHOU» 3Hepruw, azapa D u T, c eé
Bbl/leJ/IeHHEeM B peaKLUAX:

D+T—*He+n,



D+D—T+p, (2)
3He+D—*He+p.

OnpefenvBUINCh C UCTOYHHKAMHU «TEPMOsI/IEPHOU» 3HEPTruH, pa3pabOTYUKHU CTaau
anpo6MpoBaTh pa3Hble YCTPOMCTBA PeaKTOPOB C TBEPAOTEJbHBIMU U C IJIa3MEeHHBIMH
JIEUTPOH-TPUTOHOBBIMU MUILEHSIMU. TaK Kak peakluu Mexy fiipaMH, NIpoAyLUpyloliue
«TEepPMOSIIEPHYIO» SHEPTUI0, IPOUCXOAT NPU PACCTOAHUAX MEXAY HUMH, MEHBIIUMH, YEM
10-14M, To rnaBHOM 3ajavel, U IrJIaBHOM TEXHUYECKOW TPYAHOCTbHIO JJisi pa3paboTUUKOB,
OblJIO HAWUTH TaKoe YCTPOMCTBO peaKTopa, NPU KOTOPOM 0b6ecrneyuBasiocb Obl TaKoe
conmxeHue.

B ogHUX peakTopax TBepAOTeJbHbIE MULIEHU 0OCTPEIMBAJINCh IOTOKAMH 3HEPTUYHbIX
$OTOHOB WJ/IM BBICOKOIHEPTUYHBIX MHUKPOOOBEKTOB, YTOObI pa3orHaThb JAEWTPOHbl M
TPUTOHBI [0 HEOOXOJUMBIX CKOPOCTEH, B JPYyrMX — B CTe/lapaTopax U B TOKaMakKax -
JleTPOH-TPUTOHOBAA IJIa3Ma pa3orpeBasach [0 Ype3BbIlYaWHO BBICOKHUX TeMmepaTyp [2].
[les1b10 3TUX pa3paboOTOK ObLJI 3alyCK peaKL Ui (2), IpU KOTOPbIX HAYaJI0Ch Obl Bbl/leJIEHUE
«TepMOSIIEPHOW» SHEPIUHU.

CBUZIETEJILCTBOM Havyasla BbIJIeJIEHUS] «TEPMOSIAEPHON» 3HEPrUH, 10 MHEHHIO
pa3pabOTYMKOB, [AOHKHO ObITh, corjiacHo (1), o6pa3oBaHMe TMOTOKa CBOOOAHBIX
HelWTpoHOB. Takue CBUAETE/NbCTBA, AEUCTBUTEJbHO, HabJAaauch. Hampumep, Ha
Tokamake [IJIT (ITpuncrton, CIIIA) B Houb Ha 10 aBrycta 1978r. Ho BbljesieHUe 3HEPrUun
OTCYTCTBOBAJIO.

XV.3. Amnep
U IpUYMHA 0O0pa30BaHUsA
NOTOKAa HEUTPOHOB B TOKaMaKe

THK oOnapyxwnsia, 4To npuyvHa 0Opa3oBaHHUSA NOTOKA CBOOOJHBIX HEWTPOHOB B
TOKaMaKe CBSi3aHa C JlaBHel OLIMOKOW AmIepa, AONYyIIeHHOW MNpPU HUHTepHpeTaldu
pe3y/ibTaToOB 3KcnepuMeHTa JpcTena (1821). AMnep, 06'bIBHUB, YTO MarHeTU3M BTOPUYEH
II0 OTHOIUEHUIO K 3JIEKTPUYECTBY, YTO OH IPOUCXOLUT OT JBIXKEHMUS 3JIEKTPUYECKHUX
3apsA[0B, OKa3aJl «MeJBeXbH YCAyry» @u3ukaM BooOlle, U pas3paboTyuKam
«TepMOsi/IepHON» NPOO6/IeMbl B YaCTHOCTH.

U3-3a 3TOoM owubku Amnepa, (GU3UKKA NepecTajd y4YUTbIBaTb MarHUTHbIE
B3aUMO/JIEMCTBUSA MeXJy MUKPOOObeKTaMU. BceiencTBue 3TOro, Bce ycuavMs KBAaHTOBOU
bU3UKU JOCTUYb pelIeHUs «TepMOosiilepHOM» NpPOoOJieEMb]l, OKa3aJMUCh COBEPILIEHHO
IyCTOMOPOXXHHUMH, O€CCMBICIEHHBIMU U Ge3pe3yibTaTHbBIMU. [lonpobyeM 3TO 00'bACHUTH
JleTaJIbHO U JJ0XO0/I4UBO.

]

Jl/1s1 3TOro NpUAEeTCs NPOBECTU HEOOIbLINE BEIYMCIEHHUS.

CHayasa BBISCHMM BeJIUYUHBI 3JIEKTPUYECKOTO U  MArHUTHOrO 6Gapbepos,
NPEensATCTBYIOIIUX COJMKEHUI0 [JeUTPOHOB W TPUTOHOB [0 PAaCCTOSAHUA SAEepPHOro
CHHTe3a, paBHOro 10-14m

HanoMHuM, 4TO A€UTPOH COCTOUT U3 OJHOTO NPOTOHA U OJHOI'0 HEMTPOHA, a TPUTOH —
M3 OJIHOr0 NpPOTOHA W [JABYX HeUTpoHOB. M3BecTHO, YTO TMpPOTOH o06JsaJaeT
«IOJIOXKUTEJIbHBIM» 3JIEKTPUYECKHUM 3apsAioM (+e) U COOCTBEHHbIM MarHUTHBIM IMOJIEM C
BEKTOPOM MarHUTHOIO MOMEHTA Hp, & HEUTPOH 3JIEKTPUUYECKOTO 3apsifia HE UMeEET, HO
06s1alaeT COOCTBEHHBIM MarHUTHBIM I0JIEM C BEKTOPOM MarHUTHOIO MOMEHTA HUn, U YTO
Un=3-10"%yp [3]. TakuM o0Opa3oM. 3JeKTpUYECKUe 3apsfbl JeUTpoOHA M TPUTOHA



cocpesioTOYEeHbl B UX NMpoToHax. COGCTBEHHble MAarHUTHbIE MOJIS AEeWTPOHA U TPUTOHA
TaKXe COCTOSIT MPEHUMYILECTBEHHO U3 MarHUTHBIX MoJiel UX NPOTOHOB. Cjie/loBaTeNbHO,
3JIEKTPUYECKHH W MarHUTHbIA 6Gapbepbl, NPeNsTCTBYWOUUE COJMKEHUIO AEUTPOHOB M
TPUTOHOB JI0 PACCTOSIHUU SIIEPHOT'0 CUHTE3a, C 60JIbIION TOYHOCTbIO COBNAJAIOT C 3TUMU
6apbepaMu, MPEeNnsTCTBYIIIUMU COJTHKEHHUIO IBYX TPOTOHOB.

]

BesiMunHA 3/IEKTPUYECKOTO Gapbepa, MPensITCTBYIOUIEro COMMKEHHUIO ABYX NMPOTOHOB
Jl0 pacCTOSIHUW $/IepHOTO CHHTe3a, paBHA 3HEPryUH, HeOoOXOJUMOHN [Jisl NMpPeooJeHUs
3JIEKTPUYECKOTO OTTAJKUBAaHUs MeXJy MNPOTOHAMMU Ha 3TOM MNYyTH, WJIM paboTe Mo
COMIMXKEHUIO JIBYX €JUHUYHBIX 3JIeKTPUYECKHUX 3aps/ioB [0 3TOr0 paccTOosiHUsA. ITa
BeJIMYMHA MO/ CYUThIBAETCS O GOpMYy.Jie:

10-14
We(p.p)=|fax-2dx|=0,144MaB,,

(00}

raoe a=e? e=1,602-10-19Ku, @=23,098-10-2%«r-Mm3-c2,

Pa3paboT4uKu CYUTAOT ITOT IJEeKTpUYEeCKUM Oapbep OJHHUM M3 CaMbIX

TPYAHONPEOJOJUMbIX IPENSATCTBUN B «TEPMOSIIEPHOI» POLJIEME.
[ ]

MarnuTHOe noJie, B OTJIMYHE OT 3JIEKTPUYECKOI'0 MOJIA C LeHTPaJIbHOW CUMMeTpUeH,
oceCHMMeTpUYHO. [lo3TOMy, XapakTep MarHMTHOTO B3aUMOJEWCTBUS [ ByX NPOTOHOB
3aBUCUT OT B3aHUMHOTO PACMOJIO)KEHUSI UX BEKTOPOB MAarHUTHBIX MOMEHTOB HUpl U MUp2.
Byiarogapss MarHUTHOMY OpHeHTallMOHHOMY 3(¢eKkTy [4], 3TU BEKTOPbI CTPEMSTCH
pacnoJioKUThC BJL0JIb IPSIMOM, IPOX0Asliel yepe3 06a MPOTOHA.

Eciu 3TH BeKTOpblI HAXOAATCS Ha NMPSIMOM, MPOXOAsILeNd yepe3 06a NIPOTOHA, TO MEXAY
HUMHU [,eUCTByeT MarHUTHOE NPUTSKEHUE NIPU OHOM M TOM >Ke HallpaBJIEHUHU HUpl U Up2, U
OTTaJIKUBAaHHE MPH NPOTHUBOMNOJIOXKHBIX HAllPaBJIEHUSX. A TaK KaK IPOTOH — IUaMarHeTHK,
TO BEKTOPbl MarHUTHbIX MOMEHTOB NPOTOHOB, IPU OTCYTCTBMMU BHEUIHUX BO3/EHCTBUH,
CTPEMSTCS 3aHATh IPOTHUBOIOJIOKHbIE HAllPaBJIEHUSL.

B nocsegHeM ciyyae, KOorjja BEKTOpPbl MarHMUTHBIX MOMEHTOB MPOTOHOB MUpl U Up2
pacrnoJiokeHbl Ha  NOpsIMOM, MNpPOXOAsAlledl 4Yepe3 NPOTOHbl M  HalpaBJIeHbI
NPOTHUBOIIOJIOXKEHO JAPYr ApYyry, BeJMYWHA MarHUTHOro Oapbepa. MpPensiTCTBYIOILETO
cOMKeHUI0 TPOTOHOB 10 10-14M BbIuMCAsieTCs 10 GopMy.ie:

10-14
Wu(p.p)=|J Bx-3dx|=45,5M3B,
(00
rae =122,233-10-40kr-m*-c2.

JTta cuTyayus TUIMUYHA [Vl PEaKTOPOB C TBEPAOTEJNbHBIMU MUIIEeHAMU. B Hel
MarHuTHbIN 6apbep B 300 pa3 6oJblie anekTpuyeckoro! [IpuBeT oT AMnepa!

A Kak feJa B IJIa3MeHHBIX peakTopax?

[ ]

B nyiasMeHHBIX peaKTopax — B CTe/lapaTopax U B TOKaMaKax, AeWTPOH-TPUTOHOBas
IJla3Ma HaxoAUTCA BO BHELIHEM MarHUTHOM ImoJie. Eciv ondTh BMeCTO JeUTPOHOB U
TPUTOHOB PAacCMOTPETh, AJIs YIPOLIeHHUs1 KapTHUHBI, [JIsl COCPEJOTOUYEHUs] BHUMaHUs Ha
IJIaBHOM, TOJIBKO Mapy MNPOTOHOB, TO, MPU AOCTAaTOYHO OOJIbLIOM PACCTOSHUU MEXIY
NpPOTOHAMH, KaXKJbl U3 NPOTOHOB OyAeT OCYIeCTBJATb MarHMTHOe B3aUMOJEWCTBHE
TOJIBKO C BHEIIHWM MarHUTHBIM MOJIEM, NPaKTUYECKH He 3aMeyass MAarHUTHOrO MOJis
Jpyroro npotoHa. B 3ToM csy4yae, BeKTOpbl MarHUTHBIX MOMEHTOB NpPOTOHOB OyAyT
006/1alaTh OJJMHAKOBBIMU HaANpaBJIEHUSIMH, MOPOXK/JAsA CUJAbl MAarHUTHOTO NPUTSKEHUS



MeX/ly IPOTOHAaMM, HO Ha GOJIbLIMX PACCTOSIHUSX 3TU CUJIbI MPUTSKEHUS OYyAYT OuyeHb
C1abbIMMU.

C yMeHbllIeHHEeM pacCTOSIHUSA MeX/1y IPOTOHAMH, Pa3HOCTb HaNPS»)KeHHOCTH BHEIIHETO
MarHUTHOIO MOJIS U HANpsS>KEHHOCTH COOCTBEHHOI'0 MarHUTHOIO IMoJisg npoToHa Nel, B
TOYKE HaxOXJeHUsi mpoToHa NO2, mnpoljas dYepe3 HyJeBoe 3HA4YeHHUeE, CTaHET
oTpuLaTeJbHOH. B pesysbTaTe, 0OAUH HW3 BEKTOPOB MarHUTHbIX MOMEHTOB NPOTOHOB
nepeBepHEeTCs, U MeXAY NPOTOHAMU YCTAaHOBATCS CHUJIbI MArHUTHOT'O OTTA/IKUBAHUS.

Ecnim 3to caydyutcsa Ha pacctogHud 10-9M Mexxay NOpOTOHAaMM, TO BO3HHUKHET
MarHUTHbIN 6apbep BeJIMYUHBI (B [1] B 3TOM BbIpa)KeHUHU J0MNylieHa OUIM6Ka)

10-14
Wu(p.p)=|J Bx-3dx|=45,5(1-102a-28) M3B.
10-a

[Ipu q=13, 12 u 11, BesnuuyuHa 3TOro G6apnepa paBHa 45,04MsB, 45,49MsB u 45,5M3B.
TakuM 006pa3oM. MarHUTHBIM Gapbep M B 3TOM cCjy4yae IpUobGpeTaeT MaKCMMaJbHOe
3HavyeHUe yxe npu gs11.

M3 nosy4eHHOro COOTHOLIEHUA MOXeT N0Ka3aTbCf, YTO MarHUTHBIA 6apbep B 3THUX
peakTopax MOXHO yOpaThb INOJIHOCTbIO, €C/M BHelllHee MarHUTHOe IoJie B peaKTopax
cAeJaTb TakuM, Ipu kKoTopoM g=14. Ho u3 [2] cienyeT, 4TO BCe NONBITKU yBeJHWYeHHUA
HaNpsKeHHOCTH  WCNOJIb3yeMbIX  BHEUIHMX  MarHATHBIX  MOJIeM  OKa3aJluCb
6e3pe3yJIbTaTHBI.

WTak, okasasioch, YTO BO BCEX THIAX PeaKTOPOB BeJUYMHA MAarHUTHOro Gapbepa He
MeHee 40M3B.

[IpoBepka, npoBesenHasa THK, mokasasa, 4TO 3HepruM CBI3SM HYKJOHOB B fApax,
BbIYUCJIEHHble KBAHTOBOM TeOpUeH, 3aBblllleHbl HA MOPs0K. Ec/ii B KBAHTOBOUW TE€OpUHU
SHEPruM CBSA3U JEeUTPOHOB M TPUTOHOB, COOTBETCTBEHHO, paBHbI 2,2241MsB wu
8,4820Ms3B, To , cornacHo THK, oHu oka3zanucek paBHbl E(D)=0,133M3B, E(T)=0,653M3B -
Ha NOpPsAJ0K MeHbllle KBAHTOBbIX 3Ha4eHuH [1].

JTHW pe3yabTaThl O3HAYAKT, YTO MONBITKU NPEOAO0JIEHHUS, JaxKe OTHOCUTEJbHO
HEeOOJIbIIUX 3JIEKTPUYECKHUX OapbepoB, He TOBOPS 00 OTHOCUTEJbHO TUraHTCKUX
MarHUTHBIX, IPUBOJST He K CUHTe3y, 00eclneyrnBaloleMy BblJleJIEHUE «TEPMOsIAePHON»
3HEPryHM, a K NPOCTOMY PacChIIaHUI0 AEUTPOHOB U TPUTOHOB Ha OT/ieJIbHbIEe MPOTOHBI U
HEWUTPOHBI.

Bor ¥ BcA 3arajka CceMHUJECATHJIETHUX MPOBaJIOB KBAaHTOBOW (QU3HUKH B
«TepMosifiepHOW» npobJieMe. [lycTh pa3paboTYHMKU 6J1aroAapsaT 3a 3TH HeyJauu AMIiepa U
HeJIOCTAaTKHU CBOeU KBaJIMPUKALIUU.

XV.4. [IpoBas ugeu «ropsa4yero»
sII€pPHOr0 CHHTEe3a
YTo Takoe «ropsa4Mi» fAZepHbIM CHUHTE3 M KaK NMOABWJICA 3TOT TepMUH? DuU3UKHU
CYMTAIOT, YTO, 32 CYET BbICOKOTEMIIEPATYPHOr0 HarpeBa JAeUTPOH-TPUTOHOBOU IJ1a3Mbl,
MOXXHO pa3orHaTb CBOOOJHbIE JeUTPOHbI U TPUTOHBI 10 OYeHb BbICOKMX CKOPOCTEN, MpHU
KOTOPbIX JIEUTPOHbI U TPUTOHBI CMOTYT NPEOA0JIETh 3JeKTPUUYECKHEe OGapbepbl, CO3/1aB
YCJIOBUS [/l sIIEPHOTO CUHTE3a C BbleJIeHHUEM «TepMosiiepHOoi» 3Hepruu. OHU 3TO He
NPOBEPSJIN HU TEOPETHUYECKH, HU SKCIIepUMeHTa/IbHO. OHU B 3TO MPOCTO BEPAT, UCXOAS U3



TOr0, YTO B3pPbIB «BOAOPOAHON» 60MO6BbI yaaicsa. CiefoBaTesbHO, CYUTAT OHU, UM
yAaCTCA LOOUTHCSA NOCTPOEHHUS U yIIPaBJIsieMOro peakTopa.

®U3UKOB B «TepMOsiZIepHON» MpobJyieMe CTUMYJUPYET OBbICTPbIM yclexX B CO3JaHUU
yIpaBJisieMbIX peaKTOPOB Ha TsKeJbIX sApaxX. Ho OHU He MOHUMAIOT, YTO CUTYaLUU B 3TUX
npobJyieMax pas/MYalOTCAd HNpUHOUNHaIbHO. OHM He TOHMMAKT, B 4YeM 3THU
NpUHIUNHATbHBIE OTJINYHUs. YTO KacaeTcss «ypaHOBOK» 6GOMObI M YpaHOBOTO» pPeaKTopa,
TO QU3MKU TBEPJAT, UTO IHEPrUsl B HUX BbIJIe/ISIeTCS B pe3yJibTaTe sJePHbIX peaKki Ui
pacnaga. B «BojopoaHoi» ke 60MbOe, MO UX MHEHHIO, BblJleJIeHHE «TepMOsJepHOU»
3HEepruu MNPOUCXOAUT B pe3yJbTaTe sJlepHOro CUHTe3a. Ecau Obl TakuMe TPaKTOBKHU
UCXOAWJIM OT HEYCIEelHbIX IKOJbHUKOB, ObLJIO O6bl HEYAUBUTENbHO, HO CJBIIIATh UX OT
TeX, KTO aCCOLUUpYeT cebsl C cepbe3HbIMU yY€HbIMH, 04€Hb HEITPUBBIUHO,

Ha camoMm pesne, ¥ B «ypaHOBOW» 60MOe, U B «ypaHOBOM» peaKTOpe BblJeJIeHue
3HEPTrUM MPOUCXOJUT B pe3ysbTaTe HEUTPOHHOTO CHHTe3a U3 fAjep 235U HeyCTOMYUBBIX,
MTHOBEHHO caMopacnajariuxcs aaep 23U.

3aberas BIlepeJi, 3aMeTHM, 4YTO M B «BOJOpPOAHON» 6ombGe, W Ha CoOJIHIIE,
«TepMosi/lepHasi» IHEepPrusi NPOU3BOJUTCS HE B peaKLUSX CTOJKHOBEHUH JeUTPOHOB U
TPUTOHOB, @ B peaKLUaX CHHTe3a HeYyCTOWYMBBIX, MTHOBEHHO CaMoOpaclnaaloLiuxcs
JierKkux siep 5Li v 8Be. Ho 06 3TOM - 4yTh HHXKeE.

[ ]

A Tenepb HY>KHO HECKOJIbKO CJIOB CKa3aThb 0 KBaJUPUKAUU GU3MKOB, 3aHUMAIOLIUXCS
«TepMosilepHOM» Npo6seMod. OHM CYMTAIOT BIOJIHE BO3MOXKHBIMU fi/lepHble peaKIuu
cuHTe3a [2]:

D+D,
T+D.
D+3He,
D+6Li,
P+7Li,

[Ipu 3TOM, OHM BbIOMpPAIOT NEepBbIe /iBa BUJAa PEAKLUK - MeXAY JeUTPOHAaMU U TPUTOHAMU
M3-3a TOrO, YTO B 3TUX peaKLMsX, [0 CPaBHEHUIO C APYTHUMH, MHUHMMaJbHa BeJUYMHA
3JIEKTpHU4YeCcKoro 6apbepa. O MarHUMTHBIX ke 6apbepax, CJIelo U HauBHO, He NI0-HAYYHOMY
JloBepsii AMmepy, OHM BOOOIle He ynoMuUHarwT. Kak roBopus 3HaMeHUTbIA PYCCKUH
6acHonucen U.A.Kpbl/10B: «CJI0HA-TO 1 U He 3aMeTUI» [5].

U emé oxHo. Korga 6pl1a B3opBaHa «ypaHoBasi» 60M0a, GU3UKU CTAJU TOBOPUTh -
«BoT Temepb Mbl 3HaeM, Kak reHepupyetcs sHeprus CosiHLa». CIycTs HECKOJIbKO JIET,
Obl1a B30OpBaHa «BOJOPOiHAsA» 60M06a, U PU3UKU CKa3au — «BOT Tenepb Mbl TOUHO 3HAEM
MCTOYHUK COJIHEYHOW 3sHepruu». [locie 3Toro, OoHM HamMWcald peakLUU CUHTe3a
COJIHEYHOU 3Hepruu [1], B KOTOPBIX ONATH JOJIKEH, 10 UX MHEHUIO, UMETh MECTO S1IePHbIN
CUHTE3 C yYacTHeM siJiep, KOK/10€e U3 KOTOPBIX COJIEPKUT MPOTOHBI:

p+p,
p+D,
3He+3He

HO'BI/I,EU/IMOMY, BCEé ACHO 663 KOMMEHTApPHEB. Mo>xHo JUu 6630FJIH,£[H0 A0BEPATDb TaKUM
«y4YEeHbIM»?



KcraTty, ecniu 6bl sipa, cojepiKallje MPOTOHBI, MOTJIM Y4acTBOBAaTb B S/IEpHOM
CUHTEe3€e, TO OHHU JIOJKHbI ObLJIM 6bl GBITb BbICOKOIHEPTHYHBIMH, T.€. 3TOT CUHTE3, IO
TEPMHUHOJIOTUH PU3UKH, ObLI ObI «FOPSIYUM». YBbI, 0Ka3aJ0Ch, YTO 3TO MPUHIMIIHAIBHO
Hepeayu3yeMo.

XV.5. Top:xecTBO HAeH «XOJI0LHOT0»
AAEepHOro CHHTe3a

Hy u yTo ke Tenepb JiesaTb 6eJHBbIM HeMOLHbIM ¢usukam? [Ipuposa cxanuaach Haj,
HUMH, U B 1950r mpejJioxusa UM NOJCKa3Ky — ycTpousia Buutoickui B3pbiB. OHa
npezocTtaBua GU3MKaM JOCTaTOYHO MHPOPMALIMY, HAZlesCh, YTO OHU NOUMYT.

B 1950r B AkyTuu, B palioHe peku Buiitoil mpoBoAuMJICS UCOBITATEJbHBIA «aTOMHBIN»
B3pbIB C pacyeTHOM MowmHocTblo B 10kT. OpHako, peasbHbIM B3pbIB NpenojHeC
COBEpPUIEHHO HEOXKH/IaHHble pe3y/ibTaThl — MOLHOCTb peajbHOr0 B3pbiBa OKa3ajach 20-
30MT. Cyas no MOLHOCTH, BMECTO «aTOMHOI'0», IPOU30IlIEeJ «TepMOosiiepHbli» B3pbIB. Ho
TOTAA «BOJOPOJAHBIX» 060M6 y Poccum emé He O6bwio. TulaTesnbHblEe CEKpPETHbIE
pacciejoBaHHsl HA MECTHOCTH SICHOCTU He BHecsU. Ho Beb npe/icTOs/10 HAUTH He TPUOBDI,
a MOHATb NPUYMHBI TAKOrO B3pbIBA — CJeL0BaJI0 33JeMCTBOBAaTb He HOTM M IJIasa, a
IJIaBHBIM annapaT Hay4YHOU AesATeJbHOCTU - YMEeHHUE MBICIUTb aHAJUTUYECKU. A BOT 3TO
dusukam He yjanocb. Bo nusbexxaHue HeoXUJaHHbIX, HEOO'bICHUMbIX HENIPUATHOCTEN B
oyayuieM, MecTo Bustoiickoro B3pbiBa 3aTONUIIU.

]

Busitolickuii B3pbIB J0Ka3aJl 3KCIEPHMEHTA/NbHO, YTO «TEPMOSIIEPHOE» BblJIEJIeHUE
3Hepruy NpOUCXOJUT He B pe3yJibTaTe CTOJKHOBEHUU NeUTPOHOB U TPUTOHOB. KakoBa xe
npuyrHa? KoMmakTHOe MHOXECTBO JAeUTPOH-TPUTOHHOU CMeCM B MeCTe B3pbiBa -
ABJIEHUE CBepXbeCTeCTBEHHOe. A BOT B «TepMOsZepHOW» B3pbIBYaTKe «BOLOPOJHOMN»
60MObI IPUCYTCTBOBAJI, B KaUeCTBe BCIIOMOraTeJbHOro Mmateprana, °Li. THK o6Hapyxu.a,
4YTO B TabsMie MeHzeneeBa OTCYTCTBYIOT °Li v 8Be. A OTCYTCTBYIOT OHU TaM IOTOMY, YTO
HeyCTOWYMUBBI - 06pa30BaBLIMCh, OHU Cpa3y ke pacnajarTcs. OcTaeTcs eJUHCTBEHHOE, He
NO/IBEP>KEHHOE MHCTHKE, OObSICHEHHE - «TepMOsiJIEpHbIM» B3pbIB NPOU30IIEJ] B
pe3yJibTaTe fIepHOr0 CUHTe3a HeyCTOMYMBOI0O MTHOBEHHO caMopacmajatouierocs 8Be u3
Cy4alHO OKa3aBLIErocsi B MeCTe «aTOMHOrO» B3pblBa KOMIAKTHOIO €CTECTBEHHOTO
MeCTOPOXJeHUs1 JIMTUsA. B mosb3y 3TOH BepcUUM TOBOPUT TOT GAKT, YTO JIMTHH,
JIeCTBUTE/NIbHO, BCTpeYaeTcsl B TeX MeCTax B BH/JE OTHOCUTEJbHO HEOOJbIIUX
KOMIIAKTHBbIX MECTOPOXKAEeHUH [6].

[ ]

M3 4ero u Kak MOXXHO CHHTE3HWpPOBaTh HeycToWuyuBbIe sApa SLi u 8Be? «[opsauuii»
CUHTe3, MNPOUCXOAALMN NpU COJMKEHUU [JIBYX INPOTOHOB. M BOOOIlEe JABYX fjep,
CcoliepXalllux MPOTOHBI, KaK IOKa3aHO BbIlle, HECMOTPS Ha 3aBepeHUs (U3IUKOB,
NPUHLUIINAIbHO HEBO3MOKEH.

OfHO BpeMs XOJWJIM pPasTOBOPbl O BO3MOXKHOCTU «XOJIOLHOTO» CHHTe3a sJep,
coZiep>Kaliux NPOTOHBI, 6€3 UX pa3roHa /10 BbICOKUX SHEPTUH, HO BCe 3TH pa3roBOpHI, CO
CTOPOHBbI (QU3MKOB C HEAOCTAaTOYHOM KBa/lupUKaLlMeld, 3aKaHYMUBAJIUChb MYCTbIM
«COTPSICEHUEM BO3JyXa».

SlepHbIH CUHTE3 Ha3bIBAKOT «XOJOJHBIM», €CJIM peaKI[MM CHHTe3a MPOUCXOJAT 0e3
3HAYMTeJbHOW HAKAaYKU JHEPTHUH B 4/1pa, IPU LOCTATOYHO HEBBICOKOU TeMIlepaType.

THK oTKpbliia peasibHbIA «XOJOJAHBIN» SJEPHBbIM CUHTE3, H3y4yass «HEUTPUHHYIO»
npo6sieMy, 3KCIlepMMeHTaJbHble paboThl HaJ, KOTOPOW Oe3yClellHO BeAyTCA TaK Xe
JIOJITO, KaK U B «TepMosiiepHO» [1].



Oumrb6o4yHas TMNOTE3a O CYLeCTBOBAHUU «HEUTPUHO» BCIJIblJIA BO BpeMsl NPOBeeHHUs
aHa/M3a siBJeHUs TpaHchopMalUd HeHWTpoHa B npoToH [1]. HayuyHas kBasudukanus
$13UKOB, JJi BbIIBJEHHS MUCTHHHOM peaKLMUu IpeBpalleHUs HeWTpoHa B MPOTOH,
OKa3ajocb HejocTaTouyHOW. [paduveckas wuHPopManus 06 ITOM peaklu, B
HabJII0[aTeJIbHOW KaMepe, OTpasu/ach B BUJE UCXOAUBIIUX U3 OLHOW M TOM Ke TOYKH,
TPpeKOB TIIPOTOHA U 3JIEKTpoHA. WcTWHHasA peakuus, BbiAiBJeHHasd mno3xe THK,
3aKJiloyajacb B TOM, YTO CHHTe3 IIPOTOHA K3 HEUTpPOHa COCTos/ICA OJarofapsa
CTOJIKHOBEHHUI0 (POTOHA - 3JIEKTPOH-aHTHU3JIEKTPOHHOIO JMUIOJIs, BbI3BaBIIETO pacnaj,
dboToHa Ha CBOOOJHBIE 3JIEKTPOH M AHTHUIJEKTPOH, C NOCJAeAYHIOIIUM aHTHU3JIEKTPOH-
HEUTPOHHBIM CHHTE30M IIPOTOHA.

Jga Toro, 4To6bl 3TO MNOHATb, HYXXHO OBLIO CHayajJa OOHApYXWUTb [JaBHUe, He
UCIIpaBJIeHHbIE [0 CUX NMOp B (QU3MKe, NPUHLUNHUAJbHbIE OIIMOKH, JONYLIeHHble NPHU
VWHTEpINpeTaLUU pe3yAbTaTOB KAOUYEBbIX 3KCcIIepruMeHTOB JpcTeaa (1821) u duso (1851).
M3-3a 3TUX 0lIM60K, GU3HKa OTKa3aJach OT y4eTa 3¢HUpa U MarHUTHBIX B3aUMO/J,eHCTBUU
B TeOopuH MHUKpoMHUpa. B pesysnbraTe, ¢Qu3MKa CylleCTBEHHO ocjabusa CBOH
[I03HABATeJIbHbIM NOTEHLHA U yTPaTHU/a 3HAYUTEJbHYIO 4YaCTh CBOMX OPUEHTALMOHHBIX
BO3MOXXHOCTeW B MaTepuaJbHOM Mupe. BoicTynas ot siMna GuU3nKu MUKPOMUPA, MOXKHO
ObLIO OBl CKa3aThk: «...C Te€X MOP BCE TAHYTCA Nepef0 MHOM IJyxue, KpUBble OKOJIbHbIE
Tpombl...» [7]. B kauecTBe NoAxoAs1lel UIOCTPAL MU, MOXHO YKa3aTb Ha TO, YTO GU3UKHU
Jl0 CUX 11Op He 3HAIOT CTPYKTYpPY GOTOHA U CYUTAIOT, YTO GOTOH NPOUCXOAUT B pe3yJibTaTe
«KOJLJIaNca» U «aHHUTWISALMU» MO3UTPOHUSA: e*+e —2)y [2], Torja, Kak MO3UTPOHUH, B
caMoM JieJie, 00J1aZlaeT CTaTUYECKUM YCTOMYUBBIM paBHOBECHEM, B KOTOPOM pacCTOSSHUE
MeX/ly 3JIEKTPOHOM U O3UTPOHOM IOYTH Ha MOPsAJ0K 60Jble «BOpoBCKOTO pajuycar.

Co3faeTcs BIedyaT/ieHHWE, YTO MHOTMe (QU3UKU OUIMOJUCH C Npodeccueld, BbIOpaB
BMeCTe Hay4yHOro NONpHulla OKoJIoHay4YHoe fantasy.

[ ]

OpHako, «zaeny - BpeMs, norexe - 4ac». He ocob6o yrtpyxpaascs, THK yganoch
0OHAPYXXUTD, UTO «XOJIOJHBIN» S1jepHbII CUHTE3 peanu3yeTcs B BU/le HEUTPOH-POTOHHOU
peakuuu. Ero nesblo aBseTcsa yBeJM4eHUe KOJIUYeCTBA IPOTOHOB B /lePHOM MHUILEHHU.

HelTpoHHBINA CUHTE3 0COObIX 3a060T He BbI3bIBAET - 3JIEKTPHUUYECKOTO OGapbepa HeT
BOOOIlEe, a MarHUTHBIM, U3-32 MaJIOCTU HEUTPOHHOIO MAarHUTHOTO IOJIfl, paBeH BCEro
13,65kaB. C «ropsiyuM» NPOTOHHBIM CUHTE30M HeCPaBHHMO.

doToHHasd aTaka MOXeT IPeBPaTUTh HOBbIM HEUTPOH B IPOTOH, €CJIM 3TOT HEMTPOH He
IonaJl B y>Ke CyLeCTBYIOLMN HYKJIOHHBIA MarHUTHBIN KJIacTep, COZepKalUi IPOTOH, TaK
Kak I[pUCYTCTBUEe INPOTOHA B KJacTepe JejlaeT BCe HEUTPOHBI 3TOr0 KJacTepa
YCTOWYUBBIMU.

[ ]

JleNTpOoH B pe3y/ibTaTe HEUTPOHHOTO CHHTE3a NpeBpaljaeTcd B TPUTOH. [loBTOpHEBIE
HEUTPOHHble aTaKU MpeBpaljaloT ero B AP0 BOJOPOA-4 U B AP0 BOAOPOJ-5.
[Tocnepyromue GoTOHHBbIE aTaKW NpeBpaALlAlOT 3TU BOJOPOJAHBIE fipa B HEYCTOWYHBbIE
MTHOBEHHO caMopacna/ialoluecs, C BbleJeHUeM 3HEePTUH. si/ipa °Li.

[ ]

MrHoBeHHO camMopacna/ialoluecs, ¢ BblieJIeHMeM 3HePTuy, sa/ipa 8Be M0XXHO NOJTYYUTh

10 MOXO0XKEU CXEME «XO0JIOJJHOTO», HEUTPOH-POTOHHOTO CUHTE3a U3 60JIee JIETKUX S/IeD.
]

Peaknuu saepHoOro cuHTe3a C BblJieJleHHEM 3HEPruU MO 3TOM e cXeMe HUAYT U Ha

CoJiHLIE, U B «BOZIOPOAHOM» GOMOeE.



