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Neutron Interactions
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The article sets forth the identification procedure for parameters of the formula for quantitative description of
neutron interactions. There is a description for an objective mechanism of “mass defect” formation given.

An atomic nucleus structure has been well-known to microworld physics for a long time. It is
known that an atomic nucleus consists of nucleons: neutrons n and protons p. However,
understanding of an atomic nucleus structure appeared to be basically impossible to achieve
within the framework of quantum physics. The reason for that is associated with refusal to
consider ether and magnetic interactions among microobjects in the microworld theory.
Erroneous ideas of the material world lack of ether that could interact with microscopic objects
and of the fact that magnetism is not an independent kind of interactions were the result of
shortcomings in physicists’ methodological background as was repeatedly noted before. The
main of such shortcomings is the lack of clear materialistic positions in study of the material
world.

*

Neutrons and protons are confined in nucleus due to interactions which were initially called
“nuclear interactions”. Since it had been made clear that nuclear interactions in neutron-neutron
pair, neutron-proton pair and proton-proton pair are absolutely similar to each other such
interactions were called “nucleonic interactions”.

Clarification of the fact that only neutron is a primitive object while proton is a composite,
neutron-antielectron microobject allowed for understanding why nucleonic interactions in nn, np,
pp pairs are similar and that they are purely neutron.

The relation of neutron force F, to distance r between nucleons in interaction is of the same
nature as the relation of the resultant force (F) of electric and magnetic interactions between
electron and proton to distance x between electron and proton.

If x<x*=5.3-10""*m (which is Bohr radius), then F is a repulsive force. If x>x*, then F is an
attraction force.

Similarly, if r<r*, where r* is a value of 0.4-10™°m, then F, is a repulsive force. If r>r*, then
Fn is an attraction force [l].

14Radius of effective action of nucleonic forces is extremely small and limited by a value of
107" m.

H. Yukawa offered to describe nucleonic interactions by means of potential functions of
V1= -gar texp(-kyr) he constructed for an attracting component and V,=g,r ‘exp(-kr) for repulsive
component, where g1, 9o, k1, ko are parameters to be identified [1].

*

Identification of unknown parameters of an object under study is possible if the mathematical
model of the object allows for obtaining theoretical functions for the object characteristics
containing the required parameters and if experimental values of such characteristics can be
obtained. Implementation of such possibilities allows for building an adequate set of equations
for unknown parameters of the object.

Identification of unknown parameters of an object under study requires an adequate
structural mathematical model of such object to be available. Building such models of
microobjects is basically impossible in the modern quantum theory of microworld due to the
qguantum theory refusal to consider ether resistance to motion of microobjects and to consider
magnetic interactions among microobjects.

The microworld theory that accounts for these factors has adequate structural models and
atomic nucleus and atoms built. These models were used to calculate parameters in description
of self-magnetic fields of microobjects. This was done by means of identification of the relation



between intrinsic frequencies of hydrogen atoms and *He and the required parameters as well as
using experimental values of spectral lines of these atoms.
*

The equation for the force of neutron interactions that adequately describes such interactions
should be other than the one resulting from Yukawa’s potentials. The following circumstances
speak for this fact. Electric force is as the inverse square of the distance between the interacting
microobjects while magnetic force is as the inverse third power of such distance. Neutron
repulsion force, according to Yukawa’s equations is as the inverse square of the distance if
distances are extremely small. If it was really so then neutron repulsion forces could not resist to
collapse of neutrons under magnetic attraction between them. Therefore, r exponent of
denominator in Yukawa’s potentials should be no less than two units.

Let us assume that neutron interaction force is described by the relation: Fn(r)=pr*-qr™.

How do we calculate parameters p and q?

Calculating the parameters of magnetic interactions between the microobjects was possible
due to experimental data on bonding energy of electrons in atoms (i.e. on atomic ionization
potentials) and frequency spectra of electromagnetic radiation of atoms.

With reference to nucleon interactions such a method for identification of p and g parameters
is impossible due to the lack of experimental data on bonding energy of individual nucleons in a
nucleus and on intrinsic frequencies of electromagnetic radiation of nuclei.

And still, there is a possibility of approximate estimation of p and q parameters due to E.
Rutherford’s empirical formula for nucleus radius: rnuceus(4)=1.4-4*3.10"°m, where 4 is the
number of nucleons in the nucleus. According to this estimate the distance between the nucleons
in deuteron is r1=2rnuceus(2)=3.528-10"°m.

Calculation of p and g parameters requires another estimate of similar type. If the estimate of
Fnucteus(3)=2.019-10">m should be used for this purpose it is unclear whether it refers to triton or
to He. Based on the fact that r1:2rnuc|eus(2):3.528-10‘15m it is possible to determine that
Fucleus=2.037-107°m for triton and ryycieus=2.4-10"°m for *He.

The estimated radius of triton is closer to E. Rutherford’s estimate. However the distances
between nucleons of triton are too similar to each other. That is why conditions for identification
of p and q parameters based on triton characteristics are unsatisfactory.

Identification of p and q parameters based on *He characteristics and using E. Rutherford’s
estimate for *He radius is undesirable because of unsatisfactory error of such an estimate.

However there is still a worthy solution to this problem. In the course of identification of
parameters of the general equation for electron intrinsic magnetic field intensity:
H=(y+y1)(ur)r *[cos’(ur)]°r —y1r *u, where #”r is an angle between vectors x and r, s=27, and
»1=0,19y, it was possible to figure out that the angle between the vectors of *He nucleonic
magnetic clusters is either 60° or 120° based on these vectors’ direction.

It is due to nucleus deformation by electric and magnetic forces between nucleons which
results in two faces of *He nucleonic pyramid becoming the same right triangles. These are two
faces on the common edge of which two protons of “He are located.

If a neutron is removed from *He then only one face in the form of a right triangle shall
remain. Such face is *He nucleus. The fact that nucleons of *He are located in the right triangle
vertexes allows for obtaining the missing relation for identification of p and q parameters. This
nucleus consists of two protons p; and p, and one neutron n. It has two nucleonic magnetic
clusters. Let us assume that one of them consists of p; and n. Then pin is deuteron.

According to E. Rutherford’s estimate the distance between proton and neutron in deuteron is
=2 nucieus(2)=3.528-10"°m. If the distance between proton p, and neutron n is denoted by r,
while the distance between protons is denoted by rs, then rs?=ri2+r,?,

*

The roughest approximation of p and g parameters may be obtained if magnetic interactions
between nucleons in ®He are neglected. Then r,=r;=3.528-10">m and rs=2%°r,=4.989-10"°m.



As nucleon pairs np and pp are in the static equilibrium state the equations for p and q shall
be written as follows: Fu(r1)=0, Fn(rs)=Fe(rs) or as follows: pri*-qri°=0, prs*-qrs°=ars? It
follows from these equations that: p=1960-10"°kg-m°-s, q=6917-10"*kg-m°®-s.

These values p and g correspond to the following bonding energy values of nuclei of
deuterium, tritium, *He and “He: E(D)=0.232MeV, E(7)=0.696MeV, E(*He)=0.655MeV,
E(*He)=1.351MeV.

*

With account of magnetic interactions in deuteron, that is, between proton p; and neutron n,
if we assume that r;=3.528-10"°m, the following results can be obtained: r,=3.183-10"°m,
rs=4.752-10"°m,  p=1581.10"°kg-m>-s?, q=5032-10"*kg-m®-s?,  E(D)=0.133MeV,
E(7)=0.653MeV, E(*He)=0.393MeV, E(*He)=1.046MeV.

*

Quantum physics with its limitless snobbery is not capable of identifying the quantitative
description of neutron interactions.

| faced quantum snobbery in eighties of the previous century when | approached physicists
with my first findings concerning development of adequate structural mathematical models of
atomic nucleus and atom. Nearly all physicists including academic magazines devoted to physics
responded to my findings like uneducated sheepishly giggling children from the very depth of
the country who for the first time ever had heard a foreign speech.

Only two “Soros”-winning professors from Nizhny Novgorod behaved appropriately in this
situation. One of them told that | hitched my waggon to a star. Later | realized that it was a sky-
high opinion of a man capable of foreseeing the consequences of it all. Another one was also
quick on the draw but retreated silently into himself right away. If these quick-thinking
physicists’ response seems weird to you recall H.C. Andersen’s fairytale about the emperor's
mew suit.

Quantum snobbery was not born in Russia. Already at the dawn of quantum physics
M. Planck, L. de Broglie and A. Einstein were awarded with an indulgent term “grumblers” for
their failed attempts to restore the classical detailing and clarity of concepts of the material world
structure in quantum physics. There was not trifling with an American physicist D. Bohm: his
attempts to achieve clarity in the microworld physics were straight from the shoulder labeled as
“bohmdom™.

Why did L. de Broglie or D. Bohm fail to restore the classical clarity in quantum theory? In
physics it is explained by the fact that J. von Neumann provided a rigorous proof of conceptual
impossibility of the same. However, such an opinion is a result of inattentive, lopsided
interpretation of J. von Neumann’s findings. Indeed he obtained a rigorous proof that the fact
that no classical clarity or detailed ideas of the material world structure can be obtained within
the framework of quantum theory.

Hence, if the classical clarity in the microworld theory can be achieved it is needed to go
beyond fundamental quantum postulates. It seems to be quite obvious and clear conclusion from
J. von Neumann’s findings. Why physicists could not before and still cannot understand it
themselves? Apparently it is associated with the fact that their knowledge of the modern theory
of non-linear oscillations is too superficial and they have no ideas of Mandelstam-Andronov’s
applied scientific methodology developed in that theory.

A.A. Andronov in his recollections about L.I. Mandelstam wrote that when they proceeded
with elaboration of the theory of non-linear oscillations L.I. Mandelstam carefully reviewed the
questions concerning the function and place of that theory in physics. Thereafter
L.l. Mandelstam said that “the main discoveries in physics beginning from Kopernik’s discovery
were basically oscillative and that ... the birth of physics is associated with application of an
abstract idea of periodicity to a large number of individual specific phenomena” [2].

The causes for failures of quantum theory were mostly identified due to Mandelstam-
Andronov’s applied scientific methodology. The possibility of elaborating the microworld theory
that would use adequate structural mathematical models of microscopic objects was managed to



be checked and proven using the methods of the theory of non-linear oscillations. The
experimental evidence obtained by the scientists of the Institute of Nuclear Physics of the
Academy of Sciences of the USSR (Alma-Ata) [3] confirmed the relevancy of those studies.

*

Experiments using accelerators showed that masses of microobjects are really proportional to
their motion velocity. It emerged that the reason for that is not that motional energy of
microobjects is being converted into their masses but due to the fact that electronlike
microobjects and neutrons feature ethereal vortex-like structures capturing additional portions of
ether while being accelerated.

New questions arise in this connection: are the relations of masses of electronlike objects and
neutron to their motional velocity against ether continuous or discontinuous functions? Is electric
charge of electronlike microobject proportional to its velocity? Are magnetic moment vectors of
electronlike microobjects and neutron proportional to their motional velocities? Is neutron
interaction force changing with variation in neutron motion velocity?

* *

An important characteristic of atomic nucleus is bonding energy of its nucleons. According
to [3], a stable atomic nucleus features stable statically equilibrium configurations of nucleons.
Bonding energy of the entire nucleonic system and individual nucleons could be determined if a
structure of statically equilibrium configuration of the nucleus (the distance between the
nucleons in that configuration) and adequate quantitative description of neutron interactions was
known.

Quantum physics knows neither. For nucleus bonding energy calculation it applies the term
of “mass defect” and formula E=mc? of the relativity theory.

The “mass defect” term occurrence in modern physics results from matching of mass and
energy. The understanding of electron, neutron and proton structures gained in the classical
microworld physics allows for understanding an objective occurrence of the “mass defect” term
free of any quantum mysticism.

Masses of free electron, neutron and proton are measured while moving with the same
velocity v. These microobjects, when moving, capture additional ethereal masses which depend
on velocity v. That is why their masses differ from masses at rest m.(0), m,(0), m,(0) and equal
to me(v), ma(v), my(v). Self-magnetic fields of free electrons, neutrons and protons in motion
become so oriented against the motion direction that the maximum possible quantity of
additional ethereal masses can be captured by each of microobjects.

When electrons, neutrons and protons are in atoms their magnetic moment vectors are bound
with a system of nucleonic magnetic clusters so all magnetic moment vectors cannot have the
same direction. That is why when atom is moving at velocity v only some of its elements are
capable of capturing the maximum possible additional ethereal masses while the rest atom
elements capture only some portion of the maximum possible additional ethereal masses. For
this reason the mass of atom moving at velocity v is less than the summary mass of the atom
elements measured in motion of individual free elements of the atom moving at the same
velocity v.

Thus, the “mass defect” occurs due to a mass measuring method rather than due to
conversion of some masses into bonding energy or neutron interaction energy.

Quantum physics is not capable of understanding an objective mechanism of the “mass
defect” occurrence because of its limited perceptual potential resulting from its refusal to account
for ether and magnetic interactions among microobjects. That is why, having discovered the
mass defect” quantum physics put a mystic meaning therein.
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Muxkpomup 11.
Heittponnsie B3auMoaencTBus

JleonoB H.H.

[IpuBeneHa mpolenypa UACHTUPHUKAIIMYA MTAapaMeTPOB HOPMYJIBI I KOJHYSCTBEHHOTO OMUCAHUS HEHTPOHHBIX
B3auMo/ieiicTBri. [laHO omucaHne 0OBEKTUBHOTO MexaHn3Ma (POPMUPOBAHUS «IePEKTa Macey.

®u3rke MUKpOMHUpA JJaBHO U XOPOLIO M3BECTEH COCTaB aTOMHOrO sjapa. OHa 3HAeT, 4To
aTOMHOE SAPO COCTOMT M3 HYKJIIOHOB - HEUTPOHOB N M NpOTOHOB p. OnHaKko, NOHMMAaHHE
YCTPOMCTBA aTOMHOTO SJpa OKa3ajoCh, B paMKaX KBAaHTOBOH (M3MKH, NPHHIUIHAIHHO
HelocTHXUMbIM. [TpuunHa 3TOro cBs3aHa ¢ OTKa3o0M, B TEOPUU MUKPOMHpa, OT ydyeTa 3(upa u
MarHUTHBIX B3aUMOJCHCTBUM Mexay MUKpooObekTamMu. OmuOouHble MpeacTaBiIeHUs 00
OTCYTCTBUH B MaTepUaIbHOM MHUpe 3(hupa, B3aUMOJICHCTBYIONIET0 ¢ 00bEKTaMH MUKPOMUDA, U O
TOM, YTO MAarHeTH3M He SIBJISIETCS CaMOCTOSATEIbHBIM BHJIOM B3aWMOJEWCTBUIN, BO3HUKIIN H3-3a
U3bSHOB B METOJOJOIMYECKOH TOATOTOBKE (DU3MKOB, HEOJHOKPATHO OTMEYaBIIHUXCS B
npouuioM. OCHOBHBIM M3 3THUX H3bSHOB SIBJISETCS OTCYTCTBHE YETKUX MaTEPUATUCTHUECKUX
MO3ULUHI NPU U3yYEHUHU MaTepHaIbHOT0 Mupa.

*

HelTpoHsl ¥ TPOTOHBI YIEPKUBAIOTCS B SApPE B3aUMOJECHCTBUSAMH, KOTOpBIE CHayaya
Ha3bIBAIM «sAepHbIMU». [locne BBISICHEHMSI TOTO, YTO SiZ€pHbIE B3aUMOJEWUCTBUS B HEUTPOH-
HEUTPOHHOW Mape, B HEUTPOH-NPOTOHHOW Iape W B IPOTOH-IPOTOHHOW IMape HUYEM He
OTJIMYAIOTCS IPYT OT APYyTa, UX CTaJU Ha3bIBaTh «HYKIOHHBIMI.

BbIsicHEHHE TOro, 4YTO 3JEMEHTAPHBIM SABJIAETCA TOJBKO HEHTPOH, a IPOTOH SBIIAETCSA
COCTaBHbBIM, HEUTPOH-AaHTUIJIEKTPOHHBIM MHKPOOOBEKTOM, I[O3BOJIMJIO TMOHSTh, HOYEMY
HYKJIOHHBIE B3aMMOJIEUCTBUA B napax NN, np, pp TOXKIAECTBEHHBI, U UTO OHU SIBJISIOTCS YUCTO
HeumpoOHHbIMU.

3aBUCUMOCTh  BEJIMYMHBI ~ HEHUTpOHHOM cwibl F, oOT  paccTosHUS I Mexay
B3aMMOJICHCTBYIOIIUMHU HYKJIOHAMU HMEET TOT K€ XapakTep, YTO U 3aBUCHUMOCTH BEJITUYHMHBI
cuiibl F cyMMapHOTro 3JIeKTPUYECKOr0 M MAarHUTHOTO B3aMMOJEHCTBHS MEXIY SJIEKTPOHOM M
IIPOTOHOM OT PACCTOSTHUS X MEXAY AJIEKTPOHOM U MPOTOHOM.

Ecmu x<x*=5,3-10"'m (310 Bemmumma Boposckoro pammyca), To F sBisercs Cuioi
orrankuBanus. Ecnu x>x*, To F aBnsercs cuiioil nputsxeHus.

AHanoru4Ho, ecnu r<r*, rme r* - BemUYMHA MOPSAKa 0,4-10'15M, to F, sBIgeTcs cuioi
ortanikuBanus. Ecou r>r*; to F, sBnsercst cunoit nputspkerusi[1].

Pagnyc s¢dexTuBHOrO NeiCTBHS HYKIOHHBIX CHJ d4pe3BbluaiiHO Mai. OH orpaHuueH
BenuurHON B 107 M.

X.JOxkaBa  mpemIOKMII ~ ONUCAHUE  HYKJIOHHBIX  B3aUMOACMCTBUM C  IOMOILBIO
CKOHCTPYMPOBAHHBIX MM TOTCHIMANBHEIX (GyHKImiE Vi=-ir exp(-kar) ams mpursrusaromeit
KOMIIOHEHTHI U ngggr'lexp(-kgr) JUIS OTTAJIKUBAIOMICH KOMIIOHEHTHI, rae i1, Uz, Ki, ko —
napameTphl, MoJIeKalme uaeHtudukanmm [1].
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*

Unentuduxanuss HEU3BECTHBIX MapaMETPOB UCCIEAYyeMOTro OOBEKTa BO3MOXKHA, €CIU
MaTeMaTHYecKasi MOJeiIb OOBEKTa JAOMYCKAeT IMOJyYCHHE TEOPETHUYECKUX 3aBUCHUMOCTEH s
XapaKTePUCTUK OOBEKTa, COJIEPXKAIIUX HCKOMBIE MapaMeTpbl, U €CIH BO3MOXHO IOJIy4YEeHHE
DKCIICPUMEHTAJIBHBIX 3HAYCHUM OTUX XapaKTepUCTHUK. Peanusanus 53THUX BO3MOKHOCTEH
MO3BOJIIET TOCTPOUTh HEOOXOAUMYIO CHCTEMY YPaBHEHHM Ui HEM3BECTHBIX I1apaMETPOB
oOBeKTa.

Jns uneHTuduKaluoOHHOTO ONpPEEICHNUs HEU3BECTHBIX MapaMeTpOB HM3Y4aeMOro OoObeKTa
HEOOXOIUMO HAIIMYHUE a0eK8AmMHOU CMPYKMYPHOU MATEeMAaTUYECKON MOJeNH 3TOro oObekTa. B
COBPEMEHHOM, KBAaHTOBOH TEOPHH MHKPOMHUpA MOCTPOCHHE TAaKUX MOjEIe MHKPOOOBEKTOB
NPUHIUIHAIBHO HEBO3MOKHO M3-32 OTKa3a KBAaHTOBOW TEOPUH OT y4eTa CONPOTHUBICHUS pupa
JIBUKEHUIO MHUKPOOOBEKTOB M M3-3a OTKa3a OT ydeTa MarHUTHBIX B3aWMOJEWUCTBUU MEXKIY
MUKPOOOBEKTAMH.

B Teopum Mukpomupa, yUUTHIBAIOLIEH 3TU (aKTOPbI, TOCTPOCHBI aJIeKBATHBIE CTPYKTYpPHBIE
MOJICNId aTOMHOTO siipa ¥ aroMoB. C MOMONIBIO TaKUX MOJENEH BBIYUCICHBI 3HAYCHUS
napaMeTpoB B OMHCAHUU COOCTBEHHBIX MAarHUTHBIX TOJEH MHUKPOOOBEKTOB. DTO CHAEIAHO C
[IOMOILBIO BBISBIICHUS 3aBUCHMOCTH COOCTBEHHBIX 4aCTOT aTOMOB BOAOPOIa U “He OT HCKOMBIX
MapaMeTpoB U C TOMOIIBIO HCIOJIb30BAHUS ASKCIEPUMEHTAJIbHBIX 3HAUYEHUN CHEKTPaTIbHBIX
JIMHUM 3TUX aTOMOB.

*

Beipaxkenue 1 CHIIbl HEUTPOHHBIX B3aWMMOJCWCTBUM, aJEKBAaTHO OMNMUCHIBAIOLIEE ATHU
B3aMMOJICHCTBUSI, JOJDKHO OTIUYAThCA OT TOTO, YTO cienyeT u3 noreHiuanoB KOkasel. O6 3ToM
rOBOPAT cienyromue oOctodarenbcTBa. Cuila ANEKTPUYECKOrO0 B3aUMOJCHCTBUS  0OpaTHO
MPOIMOPLMOHANIbHA KBaJIpaTy PAacCTOSHUS MEXIy B3aUMOJEHUCTBYIOIIMMH MHKPOOOBEKTaMH, a
CHJa MarHUTHOTO B3aMMOJIEUCTBHS OOpaTHO MPOMOPIMOHANBHAS TPEThEH CTENEeHH 3TOro
paccTostHusl. Cuila HEUTPOHHOTO OTTAJIKWUBAaHHUS, COIVIACHO BbIpaxkeHussM FOkaBbl, mnpu
YpE3BBIYAITHO MaJIBIX PACCTOSHUAX OOPATHO MPOMOPIIMOHATBHA KBaIpaTy paccTtosiHus. Eciu Ob
3TO OBbLIO, B JCHCTBUTEIHHOCTH, TaK, TO CHJIbI HEHTPOHHOTO OTTAJIKHBAHHS HE MOTJIH ObI
BOCITPEMSTCTBOBATh KOJUIANCY HEHUTPOHOB MO/ BIWUSHUEM MArHUTHOTO TPUTSHKCHHUS MEXITY
Humu. [losToMy B 3HamMeHartene noteHIanoB KOkaBbl cTeneHsb I' 10KHA OBITH HE MEHEE BYX.

JomyctruMm, cruna HEUTPOHHOI'O B3aUMOJCHCTBUS ONIUCHIBACTCS BBIPAKEHHUEM: Fn(r):pr'4-qr'5.
Kak BBIYMCINUTE 3HAYSHHSI TApAMETPOB p U (7

Brruncnenue mapaMeTpoB MarHMTHBIX B3aUMOJICHCTBUM MEXIY MHUKPOOOBEKTaAaMHU YIAlIOCh
MPOBECTH Oarojapsi SKCIEPUMEHTaIbHBIM JTaHHBIM 00 SHEPTUsAX CBA3HM DIIEKTPOHOB B aTOMax
(T.. O TOTEHIMaJaX HMOHMU3AIMU aTOMOB) M O YACTOTHBIX CIEKTpax AJIEKTPOMATHUTHOTO
W3JIy4eHHUS] aTOMOB.

[Io oTHOIIEHWIO K HYKJIOHHBIM B3aMMOJCUCTBHSAM, MOJOOHBIA CrMOCO0 HIeHTH(UKAIAN
MapaMeTpoB p U (| HEBO3MOXEH M3-3a OTCYTCTBUS IKCIIEPUMEHTAIBHBIX CBEIEHUN 00 DHEPTHsiX
CBSI3W OTJCJBHBIX HYKJIOHOB B SJIp€ W M3-32 OTCYTCTBHUS SKCIEPUMEHTAIBHBIX CBEICHUHU O
COOCTBEHHBIX YaCTOTaX JIEKTPOMArHUTHOTO U3ITyUEHUS SIEp.

W BcE xe, BO3MOKHOCTh MPHUOTMKEHHON OLEHKHU MapaMeTpoB p U (| uMmeercs, Oyarogaps
smnupuueckoir popmyne I.Pesepdopna ans paguyca sapa: ri(4)=1,4-4"3.10"°m, tne 4 —
KOJIMYECTBO HYKJIOHOB B sipe. CoOrjiacHO 3TOM OIEHKE, PacCTOSHUE MEXAY HYKJIOHaMU B
JIENUTpOHE paBHO r1:2rﬂ(2)=3,528-10'15M.

Jlns BeIUMCIEHUS MapaMeTpoB p U ( HyXHa emé oJHa OIleHKa Moao0Horo ke tuna. Eciu
MCIIOJIb30BATh JJIA ATOTO OLEHKY rﬂ(3):2,019-10'15M, TO HESICHO, K KAKOMY SIIpy OHA OTHOCHUTCS
— K TPUTOHY M K spy “He. Vcxoms u3 TOT0, 9T0 1=2r,(2)=3,528-10"°M, MOXHO mOTydHTS,
YTO JIsl TPUTOHA r,1=2,037-10'15M, a i ajpa SHe r;{:2,4-10'15M.

Jlnst TpUTOHA OIIEHKA pajryca spa 3HauYuTenpHO Omke K orieHke D.Pesepdopaa. Onnako, B
TPUTOHE PACCTOSIHUSL MEXAY HYKJIOHAMH CIMIIKOM Majo OTJIMYalOTCs Apyr ot apyra. [lostomy
YCIIOBUS JUIsl IPOBENCHUS UACHTU(UKALMU MapaMeTpoB p U ( MO XapaKTEpUCTUKAM TPUTOHA
HEY/I0BJIETBOPUTEIIbHBI.



WNnentudukanus mapaMeTpoB p u (| 1O XapaKTEPUCTHKaM sipa He, ¢ mcIOIB30BaHHEM
ouenku D.Pesepdopna mns panumyca siapa “He, HexenarenbHa U3-3a HEYJOBIETBOPUTEIHHOU
MOTPEIIHOCTH 3TOW OLICHKH.

N BcE xe, NMOCTOMHBIA BBIXOA M3 ATOM cuTyanuu cyumiectByer. Korma mpoBoausiioch
UACHTU()HUKAIIMOHHOE BBIYUCIICHUE MApaMeTPOB OOINEr0 BBIPAKEHUS JUISI HANPSKCHHOCTH
COGCTBEHHOrO MArHUTHOTO MOJs di1ektpoHa: H=(y+y1)(ur)r *[cos*(u™°r —yir *u, toe pr —
yroJl MeXAy BeKTopamu g U I, =27, a y1=0,19y , To 01HOBpEMEHHO YAaJI0Ch BBIACHUTD, YTO YTOJI
MEX]ly BEKTOpaMU HYKJIOHHBIX MAarHUTHBIX KJIACTEPOB siApa *He pasen i 60° wmm 120°, B
3aBUCHMOCTH OT HAINPABICHUN 3TUX BEKTOPOB.

Oto oOycnoBieHo jAedopmaneil sapa 3a  CyYeT DJIEKTPUYECKMX W MarHUTHBIX
B3aUMOJICUCTBUN MEXAY HYKJIOHAMH, B pPE3yJbTaTe KOTOPOU [1BE I'PAHU HYKJIOHHOW ITHUPaMUIbI
anpa *He CTAHOBSITCS OXMHAKOBBIMH MPSAMOYTOJIBHBIMH TPEYTOJIbHUKAMH. DTO — JBE I'PaHU, Ha
00111eM pedpe KOTOPBIX PACIOIO0KEHBI IBa MPOTOHA siApa ‘He.

Ecnu u3 sapa "He ynanuTh OAUMH U3 HEUTPOHOB, TO OCTAHETCS] TOJILKO OJIHA rpaHb B BUJE
IPSIMOYTOJIBHOTO TPEYrOJbHUKA. DTa rpaHb SBJISAETCS SAPOM He. To, uto HYKJIOHBI sijipa *He
pacmoyIoKeHbl B BEpIIMHAX MPSMOYTrOJIBHOTO  TPEYTrOJbHUKA, IO3BOJIAET  IOJIYYUTh
HEJIOCTAIoNIee COOTHOIICHUE ISl MISHTU(UKAIMU TapamMeTpoB p U (. DTO SAPO COCTOHUT U3
JBYX MPOTOHOB p1 U pp U OHOTO HelTpoHa N. OHO 001aaeT AByMsl HYKJIOHHBIMU MarHUTHBIMU
xyacrepamu. 1lycte 0uH U3 HUX COCTOUT U3 p1 U N. Toraa pin sBisercs JeHTPOHOM.

PaccrosiHue Mexay DOPOTOHOM U HEHUTPOHOM B JIEUTPOHE pABHO, COIVIACHO OILICHKE
3.Pesepdopna, r1=2r,(2)=3,528-10"°m. Eciu paccTosiHie MexIy IIPOTOHOM pp U HEHTPOHOM N
0003Ha4YNM uepes Iz, a pacCTOSIHUE MEXKAY IPOTOHAMU Yepes I3, TO I3 =F +1,".

*

Camoe rpyboe nmpubIMKeHHEe apaMeTpoB p M (| MOKHO MOJYYHTh, OTKA3aBIIMCh OT y4eTa
MarHUTHBIX B3aUMOJICHCTBUH MEXIy HYKIOHAMHU B SIpe %He. Torna |’2:r1:3,528-10'15M, a
r;=2"°r,=4,989-10"m.

Tak xak mapbl HyKJIOHOB 1p W pp HAXOJATCS B CTATHYECKOM PAaBHOBECHHU, TO YPABHEHHS JIJIS
p ¥ q 3amumytes Tak: Fo(r1)=0, Fn(rs)=Fc(rs) wm tak: pri*-qri°=0, prs*-qrs°=ars®. U3 stux
ypasHeHwuii cneyer: p=1960-10%kr-m ¢, q=6917-10"*kr-m°-c 2.

OTUM 3HAYCHHSM p W (] OTBEYAIOT CIICAYIOIIME 3HAYCHUS DHEPTUil CBS3M sIep JeUTepus,
tpurns, *He u *He: E(D)=0,232MbB, E(T)=0,696M>B, E(*He)=0,655MsB, E(*He)=1,351M5B.

*

IIpn yyeTe MarHUTHBIX B3aUMOJECHCTBUNA B JEUTPOHE, MEXAY IMPOTOHOM p1 U HEUTPOHOM N,
€CIM TPHUHSATh r1:3,528-10'15M, nongﬂ{a}oTc;I CIENYIOIINE PEe3YJIbTaThI: r2:3,183-10'15M,
rs=4,752-10"°m, p=1581-10%r-m>¢?, 0=5032-10"*kr-m°-c, E(D)=0,133M>B,
E(7)=0,653M>5B, E(CHe)=0,393M5B, E(*He)=1,046M>B.

*

KBanToBas ¢usuka, ¢ e€ Oe3rpaHUYHBIM CHOOM3MOM, IMPOBECTH HJIEHTH(PUKALMOHHYIO
0TpabOTKY KOJIMYECTBEHHOI'O ONMMCAaHUsI HEUTPOHHBIX B3aUMOJIEHCTBUI HECTIOCOOHA.

C KBaHTOBBIM CHOOM3MOM S CTOJIKHYJICS B BOCBMUJECATBHIX I0JlaX MPOILIOro Beka, Koria
npuien K GU3nKaM ¢ NepBbIMU CBOMMHU pe3yJIbTaTaMU B TOCTPOECHUU aIeKBATHBIX CTPYKTYPHBIX
MaTeMaTHYeCKUX MoOJeJIe aroMHOro sapa u aroma. [louTH Bce (U3UKH, BKIOYas
aKaJeMHuecKre pu3nyecKue KypHallbl, pearupoBajii Ha MOHM pe3yJIbTaThl Kak HeoOpa3oBaHHbIE,
[JIyIIOBAaTO XMXMKABLIME JETU U3 «IJIyXOH IITyOMHKH», BIIEPBBIC YCIBIIIABIINE MHOCTPAHHYIO
peusb.

TonbKko JBa «COPOCOBCKUX» HMXKETOPOJCKUX Ipodeccopa Benu ceds JOCTOWHO B 3TOM
cutyaruu. OIMH U3 HUX CKa3al, YTO s «CJIMIIKOM HAa MHOroe€ 3amaxHyJjcs». [lo3nHee g mons,
4TO 3TO ObLIa OYEHb BBICOKAs OLIEHKA YEJIOBEKa, CIIOCOOHOIO MpeIBUAETh, K YeMy BCE 3TO
npuBeneT. [[pyroi Takke Bc€ 0U4eHb OBICTPO TOHSJI, HO cpasy ke Moida 3aMkHyIcs. Eciun Bam
HETOHSATHA PeaKLUs TUX ObICTPBIX YMOM (PU3UKOB, BCTOMHHUTE cka3Ky ['.X.AHiepceHa o HOBOM
IJ1aThe KOPOJIS.



KBanToBblii cHOOM3M ponwics He B Poccun. Emé Ha 3ape pa3BuTHs KBAaHTOBOH (PH3UKH
M.Ilnank, JI. ne Bpoine u A.DiHIITENHH, 32 UX HEYJABIIMECS IMOIMBITKH BEPHYTh KBAaHTOBOM
(du3MKe KIACCUYECKYIO AETATBHOCTD U YETKOCTh MPEJICTABICHHH 00 yCTPOHCTBE MaTEPUATBHOTO
Mupa, ObuIM HarpakJeHbl CHHCXOJUTEIbHBIM TEPMUHOM «BOPUYHBD». C aMepUKaHCKUM
¢usukom J[.boMoM He MUHAAIBPHUYAIM — HA €ro TMONBITKH JOCTHYh SICHOCTH B (HU3UKE
MUKpPOMHpPA ObUT HaBEUICH XJIECTKHUM SIPIbIK: «OOMOBILHAY.

ITouemy JI. ne bponmo u /[.boMy He ynamuch uX NpsMbIE ITONBITKA BEPHYTh KBAaHTOBOU
TEOPHH SICHOCTh Kiaccuueckoi Teopuu? B dusuke 3To 00bscHsIOT TeM, uro JIk. o Heliman
JlaJl CTPOroe J10Ka3aTeIbCTBO MPUHIMIINAIBLHON HEBO3MOKHOCTH 3TOro. OqHaKo, 3T0O MHEHUE —
pe3yNnbTaT HEBHHUMATENBHOIO, OAHOOOKOro mpoureHusi pesynbrata k. ¢on Heiimana. B
JICHCTBUTEIIBHOCTH, OH IOJIYYWJI CTPOrO€ JI0KA3aTEeIbCTBO TOIO, YTO KJIACCUYECKAs SICHOCTh H
JIETAIbHOCTh MPEJCTaBICHUN 00 YCTpoilcTBe MaTepuanbHOro Mupa He MOTYT OBITh IOCTUTHYThI
8 PAMKAX K8AHMOBOU MeopUl.

3HAYUT, €ClU KJIACCUYECKasl SICHOCTh B TEOPUHU MUKPOMHUPA MOXKET OBITh JOCTUTHYTA, TO JUIS
ATOr0 HYKHO BBIWTH 3a PaMKH KBAaHTOBBIX (PyHJAMEHTAJBHBIX HOCTyslaToB. Bpoae Obl, 3TO -
JIOCTaTOYHO SICHBIM M 4eTKUil BbIBOI U3 pe3ynbTaToB J[k. don Helimana. [louemy ¢usuku He
CMOIJIM PaHbllIE U HE MOTYT J0 CHUX IOp CaMOCTOSITENbHO 3TO MOHATH? Ilo-Buaumomy, 3TO
CBSI3aHO C TEM, YTO OHU CIHMIIKOM IOBEPXHOCTHO 3HAIOT COBPEMEHHYIO TEOPHIO0 HEJIMHEHHBIX
KOJICOAHWH W HE MMEIOT NPEICTaBICHUH O chopMHUpOBaBLICHCS B STOW TEOPHH IMPHUKIATHON
Hay4YHOM MeToaoiorun Manjensirama-AHIPOHOBA.

A.A.AHJIpoHOB B cBOMX BocmoMmuHaHusAXx 00 JI.M.Manaeneiirame mnucai, 4To, KOrJga OHU
NPUCTYNHIN K CO3/JaHUI0 TEOPUU HENWHEHHBIX konebanuii, JI.V.MannenpimiraM BHUMATEIbHO
W3YYHJT BOIPOCHI, KACAIOIIUECsS POJIM U MECTa TEOPUU HEITMHCHHBIX KOJICOaHHW B (hYM3HUECKOMN
Hayke. [Tocne storo JI.M.ManaenbimtaMm TOBOPUII, «4TO TJIaBHBIE OTKPBITUS B (pU3MKe, HAUMHAS
¢ otkpelTusa KomepHuka, ObUIM IO CYHIECTBY KOJIEOATENBHBIMH U YTO... POXKICHHE (PU3UKU
CBSI3aHO C MPUMEHEHHEeM a0CTPAaKTHON HJIeH MEePUOJUYHOCTH K OONBIIOMY YHUCTY OTIEITbHBIX
KOHKPETHBIX SIBJICHUW» [2].

BbIsiBUTH TNpPUYMHBI HEyJad KBAaHTOBOM TEOPHH YyOaloch, BO MHOIOM, Oiaromaps
MPUKIIATHON HaydyHOW MeTononorun Manaensirama-AnaponoBa. [lpoBeputh U aokasathb
BO3MOXXHOCTh pa3pabOTKH TEOpUHM MHKPOMHUPA, HCIONB3YIOIIEH aJeKBaTHbIE CTPYKTYPHBIE
MaTeMaTUYeCKue MOJeIN OOBEKTOB MHKPOMHpPA, YAAJOCh C IOMOIIBI0O METOJIOB TEOpPUU
HEJIMHEHHBIX KoseOaHuil. Pe3ynbTaThl SKCIEpUMEHTANbHBIX MCCIeI0BaHUi coTpyaHukoB VD
AH CCCP (Anma-ATa) [3] moATBepAUIN aKTyaJIbHOCTb ITHUX UCCIIEJOBAHUM.

*

OKCHEpUMEHThl Ha YCKOPHUTENSAX IOKa3alld, YTO MacChl MUKPOOOBEKTOB C YBEIMYEHUEM
CKOPOCTH HX JBWXECHMS, IEHCTBUTEIBHO, yBennunBaoTca. OKkazanoch, 3T0 MPOUCXOIUT HE 3a
CYET TOTO, YTO HEPIHs JBUKEHHSI MUKPOOOBEKTOB NEPEXOIUT B UX Maccy, a BCIEJICTBUE TOTO,
YTO  DJIEKTPOHOIOJOOHBIE ~ MUKPOOOBEKTHI M HEUTPOHBI  00damaroT  APUPHBIMU
CMepUenoJOOHBIMH CTPYKTYypaMH, 3aXBaThIBAIOIIMMHU, MPH YBEIUYEHUH CKOPOCTH ABUKEHUS,
JIOTIOJTHUTEIbHBIE MOPIUH dpupa.

B cBsi3u ¢ 3TUM BO3HHMKAIOT HOBBIE BOIIPOCHI: 3aBHCHUMOCTH MAacC 3JIEKTPOHOIOI0OHBIX
MHUKPOOOBEKTOB M HEUTPOHA OT CKOPOCTU HX JABIMIKEHHUS OTHOCHTEIBHO 3(upa nperncraBiseT
co0o0il HempephIBHbIE WU pa3pbiBHbIE (QYHKUMHU? YBETUUMBAETCSA JIM SJIEKTPUUECKUN 3apsn
3JIEKTPOHOII0I00HOTO MUKPOOOBEKTA MPU YBEIMUEHUH €TI0 CKOPOCTU? YBEINYUBAIOTCS WA HET
BEJIMYMHBI BEKTOPOB MarHUTHBIX MOMEHTOB 3JEKTPOHOMOJOOHBIX MUKPOOOBEKTOB U HEHTPOHA
IPU YBEIMYEHMHM CKOPOCTM UX JBMWKeHusA? I3MeHseTcs Wi HeT cuia HEUTPOHHOIo
B3aUMOJICVCTBUS TP U3MEHEHUH CKOPOCTH JABUKEHUS HEUTpOHA?

* *

OpnHol M3 BaXHEHMIINMX XapaKTEPUCTUK aTOMHOTO SApa ABJIACTCS BEIWYMHA DHEPTHH CBS3U
ero HykJoHOB. CornacHo [3], cTabuibHOE aTOMHOE SiIpO 00J1a1aeT YCTOWYMBBIMH CTaTHUYECKH
PABHOBECHBIMH KOH(UTYpallUsIMK U3 HYKJIOHOB si/ipa. BBIUNCINTE 3HEPrUio CBSI3U BCEN CHCTEMBI
HYKJIOHOB Si/Jpa M DHEPTHH CBS3H OTIEIBHBIX €r0 HYKJIOHOB MOKHO OBLIO OBbI, eciii Obl OBLIN



U3BECTHBI CTPYKTypa CTATHUECKH PABHOBECHOW KOH(UTrypamuu siipa (pacCTOSHHUS MEXIY €ro
HYKJIOHAMH B 3TOH KOHQHrypalu#u) ¥ aJeKBaTHOE KOJIUYECTBEHHOE OMHCAHHE HEUTPOHHBIX
B3aWMOJICUCTBUM.

KBantoBast pu3rka He 3HAET HU TOTO, HU APYroro. JIis BHIYMUCICHHS SHEPIUU CBSI3HU SIpa
OHA HCIIOJIB3YET MOHATHE «Ie(eKT Macey» i hopMyiry E=MC? TeOpHH OTHOCHTEIHOCTH.

[MosiBnenue TepMuHa «Ie(EKT Macc» BbI3BAHO, B COBPEMEHHON (PH3HKE, OTOXKICCTBICHHEM
Macchl U 3Hepruu. JJOCTUTHYTOE, B KIIACCHYECKOW (DU3MKE MHKPOMHpA, IOHUMAHHUE CTPYKTYpP
9JIEKTPOHA, HEUTPOHA W MPOTOHA MO3BOJISCT MOHATH OOBEKTHBHOE MPOMCXOXKICHHE TEPMUHA
«1eeKT Macc», CBOOOTHOE OT KBAHTOBOM MUCTHKH.

Macchl cBOOOJHBIX 3JIEKTPOHA, HEHTPOHA W MPOTOHA H3MEPSIFOTCSA MPH MX JBMKCHHH C
OMHOW M TOW K€ CKOPOCTBIO V. DTH MHUKPOOOBEKTBI, MpPH JBHKCHHUH, 3aXBAaThIBAIOT
JIONOJTHUTEIbHBIC 3()UPHBIE MACChI, BEIUYUHBI KOTOPBIX 3aBUCST OT BEIUYHHBI CKOPOCTH V.
[TosTOMy 3HauCHHUs MX MAcC OTIMYHBI OT 3HaueHUH Mmacc mokos Me(0), my(0), My(0) n paBHbI
mMe(V), mMy(v), mMy(v). Bo Bpems naBWKeHWs, COOCTBEHHbIE MAarHUTHBIE IOJII CBOOOIHBIX
SJIEKTPOHOB, HEWTPOHOB M MPOTOHOB MPHHAMAIOT TaKyl) OPHUEHTAIUIO, OTHOCHTEIBHO
HAINpPaBJICHUS JIBUKEHUS, KOTOpas 00eCIeyrBaeT 3aXBaT MAKCUMAIbHO BO3MOXHOTO KOJINYECTBA
JIOTTOJTHUTEIBHBIX A(PUPHBIX MACC KAKIBIM U3 3THX MHKPOOOBEKTOB.

Korma »3/eKTpOHbI, HEUTPOHBI M MPOTOHBI HAXOMAATCS B COCTABE aTOMOB, TO BEKTOPHI HX
MarHUTHBIX MOMEHTOB CBSI3aHbI CHCTEMOM HYKJIIOHHBIX MarHUTHBIX KJIacTepoB. M3-3a 3TOr0 BCe
BEKTOPbI UX MarHUTHBIX MOMEHTOB HE MOT'YT UMETh OJHOTO M TOTO K€ HampaBiieHus. 10 3Toi
OpUYMHE, KOTJa aTOM JBHXKETCS CO CKOPOCTBIO V, TOJBKO HEKOTOPBIC €ro 3JIEMEHTHI MOTYT
3aXBAaTHTh MAaKCHMaJbHO BO3MOXKHBIC OIMOJHUTEIbHBIC 3(upHbIC Macchl. OCTalbHbIE e
SJIEMCHTBI aTOMa 3axBaThIBAIOT JIMIIb YacTh MAaKCHMAJIbHO BO3MOJKHBIX JIOMOJHHTEIBHBIX
s¢upHbIX Macc. [ToaToMy Macca aToma, JBHIKYIIETOCS CO CKOPOCTBIO V, MEHBIIIE CYMMbBI MAacc
SJIEMEHTOB aTOMa, M3MEPEHHBIX MPH JABMKCHUH OT/IEIBHBIX CBOOOIHBIX JIEMEHTOB aTOMa C TOW
e CKOPOCTBIO V.

Takum obOpazom, «aedext macc» oOpaszyercs 3a cUeT crmoco0a H3MepeHus Macc, a He
SIBIISICTCSL  CJICJICTBHEM IMEpeXojia 4YacTH MacC B DHEPIHIO CBSI3U, B JHEPTHI0 HEUTPOHHBIX
B3aWMO/JICUCTBU.

KBaHTOBasi u3uka He CrOCOOHA MOHITh OOBEKTUBHBIA MeXaHW3M 00pa3oBaHUs «IedeKTa
Macc» HM3-3a OTPAaHMYCHHOCTH €€ MO3HABATEILHOIO MOTEHI[MAIA, BEI3BAHHON OTKa30M OT ydera
a¢upa U MAarHUTHBIX B3aUMOJCHCTBUH MEXIYy MUKpooOBekTamu. [1o3TOMY, OOHApYKUB ATOT
«IeeKT Maccy, OHa BIIOYKUJIA B HETO MUCTHUECKUI CMBICIL.
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