Microwold 8.
Magnetism of Electron, Neutron and Proton

N.N. Leonov
This study offers evidence of diamagnetism of electron and proton, as well as of paramagnetism of neutron.

The scientists of the Institute of Nuclear Physics of the Academy of Sciences of the USSR
(Alma-Ata), who had repeated E. Rutherford’s experiment on nuclear scattering of a-particles,
conducted diffraction analysis of that experiment results. The analysis showed that nuclei of all
chemical elements feature quasi-crystal structures [1]. In other words, they obtained
experimental evidences of the fact that the smallest indivisible quanta and indeterminacy
principles are not objective factors of the material World.

Further analysis proved the conclusion of principal impossibility to apply the classical
physics techniques in the microworld theory to be wrong. That conclusion resulted from the false
conclusion of the absence of material ether in Nature that could interact with microscopic objects
and resist their motion, as well as from mistaken negligence of magnetic interactions between
microobjects in the microworld theory.

*

Application of methods of the theory of non-linear oscillations [2] allowed building adequate
structural mathematical models of atomic nucleus and atom with consideration for ether and
magnetic interactions among microscopic objects. Using those adequate structural models made
it possible to obtain new, detailed data on structure of microobjects unavailable in quantum
physics. [3+12].

Due to consideration for ether resistance to motion of microobjects it was found that actual
microworld systems are dissipative rather than conservative as commonly assumed in the
quantum theory. This allowed gaining the insight into the material world structure and,
particularly, gaining a precise and clear perception of atomic nucleus structure based on
experimental data obtained by the scientists of the Institute of Nuclear Physics of the Academy
of Sciences of the USSR (Alma-Ata) and superrational for quantum physics because of its
refusal to consider ether.

Consideration of ether as a “structural material” enabled gaining the insight into electron,
neutron and proton structures and cleared the way to understanding of the infinite divisibility of
matter elements.

*

Consideration of magnetic interactions among microobjects gave rise to new challenges.

The simplest neutral non-excited atom consists of one proton and one electron. Since
mp=1836m, the detailed understanding of this atom structure at a first approximation called only
for analyzing the electron behavior with relation to the motionless proton. To this effect it was
necessary to find out whether magnetic interaction between the electron and the proton induces
magnetic attraction or magnetic repulsion and to set-up a formula for the interaction force. There
are no answers to these questions in quantum physics.

*

In order to find answers to these questions it was primarily needed to know whether electron
is a paramagnetic substance (paramagnetics are drawn into the external magnetic field) or a
diamagnetic substance (diamagnetics are pushed out from the external magnetic field).

It can be found out by analyzing mutual behavior of two free electrons. Experimental
observations speak for the fact that electrons are subject to mutual repulsion at any distances.
Such a mutual repulsion is induced by joint effect of electrical and magnetic interactions.
Electrical interaction generates a repulsive force equal to ax? where o=¢® ¢=1.602-10"
Coulomb, x is a distance between electrons.



To estimate the force of magnetic interaction, relations of classical physics had to be
addressed. According to [13] the force applied from the external magnetic field of intensity H to
an object having a self-magnetic field with magnetic moment vector u is equal to V (uH) where
V is Hamiltonian operator (gradient); (uH) is an operator of the scalar product of vectors x# and
H.

When expressing H, classical physics relies upon dipole (or, which is almost the same,
current) hypothesis of magnetism nature. According to [13], the intensity of external magnetic
field of an object having a self-magnetic field with magnetic moment vector u is H=3(ur)rr>-ur
% where r is vector distance from the magnetic field source to H point.

It is well known that magnetic moment vector of an object having a self-magnetic field tends
to be positioned along the lines of the external magnetic field (magnetic orientation effect) [14].

If the distance between two objects is x and the objects have self-magnetic fields with
magnetic moments u; and g; while vectors g; and ; lie on the stralght line crossing these objects
the intensities of their magnetic interaction force is equal to Gﬂ.u,x :

Thus, magnetic interaction between two free electrons generates force of 64,2 intensity.

If electron is a paramagnetic substance there should be magnetic attraction between two
electrons. In this case x=x; so that the joint effect of electric repulsion and magnetic attraction
generates repulsive forces at x>xp and attractive forces at x<xo. Here xp is given by the relation:
oo 2=6uc’xg ™ 50 xg=6"ucet. According to quantum estimates, u.=9.274-10%'erg-Hs™ [14].
Hence, xo=4.73-10™m. Electron radius is measured by r.=2.8-10>m. Hence, x¢~170r. and
electrons, having approached the distance x<xo, may collapse with each other when affected by
the joint electromagnetic attraction and form a stable microobject featuring mass 2m. and
electrical charge (-2e).

In order to enable electrons to approach each other to the distance of x=x their total approach
energy should be equal to 2029.248eV.

This value is less than ionization energy of aluminum hydrogen-like ion. Therefore, objects
featuring mass 2m. and charge (-2¢) could well exist if electron was a paramagnetic substance.
However, such microobjects were not observed experimentally. Hence, there is no experimental
evidence of any forces of magnetic attraction between two free electrons.

The assumption that there is magnetic repulsion between two free electrons does not conflict
with the experimental data on mutual behavior of two free electrons. Therefore, when
elaborating the backbone of the classical microworld theory, it was appropriate to presume that
electron is a diamagnetic substance.

Later, there were convincing evidences obtained to support the fact that electron is a
diamagnetic substance. Since then, in the course of the classical microworld theory development
it was possible to establish that total approach energy of 1.63eV would be sufficient to enable
two free electrons to approach each other to the collapse distances if the electrons were
paramagnetic substances.

*

Following elaboration of the backbone of the classical microworld theory it was established
that the intensity of self-magnetic field of a microscopic object with magnetic moment vector u
is described by the equation: H=(y+y1)(ur)rr*-yyur? while the intensity of magnetic interaction
force of microobjects with magnetlc moment vectors g; and g; that lie on a straight line crossing
these microobjects is Zyy.yjl’u .

The fact that r exponents in the equation for H changed for one unit speaks for inaccuracy of
dipole and current hypotheses of magnetism nature.

Equation H=(y+y1)(ur)rr*-yiur? was derived in analysis of structures of hydrogen atoms and
hydrogen-like ions of other elements on the assumption that vectors u# and r are located on the
same straight line. The analysis of structure of neutral non-excited “He showed that in general
case, when the direction of r vector is not the same as the one of u vector, vector H is described
for electron and proton as follows: H=(y+y1)(ur)r *[cos’(ur)]°r —yir “u where u”r is an angle



between ux and r, s=27, and y;=0,19y. This result indicates that self-magnetic fields of electron
and proton feature an extremely narrow, needle-like, dense axial magnetic jet.
*

As for magnetic properties of proton and neutron, the quantum theory has rather strange
information. It is well-known that magnetic moment is a vector value [13]. Therefore, this value
modulus must be positive. Nevertheless, according to [14] z,=2.79-5.05-10**erg-Hs™ and u,= -
1.91-5.05-10*%erg-Hs™. Apparently, it should be read as a hint at the fact that either proton or
neutron is a diamagnetic substance.

It was cleared up by means of analyzing structural models of protium, deuterium and tritium
atoms and experimental potentials of their ionization. Experimental ionization potentials of
protium, deuterium and tritium are 4(H)=13.597eV, 4(D)=13.601eV, A(7)=13.602eV [15]. The
study of structural models of these atoms showed that y,, 1o and ur have negative exponents in
the expressions for A(H), A(D) and A(7). Hence, A(H) is inversely related to x, while 4(D) and
A(T) are inversely related respectively to up and wr.

Deuterium nucleus consists of proton and neutron and has one two-nucleon magnetic cluster
such that gp=p,+un. Since A(D)=13.601eV>A4(H)=13.597eV then up<w,. Hence, vectors up and
un have opposite directions. It indicates that both of these nucleons are or one of them is
diamagnetic.

*

Let us assume that the diamagnetic substance is neutron. In order to check this assumption
we shall analyze tritium nucleus, that is, triton. It consists of one proton and two neutrons and
features a statically stable configuration where nucleons are located in vertexes of a triangle.
Triton has a two-nucleon and a one-nucleon magnetic cluster which magnetic moment vectors
lies on parallel straight lines.

Diamagnetic neutrons both cannot belong to two-nucleon magnetic cluster of triton as in
such case their magnetic fields would neutralize each other and the triton magnetic moment
would be equal to u, But it follows from A(7)=13.602eV>A4(H)=13.597eV that ur<u,.
Therefore, two-nucleon magnetic cluster of triton cannot consist of neutrons only but it should
include proton.

As A(H)=13.597eV, A(D)=13.601eV then up=u,-¢ where 0<e«u,. And since up=p,+un then
either p,-e=pn~ptp OF pp=e=tip=tin, 1.€. €Ither pn=2u,-¢ or un=c.

If 1n=2u,-¢ then, due to supposed diamagnetic properties of neutron, the magnetic moment
vector of one-nucleon neutron magnetic cluster of triton shall have the same direction as the
magnetic moment vector of neutron in the two-nucleon magnetic cluster (Fig. 1). In this case
would exceed up.
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But it follows from 4(7)=13.602eV>A(D)=13.601eV that ur<up. In view of this contradiction,
UnF2p5-¢ and pn=e.

If u,=¢ then, due to supposed diamagnetic properties of neutron, the magnetic moment vector
of one-nucleon neutron cluster of triton shall have the same direction as the magnetic moment
vector of proton (Fig. 2). In this case the resultant magnetic moment of triton would be equal to
Up-tintKun=p,-e+ke>up which again is in conflict with inequation ur<up resulting from the
experimental values of A(7) and 4(D).
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Thus, neutron is not a diamagnetic substance. Hence, the diamagnetic substance is proton.
*

Which of the relations, un=2u,-¢ or un=e«uy, is true if the diamagnetic substance is proton?

If two-nucleon magnetic cluster of triton consists of neutrons and ,=2u,-¢ then the magnetic
moment vector of proton, due to its diamagnetic properties, shall have the same direction as the
magnetic moment vectors of neutrons (Fig. 3). In this case ur=2un+ku,>1, Which is in conflict
with inequation zr<up.
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If two-nucleon magnetic cluster of triton consists of proton and u,=2u,-¢ then the magnetic
moment vector of one-nucleon neutron cluster shall have the same direction as the magnetic
moment vector of proton (Fig. 4). In this case pr=pn-Kun+Ku,=2up-e-Kupt+ke=pp-e+(1-K)pptke>p,-
e=up. However, according to experimental data, ur<up. Hence, un#2uy-¢.
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If un=e«u, and both neutrons are in two-nucleon magnetic cluster then the magnetic moment
vector of proton shall have the same direction as the magnetic moment vectors of neutrons. In
this case we come back to ur=u,+2ke>u, which is in conflict with experimental data.

However, if u,=¢ and proton is in two-nucleon magnetic cluster of triton then the magnetic
moment vector of one-nucleon neutron cluster shall be opposite to the magnetic moment vector
of proton (Fig. 5) and ur=p,-un-Kun=py-e-ke which correlates accurately with the experiment-
based inequation: ur<up.
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Thus, proton is a diamagnetic substance, neutron is a paramagnetic substance, un«u,, and
triton proton is included in two-nucleon magnetic cluster.
*

The relation between u, and u, can be found quite easily. As 4(H)[4(D)] *=1-uu,™" then unuy
'=1- A(H)[A(D)] '=1-13.597-13.601"=3-10". Hence, un=3-10" x,.

The relation between u. and y, can be found in a more difficult way. It appears that
1e=8.372u,.

*

Discovery of ethereal vortex-like structures in electrons and neutrons completes the path to
understand the fact that magnetism is a phenomenon of jet nature rather than of dipole or current
nature.
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MarseTusm QJICKTpPOHA, HCﬁTpOHa H IIPpOTOHA

JleonoB H.H.
HpHBeHeHLI J0Ka3aTeJIbCTBA AMaMarHeTu3smMa 3HeKTpOHa nu HpOTOHa nu HapaMarHeTmMa HeﬁTpOHa.

Corpynnuxku USA® AH CCCP (Anma-ATa), noBropuBiie 3xcnepuMeHT J.Pesepdopra no
paccesHUIO 0-4acCTHIl Ha SIIEPHBIX CTPYKTypax, MPoBeIH TU(GPAKIMOHHBIM aHAU3 Pe3yJIbTaTOB
ATOr0 AKCHEPUMEHTA. DTOT aHaJIU3 MOKa3all, YTO AApa BCEX XMMHUUYECKHX AJIEMEHTOB 00JaatoT
KBa3UKPUCTAIUTMUECKUMU  cTpykTypamu  [1]. HMHBIMH  cnoBamM, OHH  TOJXYYUIIH
HKCIIEPUMEHTAJIbHBIE JOKA3aTebCTBA TOTO, YTO HAUMEHBIIME HEJEIMMbIE KBAHTHl SHEPTUU U
COOTHOILIEHUS] HEONpPEJeNICHHOCTEH He SIBISIOTCS OOBbEKTUBHBIMU (DaKTOpaMH MaTepHaIbHOIro
Mupa.

[Tocnenyromuili aHanu3 mokasaj, YTO YTBEpXKJIEHUE O MPUHLIUNHAIBLHON HEBO3MOXHOCTH
IPUMEHEHHUS METOJIOB KJIACCHYeCKOM (U3MKM B TEOPUHM MHMKPOMHUpA OIIMOOYHO. ITO
YTBEP)KJEHHE SBUJIOCH CIIEACTBHEM OLIMOOYHOro BbIBOJA 00 orcyrcTBuHM B Ilpupoae sdupa,
B3aMMOJICHCTBYIOIIETO € OOBEKTaMM MHKPOMHpa M OKa3bIBAIOLIEr0 CONPOTHBICHHE HX
NBIDKEHUIO, M OHMIMOOYHOTO OTKa3a OT y4yeTa MarHUTHBIX B3aUMOJICMCTBUH MEXITY
MHUKpPOOOBEKTaMH B TEOPUH MUKPOMHUPA.

*

Hcnonp30BaHne METOIOB TEOPHH HETMHEHHBIX KoJieOaHu# [2] mo3Boymiio, mpu y4deTe adupa
Y MarHUTHBIX B3aMMOJICHCTBHM MEX1y MUKPOOOBEKTaMH, IIOCTPOUTH aJEKBATHbIE CTPYKTYpPHBIE
MaTeMaTUYeCKUe MOJIETTH aTOMHOTO siipa U aToMa. C MOMOIIBIO 3TUX a/IeKBaTHBIX CTPYKTYPHBIX
MoJieNiel yAanoch NOJy4YUTh HOBBIE, IETaJIbHbBIC CBECHHUS 00 yCTPOHCTBE 0OBEKTOB MUKPOMUDA,
HEJIOCTYITHbIE KBaHTOBOMU (hu3mke [3+12].

bnaronapst y4ery compoTuBieHust 3¢upa IBHKEHHUIO MHUKPOOOBEKTOB, OKa3ajoCh, 4YTO
peanbHBlE CHCTEMBl MUKPOMHUpA SIBIISIOTCS JTMCCHIIATUBHBIMH, a HE KOHCEPBATHBHBIMHU, Kak
CUMTAeT KBAHTOBAas TEOpHUA. OTO TO3BOJMJIO BBIPAOOTAaTh HOBOE MOHUMAaHHUE YCTPOWCTBA
MaTepuaibHoro Mupa u, B 4aCTHOCTH, JAOCTHYb YETKOTO W SICHOTO TOHHMMAaHUS YCTPOMCTBA
aTOMHOTO s/Ipa, 0OHApYKEHHOro 3KcrnepuMeHTanbHo cotpynHukamu USAD AH CCCP (Anma-
ATa), 1 HEIOCTYTHOTO TTIOHMMAHUIO B KBAHTOBOH (hM3HKE M3-3a e€ 0TKa3a OT y4yeTa ddupa.
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VYdyer sdupa B KauyecTBE «CTPOUTEIHHOIO MaTepHajay MO3BOJMI JOCTHYb MOHUMAHHUS
CTPYKTYp 2JIEKTpPOHA, HEMTPOHA M MPOTOHA, M OTKPBUI JOPOTYy K MOHHUMAHHUIO Oe3rpaHUYHOI
JIEIIMMOCTH 3JIEMEHTOB MaTEPUH.

*

[Ipy ydere MarHUTHBIX B3aUMOAEMCTBUM MeEXAy OOBEKTaMM MHUKPOMHUDPA MPUILIOCH
BCTPETUTHCA C HOBBIMU IPOOIIEMaMHu.

[Ipocreiimmii HeUTpaIbHBI HEBO30YKICHHBIH aTOM COCTOUT M3 OAHOTO MPOTOHA M OJHOTO
anekTpoHa. Tak kak Mp=1836m., To, I NOCTHKEHHs AETAIbHOIO MOHUMAHUS YCTPOWCTBA
3TOr0 aroMa, B NEPBOM MPUOIMKEHHUH, JOCTATOYHO OBUIO IMPOBECTH aHAIU3 TOBEACHUS
9JIEKTPOHA OTHOCUTENIBHO HEMOABM)XHOTO MpoToHa. [lisg 3Toro HeoOXoauMo OBLIO Yy3HATh,
MarHUTHOE MpPUTSDKEHUE WM MarHUTHOE  OTTAJKMBAaHUE IOPOXKIAETCS  MAarHUTHBIM
B3aMMOJICHCTBHEM MEXIY SJIEKTPOHOM U MPOTOHOM, U HY>KHO ObLIO MOCTPOUTH BBIPAXKEHUE IS
CHJIBI 3TOTO B3aUMOJICHCTBUS. B KBaHTOBOI (hr3nKe Ha 3TH BOIPOCH OTBETOB HET.

*

UtoObl HalTH OTBETHI HA 3TH BOIPOCHL, HYXXKHO OBUIO, TPEXKJE BCETO, y3HATH — SIBIISETCS
9JIEKTPOH MapaMarHeTUKOM (TapaMarHeTUKH BTATHUBAIOTCS BO BHEIIHEE MArHUTHOE IMOJIE) WU
JMaMarHeTUKOM (JIMaMarHeTUKH BBITAIKUBAIOTCS U3 BHEIIHETO MAarHUTHOI'O T10JIs).

BBISICHUTH 3TO MOXHO, PacCMOTpPEB B3aMMHOE MOBEJCHUE JIBYX CBOOOIHBIX AJIEKTPOHOB.
DKcriepuMeHTabHbIE HAONIOJCHUS TOBOPAT O TOM, YTO 3JEKTPOHBI HCHBITHIBAIOT B3aUMHOE
OTTAJKMBAaHHWE Ha JIOOBIX PACCTOSIHUSX. OTO B3aMMHOE OTTaJKWMBaHUE MOPOXKIAETCS
COBOKYITHBIM [J€HCTBUEM 3JIEKTPUUECKOIO M MArHUTHOTO B3aUMOJCHCTBHM. DieKTpUuecKoe
B3aMMOJICICTBHE MOPOKAAET CHITY OTTAIKUBAHUS BETMUUHBI ooc'z, rmue a:ez, e:1,602-10'19KJ1, X —
PacCTOsSIHUE MEX]y 2JIEKTPOHAMHU.

JI7ist OLleHKH CHJIbl MAarHUTHOTO B3aMMOJICHCTBUS, MPUIIOCH OOPATUTHCSA K COOTHOIICHUSIM
kiaccuueckol ¢usuku. CornacHo [13], cuna, neiicTByromas co CTOPOHbI BHEITHETO MarHUTHOTO
HOJIsl ¢ HanpspKeHHOCThI0 H, Ha 00beKT, 00Jajarouliii COOCTBEHHBIM MAarHUTHBIM IOJIEM C
BEKTOPOM MAarHUTHOTO MOMeHTa i, paBHa V (uH), rae V - oneparop I'amuibToHa (rpagueHTa),
(uH) — onepaTop CKaJIsIPHOTO MTPOU3BeIeHHs BeKTOPOB u U H.

[Tpu noctpoenuu BoipaxeHus 1 H, B Kj1accuueckoi (pu3nKe UCXOAST U3 JUMOIbHON (MIIH,
YTO MOYTH TO K€ camoe, TOKOBOIl) THUMOTe3pl O mpupoae MarHetusma. CormacHo [13],
HANPsDKEHHOCTh MAarHUTHOTO MOJs 00beKTa, 00J1a/1al01ero COOCTBEHHBIM MarHUTHBIM TOJIEM C
BEKTOPOM MarHMUTHOTO MOMEHTa M, paBHA H:3(ﬂr)rr'5-ﬂr'3, rae I — BEKTOpP-PACCTOSIHUE OT
MCTOYHUKA MAarHUTHOTO MOJIS 10 TOUKH onpeneneHus H.

XO0po1I0 U3BECTHO, YTO BEKTOP MAarHUTHOTO MOMEHTa 00bEKTa, 00J1aJat0Iero COOCTBEHHBIM
MarHUTHBIM TIOJIEM, CTPEMHUTCSI PACIOJIOKUTHCA BJAOJb JIMHUM BHEUIHETO MarHUTHOTO TMOJIS
(MarHUTHBIA OpUEHTAIIMOHHBIN 3 dekT) [14].

Ecnu nBa oOBekTa OTCTOST APYr OT JApyra Ha pacCTOSHUE X W 00JaJal0T COOCTBEHHBIMU
MarHUTHBIMH IIOJIIMH C MarHUTHBIMU MOMEHTAMU Mj U Mj, @ BEKTOPBI i U Mj PACIIOIOKEHBI HA
PSAMOM, MPOXOsAIIEeH Yepe3 T 00bEKThI, TO BEIMYMHA CUJIBI UX MAarHUTHOTO B3aUMOCHCTBUS
paBHa 6,ui,ujx'4.

Takum 00pa3oM, MarHUTHOE B3aWMOJICHCTBHE MEXIY ABYMS CBOOOJHBIMHU 3JIEKTPOHAMHU
MOPOKIAET CHITY BEIIMUMHOMN 6/162){4.

Ecin 37eKTpoH — mapaMarHeTHK, TO MEXKIY ABYMs DJIEKTPOHAMM JEMCTBYET MarHUTHOE
npuTsDKeHue. B 3ToM cilydae cymiecTByeT Xx=xp Takoe, 4TO IMpPH X>Xo COBOKYIHOE JeHCTBHE
IIEKTPUYECKOTO OTTAJIKMBAHUS U MarHUTHOTO NMPUTSKEHUS NOPOKIAET CUJIbI OTTAJIKHUBAHUSA, a
npu x<xop — CHWJIbI IPUTSDKEHUS. BennuuHa xo onpeaensieTcs COOTHOUICHHEM: axo'2=6,uezxo'4 u
paBHa xo=60’5,uee'1. CorymacHO KBaHTOBBIM OLIEHKaM, ,ue:9,274-10'213p1“-1“c'l [14]. 3nauwr,
x0=4,73-10'13M. Pamnyc snexTpoHa OIEHWBAETCS BEITUYMHOM re=2,8-10‘15M. CruenoBareiabHO,
Xg=170r¢, 1 EKTPOHBI, COIM3UBIIKICH IO PACCTOSIHUSA X<X(, MOT'YT, 110/l BIUSHHEM COBOKYITHOTO
3JIEKTPOMArHUTHOTO TMPUTSDKEHUS, CKOJUIAIICUPOBATh IPYr Ha Apyra, oOpa3oBaB CTaOWIbHBIN
MHKPOOOBEKT C Maccoil 2M, U 3JIEKTPHUYECCKUM 3apsiioM (-2e).



Jiist TOrO, 4TOOBI ANIEKTPOHBI MOTJIM COJMM3UTHCS 0 PACCTOSHHS X=X, HEOOXOJMMO, YTOOBI
UX CyMMapHas SHeprus cOnmxeHus Oblia paBHa

0
[(ax2-612x)dx=2029,2485B.
X0

OTa BeJIMYMHA MEHbIIE PHEPIMH MOHM3AIMH BOAOPOJIONOA00HOr0 HOoHa amtoMuHus. [lostomy
00BEKTBI C Maccoi 2M, 1 3apsAaoM (-2¢) BIOJIHE MOTJIM Obl CYIIECTBOBAaTh, €CIIU Obl AJICKTPOH
Obl1 mapamarHeTukoM. OJHaKO, Takhue MHKPOOOBEKTHI HKCIEPUMEHTAIbHO HE HaOII0JaNIUCh.
CrnenoBarenbHO, OTCYTCTBYIOT 3KCIEPUMEHTAJIBHBIE CBHUJIETENBCTBA TOTO, YTO MEXIY IBYMS
CBOOOJHBIMU 3JIEKTPOHAMU JAEHCTBYIOT CHJIBI MATHUTHOTO MPUTSHKEHUS.

Jomymienne, 9To MEXAy CBOOOJHBIMHU 3JIEKTPOHAMH JICHCTBYET MAarHUTHOE OTTAaJKHWBaHHE,
HE TMPOTHUBOPEYUT HAOMIOJATENbHBIM JIaHHBIM O B3aMMHOM IIOBEICHUH JIBYX CBOOOIHBIX
a5eKTpoHOB. IlosToMy, mpu pa3paboTKe OCHOB KJIACCHUYECKON TEOpUU MHUKPOMHUPA, OBLIO
MPABOMOYHO HUCXOJAUTH U3 TOTO, YTO AJIEKTPOH SBISETCS IUAMAarHETHKOM.

[To3nHee ObUTM TOMYYEHBI YOETUTENbHBIC JTOKA3aTENbCTBA TOTO, UTO JEKMPOH ABIAEMCs
ouamacnemuxom. Ilocae 3Toro, B XoAe pa3BUTHUS KIACCUYECKOW TEOPUU MHUKPOMHUPA, YAAIOCh
YCTaHOBUTbH, YTO JJIs1 COIMIKEHUS IBYX CBOOOJHBIX AJIEKTPOHOB /10 PACCTOSIHUN KOJUIarca, eciiu

Obl OHM OBLTH TapaMarHeTHKaMH, IOCTATOYHO ObUIO ObI CYMMapHOW SHEPTUU MX CONMKEHHS B
1,633B.
*

B pesynbrare pa3pabOTKH OCHOB KIACCHYECKOW TEOPUU MHUKPOMHpPA, OBLIO YCTAaHOBIICHO,
YTO HANPSDKEHHOCTh COOCTBEHHOTO MArHUTHOTO IMOJIE OOBEKTa MHKPOMHpA C BEKTOPOM
MarHUTHOTO MOMEHTA 4 OIMCBHIBACTCS BBIPAKCHUEM: H:(y+y1)(ﬂr)rr'4-y1yr'2, a BEJIMYMHA CUJIBI
MarHUTHOTO B3aMMOJEHCTBHSI MHKPOOOBEKTOB C BEKTOpPAaMHM MAarHUTHBIX MOMEHTOB Wi U Hj,
PacoJI0KEHHBIMU Ha IPSAMOM, MPOXOASIIEH Yepe3 3TU MUKPOOOBEKTHI, paBHA Zyui,ujrij'?’.

Tor daxkr, uto B BelpakeHuu i H mokazarenw CTENEHH BETUYMHBI I U3MEHHIIMCH Ha
€JIMHUILY, TOBOPUT 00 OIMTMOOYHOCTH JAUIIOIHHON U TOKOBOM THIOTE3 O MPUPOJIE MAarHETH3MA.

BeIpaxxenue H:(y+y1)(/4r)rr'4-y1yr'2 ObUIO TIOJAYYEHO NpU aHalIMu3e CTPYKTYp aToMOB
BOJIOPO/Ia U BOJOPOAOINOAOOHBIX MOHOB JPYTUX 3JIeMEHTOB. [Ipu 3TOM mpeamonaraiock, 4To
BEKTOPBI # U I paCIONIOKEHBl HA OJHOM M TOW ke NpsiIMOil. AHAJIU3 CTPYKTYPbl HEUTPATBHOTO
HEBO30YKJICHHOTO aToMa *He mnokasan, 4ro B o0miem ciy4yae, KOrja BEKTOp I uMeeT
HallpaBJ€HUE, HE COBIAJAIOLIEE C HANpPABICHUEM BEKTOpa M, omucaHue Bektopa H mid
3JIEKTPOHA M TIPOTOHA UMeeT cieayrouit Bux: H=(y+y1)(ur)r *[cos’(u™)]°r —yir *u, rue pr —
yroi Mexnay Bektopamu u u I, =27, a y1=0,19y. DroT pe3ympTaT TOBOPUT O TOM, YTO
COOCTBEHHBIE MATHUTHBIE TIOJIS OJJIEKTPOHA W TIPOTOHA OOJAAIOT YPE3BBIYAWHO Y3KOH,
CIUIENOJ00HOM MIOTHOM IEHTPATbHON MarHUTHON CTPYEH.

*

Urto kacaercss MarHUTHBIX CBOMCTB MPOTOHA U HEUTPOHA, TO B KBAHTOBOW TEOPUM UMEIOTCS
BEeCbMa CTpaHHBIC, HA DTOT CYET, CBeAeHHUA. [IpexpacHO M3BECTHO, YTO MAarHUTHBIA MOMEHT —
BennunHa BekTopHas [13]. CnemoBarenbHO, MOJYIb DJTOH BENIWYMHBI JODKEH OBITh
MOJIOKHUTETbHBIM. Tem He MeHee, B [14] ykazaHo, 4TO ﬂp=2,79-5,05-10‘243pr-1“c'1, a Un=
-1,91-5,05-10'243pr-Fc'1. Buaumo, 3710 crieqyer nmoHMMarh Kak HaMEK Ha TO, YTO WJIM MPOTOH,
WJITU HEUTPOH SIBIIAECTCS THUAMarHETHKOM.

Pazo0patbes ¢ ATUM yHalloch C MOMOIIBI0 PACCMOTPEHHS CTPYKTYPHBIX MOJENel aTOMOB
MpOTHsI, NEUTEPUST U TPUTHS W DKCIEPUMEHTAIBHBIX 3HAUYEHWW BEIIMYWH TOTEHIIMAJIOB HX
MOHU3ALMHU. DKCINEPUMEHTAIbHBIE 3HAUEHUS MOTEHIIMAJIOB HMOHHU3ALMM TPOTHUS, AeUTepus u
tputusi paBuel  A(H)=13,5975B, A(D)=13,6015B, A(7)=13,6025B [15]. MWccrenoBanue
CTPYKTYPHBIX MOJEJCH 3THX aTOMOB TOKa3ajao, uto B Beipaxkenus misi A(H), A(D) u A(T)
BEJIMYUHEI /iy, {p Y [T BXOIAT C OTpULATENbHBIMU cTeneHsmu. CnenoBarenbHo, A(H) oOpaTHO



IPOINOPLIUOHANBHO BeIuuuHEe fp, a 3HadeHus A(D) u A(7) obOparHO HPONOPIHOHANBHEI,
COOTBETCTBEHHO, BEIMUMHAM (D U UT.

JIe#TpOH COCTOUT U3 MPOTOHA U HEUTPOHA U 00JIaJaeT OJHUM JIBYXHYKJIOHHBIM MarHUTHBIM
KJIACTEPOM TaKuM, 4YTO mp=pptun. Tak kak A(D)=13,6013B>A4(H)=13,5973B, 10  1tp<itp.
CrnenoBatenbHO, BEKTOPBI #p U fpn UIMEIOT IPOTUBOIIOIOKHbIE HAIIPABJICHUS. DTO TOBOPHUT O TOM,
4yTO 002 3TH HYKJIOHA WJIM KaKOM-TO OJMH U3 HUX JIEUCTBUTENBHO SBISETCS TUAMArHETUKOM.

*

JlonyctuM, JuaMarHeTUKOM SIBIISieTCS HEUTpoH. [[is mpoBepkH 3TOro MpeanoyioKeHUs
paccMOTpUM SAPO TPUTUS - TPUTOH. OHO COCTOMT W3 OJHOTO MPOTOHA U JBYX HEHTPOHOB U
o0JyaziaeT CTaTUYECKH YCTOMUYMBOI KOH(puUrypaiueil, B KOTOPO HYKJIOHBI PACIOJNIOKEHbI B
BEpPIIMHAX TPEYroJbHUKA. TPUTOH 00JIaaeT OJHUM JIBYXHYKJIOHHBIM M OJJTHUM OJTHOHYKJIOHHBIM
MarHUTHBIMH KJIaCTepaMH, BEKTOpPbl MAarHUTHBIX MOMEHTOB KOTOPBIX pAaCIIOJIOKEHBI Ha
MapauIeIbHBIX TPSIMBIX.

HeliTpoHbl-guiaMarHeTUKA HE MOTYT NpUHAJUIeKaTh 00a JBYXHYKJIOHHOMY KJacTepy
TPUTOHA, TaK KaK B ATOM CIy4ae MX MarHUTHBIC TOJII HEUTpamu3oBaiu Obl APYr Ipyra u
MarHUTHBIH MOMEHT TpUTOHa Obu1 OBl paBeH u,. Ho w3 A(7)=13,6023B>A(H)=13,597>B
cilenyer, 4ro put<up. 1103TOMY NBYXHYKIOHHBIM MArHUTHBIA KJIAcT€p TPUTOHA HE MOXKET
COCTOSITh TOJIBKO U3 HEUTPOHOB, OH JOJDKEH COJIEPKaTh MIPOTOH.

Tax kak A(H)=13,5973B, A(D)=13,6015B. T0 up=uy-¢, rne 0<e«u,. A TaK Kak gp=pp+pn, TO
WU Up-€=Hn~lp, WU [ly=E=Llp=Hn, T.€. WIN Un=2[lp-E, WU Un=€.

Ecnu un=2uy-¢, T0, B Culy npeanonaraeMoro AuaMarHeTu3Ma HeTpoHa, BEKTOP MarHUTHOT'O
MOMEHTa OJIHOHYKJIOHHOTO HEHTPOHHOTO MAarHUTHOTO KjacTepa TPUTOHA HANpaBleH B Ty Ke
CTOPOHY, YTO W BEKTOP MAarHUTHOTO MOMEHTAa HEWUTPOHA, HAXOJAIIETOCS B JIBYXHYKJIOHHOM
MarHuTHOM kiactepe (puc.l). B artom ciyudae ur Obuto Obl Gombine, ueM up. Ho uz A(7)=

.L
n
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Puc.1.

13,6025B>4(D)=13,6015B cnexyer, 4to ur<up. B cuiry 3TOro npoTHBOPEYUUS, Un#2 /=€, & Un=¢.

Ecnmu un=¢, T0, B CHJy MpenarnoyiiaraeMoro JuaMarHeTU3Ma HEUTpPOHA, BEKTOP MarHUTHOTO
MOMEHTa OJHOHYKJIIOHHOTO HEUTPOHHOTO KJIacTepa TPUTOHA HAIIPABJIEH B Ty K€ CTOPOHY, UTO U
BEKTOpP MAarHMUTHOTO MOMEHTa ImpoToHa (puc.2). B a3Tom ciyyae cymmapHas BeIMYUHA
MAarHUTHOTO MOMEHTAa TPHUTOHA Oblma OBl pPaBHA Up-lnthkun=up-etke>up, 4TO ONATH *KeE
NPOTHBOPEYUT HEPABEHCTBY UT<Up, BBITEKAIOIIEMY W3 DKCIEPUMEHTANbHbIX 3HaueHuid A(7) u
A(D).
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Takum o0Opa3om, HEHTPOH He sBJIsIETCS nuamarHeTukoMm. CrienoBaTenbHO, JUaMarHETUKOM

SIBJISIETCSI IPOTOH.
*

Kaxoe 13 COOTHOIECHUH fin=2ty-& WU [in=EXWUy, CTIPABEIIIMBO, €CIIM AUAMAarHETUKOM SIBIISIETCA
IPOTOH?

Ecnu 1ByXHYKJIOHHBIH MarHUTHBIN KJIaCTEp TPUTOHA COCTOUT U3 HEUTPOHOB, TO MIPU Un=214p-
& BEKTOp MarHMUTHOTO MOMEHTa MPOTOHA, B CWJIY €ro JMaMarHeTu3Ma, HampaBieH B Ty e
CTOPOHY, 4YTO ¥ BEKTOPhl MAarHUTHBIX MOMEHTOB HEHWTpoHOB (puc.3) B 3Tom ciyuae
Ut=2puntku,>pp, 9TO IPOTUBOPEUUT HEPABEHCTBY UT[Lp.
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Eciy IByXHYKIOHHBI MAarHUTHBIM KJIacTep TPUTOHA COICPKHUT IMPOTOH U Un=2ip-E, TO
BEKTOP MAarHUTHOTO MOMEHTa OJHOHYKJIOHHOTO HEWTPOHHOIO KJIACTepa HANpaBJIICH B Ty JKe
CTOPOHY, YTO M BEKTOp MarHUTHOrO MOMEHTa mpoTtoHa (puc.4). B stom ciywae pur=un-
kpntky=2p,-e-kpp+ke=py-e+(1-K)uptke>up-e=up. Ho skcmepuMeHTalIbHBIE AaHHBIC T'OBOPST O
TOM, 4TO u1<ip. CIe0BaTENBHO, UnF 2 Up-€.
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Ecmn pn=e«u, 1 ob6a HeHTpoHAa HAXOIATCS B JBYXHYKIOHHOM MarHUTHOM KJacTepe, TO
BEKTOP MarHUTHOTO MOMEHTa MPOTOHA HAIIPABJICH B TY e CTOPOHY, YTO M BEKTOPHI MAarHUTHBIX
MOMEHTOB HEHTPOHOB. B 3TOM ciyuae MbI OISITH NPUXOJUM K HEPABEHCTBY UT=pt2ke>py,
MIPOTUBOPEYAIIIEMY SKCTIEPUMEHTALHBIM TAHHBIM. .

Ecim ke un=¢ W MPOTOH HAXOMUTCS B JBYXHYKJIOHHOM MAarHUTHOM KJIacTe€pe TPHUTOHA, TO
BEKTOP MArHUTHOTO MOMEHTa OJHOHYKJIOHHOTO HEWTPOHHOTO KjacTepa HampaBleH
IPOTUBOIOJIO0XKHO BEKTOPY MArHUTHOIO MOMEHTA MPOTOHA (PUC.5) U ur=p-fin-Kun=pp-e-ke, 91O
XOPOIIIO COTTACYETCs C BBITEKAIOIIUM U3 SKCIIEPUMEHTATBHBIX TaHHBIX HEPABEHCTBOM: UT<UD.

Puc.b.



Takum obpazom, npomon — ouamazHemux, HeUMpoH — NAPAMASHEMUK, [n€lp, & TIPOTOH B
TPUTOHE BXOJAUT B COCTAB JIBYXHYKJIOHHOT'O MarHUTHOTO KJlacTepa.
*
-1 -1
COOlTHOI.HeHI/Ie MC)KI[%/ Un U HaXOI[I/ITC{I HOBOJL{LHO npocto. Tak kak A(H)[4A(D)] =1-pnptp
TO unttpy =1- A(H)[A(D)] "=1-13,597-13,6017=3-10"". CnenoBareibHO, /n=3-10 up.
CooTHoIIEeHHE MEKAY e U [p HAXOAUTCA O0Jiee CI0KHBIM IyTeM. OkasbiBaeTcs, ue=8,372up.
*
OtkpeiTHE SQUPHBIX CMEPUEHOAOOHBIX CTPYKTYP Y 3JCKTPOHOB M HEWTPOHOB 3aBEpILACT
JOCTHDKEHUE TIOHUMAaHHUS TOTO, YTO MarHeTH3M o0JiajaeT He JMIIOJILHOW M HE TOKOBOH, a
CTPYHHOM IIPUPOJOH.
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