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Energy Yielding Light Nuclei Fusion Reactions

N.N. Leonov

The article describes possible fusion reactions of instantly self-disintegrating nuclei of °Li and ®Be. There has
been a preliminary estimate of the efficiency of such reactions for building controllable light nuclei power reactors
considered.

*

This article describes structural diagrams of controllable light nuclei power reactors. At first,

the background, both known and unknown is described.
*

The use of energy yielded from nuclear decay began with the uranium bomb invention. First,
it was found that 2*°U nuclei disintegrate, for no apparent reasons, into various nuclear fragments
while yielding energy. However, it happens very seldom, in the half-life period of 710 million
years. Therefore, this phenomenon is of no practical importance.

The situation cardinally changed when it was found that there is a free neutron among
“fragments” of each 2*°U disintegrated, and such neutron, when it gets into another ?*°U, causes
an instant disintegration of this nucleus either. It turned out to be extremely important that each
of subsequent disintegrations yields already two free neutrons capable of making other **U
nuclei instantly disintegrate. If total mass of ?**U nuclei exceeds a critical value (48 kg with the
radius of 8.5 cm) the flow of free neutrons shall be increased in the form of an avalanche
accompanied with an explosive output of energy.

Regard must be paid to the fact that it is not 2°U nucleus which shall be disintegrated after
one free neutron is captured. In very deed, one additional neutron having been captured by **U
nucleus causes neutron fusion of “*U. However, “*U nuclei are too unstable to exist in our
Universe. Therefore, “**U nuclei resulting from neutron fusion self-disintegrate instantly.

Thus, uranium bomb explosion energy is released in the result of instantly self-disintegrating
heavy nuclei fusion.

Another important note: uranium bomb explosion energy is generated out of increased
expansion velocities of “fragments” resulting from nuclear decay under the influence of electric
and magnetic repulsions among these “fragments”.

In order that uranium nuclei disintegration energy is released in a controllably rather than in
an explosive way it is necessary to learn to control the free neutron flow density. It had been
successfully done, and the first controllable heavy nuclei power reactor was commissioned five
years after the first uranium bomb explosion.

*

Seven vyears after the launch of the first uranium power reactor there was the first
thermonuclear bomb dubbed “hydrogen” bomb exploded. This bomb energy is yielded from
fusion of instantly self-disintegrating light nuclei.

This bomb explosion offered hope that this bomb energy can be mastered either if energy
yielding reactions slow down.

Physicists believe that thermonuclear bomb energy is released in the result of deuterium and
tritium nuclear fusion reactions [1]. So all their attempts to solve the thermonuclear problem
were associated with endeavors to create the conditions under which deuterium and tritium
nuclei would approach each other to nuclear fusion distances of less than 10 m.

Over half of a century has passed since the commencement of work at the thermonuclear
problem but all attempts to create an operational prototype model of a light nuclei power reactor
failed. Moreover, there has been no convincing evidence obtained so far to prove that the work
has been carried out in the proper direction.

The analysis showed that the thermonuclear problem situation is even worse that one could
expect. To begin with, an attention should be drawn to the fact that the cause for an accident
explosion thermonuclear in its power during tests of an ordinary uranium bomb in 1950 at the



Vilyui River remains still unclear. The tests of artificial thermonuclear bombs commenced in
1952 only.

The basic internals of a thermonuclear bomb include solid-state compounds of deuterium and
tritium with lithium-6. It is undisputedly obvious that the Vilyuisk explosion was not of
“hydrogen” nature as there are no genuine compact compounds of deuterium and tritium nuclei
in nature. Setting aside mystical interpretations, an explosion of such power could only happen if
the uranium bomb testing arrangement had been by accident placed near a compact lithium ore
deposit. Lithium is known to have been encountered in the form of such ore deposits [2]. It
follows from all the above that the only possible conclusion can be that the Vilyuisk explosion of
thermonuclear power was of lithium rather than of hydrogen nature.

*

Physicists sought to create the conditions which would enable nuclear fusion reactions
between deuterium and tritium nuclei at various arrangements. After numerous failed attempts
the experiments were resumed at tokamaks only. A flow of neutrons generated in the course of
such reactions was taken by physicists for an indicator of such conditions, an indicator of nuclear
fusion commencement.

In 1978, there was a noticeable flow of neutrons observed during experiments at the PLT
tokamak (Princeton, USA) at an extremely high temperature of nuclear plasm. However, there
was no considerable amount of energy released in this process. Nevertheless, physicists took this
fact for a proof that the work had been done in the proper direction.

It is well known that free neutrons can be released as a result of nuclear disintegration. It was
a plenty of work to understand whether nuclear fusion reactions took place at the PLT in this
case.

*

In the eighties of the previous century I had wanted to verify physicists’ affirmations that
adequate structural mathematical models of atoms cannot be built in principle. | put these
affirmations in doubt for the following reason. Atoms consist of protons, neutrons and electrons.
All these microscopic objects have self-magnetic fields and, as a consequence, are capable of
magnetic interactions among each other. The analysis showed that all affirmations by physicists
concerning the principal inoperativeness of methods of classical physics in the microworld
theory were based on experimental findings that disregarded magnetic interactions among
microobjects, i.e. on studies of inadequate models of atoms. Therefore, affirmations by
physicists concerning the principal inoperativeness of methods of classical physics in the
microworld theory were absolutely unfounded.

The year 1979 saw publications of the experimental findings which have attested my doubts
[3]. These findings appeared to be an experimental evidence of the fact that nuclei of all
chemical elements feature quasicrystalline structures. These findings imply that the quantum
theory of microworld is not a leading physical discipline as it seems to be to physicists but a not
really good approximation of the true, adequate microworld theory.

It emerged that the quantum theory of microworld is approximate due to neglect of such a
crucial factor of the material world as ether with its resistance to motion of microobjects and due
to neglect of magnetic interactions among microobjects.

Consideration of these factors allowed me to develop, using the methods of the theory of
non-linear oscillations [4], the elements of an adequate microworld theory which informal part is
set out in [5-24].

*

Tokamaks heat up plasm of deuterons and tritons to extremely high energies and velocities in
atteme}s to make deuterium and tritium nuclei approach each other to the nuclear fusion distance
of 107" m.

My studies showed that the magnetic field of neutron is by four orders weaker than the one
of proton: un:up-B-lO"‘. Therefore, conditions in which deuterium and tritium nuclei can
approach each other to the nuclear fusion distance of 10™* m slightly depend on neutron



properties. These conditions, to a high accuracy, correspond to similar conditions for two protons
approaching each other.

The approach of two protons is hindered by electric repulsion. The approach energy of two
protons should be at least 0.144 MeV for them to be able to overwhelm the repulsion and
approach each other to the distance of 10™ m. This is well known to physicists. Overcoming
electrical resistance is seen by physicists as the main difficulty of the thermonuclear problem.

*

| found that a way stronger magnetic resistance to the approach of protons exists apart from
electrical resistance. Such a resistance occurs due to electrons and protons being diamagnetic
substances as their magnetic fields tend to take directions opposite to those of the external
magnetic fields.

The thermonuclear bomb developers do not account for magnetic resistance which prevents
two free protons from approaching each other to the distance of 10™ m, and cannot evaluate
such resistance. The approach energy of two free protons required to overcome the magnetic
resistance is a function of mutual orientation of magnetic moment vectors of these protons.
Whereas at the early approach these vectors lie on line L crossing both protons, and the vector
are opposite to each other, the energy required for protons to approach each other to the distance
of 10 m shall be W=45 meV. But if at the early approach these vectors lie on line L and have
the same directions, then W<45 meV but not so much the less that protons could with a high
probability approach each other to 10™ m. This follows from experiments at the PLT tokamak
conducted in Princeton. The outcome of those experiments speaks for the fact that deuterium and
tritium nuclei approaching each other disintegrate short of the nuclear fusion distance.

It follows from the above consideration that the problem of building controllable light nuclei
power reactors. Cannot be solved using tokamaks.

*

It should be noted that the conditions which would enable protons to approach to the distance
of 10™ m do exist. Such conditions can only take place when solid-state targets containing
protons bound in nuclei are being bombarded by free protons. In this case magnetic moment
vectors of protons in the targets should be orthogonal to the flow of free protons. The possibility
that such a situation may take place follows from the experiment conducted in 1932 by English
physicists Cockroft and Walton. There was a nuclear reaction of protonic fusion of instantly
self-disintegrating nucleus of ®Be from ’Li observed: p+'Li—®Be—*He+*He.

Due to excessively high magnetic barriers the efficiency of such a reaction for building a
power reactor raises great doubts without additional field observations.

*

Now let us see what happens in a “hydrogen” bomb. Physicists believe that a considerable
portion of solar energy is released from collision of deuterium and tritium nuclei. That is why the
basic internals of a thermonuclear bomb include these nuclei. Since deuterium and tritium
naturally exist in a gaseous state with a very low density using them in a thermonuclear bomb in
their pure form poses a big problem. Thus, the internals of a thermonuclear bomb got to include
solid-state compounds of deuterium and tritium with other elements. The most appropriate in
terms of its mass and chemical activity has been °Li.

| do not know why the thermonuclear bomb developers chose exactly °Li. But it is a well
known fact in chemistry that instantly self-disintegrating nuclei exist not only in the heavy nuclei
domain. Light nuclei include instantly self-disintegrating nuclei either. These are °Li and ®Be
nuclei. It seems that a big fortune came across physicists by a chance when they had included
lithium nuclei in the “hydrogen” bomb content.

The “explosive” situation in “hydrogen” bomb is much more complicated than in case with
uranium bomb. The natural fuse of uranium bomb is in the explosive compound itself, integral
thereof. Energy yielding reactions in such bomb have been well known already from pilot
experiments.



An explosive compound of “hydrogen” bomb has no natural “fuse”. The explosion is
triggered by uranium bomb. Uranium explosion turns the explosive compound of “hydrogen”
bomb into plasm of D, T and °Li. The uranium explosion results in dense flows of photons,
neutrons, protons and other nuclear fragments. How one can distinguish energy yielding
reactions from such a nuclear mix? The answer is obvious: by means of appropriate pilot
experiments only. But there are no such experiments still. The thermonuclear problem
developers base their solutions to the problem on speculative considerations only.

In particular, they refer to estimates derived using such notion as a “mass defect”. However,
it turned out that there is no such a thing in nature as a “mass defect”. This became possible to
understand only as soon as the structure of electrons, neutrons and protons had been identified. It
appeared that the notion of “mass defect” is due to the lack of a detailed comprehension of the
process of measuring masses of moving microscopic objects with mass spectrograms and mass
spectrometers.

*

To find a way out from the dead-end situation which the thermonuclear problem developers
found themselves in, an adequate understanding of nuclear reactions accompanied with energy
release in a thermonuclear bomb must be gained. It has been noted above that fusion reactions
between free nuclei of deuterium and tritium are impossible because of a magnetic barriers
neglected by physicists. The outcome of tests at the PLT tokamak (Princeton, USA) provides an
experimental evidence of this fact. There only one possibility to gain such adequate
understanding remains. To this effect it needs to define all possible ways of fusion of instantly
self-disintegrating nuclei of °Li and ®Be.

One such a possibility has been well known. It was discovered in 1932 by Cockroft and
Walton. This is reactions of protonic fusion of ®Be, nuclei from Liz: "Lis+p —°Bes—*Her+*Hes.

It is easy to show the principal feasibility of the sequence of neutron-proton fusion of ®Be,
nuclei from °Lis: ®Lig+n —'Lis, ‘Lis+p —°Bes.

*

There are other possibilities for fusion of instantly self-disintegrating nuclei of °Li and ®Be.
They consist in neutron fusion of heavier nuclei from lighter ones with further transformation of
these neutrons into protons.

The possibility of neutron fusion of heavier nuclei has been well known in physics. But
transformation of neutrons into protons has been studied by physicists rather superficially. It is a
common belief in physics that the lifetime of neutrons cannot be controlled in practice. However,
it shall not be possible neither to identify energy yielding reactions in a thermonuclear bomb nor
to reveal new ways for fusion of instantly self-disintegrating nuclei of °Li and ®Be unless the
possibilities and specific methods for controlling the lifetime of neutrons are identified.

An adequate understanding of the neutron-to-proton transformation process is crucially
impossible in quantum physics due to the lack of comprehension as to the photon structure. The
photon structure cannot be identified in quantum physics either.

My studies showed that photon is an electron-antielectron dipole [9] and that neutron n shall
be transformed into proton p in the consequence of electron-antielectron dipole & it had collided
with being disintegrated in a highly gradient magnetic field of the neutron into free electron e,
and free antielectron e.* [14]. Due to its diamagnetic nature and “positive” mass electron is
exposed to magnetic repulsion from neutron and evades it. Due to its diamagnetic nature
antielectron is exposed to magnetic repulsion from neutron either but its “negative” mass makes
it rush towards neutron. Neutron is also exposed to magnetic repulsion from antielectron and
seeks to evade it but antielectron is much lighter than neutron. Having caught up with neutron
antielectron becomes bound therewith due to magnetic repulsion and forms proton: n+d—n+e,
+e." —pey .

According to the above understanding of the neutron-to-proton transformation process the
lifetime of free neutron and of neutron contained in a nucleonic magnetic cluster of the proton-
free nucleus depend on the density of the photon flux they are being attacked by. It has not been



proven experimentally. As long as this is not consistent with fundamental quantum postulates my
suggestions as to an experimental check of such a hypothesis have been rejected by physicists
already in eighties of the previous century.

Nevertheless, there are flows of neutrons and photons required for fusion of nuclei of °Li and
®Be occurring in a “hydrogen” bomb following a uranium fuse explosion.

*

There are various possible ways of neutron-photon fusion of self-disintegrating nuclei of °Li

and ®Be from nuclei of light elements:

6Li3+n—>7Li3, 7|_i3'|'|’1 —>8Li3, 8Li3+d—>83€4+6+-.
7Li3+n —>8Li3, 8Li3+d—>8364+e+-.
4H€2+n—>5H€2, 5Hez+d—>5Li3+e+'.

T+n—>4H1, 4H1+n—>5H1, 5H1+d—>5H€2+e+_, 5H€2+d—>5Li3+E+-.

T+n—H,, *Hi+d—*Hey+e,”, *He,+n—"He,, 5Hez+d—>5Li3+e+_.

D+n—T, T+n—"Hy, *Hy+n—°Hy, *Hy+d—Hey+es”, *Heptd—"Ligte, .
D+n—T, T+n—"*Hy, *Hi+d—"He,+e,”, *He,+n—>He,, 5Hez+d—>5Li3+e+'.
D+n—T, T+d—>Heyte,’, *Heytn—"He,, *Heytn—>He, *Heptd—"Liste, .

These reactions require neutron and photon fluxes to be used. There are no electrical barriers
on the way of these reactions but magnetic ones which hinder the neutron fusion. Since the
magnetic moment vector of neutron is by four orders lesser than the one of proton (ﬂn:3-10'4up)
the neutron fusion is hindered by relatively small magnetic barrier of maximum 13.65 keV.

All these reactions (except for the first two of them) seem to be doubtful in terms of their
efficiency because neither helium nor hydrogen atoms form solid-state compounds in natural
environment. But to ensure that all these reactions take place in a purely gaseous environment of
insufficient density there are dense neutron and photon fluxes required.

Hydrogen atoms in a “hydrogen” bomb are bound in solid-state compounds with lithium. So
the difficulties related with a low density of the “feedstock” are seemingly off. However, there
are specific difficulties here. Firstly, the “lithium” chain of reactions is shorter than others so it
should, at average, trigger quicker than hydrogen chains. This may render the use of solid-state
hydrogen-lithium compounds infeasible and inexpedient. This difficulty can be coped with by
using heavier elements in solid-state compounds instead of lithium, e.g., potassium or
manganese. Secondly, each “hydrogen” chain has intermediate helium atoms which can only
exist in a free state unbound with other atoms and out of solid-state compounds. And this is the
difficulty that seems to be compelling in principle.

All this requires a thorough preliminary test development to estimate the efficiency of
various energy yielding reactions of fusion of instantly self-disintegrating nuclei.
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Muxpomup 25.
Peakiiuu cuHTe3a JETKUX SJIEP C BBIACTICHUEM YHEPTUU

JleonoB H.H.

HpI/IBeHeHLI BO3MOJXHBIC pCaKIUU CHUHTE3a MI'HOBCHHO CaMoOpaclialatolniuxcs sAaep 5|_| u SBe. PaCCMOTpeHa
MnpeaABapuTeiibHad OLICHKA peHTa6€J’ILHOCTI/I HCIIOJIB30BAHUA OTHX peaxunﬁ JAJIL OCTPOCHUA  YIIPABJIACMBIX

OHEPIreTUYCCKUX PEAKTOPOB Ha JICTKUX sAApax.
*

3mech  paccka3plBaeTCs O  NPUHIMIUAIBHBIX — CXeMaX IIOCTPOSHHUS  YIPaBISIEMBIX
HHEPreTUYECKUX PEaKTOPOB Ha Jerkux sapax. CHayama o TpPeAbICTOPUM, H3BECTHOM U
HEU3BECTHOM.
*
OcBoeHHE SHEPrUM pacrnaja aTOMHOTO S/pa HAdalloch C CO3JaHMSA ypPaHOBOH OOMOBI.
Cravana Gblo 0GHAPYKEHO, 4TO sIpa ~->U pacragaroTcs, 6e3 BHINMBIX IPHUHH, HA PA3THIHbIC
SZIEPHBIE KOCKOJKH» C BbIJeNIeHHEM sHepruu. OHaKo, paciaJaroTcsi OHU YPE3BBIYAHO PEIKO, C
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nepuoaoM noisypacnaga B 710 MusuinoHoB siet. Iloatomy 3TO sIBIeHHE HE UMEET MPAKTUYECKOTO
3HAYEHHUS.

Curyauusi pe3ko U3MEHUIach, KOIrza BBIICHWIOCH, YTO, IIPU pacnajie KaxkIoro sjapa 2y,
Cpelu «OCKOJKOB)» UMEETCS OJUH CBOOOAHBIN HEHTPOH, U YTO 3TOT HEUTPOH, MOMaias B APyroe
AIPO 235, BBI3BIBAET MIHOBEHHBIN pacraz ¥ 3Toro sapa. Ype3Bpl4aliHO CYIECTBEHHBIM IBUIIOCH
TO 0OCTOSITENBCTBO, YTO MPH KAXKJIOM TaKOM HOBOM paclajie BBIICISIOTCS YXkKe 1Ba CBOOOIHBIE
HEHTpOHA, CIOCOOHBIC BBHI3BIBATH MTHOBEHHBIC pPACHaabl U APYTUX sAEp %Y. Ecin obmas
Macca saep 25 MpEBBIIACT KPUTHUECKYI0 BenuuuHy (48kr c¢ paauycoMm 8,5¢M), TO MOTOK
CBOOOJHBIX HEHTPOHOB YBEIWYHMBAETCS JIABUHOOOPA3HO, M MPOMCXOIUT B3PHIBHOE BbIIEICHUE
SHEPIUH.

Heo06xoauMo oOpaTuTh BHUMaHHME Ha TO, YTO B pE3yJbTaTe 3axBaTa OJHOTO CBOOOIHOTO
HEWUTPOHA, pacnajaercs He sApo 2. B 1eHCTBHTEIBHOCTH, B pe3ynbTaTe 3axBaTa OJHOTO
JOTIOJIHUTEIILHOTO HEUTPOHA AIPOM 25, IIPOUCXOAUT HEUTPOHHBIN CUHTE3 s11pa %%, Ho aapa
2% B Hacrosimee BpeMsi B Hamed BceneHHON He CyHIeCTBYIOT U3-32 UX HEYCTOMYMBOCTH.
[ToaTomy, oOpasoBaBiimecsi, B pe3yjbTaTe HEUTPOHHOTO CHHTE3a, spa %) MrHOBEHHO
caMopacnaiarTcs.

TakuMm 00Opa3om, SHEprusi B3phIBa B YPAaHOBOH OOMOE BBIZCIISACTCS B PE3yJbTaTe PEaKIIHiA
CHUHTE3a MTHOBEHHO CaMOPACTIA/IAI0IIMNXCS MANCENbIX SIEP.

Emé ogHo cymmecTBeHHOE 3aMeuaHue: SHEPT sl B3pbIBa YpaHOBOH O0MOBI 0Opa3yeTcs 3a cueT
YBEJIMYEHUS] CKOPOCTEN pa3iieTa «OCKOJIKOBY SIEPHOTO paciaja, IPOUCXOIAIIEro MO BIUSIHUEM
ANEKTPUYECKOT0 U MArHUTHOT'O OTTAJIKUBAHUM MEXIY 3TUMH «OCKOIKAMM.

UtoObl 2HEprus pacmaja sijiep ypaHa BbIAEJSIach HE B3PHIBHBIM, a yIPaBIsIeMbIM 00pa3oM,
HYXXHO OBIJIO Hay4YUTHCS YHPABISTH IUIOTHOCTHIO NMOTOKAa CBOOOJHBIX HEHTPOHOB. DTO OBLIO
YCIIEITHO CIIENIaHo0, U Yepe3 MATh JIET MOCIIe B3phIBa MEPBOil ypaHOBOI O0MOBI 3apaboTall mepBbIi
YIIPABJISIEMBIN SJHEPreTUUECKUI PEAKTOP HA TSKEIBIX SApax.

*

Jler yepe3 cemMp mocie IMycKa IEPBOrO YpaHOBOI'O HHEPreTHMUECKOTO peakTopa ObLia
B30pBaHa TepBas TepMmosifiepHass OomOa, MOSy4yMBINAs Ha3BaHHE — «BOJOPOJHAs». DHEpPrus B
3TON OOMOE Moaydaercs B pe3ysibTaTe CHHTE3a MTHOBEHHO CaMOPacIalalolUuXCsl IecKUX sJep.

B3peiB 3T0if OOMOBI BCEnMsl HaAEkAy Ha TO, YTO M 3TOM SHEpruel MOXKHO OBIAJIETH,
3aMEJINB PEAKIUU BBIICICHUS JHEPTIUH.

@OU3UKU CYUTAIOT, YTO SHEPTHsl B TepMOsiAepHON OoMOe BhIETSIETCS B pe3ysibTaTe peakuuit
CUHTE3a, MPOUCXOAIINX MEXY siipamu jeitepus u Tputus [1]. IlosTomy, BO Bcex mombITKax
pelIeHusT TepMOsZIEpHONH MpOOJIEMbl, OHM NBITATUCH CO3/1aTh YCJIOBUS, MPH KOTOPBIX s1apa
neiTepus U TpUTHUS COMMKAIUCH ObI 10 paCCTOSHUN SJIEPHOTO CUHTE3a, MEHBIIUX, YEM 10 M.

C MomeHTa Havaja paboT HaJ TepMOsIEpHON MPOoOIeMO MPOLIO yxe OoJiee MoJyBeKa, HO
BCE MOIMBITKH CO3JaHMsl pabOTaroIlero MakeTa 3HEPreTHYEeCKOro peakTopa Ha JIETKUX sapax
OKa3aJIMCh HeynauHbIMU. bonee Toro, 10 cux mop emeé He MOJy4YeHO HHUKAKHX YOeTUTeIbHBIX
JI0Ka3aTeNbCTB TOTO, YTO AKCIIEPUMEHTAIbHBIE Pa0OTHI BEAYTCS B HY)KHOM HaIlPaBJICHUU.

AHanu3 mokaszai, 4To B TEPMOsJEpHON MpobjeMe CUTyalllsi HAMHOTO XYyXe, YeM MOXKHO
Obu10 OBl mpeamnonaraTh. [Ipexkne Bcero, Hy)KHO OOpaTUTh BHMMAaHHE Ha TO, YTO MpPHUYMHA
HEOXXHJIAHHOTO, TEPMOSIIEPHOTO 110 MOIIHOCTH, B3pBIBA, NMPH HUCHBITAHUM OOBIYHON YpaHOBOM
6oMmOb1 B 1950r Ha pexe Bwmroi, octamach 10 CHMX TOp HE BBIICHEHHOUW. McmbiTaHus ke
UCKYCCTBEHHBIX TEPMOSJIEPHBIX O0MO HayaInch TOJIBKO B 1952r.

OcHOBHasE HayWHKa TEPMOSACPHOM OOMOBI COCTOWUT U3 TBEPIOTEIbHBIX COCAUHEHUN
neirepus U TpuTus ¢ autueM-6. C OGeccnopHON O4YeBHIIHOCTBIO, Buumolickuii B3phIB ObLT HE
«BOJIOPOJIHBIM» - €CTECTBEHHBIX KOMIIAKTHBIX 00Opa3oBaHUil M3 sAep AEUTepUs U TPUTHS B
IpUpoie He cyliecTByeT. Ecian oTOpOCUTh MUCTHYECKHE HACIIOCHHS, TO B3PbIB TAKOH MOIIHOCTH
MOT TMPOU30MTH TOJBKO B TOM CJy4ae, €ClIM YCTAaHOBKAa IS HCIBITAaHUS YPAaHOBOM OOMOBI
CJlydaifHO OKa3aJlach pSAJAOM C KOMIAKTHBIM PYIHBIM JINTHEBBIM 00pa3zoBaHHeM. M3BecTHO, YTO
JUTUN BCTpPEYaeTcss B BHUIE TaKWX PYAHBIX oOpaszoBanuii [2]. M3 Bcero s3toro ciemyer



€/IMHCTBEHHO BO3MOXHBII BBIBOJA: BWIIIOWCKHI B3pBIB TEPMOSACPHONH MOIITHOCTH ObUT HE
BOJOPOJHBIM, @ JINTUEBBIM.
*

@U3NKH NBITATUCH CO3/1aTh YCIOBUS UIsl OCYILECTBICHUS pEaKLU SICPHOTO CUHTE3a MEXKAY
AIpaMU JeUTepuss U TPUTHS Ha Pa3IUYHbIX ycTaHOBKax. [lociie MHOrMX Hey/nay 3KCIIEpUMEHTBI
IIPOJOJDKWIIMCh TOJIBKO Ha TOKaMakax. IIpu3HakoM HOCTM)KEHHs TAKUX YCIIOBUM, ITPU3HAKOM
Hauaja peakuuid SIepHOro CHUHTE3a (PU3MKH IOCUUTANM BBIIACICHHE ITOTOKAa HEWTPOHOB,
CONPOBOKIAIOIINX ATH PEAKLUH.

B 1978r, B xone skcnepumenToB Ha Tokamake IIJIT (IIpuncron, CIIA), npu pocTuxeHun
Ype3BbIYaliHO BBICOKOH TeMIepaTrypbl pa3orpeBa SACpHOM IIa3Mbl, ObUIO 3a()UKCHPOBAHO
BBIJICJICHHE 3aMETHOIO IOTOKAa HEUTPOHOB. HO OLIyTMMOrO BBIIEICHUS 3HEPTUU IIPU HTOM HE
6bu10. O1HAKO, (PU3UKU BOCIIPHHSUIN TOT (PAaKT KaK MOATBEPKJIEHHE TOT0, YTO PabOThI BEyTCs
B HY’)KHOM HAIlpaBJICHUH.

X0po1I0 U3BECTHO, YTO CBOOOIHBIE HEHTPOHBI MOTYT BBIJICNIATHCS B PE3yJIbTAaTe pa3pylleHUs
saep. YToObl OHATH, TPOUCXOIMIIN, TIPUA 3TOM, HJIH HET, peakuun cuHte3a Ha [1JIT, npunutock
HOTPYIUTHCS.

*

B BocbMMIecATBIX Trojax IpOLUIOr0 BEKa, MHE 3aX0TeJoCh YyOeAUThCS B TOM, 4YTO
YTBEPXKICHUST (U3UKOB O NPUHIUINHAIBHONH HEBO3MOXXHOCTH TIOCTPOCHHUS aJeKBAaTHBIX
CTPYKTYPHBIX MaTe€MaTHYECKHUX MOJEIEeH aroMoB, BepHbl. COMHEHHUS B 3TOM BO3HMKIIM Y MEHS
[0 cIeAyoulel nmpuyrHe. ATOMBI COCTOSIT M3 IPOTOHOB, HEUTPOHOB M 3JIEKTPOHOB. Bce 3tn
MHUKPOOOBEKTBHl 007aal0T COOCTBEHHBIMM MArHUTHBIMM TOJSMHU M, KakK CJEICTBHE,
CIIOCOOHOCTBIO K MAarHMTHBIM B3aUMOJIEHCTBUSAM MEXIy cOOOH. AHaIM3 IoKa3aa, 4To BCE
YTBEPXKICHUsST (PU3MKOB O MPUHIMIHAIBHOM HEpabOTOCHOCOOHOCTH METOJIOB KJIACCHUYECKOM
GU3MKK B TEOPUU MHUKPOMHpA OMHUPAINCh HAa PE3YyJIbTAaThl MCCIEJOBAaHUM, HE YUMTHIBAIOLINX
MarHUTHBIE B3aMMOJEHCTBHUS MEXIYy MHKPOOOBEKTaMHM, T.€. Ha Pe3yJbTaThl MCCIEJOBAHUI
Heaoekeamuvlx ~ Mojaened  aTtomoB.  CnenoBarenbHO,  YTBEPXKACHHS  (U3UKOB O
HEpaboOTOCOCOOHOCTH  METOJIOB  KJIACCMUECKOM (U3MKM B TEOPUM MHUKPOMHpA ObuIH
COBEPIIIEHHO HEOOOCHOBAHHBI.

B 1979r Gbinn ony0IMKOBaHBI PE3YJIbTAThl SKCIIEPUMEHTOB, MTOITBEPIUBIINE MOU COMHEHHS
[3]. Ot pe3ynbTaThl SBUIMCH SKCIEPUMEHTAJIBHBIM J0Ka3aTebCTBO TOT0, YTO sipa BCEX
XUMHUYECKHX D3JIEMEHTOB 00JalaloT KBa3UKPHCTAIMYECKUMH CTpyKTypamu. M3 3Tux
pe3yapTaTOB CIEAYET, 4YTO KBAHTOBAas TEOPHs MHUKpOMHUpA SBJISETCS HE aBaHTapAHOU
(bu3nUecKoil NUCIUIIIMHOMN, KaK €€ MPeACTaBIA0T (U3MKH, a BCETO JIMIIbL HE OYEHb YAaYHBIM
npUOIMKEHNEM UCTUHHOM, aJIeKBaTHON TEOPUH MUKPOMHUDA.

Oxkazanoch, 4YTO KBAaHTOBas TEOpPUS MHKPOMHpa SBIsSETCS NPUOIMKEHHOW U3-3a
NpeHeOpeKeHUsl TaKUM BaKHEHIIMM (akTopoM MarepualibHoro Mupa, kak 3¢dup, ¢ ero
COIIPOTHUBIIEHUEM JIBKEHHIO MHKPOOOBEKTOB, M M3-3a OTKa3a OT YydeTa MAarHUTHBIX
B3aUMOJICCTBUIN MEXITY MUKPOOOBEKTaMHU.

Yyer 3THX (DaKTOpOB TO3BOJIMI MHE pa3paboTarth, € MOMOIIBIO METOJIOB TEOPUHU
HEJIMHEWHBIX KojiebaHui [4], Hauana ajeKBaTHOM TEOpUHM MHKPOMHUpA, HepopMmasibHAs 4YacTh
KOTOPOH HM3Ji0keHa B [5-24].

*

B Toxamakax 1muiasma u3 AEUTPOHOB U TPUTOHOB PA30IPEBAETCS JO OUEHDb BBICOKUX DHEPIUH
M CKOPOCTEH. 3a CYeT pa3orpeBa TOH IJIa3Mbl TBITAIOTCS TOOUTHCS CONMKEHUS saep AeHTepHs
¥ TPUTHS JI0 PACCTOSIHHS peaKiuit syepHoro cuntesa 107 u.

Mou uccnenoBaHusi MOKaszajad, YTO MarHUTHOE MOJie HEHTPOHA Ha YeThIpe mopsaka ciadee
MAarHuTHOI'O IIOJIS IIPOTOHA: ,un:,up-3-10'4. ITosTOMYy ycnoBus, IIpH KOTOPBIX sAlpa NEUTepus U
TPUTHUSL CIIOCOOHBI CONMIKATHCS 0 PACCTOSIHUHN SIEPHOTO CHUHTE3a B 10, MPAKTUYECKH HE
3aBUCAT OT CBOMCTB HEUTPOHOB. OTH YCIOBHUS, C OONBLION TOYHOCTBHIO, COBIAAAIOT C
AQHAJIOTUYHBIMU YCIOBUSAMHU JUISI IBYX COJIMKAIOIIUXCS IPOTOHOB.



COnmxeHnto AByX NPOTOHOB MEIIACT AIEKTPHUYECKOE OTTaTKMBaHUE. UTOOBI /JBa MPOTOHA
MOIJIH TIPEOONETh 9TO OTTAIKMBAHKE M cOMM3uThCs 10 107M, Hy)HO, 4TOGBI SHEprHs HX
commkenus Oblia He MeHbIe, yem 0,144M»aB. Oto gusukam xopomio u3BecTHo. B npeogonennn
3TOTO 3JIEKTPUUECKOr0 CONPOTHUBIIECHUSI (PU3UKU BUISAT OCHOBHYIO TPYIHOCTb B TEPMOSJEPHON
npobiieme.

*

Sl oOHapyXuj, YTO KpPOME 3JEKTPUYECKOTO, CYIIECTBYET 3HAYMTENBHO 0o0Jee CHIIbHOE
MarHUTHOE CONPOTUBIIEHUE COMMKEHUIO IIPOTOHOB. JTO CONPOTHBIIEHUE BO3HUKAET M3-3a TOTO,
YTO AJIEKTPOHBI M IPOTOHBI SBJISIOTCS AMAMATHETUKAMU — MX MAarHUTHBIE MOJS CTPEMSATCS
HPUHATH HAIIPABJICHMS, IPOTUBOIIOI0KHbBIE BHEITHUM MarHUTHBIM IOJISIM.

Pa3pabotunku TepMosaepHON MNpoOJIEMBl HE YYMTHIBAIOT MArHUTHOE COIPOTUBIICHHE
cOMmKEHnIo cBOGOMHBIX mpoToHoB 10 10™*M, u He Moryr ero omenuth. Bemmumna sHepriu
cOmIKeHUsT JBYX CBOOOIHBIX MPOTOHOB, HEOOXOAMMas JJsl MPEOJOJICHHS MarHUTHOTO
COIIPOTHUBJIEHUS, 3aBUCUT OT B3aUMHOM OpPUEHTALMUd BEKTOPOB MAarHUTHBIX MOMEHTOB 3THX
npoToHoB. Eciu B Hauasne cONMKEHUs: 3TH BEKTOPBI PACIIONOKEHbl Ha MpsAMoil L, mpoxoasiueit
yepe3 00a MPOTOHA M IPOTHBOMONOKHBI, TO IS COMMKeHHs mpoToHoB 10 10™*M HeoOxommMma
sHeprus commkenus W=45M»>B. Eciu xe, B Hauane cOMMKEHUS, 3TH BEKTOPHI, HAXOMIACH Ha
npsMoii L, umeroT onuHakoBble HanpasiieHus, To W<45M»sB, HO He HacTONIbKO MEHbLIE, YTOObI
IPOTOHBI MOIJIU COJU3UTHCS /10 10™wm; s10 cnenyet u3 3kcniepumenToB Ha [UUIT B IIpuncTone.
Pe3ynbTarhbl 3TUX 3KCIIEPUMEHTOB FOBOPAT O TOM, YTO COMMKAIOIIUECS siipa IeHTepust U TPUTUS
pa3pylIaroTcs, He JOCTUTHYB 30HBI IEPHOIO CUHTE3A.

N3 »s3TOoro paccMOTpeHus cCileqyeT, 4YTo HpodjeMy MOCTPOSHMsI  YIpPaBISEMbIX
HHEPreTUUECKUX PEAKTOPOB Ha JIETKUX sJIpaX ¢ MOMOILbIO UCIIOJIb30BaHUS TOKAMaKOB, PELIUTh
HEBO3MOXHO.

*

Hy’KHO 3aMETHTb, YTO YCJIOBHA, JOMycKaroume commkenne 10 10™M mporonoB, Bce xe
cymecTByoT. OHM MOTYT UMETh MECTO TOJBKO IpHU OOMOApAMPOBKE CBOOOJHBIMU NMPOTOHAMU
TBEPAOTENIBHBIX MHUILIECHEH, CONEP)KAIMX IPOTOHBI, CBA3aHHbBIE B sapax. lIpu 3ToM BeKTOpBI
MarHUTHBIX MOMEHTOB ITPOTOHOB B MUILIEHSX JOJKHBI OBITH OPTOrOHAIBHBI TIOTOKY CBOOOIHBIX
IIPOTOHOB. BO3MOXXHOCTB CyIIECTBOBAaHMS TaKOW CHUTyallud CIEOYeT U3 pE3yJbTaToB
HKCIIEPUMEHTa, KOTOpbIN nposenu B 1932r anrnmiickue ¢usuku Koxpodt u Yonton. B atom
JKCIepUMeHTe Obula 3a(UKCHUpOBaHA sIEpHas peakius I[POTOHHOIO CHHTE3a MIHOBEHHO
caMopaciazaromerocs siapa "Be u3 sapa 'Li: p+'Li—®Be—*He+*He.

W3-3a HaaM4us CIMIIKOM OOJBIIMX MarHUTHBIX 0apbepoB, peHTA0EIbHOCTh MCIIOJIb30BAHUS
ATOW peakuuu AJisi MOCTPOEHHUS SHEPreTUYECKOro peakTopa, 0e3 JOMOJHUTENbHBIX HATYPHBIX
UCCIICIOBAaHUM, BBI3BIBAET OOJIBIINE COMHEHUS.

*

[TocMoTpuM Temepb, YTO MPOUCXOAUT B «BOJOPOJHOW» OomOe. PU3MKU CUMUTAIOT, YTO
3HaYuTeNbHas 4YacTh SHepruu Ha CoJyHIE BBIACNSAETCS B pe3yJibTaTe CTOJIKHOBEHHH  sizep
neiirepus ¥ TpuTHs. 1103TOMY OCHOBHYIO HAUMHKY TEPMOSIEpPHOM OOMOBI cienamu U3 3TUX
snep. Tak KaKk, B €CTECTBEHHBIX YCIIOBUSX, NEUTEPUN M TPUTHH CYIIECTBYIOT B Ta3000pa3HOM
COCTOSIHUM C OYEeHb HHM3KOM IUIOTHOCTBIO, TO MCIOJB30BaHME HX B TEPMOSJIEpHOH OombOe B
YUCTOM BHJI€ CBSI3aHO C OIPOMHBIMHU TPYJHOCTAMHU. [I0ATOMY HauyMHKY TEpMOsAepHON OOMOBI
CTaJIl JielaTh U3 TBEPAOTEIbHBIX COCIMHEHUN NEUTEpUs U TPUTHUSA C APYTUMH DJIEMEHTaMHU.
Hawubornee moaxoasmmmM, Mo Macce U XUMHUYECKON aKTUBHOCTH, OKa3aucs ~Li.

He 3naro, moyemy BbIOOpP pa3pabOTUMKOB TEPMOSIEPHONH OOMOBI BBITIAT HMEHHO Ha °Li. Ho B
XUMHH XOPOIIO U3BECTHO, YTO MTHOBEHHO CaMopacIaarolirecs s/ipa ecTb He TOJIbKO B 001acTu
CYILIECTBOBaHMS TSKENBIX siiep. MIHOBEHHO caMOpaclalarolluecs siipa €CTh U CPeAu JETKUX
saaep. ITo — sapa °Li u ®Be. Moxoxe, (du3UKaM COBEPIIIEHHO CIyYailHO BBIMAJIa KPYIHAs yaaya,
KOTJ]a OHH BBEJIM B COCTaB «BOJIOPOIHOI» OOMOBI si7jpa JINTHSL.

«B3peIBHasA» cuTyalusi B «BOJOPOIHOW» OOMOE 3HAUUTENBHO CIIOKHEE, YEM B ypaHOBOM.
EctecTBeHHbIH «3anan» B ypaHOBoW 00MOe HaXOAUTCS B CAMOM «B3pBIBUATKE» M HEOTAEIUM OT



He€. Peakiuu BBIIENEHUS SHEPrHMM B 3ToW OomOe cTanmu XOpoIlo HW3BECTHBI emié B XOje
IIPEIBAPUTEIBHBIX IKCIIEPUMEHTOB.

Bo B3pbIBUaTKE «BOJOPOAHON» OOMOBI €CTECTBEHHOIO «3arajiay HeT. MHuumaTopoM B3pbiBa
B Hell sABisgeTcst ypaHoBasi 00M0a. YpaHOBBIM B3pbIB MPEBPALIAET «B3PHIBUATKY «BOJIOPOIHOM»
60oMObI B mmasmy u3 D, T u °Li. B pe3yJIbTaTe caMOr0 YpPaHOBOTO B3PbIBA, BOZHUKAIOT IJIOTHBIE
HOTOKH (DOTOHOB, HEMTPOHOB, IPOTOHOB U JIPYTHX SIIEPHBIX OCKOJIKOB. Kak B 3TOH simepHOM
MEIIAHUHE BBIIEIUTh PEaKLUU, B KOTOPbIX MOKET NPOMCXOJIUTH BhlJENEeHHUE FHEprun? OTBeT
OUYEBHUJECH — TOJBKO C IOMOULIBK) COOTBETCTBYIOIIMX IPEIBAPUTEIBHBIX JKCIEpUMEHTOB. Ho
TaKUX TPEIBAPUTENbHBIX HSKCIEPUMEHTOB HET 10 cuxX mnop. Pa3zpaboTumku TepmosaepHOU
po0JeMbl, B BEIOOpE clIOCOO0B pELIeHHs 3TOM MPoOIeMbl, UCXOIAT TOIBKO U3 YMO3PUTEIIBHBIX
coO0OpakeHUH.

B uwacTHOCTH, OHM ONMPAIOTCSA HA OLEHKH, IOJyYEHHBIE C MOMOILBIO TAKOTO IOHSTHS, KaK
«aedexT macc». OHaKo, 0Ka3aloCh, YTO HUKAKOTO peasibHoro «aedekra macc» B [Ipupoae e
CYILIECTBYET. DTO YJAJIOCh IOHATH TOJIBKO IOCJIE BBISABICHUS CTPYKTYP JE€KTPOHOB, HEUTPOHOB
U mpoToHOB. OKa3anoch, 4TO MPUYHMHA TOSBICHUS MOHATUS «Ie()EKT Maccy» 3aKII0YaeTcs B
OTCYTCTBUM JI€TaJIbHOIO IIOHMMAaHMs Ipolecca H3MEpEeHUs Macc-cleKkTporpadgamMu M Macc-
CHEKTPOMETPAMU BEIMYMH MACC JIBUKYLIUXCSI MUKPOOOBEKTOB.

*

UroObl HAWTH BBIXOA M3 TYNHKOBOW CHTYAaIlMH, B KOTOPOH OKa3aJHCh pa3padOTUHKH
TEPMOSIIEPHON NPOOIEeMbl, HY)KHO JOCTHXKEHHME aJeKBATHOI'O MOHHMMAHMS SIEPHBIX pEaKIHid,
COINPOBOKAAIOIIMXCS BBIIEJICHUEM SHEPruM B TepMosifepHOil OomOe. Bwimie ykasaHo, 4TO
pEeaKIMU CHUHTE3a MEXAYy CBOOOJHBIMH SApaMM JEHTEepHst M TPUTHUS HEpealu3yembl H3-3a He
YYUTBIBAEMOTO (PU3MKaMH MarHUTHOTO Oapwepa. Pesympratel pabor Ha Tokamake [IJIT
(ITpuncron, CIIA) parT 3KCHEPUMEHTAIBHOE MOJITBEPXKAECHUE 3TOr0 0OCTOATENbCTBA.
Ocraercs TOJIBKO 0JIHa BO3MOXKHOCTb JIOCTHKEHUSI TAKOTO aJIeKBATHOTO MOHUMaHuUs. UToOb! eé
pealn3oBaTh, HY)XKHO BBIIBUTH BCE BO3MOXHBIE IIYyTH SIEPHOTO CHUHTE3a MIHOBEHHO
camopacmagaroumxes sep “Li u °Be.

OpnHa Takas BO3MOXXHOCTb Xopolo n3BectHa. E€ otkpsun emé B 1932r Kokpodt u Yonros.
DT0 peakiuy MPOTOHHOTO CHHTE3a sIIep 8Be, u3 saaep "Lig: 7Li3+p —8Be,—*Hey+*He,.

HerpynHo yGenuThcsi B MPUHLUMIHNAILHON pealn3yeMOCTH MOCJIEI0BATENbHOCTH HEUTPOH-
MIPOTOHHOTO CUHTE3a SI/Iep 8Bes v u3 aaep ®Lig: SLis+n —'Lis, 7Li3+p —8Bey.

*

Cy1iecTBYIOT U Apyrue BO3MOXHOCTH CHHTE3a MTHOBEHHO CaMOpacHaJroIIMXCs sIep *Lin
Be. OHM 3aKJIIOYAIOTCS B HEUTPOHHOM CHHTE3€ M3 JIETKUX sijaep Oosiee TSOKEIbIX SAep C
MoCJIeIyIoNIeH TpaHC(OopMaIIHel STUX HEHTPOHOB B MMPOTOHBI.

Bo3MoOXHOCTP HEHTPOHHOTO CHUHTE3a 0ojee TSDKENbIX siiep (U3MKEe XOpOIIO H3BECTHA.
Tpanchopmanus ke HEHTpOHA B MPOTOH (PU3WUKOW HM3ydeHa JUIIL MOBEPXHOCTHO. B ¢usmke
CYUTACTCS, YTO YIPABIIATH «BPEMEHEM XU3HW» HEUTPOHA IIPAKTUYECKH HEBO3MOXKHO. TeM He
MeHee, 0e3 BBISBIEHUS! BO3MOXKHOCTEH M KOHKPETHBIX METOJIOB YIIPABIICHUS «BPEMEHEM KUZHI»
HEUTPOHOB HE YJACTCA HU BBIABUTH PEAKLMM DHEPrOBBIIEICHUS B TepMosmeEHoﬁ o6ombe, HU
BBISIBUTH HOBBIC BO3MOXKHOCTH CHHTE3a MCHOBCHHO CaMOpacaIalouxcs sjep "Li u ®Be.

JlocTikeHne aJeKBaTHOTO MOHMMAaHMs TpaHChOpMallMd HEWTpOHa B MPOTOH B KBAHTOBOM
¢u3rke HEBO3MOXXHO B TNPHUHIMIE M3-32 OTCYTCTBUS IIOHMMAaHHUSA CTPYKTYphl (OTOHA.
BrisiBienue cTpykTyphl (OTOHA B KBAHTOBOH (pr3MKe TakkKe MPUHIUIHAILHO HEBO3ZMOXKHO.

Mou uccnenoBaHusi oka3ainu, 4YTo (HOTOH SABISETCS IEKTPOH-aHTUAIEKTPOHHBIM JUIIOJIEM
[9] 1 uTO HEUTPOH N TpaHCHOPMUPYETCS B MPOTOH p B PE3YNIbTATe TOrO, YTO CTOJIKHYBIIMHCS C
HUM D3JIEKTPOH-aHTHAJIEKTPOHHBIM U0 d pacnanaercs, B CHJIbHO IPaJIu€HTHOM COOCTBEHHOM
MAarHUTHOM MOJIe HEHTpOHa, Ha CBOOOMHBIN 3IEKTPOH €+ U cBOOOMHKIH aHTHAIeKTpoH €." [14].
OnexkTpoH, Omarojapss CBOEMY JAMAaMarHeTU3My M <«IIOJIOKUTEIBHOCTH» CBOEH Macchl,
UCIBITBIBAET MATHUTHOE OTTAJIKUBAHUE OT HEUTPOHA U YXOJUT OT HEUTPOHA. AHTUAIIEKTPOH, U3-
32 CBOETO IMAMArHETHU3Ma, TAK)KE MCIBITBIBAET MAarHUTHOE OTTAJIKHWBAHWE OT HEWTPOHA, HO,
Onmaromapst «OTPHULIATENILHOCTH» MAacChl, YyCTpemiisieTcs K HeWTpoHy. HelTpoH Ttakke



WCIIBITHIBAET MArHUTHOE OTTAJKMBAHHE OT AHTHAJIEKTPOHA W TMBITA€TCS YWTH OT HErOo, HO
AQHTUAJIEKTPOH HAMHOIO Jierdye HENUTpoHa. JlorHaB HEUTPOH, AHTUAJIEKTPOH COEAUHSETCS C
HEHUTPOHOM C TOMOIIBI0O MArHUTHOTO OTTAJIKHBAHHUS W 00pa3yeT MpoToH: N+d—n+e; +e."
—pt+es .

CornacHO TpPHBEICHHOMY TOHHMAHHUIO Tpolrecca TpaHchopMmaluu HEUTpPOHA B IMPOTOH,
«BpeMs KU3HU» CBOOOJHOrO HEMTPOHA M HEHTPOHA, COJIEPKALIEroCs B HYKJIOHHOM MarHUTHOM
Kjacrtepe sapa 0e3 MPOTOHOB, 3aBUCHUT OT IUIOTHOCTH AaTaKyIOLIETO HMX IOTOKAa (DOTOHOB.
OKCIIEpUMEHTAIBHO 3TO HE MOATBEPXKJIEHO. Tak Kak 3TO HE COIVIACYETCS C KBAHTOBBIMU
dbyHIaMEHTAILHBIME MTOCTYJIaTaMH, MOU TIPEIJIOKEHUS 110 IKCIEPUMEHTAIBHON MPOBEPKE ITOM
TUIOTE3bl, PU3UKaMU OBUTH OTBEPTHYTHI €1ll€ B BOCbMHIECATHIX TOfaX MPOILIOro BeKa.

Tem He MeHee, TOcCie B3pbIBa YPAaHOBOTO 3amana, B «BOAOPOAHOI» OomMOe obOpasyrorcs
MOTOKU HEHTPOHOB U (POTOHOB, HEOOXOAUMBIE JIJISI CHHTE3A SIIEP °Li u ®Be.

*

Bo3MoxkHBI pazHble BapHaHThl HEUTPOH-(OTOHHOTO CHHTE3a CaMOPACIIAJAIOIINXCS SIAEP ®Be

u °Li u3 snep Ooee JIETKUX 3JIEMEHTOB:

®Lis+n—'Lis, 'Liztn —®%Lis, ®Lis+td—°Be,te,.
"Ligtn —%Lis, Ligtd—®Beste, .
4H€2+n—>5H62, 5H€2+d—>5Li3+e+_.

T+n—>4H1, 4H1+n—>5H1, 5H1+d—>5H€2+E+-, 5He2+d—>5Li3+e+‘.

T+n—"*Hy, *Hi+d—"Heyte,’, *Heytn—>"He,, *Heytd—"Liste, .

D+n—T, T+n—>4H1, 4H1+n—>5H1, 5H1+d—>5H€2+8+-, 5He2+d—>5Li3+e+‘.
D+n—T, T+n—"Hy, *“Hy+d—"Hey+e,", *Hey+n—"He,, *Heptd—"Liste,".
D+n—T, T+d‘—>3He2+e+', 3He2+n—>4Heg, ‘Hey+n—°Hey, 5Hez+d—>5Li3+e+'.

Jis peanuzanuu 3THX peakuuil HEoOXOAMMO HCHOJIb30BaTh HEUTPOHHBIE U (POTOHHBIE
noTokd. Hukakux osyekTpuyeckux OapbepoB Ha MyTH 3TUX peakuuid HeT. EcTh TOIBKO
MarHuTHbIE Oapbepbl, MeEIIAoIIMe HEHUTPOHHOMY CcHHTe3y. Tak Kak BeJIMYMHA BEKTOpa
MarHUTHOI'O MOMEHTa HEWTPOHA Ha YEThIpE MOPsAKAa MEHbIIE BEJIMYMHBI BEKTOpPAa MarHUTHOIO
MOMEHTa IIPOTOHA (/1,123-10'4,11},), TO HEHTPOHHOMY CHHTE3y MEIIAeT OTHOCUTEIHHO HEOOJBIIOMN
MarHuTHbIN Oapbep, MaKCUMallbHas BEIMYMH KoToporo paBHa 13,65kaB.

PenTabenbHOCTh BCEX 3TUX pEaKLUi, KpOME MEPBBIX JBYX, KaXKETCI COMHUTEIbHOU H3-3a
TOT0, YTO HU TeJIHUEBbIE, HU BOJOPOIHBIE aTOMbl HE O0pa3yloT, B €CTECTBEHHBIX YCJIOBHUSX,
TBEPJOTENbHBIX COEAMHEHHH. A JuIg TOro, yToObl BCE ATH PEAKLUHU IMPOUCXOAUIH B YHUCTO
ra3oBoil cpene, oOiajaroniel HEJOCTaTOYHOM IJIOTHOCTHbIO, HEOOXOOUMBI Ype3BBIYAIHO
IUIOTHBIE HEUTPOHHBIE U POTOHHBIE TOTOKH.

BonopoaHsie aTOMBI B «BOJIOPOJHOM» OOMOE CBSI3aHBI B TBEPIOTEIBHBIX COCIUHEHUAX C
autueM. Bpoze Obl, 3aTpyiHEHUS ¢ HU3KOM MIIOTHOCTBIO HCXOJAHOTO «CBHIPhs» TUM CHUMAIOTCS.
Opnaxo, 37€Chb UMEIOTCSI CBOM TPYAHOCTH. BO-TIepBbIX, «INTHEBas» IEMOYKa peaklnii Kopoue
ocTalbHbIX. [loATOMY «IUTHEBasi» LIETIOYKA JOJDKHA, B CpeJHEM, cpabaTbiBaTh ObICTpee, YyeM
BOJIOPOJHBIE IIEMOYKHU. M3-3a 3TOro MCHojb30BaHUE TBEPAOTENbHBIX COEIMHEHUN BOJIOpPOJAA C
JUTHEM MOXET OKa3aThCsi HelenecoOoOpa3sHbIM, HEPEHTAOEIbHBIM. DTO 3aTPyJHEHHE MOXKHO
000ITH ¢ MOMOUIBIO HCHOJIb30BaHUS, B TBEPAOTEIbHBIX COEIMHEHUAX BMECTO JIUTUS OoJjee
TSDKENBIX 2JeMeHTOB. Hampumep, kanus mnu mapranua. Bo-BTOpbIX, B KaXI0H «BOJOPOIHOMN
LENOYKE UMEIOTCS POMEKYTOUHbIE TeIMEBbIE aTOMBI, KOTOPbIE MOT'YT CYLIECTBOBATH TOJBKO B
BUJIE CBOOOJHBIX aTOMOB, HE CBSI3aHHBIX C APYTMMH aTOMaMU U HE BXOSIIUX B TBEpAOTEIbHbIE
COEIMHEHUS. A 3Ta TPYIHOCTh Ka)KETCS MPUHLUITUAIBHO HEMPEO10IUMOM.

Bcé aro TpeOyer TIIATENBHOW MpEeABAPUTEIBHON SKCIEPUMEHTAIBHON NMPOpabOTKH s
NOJIy4EeHHUsl OLIEHKH PEHTA0EIbHOCTH HUCIOJIb30BaHMsI Pa3IMUHBIX PEAKIMNA CHHTE3a MIHOBEHHO
camopacna/aruxcs s1ep ¢ BbIAEIEHUEM SHEPTUN. .
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