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This study offers evidence of diamagnetism of electron and proton, as well as of paramagnetism of neutron.
Diamagnetism prevails in the microworld. We have described mechanisms of macroscopic paramagnetism and
macroscopic diamagnetism occurrence from microscopic diamagnetism.
This study offers evidence of diamagnetism of electron and proton, as well as of paramagnetism of neutron.
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IX. Magnetism of Electron, Neutron and Proton
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.

IX.1. Diamagnetism of an Electron

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.
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Electrical interaction generates a repulsive force equal to ax
Coulomb, x is a distance between electrons.

To estimate the force of magnetic interactiDiaon, 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 g 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 g; 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 64.2x* 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.

IX.2. Magnetic Field Strength of Electron and Proton

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)(pr)rr'4-y]yr'2 while the intensity of magnetic interaction
force of microobjects with magnetlc moment vectors u; and g; that lie on a straight line crossing
these microobjects is Zyﬂ.ﬂ,r., .

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*-y,ur? was derived in analysis of structures of hydrogen atoms and
hydrogen-like ions of other elements on the assumption that vectors # 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 —y.r “u where u”r is an angle
between u 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.

I1X.3. Proton — Diamagnetic,
Neutron - Paramagnetic

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] u,=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 un=2uy-¢ or un=c.

If un=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 ur
would exceed up.
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But it follows from 4(7)=13.602eVV>A(D)=13.601eV that ur<up. In view of this contradiction,
Un#F2p5-€ 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-tntKun=p,-e+tke>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 x,=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,>w, Which is in conflict
with inequation zr<up.
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Fig. 3

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 ur=pn-Kunt+Kup=2p,-e-Kup+ke=pp-e+(1-K)up+ke>p,-
e=up. However, according to experimental data, xr<up. Hence, un#2u,-¢.
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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=pp-¢-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.

IX.4. The Relationship between uy, pn, pe
The relation between un and g, can be found quite easily. As AH)[AD)]*= -unup'l then gy
1=1- A(H)[A4(D)]*=1-13.597-13.601'=3.10"*. Hence, y,=3-10" Up.
The relation between u. and y, can be found in a more difficult way. It appears that
1e=8.372u,.

IX.5. The Jet Nature of Micromagnetism
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.

X. Magnetism
in the Macroworld and in the Microworld

Magnetism exists both in the macroworld and in the microworld.

In the microworld magnetism manifests itself as intrinsic magnetism of any and all
microobjects. Microworld objects consist of neutrons, protons and electrons. Self-magnetic fields
of these microobjects are not central. That is why they are described by magnetic moment
vectors un, u, and u.. New studies showed that electrons and protons are diamagnetic substances
while neutrons are paramagnetics. Herewith u.=8,372u, and 1,=3- 10 Up. This is indicative of the
fact that diamagnetism prevails in the microworld.

Paramagnetism prevails in the macroworld: almost all magnetic substances are dragged into
the external magnetic field. Only few substances of the macroworld, such as bismuth products
are diamagnetics pushed out from the external magnetic field.

How macroscopic diamagnetism and macroscopic paramagnetism occur from microscopic
diamagnetism?

Let us begin with the fact that in the beginning of the previous century the microworld
physics neglected ether resistance to motion of microscopic objects and magnetic interactions
among microscopic objects. This happened because of gross mistakes made in the one before
previous century when interpreting the results of Worsted’s and Michelson’s experiments.

New studies showed that accounting for ether resistance to motion of microscopic objects
and magnetic interactions among atom elements along with due consideration of nucleonic and
electric interactions allows building adequate structural models of atom nucleus and atom itself.
These models feature static equilibrium. Imperfect atoms feature neither orbital motion of
electrons nor irregularities of their position. Therefore, neither atom nuclei nor atoms themselves
feature any microcurrents that would be induced by motion of atom elements. Thus, the nature of
macroscopic magnetism has nothing to do with Ampere hypothesis of existence of atomic and
molecular microcurrents in such objects. Hence, there should be another interpretation of
macroscopic magnetism induction mechanism sought for.



There is neither atomic nor molecular orbital motion of electrons in the real world. However,
interatomic and intermolecular pockets of current-conducting magnetic materials contain free
conduction electrons bound with neither atoms nor molecules. In order to understand what
function free conduction electrons have in induction of macroscopic magnetism it is necessary to
consider all existing bonds among electrons and external magnetic fields.

Oersted found that organized motion of electrons in a conductor (electric current) is
accompanied with induction of a “circular” magnetic field around the conductor. It appeared that
the electron motion direction and the “circular” magnetic field direction form a left-handed
system.

Faraday found that a displacing magnetic field induces electric current (ordered motion of
electrons) in a closed conductor. Meanwhile it appeared that the external magnetic field direction
and the electron motion direction form a right-handed system.

Lorenz established that electron moving across the external magnetic field lines is tracing out
a trajectory proximal to a circular trajectory. The direction of the external magnetic field lines
and the direction of electron motion also form a right-handed system.

Magnetism in the macroworld is induced by streams of electrically charged microscopic
objects as well as by external magnetic fields.

The phenomenon of magnetism induction by electron streams was discovered by Oersted
who found that there is a “circular” magnetic field induced around the conductor.

The case analysis of Worsted’s experiment conducted in the second half of the previous
century showed that electrical charges of current carriers are not involved anyhow in a “circular”
magnetic field induction. The analysis showed that a “circular” magnetic field is induced around
a current conductor by electrical current carriers’ self-magnetic fields rather than by electrical
charges of these carriers. It emerged that the above phenomenon happens because of electron
being forced to rotate around the line on which the electron magnetic moment vector lies.

It was found that a moving electron is forced to rotate around its symmetry axis since its
structure is that of ether vortex. It consists of a straight axial channel and spiral ether layers
coiling around it. These spiral ether layers feature a left-handed spin. Hence, when moving in
resistant ether electron is exposed to the moment of force from ether such that the electron
motion direction and its forced rotation direction form a left-handed system in full conformity to
Worsted’s experiment results.

External magnetic action may induce macroscopic magnetism in magnetic substances both
with and without microcurrents induced by conduction electrons.

Interatomic and intermolecular pockets of magnetic substances contain free electrons which
are beyond electronic shells of atoms. The external magnetic field makes these free electrons
form numerous microcurrents. The electron motion direction in each microcurrent and the
external magnetic field vector direction form a right-handed system (Fig. 1). Electron motion in
each of such microcurrents induces new magnetic field.



Fig. 1. External magnetic field and electronic microcurrents

The direction of electron motion and the direction of the new magnetic field vector form a left-
handed system. Therefore, the new magnetic field vector direction is opposite to the external
magnetic field vector direction (Fig. 2).

Fig. 2. Electronic microcurrents and magnetism induced

The induced magnetic field summarized over all electronic microcurrents generates
macroscopic magnetic field directed against the external magnetic field.

This is how macroscopic diamagnetism can be induced.

Indeed, macroscopic diamagnetism induced by the external magnetic field can be observed in
some substances, such as bismuth [1]. However, in the most of magnetic substances one can
observe a macroscopic magnetic field which vector has the same direction as the external
magnetic field. Hence, the induction of microcurrents from free electrons of a substance by the
external magnetic field can explain the phenomenon of forced macroscopic magnetism
occurrence in diamagnetic substances but not the phenomenon of forced macroscopic magnetism
occurrence in paramagnetic substances.

There is another possibility of macroscopic magnetism induction by the external magnetic
field. It is related with the fact that atoms and molecules in crystals of some substances may have
some orientation freedom. As a consequence, the external magnetic field can change their
orientation in such a way that magnetic moment vectors of some magnetic clusters will be
capable of forming quite ordered structures with orientation directions close to each other. As a
result, numerous microscopic magnetic fields bound to their atoms and directed against the
external magnetic field may occur (Fig. 3). The reason for these microscopic magnetic fields
being directed against the external magnetic field is diamagnetism of electrons and protons of

substance atoms and molecules.

Fig. 3. External magnetic field and ordered
system of substance magnetic clusters

Existence of atomic diamagnetism has been experimentally proven at least for inert gases [1].
When diamagnetism of bismuth can be explained by two phenomena (ordering of micromagnetic
atomic field directions or induction of electronic microcurrents in the form of free conduction
electron motion) induction of electronic microcurrents cannot explain the same for inert gases.



If the external magnetic field can case ordering of numerous atomic magnetic clusters of a
magnetic substance magnetic fields of such clusters will be directed towards the external
magnetic field. Since the magnetic field an atomic magnetic cluster is highly gradient the field
intensity exceeds the intensity of the external magnetic field in some vicinity of the atom. When
the external magnetic field induces microcurrents of free substance electrons in that atom
vicinity the microcurrent electron motion direction and the atomic magnetic cluster vector form a
right-handed system (Fig. 4).
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Fig. 4. Substance magnetic clusters and electronic microcurrents

The magnetic field induced by that microcurrent is directed against the atomic cluster
magnetic field (Fig. 5), i.e. has the same direction as the external magnetic field. This is how
macroscopic paramagnetism is induced.
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Fig. 5. Electronic microcurrents and magnetism induced

XI. Nature of Constant Magnetism
Physics still believes that according to Ampere’s genial hypothesis atomic and molecular
electron currents induce constant magnetism [14]. However, the structure of direct current
magnetic lines means that the hypothesis is wrong. Indeed, if atomic and molecular electron
currents induced constant magneltism the structure of constant magnet lines would be the same
as the one of solenoid’s magnetic field lines (Fig.5 is Figure 9b from [14]), while constant
magnet lines form a dipole structure (Fig.6 is Figure 6a from [14]).

Fig.5. Solenoid’s magnetic field lines

This structure means, at first sight, that there may be magnetic monopoles.



Fig. 6. Constant magnet’s field lines

However, the dipole hypothesis implies that the magnetic field intensity is inversely related to
the biquadratic distance to the intensity determination point [13]. However, the identification
procedure found that this power exponent is four, not three. This renders the dipole hypothesis of
constant magnetism stillborn. Moreover, since the dipole and the current hypotheses of magnetic
field nature are almost identical, this is another evidence as to the current hypothesis being
wrong as well.

If constant magnetism is not of current or of dipole nature then a question about the nature of
magnetism remains open. It is known that a sharp impact of loading or heating destroys constant
magnetism. A constant magnetism carrier is a solid body. Exposure to impact or heat destroys
constant magnetism but does not affect the arrangement of atoms and molecules in a solid body.
Such exposure can only change the mutual arrangement of self-magnetic fields in solid body
elements.

It is also known that constant magnetism can only be restored if the constant magnetism
carrier is exposed to an external magnetic field. Such exposure may arrange self-magnetic fields
in solid body elements so that magnetic moment vectors of these fields can become almost
parallel. However, it cannot end up here as, in this case, the system of constant magnetic field
lines takes the form shown on Figure 5, but these are not the lines of a constant magnet. Hence,
in order to occur, constant magnetism needs something else to happen once self-magnetic fields
of solid body elements have been arranged.

Off the top of one’s head is that there are conduction electrons in interatomic and
intermolecular niches of solid current conducting materials, which leave their niches and become
relatively free under the exposure to external magnetic field. Mutual electric repulsion makes
such free conduction electrons group at the opposite ends of the solid body. Self-magnetic fields
of the solid body elements fulfil the external magnetism function for these free conduction
electrons. In such cases, according to the experiment (let us call it Lorentz’s experiment),
electrons make movements close to circular ones. Such microcurrents of free conduction
electrons excite, according to Oersted, new magnetic fields, which sum over all electron
microcurrents is what could be a magnetic field of a constant magnet if not for ether resistance to
conduction electron motions. If no energy supports the motions of conduction electrons, such
motions attenuate due to ether resistance. Misfire again.

The last chance remains: the Stern-Gerlach experiment on splitting of a flow of electrons in a
highly gradient magnetic field showed that electrical current is not a flow of electrons but a
combined flow of electrons and antielectrons. Therefore, interatomic and intermolecular niches
of current conducting bodies contain both conduction electrons and antielectrons. The exposure
of constant magnetism carrier to an external magnetic field not only arranges multiple self-
magnetic fields of the body elements but also extracts conduction electrons and antielectrons
from interatomic and intermolecular niches. These electrons and antielectrons can combine in



“slow” photons that physics calls “Copper pair electrons”. Motion velocities of “slow” photons
are incomparably slower than c. That is why “slow” photons, under the exposure to a system of
ordered self-magnetic fields of solid body elements can form a system of circular photon
microcurrents which existence does not require any additional energy to be supplied. This
system of photon microcurrents excites a stable system of new sustained unidirectional magnetic
fields, which sum results in the magnetic field of constant magnet.

Perhaps, we should add that such systems of these photon microcurrents, just like the system
of purely electron microcurrents excites, is localized under the influence of electric repulsion at
pole ends of a constant magnet.

XI1. Fireball

Fireball works according to the same laws as constant magnet. The key difference between
fireball and constant magnet consists in particular characteristics of material based on which
these laws are implemented. Material carriers of constant magnetism are current-conducting
solid bodies. Material carriers of fireballs are localized gaseous objects.

Fireballs occur before storm, in calm, almost windless weather. In such conditions, high
electrical voltage is generated in sharp-pointed parts of plants and artificial objects so that
individual air elements adjacent to the sharp-pointed parts are ionized. Once ionized, these air
elements acquire weak dipole electrical properties. When weather is calm, a lot of such air
elements can unite in compact localized spherical system Q, which is stable enough to exist.
Multiple centerlines of self-magnetic fields of individual elements of the Q system form then
complex irregular knitted structure S owing to which fireball exists.

A localized system of mutually bound ionized air elements together with their self-magnetic
fields is a material carrier of fireball.

Fireball itself is multitude F of “slow” photons, a multitude of “slow” electron-antielectron
dipoles moving inside its material carrier. “Slow” photons get inside the fireball carrier leaving a
sharp-pointed electrically charged object in which vicinity the Q system is formed. In magnetic
field S that has a knitted structure, motion paths of “slow” photons distort under the influence of
Lorentz forces. This allows “slow” photons stay inside the fireball carrier quite a long time.

Paths of “slow” photons are distorted in fireball exactly in the same manner as in constant
magnets. However, the density of magnetic fields in constant magnets is significantly higher than
the density of these fields in the Q system. Because of this, in the absence of any external
influence, “slow” photons exist in constant magnets during virtually infinite time.

The density of magnetic fields in gaseous system Q is much lower than in the matter of
constant magnets. Therefore, “slow” photons are much worse kept in gaseous environment than
in metal environment. Due to this, they gradually leave the Q system and this is what explains
observable long-lasting fireball glow.

Based on the available evidence, even relatively moderate external influence can result in an
explosive disintegration of fireball. The cause for this consists in the low stability of the Q
system of mutually bound electromagnetic interactions of ionized atmospheric gas elements.
External influences may break the bonds between the Q system molecules so that the Q system
disintegrates into a multitude of unbound ionized molecules. Knitted structure S of the Q
system’s magnetic field will also collapse in such case. The collapse of complex knitted system S
makes “slow” photons contained in fireball free of the exposure to Lorentz forces that distort
their motion paths. As consequence, the paths of “slow” photons become straight and the
photons disperse as explosive radiation.

Fireballs form not only near metal sharp-pointed objects but also near sharp-pointed plants
because plants contain, like metals, both electrons and antielectrons. Indeed, while burning
plants emit multiple photons, i.e. electron-antielectron dipoles. Besides, all plants develop due to



photosynthesis based on absorption and disintegration of photons into electrons and
antielectrons.

In 1908, unique N. Tesla created the only artificial grand fireball known as Tunguska
meteorite [58].
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Muxpomup 44.
HEPEHIEHHBIE ITPOBJIEMbI ®U3UKU_4

H.H.JIeonos

HpI/IBeHeHLI JA0Ka3aTeJIbCTBa JUaMarHeTu3Ma 3JICKTPpOHA U MPOTOHA U MMapaMarHeTuimMa HeﬁTpOHa.

B pCaJIbHBIX aTOMax HET Op61/ITaHI)HI)IX L[BI/I)KCHI/Iﬁ 3JICKTPOHOB. B MUKPOMUPE NPEBATIUPYCT AUAMATHCTU3M.
OnucaHbl MCXaHHU3MBI (bOpMI/IpOBaHI/Iﬂ MAaKpOCKOIMNYCCKOT O napaMaroeTusma n MaKpOCKONNYCCKOTO
JuaMaricTusma.

HpI/IBeHeHLI MCXaHHU3M (bOpMI/IpOBaHI/IH IIOCTOSIHHOI'O MarHeTuisma, yCTpOﬁCTBO IlIapOBOﬁ MOJIHHUH, U BCKPbITa
POJIb MarHeTudMa B uX CO3JaHUM.

°
IX. MarHeTusm 3JIeKTPOHA, HEHTPOHA U MPOTOHA

Cotpynuuku NSO AH CCCP (Anma-Arta), moBTopuBiue 3kcrepuMeHT 3J.Pesepdopaa mo
paccesHUIO a-4acTHIl Ha SIEPHBIX CTPYKTypax, MPOBeIH TU(PAaKLUOHHBIA aHaU3 pe3yJbTaToB
ATOro AKCIEPUMEHTA. DTOT aHAJIU3 [0Ka3all, YTO SApa BCEX XMMHUYECKHUX 3JIEMEHTOB O0JIaatoT
KBA3UKPUCTAJUIMYECKUMU  cTpykTypamu  [1].  WHBIMEH  cioBamMM, OHM  MOJYYHIIH
HKCIIEPUMEHTAJIbHBIE JOKA3aTeNbCTBA TOTO, YTO HAUMEHBIIME HEJEIIMMbIE KBAHThl SHEPTUU U
COOTHOILIEHUS] HEONPEEeNICHHOCTEH He SBISIOTCS OOBbEKTUBHBIMU (PaKTOpaMu MaTepHaIbHOIro
Mupa.

[Tocnenyromuili aHaiu3 Hokaszaj, 4YTO YTBEpXKJIEHHE O NPUHLIUMHAIBHOH HEBO3MOXHOCTH
NPUMEHEHHS METO/OB KIIACCHYECKOW (U3MKM B TEOPHH MHUKPOMHUpA OMIMOOYHO. ITO
YTBEP)KJEHHE SBUJIOCH CIIEACTBHEM OLIMOOYHOro BbIBoJA 00 orcyrcTBuM B Ilpupoge sdupa,
B3aUMOJICHCTBYIOIIETO € OOBEKTAMH MHKPOMHpA M OKa3bIBAIOIIETO COMPOTUBICHHE UX
JBIDKEHUIO, M OHWMOOYHOrO OTKa3a OT y4yeTa MarHUTHBIX B3aUMOJEHCTBUH MEXIY
MHUKpPOOOBEKTaMH B TEOPUH MUKPOMHUPA.

.

Hcnonp3oBaHne METOIOB TEOPUH HETMHEHHBIX KoJiebaHuM [2] mo3Boiuiio, mpu y4dete adupa
Y MarHUTHBIX B3aMMOJIEHCTBHI MEX1Yy MUKPOOOBEKTaMH, IIOCTPOUTh AJ€KBATHBIE CTPYKTYpPHbBIE
MaTeMaTUYeCKHUe MOJIETIM aTOMHOTO si7jpa U aToMa. C MOMOIIBIO 3TUX a/IeKBaTHBIX CTPYKTYPHBIX
MoJiesielt yaanoch NOJy4YUTh HOBBIE, ETaIbHbBIE CBECHHUS 00 yCTPOHCTBE 0OBEKTOB MUKPOMUDA,
HEJIOCTYITHbIC KBaHTOBOU (u3uke [3+12].

bnaronaps ydery compoTHBIeHUS 3¢upa IBIKEHHUI0 MUKPOOOBEKTOB, OKa3ajaoCh, 4YTO
peayibHbIE CHUCTEMbl MHUKpPOMHpA SIBISIOTCA JIMCCHUNATHUBHBIMU, a HE KOHCEPBATUBHBIMH, Kak
CUMTaeT KBAaHTOBas TeOpHUsA. OTO TMO3BOJMIO BBIPAOOTAaTh HOBOE MOHUMAaHHUE YCTPOWCTBA
MaTepuaibHoro Mupa M, B 4aCTHOCTH, JOCTHYb YETKOTO U SICHOIO TOHHMMAaHUSl YCTPOMCTBa
aTOMHOTIO sJIpa, 0OHApYKEHHOro 3KcrnepuMeHTanbHo cotpynHukamu USAD AH CCCP (Anma-
ATa), ¥ HEOCTYTHOTO TTOHMMAHUIO B KBAHTOBOM (hM3HKE M3-3a e€ 0TKa3a OT y4yeTa ddupa.

VYyer sdupa B KauyecTBE «CTPOUTEIBHOIO MaTepHajay MO3BOJMI JOCTHYb MOHUMAHUS
CTPYKTYp 2JIEKTpPOHA, HEMTPOHA M MPOTOHA, M OTKPBUI JOPOTYy K MOHUMAaHHUIO Oe3rpaHUYHOI
JEIIMMOCTH JIEMEHTOB MaTEPHUH.

IX.1. IluamMaraeTusM 3J1eKTpoHA

[Ipy ydere MarHUTHBIX B3aUMOAECMCTBHHM MEXIy OOBEKTaMM MHUKpOMHpa MPHUILIOCH
BCTPETUTHCS C HOBBIMU NMPOOJIEMaMH.

[Tpocreiimumii HeHTpaIbHBIA HEBO30YKIEHHBII aTOM COCTOUT U3 OJIHOTO MPOTOHA M OJHOTO
anekTpoHa. Tak kak Mp=1836M., TO, 118 DOCTMKEHMS [ETAIbHOTO IOHUMAaHHs YCTPOMCTBa
TOr0 aToMa, B IEPBOM MPHUOIMKEHHH, JOCTATOYHO OBLIO MPOBECTH AaHAJIU3 IOBEIEHUS
AJIEKTPOHA OTHOCHUTEJIBHO HEMOABMKHOTO NpOTOHA. [l 3Toro HeoO6XoauMo OBUIO y3HATH,
MarHMUTHOE MPUTSDKEHUWE WM MarHUTHOE  OTTAJIKMBAHME IOPOXKIACTCS  MAarHUTHBIM
B3aUMOJICHICTBHEM MEX]y JIEKTPOHOM M MPOTOHOM, M HY>KHO OBUIO TIOCTPOUTH BBIPAXKECHHE IS
CHJIBI ATOTO B3aMMOJICUCTBUS. B KBaHTOBOW (pU3MKE HA 3TH BOMPOCHI OTBETOB HET.



UroObl HAITH OTBETHI HA 3TH BOMPOCHI, HY)KHO OBLIO, MPEXIE BCErO, y3HATH — SIBISETCS
9JIEKTPOH MapaMarHeTUKOM (TapaMarHeTUKH BTATHBAIOTCS BO BHEIIHEE MArHUTHOE IOJ€) WU
JMaMarHeTUKOM (JMaMarHeTHUKU BBHITAIKUBAIOTCS U3 BHEIIIHETO MAarHUTHOTO TOJIs).

BBISICHUTH 3TO MOXHO, PacCMOTpPEB B3aWMHOE IOBEACHUE JIBYX CBOOOIHBIX AJIEKTPOHOB.
DKCTIepUMEHTAIbHBIE HAOIIOJACHUS TOBOPSAT O TOM, YTO DJICKTPOHBI HCIBITHIBAIOT B3aMMHOE
OTTAJKMBAaHWE Ha JIOOBIX PACCTOSHUSX. OTO B3aUMHOE OTTAJKUBAHHE TOPOXKAAETCS
COBOKYITHBIM [J€HCTBHEM 3JIEKTPUUECKOIO M MAarHUTHOI'O B3aUMOAEUCTBUM. DIEKTPUUECKOE
B3aUMOJICHCTBUE TTOPOXKIACT CUITY OTTAIKUBAHUS BETUIMHBI ocx'z, rmue a:ez, e:l,602-10'19KJ1, X —
PACCTOSIHUE MEXKTY JICKTPOHAMH.

JIis OLeHKH CUJIbl MAarHUTHOTO B3aMMOJICHCTBHS, MPUILIOCH OOPATUTHCS K COOTHOIICHUSM
kinaccuueckoit ¢pusuku. Cornacto [13], cuna, neiicTByromas co CTOPOHBI BHEIIHETO MarHUTHOTO
NoJisi C HampspkeHHOCThI0 H, Ha 00beKT, 00JamaroImuid COOCTBEHHBIM MArHUTHBIM IIOJIEM C
BEKTOPOM MarHMUTHOrO MoMeHTa u, paBHa V (uH), rne V - onepatop ['amunbroHa (rpaaueHTa),
(uH) — oniepaTop CKaJIsIpHOTO MPOU3BEACHHs BEKTOPOB i 1 H.

[Tpu moctpoennn Beipaxkenus Uit H, B KilacCHuecKor (pU3HMKe UCXOAT U3 AUMOIBHON (1ITH,
YTO MOYTH TO K€ camMoe, TOKOBOI) THWMoOTe3bl O mpupoae MarHetusma. Cormacuo [13],
HaIPSKEHHOCTh MAarHUTHOTO TIOJIsI 00BEKTa, 00JIaAa0IIero COOCTBEHHBIM MAarHUTHBIM TIOJIEM C
BEKTOPOM MAarHUTHOTO MOMEHTa M, paBHa H:3(yr)rr75—,urf3, rae I — BEKTOP-pacCTOSHUE OT
HMCTOYHHMKA MAarHUTHOTO TOJIsL 10 TOYKU onpeneneHus H.

XO0poII0 U3BECTHO, YTO BEKTOP MArHUTHOTO MOMEHTa 00beKTa, 001a/1al01Eero COOCTBEHHBIM
MarHuTHBIM TIOJIEM, CTPEMHUTCS PACIOJIOKUTHCS BIOJIb JIMHUM BHEIIHErO0 MAarHUTHOTO TOJIS
(MarHUTHBIA OpUEHTAIMOHHBIN P dekT) [14].

Ecin nBa 00BEKTa OTCTOST APYr OT Jpyra Ha PacCTOSHUE X W O0JaNaloT COOCTBEHHBIMH
MarHUTHBIMH HOJSIMA C MAarHUTHBIMU MOMEHTAMU Mi U Mj, & BEKTOPBI M U M) PACIIOJIOKEHbBI Ha
MPSIMOM, TIPOXO/ISIIIECH Yepe3 ITH 0OBEKTHI, TO BETMYMHA CHUJIbI MX MAarHUTHOTO B3aUMOJICHCTBUS
paBHa 6,ui,ujx41

Takum 00pa3oM, MarHUTHOE B3aUMOJCHCTBHE MEXIY IBYMS CBOOOIHBIMH DJIEKTPOHAMU
MOPOKAAET CUITY BEIMUUHON 6,uezx4.

Ecnu snexTpoH — mapamMarHeTwk, TO MEXAY ABYMS DJIEKTPOHAMU JEHCTBYET MarHUTHOE
npuTsKeHue. B 9ToM ciydyae cymiecTByeT x=xp Takoe, UYTO MPU X>Xo COBOKYIHOE ACHCTBUE
AIEKTPUYECKOTO OTTAJIKUBAHUSA U MAarHUTHOTO MPUTSKEHUS MMOPOXKIAET CHIIBI OTTAJIKHUBAHUSA, a
pu x<xo — CHJIBI IPUTSDKEHUS. BenuunHa xo onpeaenseTcss COOTHOIICHUEM: ax072:6,uezxof4 u
paBHa x0:60'5,uee*1. CornacHo KBaHTOBBIM OIIEHKaM, /Je:9,274-107213pr~1“c71 [14]. 3nauwr,
x0:4,73-10713M. Pannyc snekTpoHa OLIEHHMBAETCS BETUYMHOM I’e:2,8-10715M. CruenoBaTeiabHO,
x0=170r., 1 IEKTPOHBI, COTUZUBIINCH JO PACCTOSHUSA X<Xg, MOTYT, TIOJl BIMSIHUEM COBOKYITHOTO
AIIEKTPOMArHUTHOTO TPUTSHKEHUS, CKOJUIANICHPOBAaTh APYT Ha JApyra, o0pa3oBaB CTaOMIBHBIN
MHUKPOOOBEKT C MacCoi 2M, M AIEKTPHUECKUM 3apsaaoM (-2¢).

Jlist Toro, 4TOOBI SIEKTPOHBI MOTIH COMU3UTHCS 0 PACCTOSHHUS X=Xg, HEOOXOAUMO, YTOOBI
WX CyMMapHas dHeprus cOmmkeHus Oblia paBHA

0.0]
[(ar —6p2x *)dx=2029,2485B.
X0

OTa BeIMYMHA MEHBIIE SHEPrUd HWOHU3AIMHU BOJOPOJOMOJOOHOTO HOHA AlFOMHHHSL.
[TosToOMy 00BEKTHI C Maccoit 2M, 1 3apsaoM (-2¢) BIOJHE MOTJIHM ObI CYIIECTBOBATh, €CIIA OBl
ANIEKTPOH OBl mapamarHeTukoM. OJHAKO, TaKue MHKPOOOBEKTHI HKCIEPHUMEHTAIbHO He
HaOmonanuch. CrenoBaTeNbHO, OTCYTCTBYIOT SKCIIEPUMEHTANbHBIE CBUIETENBCTBA TOTO, UTO
MEXy IBYMsI CBOOOHBIMU DJIEKTPOHAMHU JCHCTBYIOT CHIIBI MATHUTHOTO MIPUTSIKECHUS.

Jlomnyiienue, 4To MeXay CBOOOAHBIMU IJIEKTPOHAMH JEWCTBYET MarHUTHOE OTTAJIKHMBAHUE,
HE TPOTHBOPEYHUT HAOIIOJATEIILHBIM JaHHBIM O B3aWMHOM IIOBEJCHUH JIBYX CBOOOIHBIX



anekTpoHOB. [loaTomy, mpu pa3paboTKe OCHOB KIJIACCHUYECKON TEOpUHM MHUKpPOMHUpA, OBLIO
MIPABOMOYHO MUCXOAUTh U3 TOTO, YTO AJIEKTPOH SBIISETCS AUAMAarHETHKOM.

[To3nHee ObUTM TOJTYYEHBI YOETUTENbHBIC JHOKA3aTeNbCTBA TOTO, UTO JIEKMPOH ABNAEMCA
ouamacnemuxom. Ilocne 3Toro, B XoJe pa3BUTHUS KJIACCUYECKOW TEOPUM MHKPOMHUPA, YIAIOCh
YCTAHOBUTH, YTO JUIs COMMIKEHHSI ABYX CBOOOJHBIX 3JIEKTPOHOB JI0 PACCTOSHUU KOJLIarca, eciiu

Obl OHU OBLIM MapamMarHeTHKaMH, TOCTATOYHO ObLIO OBl CyMMApHOM SHEPIMH HUX CONMKEHHUS B
1,635B.

IX.2. Hanpsi’keHHOCTH MATHUTHBIX I10JICH
3JIEeKTPOHA M MPOTOHA

B pesynbrare pa3zpabOTKU OCHOB KIIACCHYECKOW TEOPUH MHUKPOMHpA, OBLIO yCTaHOBICHO,
YTO HANPSHKEHHOCTh COOCTBEHHOTO MAarHUTHOTO TOJNS OOBEKTa MHKPOMHpA C BEKTOPOM
MArHHTHOTO MOMCHTA J OTIHCHIBACTCS BhIpaxkerueM: H=(y+y1)(ur)rr *—yur %, a Benudnua CHIbI
MarHUTHOTO B3aUMOJAEHCTBHA MUKPOOOBEKTOB C BEKTOPAMH MAarHUTHBIX MOMEHTOB Mi U Hj,
PACITONIOKEHHBIMH Ha IIPSMO, IPOXO/IAIIIEH Yepes 3TH MUKPOOOHEKTHI, paBHa 2yuitlij .

Tor ¢axt, uTo B BBIpakeHUH At H TOKa3aTen CTENEHW BEIWYMHBI I U3MEHWINCH Ha
€IMHUILY, TOBOPUT 00 OIMOOYHOCTH JTUMOJILHON M TOKOBOM TMIIOTE3 O IPUPOJIC MATHETHU3MA.

Boipaxkerne H=(y+y1)(ur)rr *—pur? Gbuio IONyYeHO HpH aHANM3E CTPYKTYP ATOMOB
BOJIOPO/Ia M BOJOPOIONONO0HBIX MOHOB JIPYTHX 3JIEMEHTOB. [Ipy 3TOM mpearnoaraiock, 4To
BEKTOPHI # U I pacroyio)KeHbl Ha OJHOW M TOH K€ MPSIMOW. AHAIN3 CTPYKTYPHl HEHTPaIBLHOTO
HEBO3OYXK/ICHHOTO aroma “He TMOKasam, 49To B OOIEM CIydae, KOTAA BEKTOp [ HMeeT
HalpaBJeHUE, HE COBMAJAIOIIee C HAlpaBICHWEM BEKTOpa M, omucaHue Bektopa H s
3JIEKTPOHA U IPOTOHA UMeeT cienytommii Bux: H=(y+y)(ur)r *[cos’(u™n)]°r —yir *u, rae pr —
yroia Mexay Bektopamu u u I, s=27, a 1=0,19y. DTOT pe3ympTar rOBOPUT O TOM, YTO
COOCTBCHHBIC MArHUTHBIC TMIOJISI JJIEKTPOHA W MPOTOHA OOJANAIOT YPE3BBIYAHO Y3KOii,
CHMIIEN0100HON TNIOTHOM LIEHTPaJIbHOW MarHUTHOM cTpyei.

IX.3. [IpoToH — AnamMarHeTuk,
HEHTPOH - MapaMarHeTuK

Uro xacaeTcs MarHUTHBIX CBOMCTB MPOTOHA M HEUTPOHA, TO B KBAHTOBOW TEOPHH UMEIOTCS
BeChbMa CTpaHHBIC, HA 3TOT CYET, CBEJCHUS. [IpeKpacHO M3BECTHO, YTO MAarHUTHBIA MOMEHT —
BennurnHa BekTopHas [13]. CnegoBarenbHO, MOJYAb OJTOH BENIWYMHBI JOKEH OBITh
MOJIOKUTEbHBIM. Tem He Menee, B [14] yka3zaHo, 4TO up:2,79-5,05-10*243pr~Fc’1, a un=
—1,91-5,05-107243pr-1ﬂcfl. Bunumo, 310 cienyer moHMMaTh KaKk HaMEK Ha TO, YTO WJIM MPOTOH,
WJTH HEUTPOH SBJISETCS TUAMarHeTHKOM.

Pazo0patbes ¢ ATUM yHalloch C MOMOIIBIO PACCMOTPEHHS CTPYKTYPHBIX MOJIENel aTOMOB
MPOTHS, JIEUTEpHUS W TPUTHUS W OKCICPUMEHTAIBHBIX 3HAYCHHWH BEIWYMH ITOTCHIIMAIOB WX
MOHM3AIMH. DKCIIEPUMEHTANbHbIE 3HAYCHHs] MOTEHIMATIOB HOHM3AIMHM TPOTHUS, JSUTepus u
tputus paBuel  A(H)=13,5973B, A(D)=13,6015B, A(7)=13,6025B [15]. WccnenoBanue
CTPYKTYPHBIX MOJEJCH 3THX aTOMOB TOKa3ano, uto B Beipaxkenus misi A(H), A(D) u A(T)
BEJIMYUHEI /iy, {p ¥ [T BXOAAT C OTpUIATENbHBIMH cTeneHsMu. CnenoBarenbHo, A(H) oOpaTHO
IPONOPLUHOHATEHO BeNUUUHE Ky, a 3HaueHus A(D) m A(7) oOpaTHO NPOMOPIMOHAIBHEI,
COOTBETCTBEHHO, BEJIMUMNHAM LD H UT.

.

JIe#TpOH COCTOUT M3 MPOTOHA M HEUTPOHA M 00JIaIaeT OJHUM JIBYXHYKJIOHHBIM MarHUTHBIM
KJIACTEPOM TaKuUM, 4YTO Mp=pp+tun. Tak kak A(D)=13,601sB>4(H)=13,5973B, 10  1p<itp.
CrnenoBatenbHO, BEKTOPHI #p U 4y IMEIOT IPOTHBOTIOIOKHBIE HAIIPABJIICHUS. DTO TOBOPHUT O TOM,
4T0 00a 3T HYKJIOHA WJIM KaKOW-TO OJIMH U3 HUX JEHCTBUTEIBHO SIBISETCS JUAMATHETHKOM.

.

JlonmycTuM, IHMaMarHeTUKOM SBISETCA HEUTPOH. I IIPOBEPKU ITOrO IPEAINOIOKECHUS
paccMOTpUM PO TPUTHUSA - TPUTOH. OHO COCTOUT M3 OJHOTO NMPOTOHA U JBYX HEUTPOHOB U
o0ajaeT CTaTUYECKH YCTOWYMBOM KOH(GHUryparuend, B KOTOPOH HYKIIOHBI PacIOJIOKEHBI B



BEpIIMHAX TPEYrodbHUKA. TPUTOH 00JIaaeT OJHUM IBYXHYKJIOHHBIM M OJHUM OJTHOHYKJIOHHBIM
MarHUTHBIMH KJIaCTepaMH, BEKTOPbl MAarHUTHBIX MOMEHTOB KOTOPBIX PACIIOJIOXKEHbl Ha
MapauIeIbHBIX TMPSIMBIX.

HeliTpoHbl-quaMarHeTUKA HE MOTYT NpHUHAJUIeKaTh 00a JBYXHYKJIOHHOMY KJacTepy
TPUTOHA, TaK KaK B ATOM cCJy4yae MX MarHUTHBIC IOJII HEWTpaau3oBaiu Obl APYr Ipyra u
MarHUTHBIH MOMEHT TpUTOHa Obu1 OBl paBeH u,. Ho wm3 A(7)=13,602>B>A(H)=13,597>B
cilenyer, 4ro put<up. 1103TOMY NBYXHYKIOHHBIM MArHUTHBIA KIacTep TPUTOHA HE MOXKET
COCTOSITh TOJIBKO U3 HEUTPOHOB, OH JOJKEH COJIEPKaTh MPOTOH.

Tax kak A(H)=13,5973B, A(D)=13,6013B. T0 up=up-¢, rae 0<e«u,. A TaK Kak gp=pp+pn, TO
WU Up-€=Hnlp, WK [lp=E=LUp=Hn, T.€. WIN Un=2[lp-E, WU Un=€.

Ecnu un=2uy-¢, T0, B CuIly OpeIonaracMoro 1uaMarHeTu3mMa HeHTpoHa, BEKTOP MarHUTHOTO
MOMEHTa OJIHOHYKJIOHHOT'O HEHTPOHHOTO MarHUTHOTO KjacTepa TPUTOHA HAIpaBlieH B Ty Ke
CTOPOHY, YTO M BEKTOp MAarHUTHOTO MOMEHTa HEHTpPOHA, HAXOSIIEroCs B JBYXHYKIOHHOM
MarHuTHOM Kkiactepe (puc.l). B atom ciyudae ur Obuto Obl Gosbine, ueM up. Ho uz A(7)=
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13,6025B>4(D)=13,6015B cnexyer, uro ur<up. B cuiy 3Toro npotuBopeuus, un#2 /¢, a Un=¢.

Ecnu un=e, T0, B cuiy MpeanoiaraeMoro JuaMarHeTu3Ma HEWTpOHA, BEKTOP MAarHUTHOTO
MOMEHTa OJHOHYKJIIOHHOTO HEUTPOHHOTO KJIacTepa TPUTOHA HAIIPaBJICH B TY K€ CTOPOHY, YTO U
BEKTOP MAarHMUTHOTO MOMEHTa ImpoToHa (puc.2). B sTom ciayyae cymmapHas BeIMYUHA
MAarHUTHOTO MOMEHTAa TPUTOHA Oblma OBl PaBHA Up-fnthkun=up-e+tke>up, 41O ONATH XK€
POTHBOPEUYUT HEPABEHCTBY UT<[p, BBHITEKAIOIIEMY U3 JKCIEPUMEHTaIbHbIX 3HaueHuit A(7T) u
A(D).
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TakuM 00pa3oM, HEUTPOH He sBiseTCs AUaMarHeTHKoM. CienoBaTelnbHO, TMaMarHETHKOM

ABJIIETCS TIPOTOH.
L]

Kaxoe 13 COOTHOIEHUH pn=2y-¢ UIN Un=E<Uy, CIPABEIIMBO, ECIH AMAMAarHETUKOM SIBIISETCS
IIPOTOH?

Ecnu 1ByXHYKJIOHHBIH MarHUTHBIN KJIACTEP TPUTOHA COCTOUT U3 HEUTPOHOB, TO MPH LUn=24p-
& BEKTOpP MAarHUTHOIO MOMEHTa IPOTOHA, B CHJIYy €r0 JUaMarHeTu3Ma, HalpaBleH B Ty XkKe
CTOPOHY, YTO M BEKTOpbl MarHUTHBIX MOMEHTOB HEHUTpoHOB (puc.3) B »3TOM ciyuae
Ur=2untkup,>p,, 9T0 IPOTUBOPEUUT HEPABEHCTBY UT/Lp.
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Puc.3

Ecnu nByXHYKIOHHBIH MarHUTHBIA KJIACTEP TPUTOHA COAEPXKUT INPOTOH U Un=2Up-g, TO
BEKTOP MAarHUTHOIO MOMEHTa OJHOHYKJIOHHOIO HEWTPOHHOIO KJlacTepa HalpaBleH B Ty e
CTOPOHY, YTO M BEKTOp MarHMUTHOTO MOMeEHTa mpoToHa (puc.4). B 3ToM ciywae pur=un-
kpntky=2p,-e-kpp+ke=py-e+(1-K)uptke>uy-e=up. Ho skcmepuMeHTalIbHBIE DaHHBIC T'OBOPST O
TOM, 4TO ut<pp. CIeI0BATENBHO, UnF2 Up-€.
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Ecmu pn=e«u, 1 oba HEHTpoHA HAXONATCS B JBYXHYKIOHHOM MAarHUTHOM KJacTepe, TO
BEKTOP MarHUTHOTO MOMEHTa MIPOTOHA HAIIPABJICH B TY e CTOPOHY, YTO M BEKTOPHI MArHUTHBIX
MOMEHTOB HEHTPOHOB. B 3TOM ciyuae MbI OHSTH NPUXOJUM K HEPABEHCTBY UT=pt2ke>uy,
MIPOTUBOPEYAILIEMY SKCTIEPUMEHTAIBHBIM JTaHHBIM..

Ecim ke un=¢ ¥ MPOTOH HAXOIUTCS B JBYXHYKJIOHHOM MAarHMTHOM KJIaCTepe TPUTOHA, TO
BEKTOP MArHUTHOTO MOMEHTAa OJHOHYKJIOHHOTO HEWTPOHHOTO KjacTepa HampaBJieH
IPOTUBOIOJIOKHO BEKTOPY MArHUTHOIO MOMEHTA MPOTOHA (PHUC.5) U Ur=p-fin-Kin=pp-e-ke, 9TO
XOPOIIIO COTTIACYETCs C BBITEKAIOIIUM U3 SKCIIEPUMEHTATBHBIX TaHHBIX HEPABEHCTBOM: UT<UD.

Puc.b.

Takum o0pazoM, npomon — ouamazHemux, HeUMpoOH — NAPAMASHEMUK, Un<ip, @ TIPOTOH B
TPUTOHE BXOJUT B COCTAB JIByXHYKJIOHHOT'O MarHUTHOTO KJIacTepa.

IX.4. CooTHOMICHHSI MEKIY Up, Hn, He
CooTHolIeHne MEXIY Un U Up HAXOJUTCS JOBOJIBHO NMpOCTO. Tak Kak A(H)[A(D)]'lzl-ﬂnﬂp'l,
TO finity " =1- A(H)[A(D)]'=1-13,597-13,601"=3-10". Cnenosarensmo, 1= 3-10" 1.
CooTHoIIeHHE MEKAY e U [p HAXOAUTCA Oo0Jiee CI0KHBIM IyTeM. OkasbiBaeTcs, Ue=8,372up.

IX.5. CTpyiitHass npupoaAa MEKpOMarHeTusma



OTkpbITHE 3(UPHBIX CMEPUENIONOOHBIX CTPYKTYP Y DJIEKTPOHOB M HEHTPOHOB 3aBEpILACT
JOCTHD)KEHUE TOHMMAHUS TOro, YTO MarHeTusM oOJiafjaeT He AMIIOJIBHOW M HE TOKOBOMH, a
CTPYHHOM IIPUPOJOH.

X. Maraerusm
B MAKpPOMHPe U B MUKPOMHpe

MarHeTH3M CyIIECTBYET U B MAaKPOMHPE, U B MEKPOMHPE.

B MukpoMupe oH mposBIISETCS B BHIE COOCTBEHHOTO MarHeTH3Ma BceX, 0€3 MCKIFOYCHUS,
MHUKPOOOBEKTOB. OOBEKTBI MHUKPOMHpPA COCTOST M3 HEHTPOHOB, MPOTOHOB M 3JIEKTPOHOB.
CoOCTBeHHBIE MAarHUTHBIC TMOJII OSTHX MHKPOOOBEKTOB HE IEeHTpalibHBL [lodTOMy OHUM
XapaKTepU3YIOTCd BEKTOPAMHM MAarHUTHBIX MOMEHTOB — Hn, M, U H.. HOBBIE HcclienoBaHUS
MOKa3alli, YTO AJIEKTPOHBI U MPOTOHBI — JMAMArHETUKH, & HEUTPOHBI — MapaMarHetuku. [lpu
3TOM 4:=8,372u,, a ,un=3-10'4/4p. DTO TOBOPUT O TOM, YTO B MHUKPOMHpE TJIaBEHCTBYET
JIMaMarHETU3M.

B MakpoMupe IJIaBEHCTBYET MapamMarHeTH3M — IOYTH BCE MAarHUTOAKTHBHBIC BEIECTBA
BTATHBAIOTCS BO BHEIIHEE MAarHUTHOE IoJie. TOJNBKO PEIKKE BEIIeCTBA MaKpOMHpPA, TaKUeE, KaKk
U3JICITUS U3 BUCMYTA, SBJISIFOTCS JHAMarHETHKaMH, BHITAJIKUBAEMBIMU M3 BHEITHETO MArHUTHOTO
OJISL.

.

Kak ©3  MHKpPOCKONIMYECKOTO  JMaMarHeTh3Ma  IOJIy4aeTcsl  MaKpOCKOIMYECKHUA
JTMaMarHeTU3M U MaKpOCKOITUYECKUH mapaMarHeTu3m?

Pacckaz 00 3ToM HayHeM C TOro, 4YTO B HayaJie MPOUUIOr0 Beka (DU3MKA MHKpOMHpA
OTKa3ajach OT y4eTa CONMPOTUBIICHUS d(upa IBUKCHUIO MUKPOOOBEKTOB U OT yueTa MarHUTHBIX
B3aUMOJICHCTBUI MEKIY MHKPOOOBEKTaMH. DTOT OTKa3 MPOU3OIIET H3-3a TPYOBIX OIIMOOK,
JIOTMYIICHHBIX B TO3aIPOIIJIOM BEKE MPHU BhIPAOOTKE MOHUMAHHS PE3yJIbTaTOB SKCIECPUMEHTOB
Opcrena u MaiikenbcoHa.

HoBble wuccreoBaHusi IMOKa3ald, YTO Y4eT CONPOTHUBICHHS ddupa JBHKECHHUIO
MHUKPOOOBEKTOB U y4eT MArHUTHBIX B3aMMOJCHUCTBHHA MEXKIY JJICMEHTAMH aTOMOB, Hapsy C
Y4ETOM HYKJIOHHBIX M 3JCKTPUYECKUX B3aUMOJICHCTBUH, MO3BOJIIET TMOCTPOUTH aJeKBAaTHBIC
CTPYKTYPHBIE MOJIEIM aTOMHOTO Sapa M aToMa. OTH MOJCIU O0O0JaJaloT CTaTHYECKUM
paBHOBecreM. Hukakux OpOMTANbHBIX JBMKCHHI SJIEKTPOHOB U HHUKAKUX HEOINPEICICHHOCTEH
UX MOJIOKEHHS B PeaibHBIX aToMax HeT. ClieoBaTeIbHO, HA B aTOMHBIX sIpaX, HA B aTOMax HET
HUKAKAX MHKPOTOKOB, CO3/IaBa€MbIX JIBHXKCHHUSIMH ODJIEMCHTOB aTromoB. [losToMy mpupoaa
MaKPOCKOIIMYECKOTO MarHeTH3Ma HUKaK HE CBsi3aHa C THIIOTE30H AmIepa O CYyIIeCTBOBAHHU
ATOMHBIX M MOJICKYJSIPHBIX MHKPOTOKOB B O3THX OOBEKTaX. 3HAYMT, HYKHO HCKAaTh HHOE
MOHMMaHHE MeXaHu3Ma (HOPMUPOBAHHS MAKPOCKOITHUECKOTO MarHeTH3Ma.

.

B peanbHOM MHpEe HET HH AaTOMHBIX, HH MOJICKYJISIPHBIX OpOWUTAIBHBIX JIBUKCHUMN
9JIEKTPOHOB. HO B TOKOMPOBOIAIIMX, MarHUTOAKTHBHBIX MaTepHajaX B MEKATOMHBIX M B
MEKMOJIEKYJIIPHBIX HUIIIAX HAXOJATCS CBOOOHBIC AIIEKTPOHBI TPOBOIMMOCTH, HE CBSI3aHHBIC HU
C aroMaMH, HH C MOJIEKyJaMH BemecTBa. UYTOOBI MOHSATH, KaKOE yYacTHE MPHHUMAIOT
CBOOOJHBIC 3JICKTPOHBI IMPOBOJAUMOCTH B BO30YXIECHUH MAaKPOCKOIMHMUYECKOTO MAarHeTH3Ma,
HY>XHO TIPUHSTh BO BHHMaHHE BCE CYIIECTBYIONIHE CBA3M MEKIY DJICKTPOHAMH M BHEIIHUMHU
MarHUTHBIMH TTOJISIMHU.

Opcren  OOHapYKWJI, YTO OPraHM30BaHHOE JBMJKEHHE JJIEKTPOHOB IO IMPOBOJHUKY
(97IEKTPUYECKUH TOK) COIMPOBOXKAAETCS BO30YXKIECHHEM BOKPYT TPOBOJHHUKA «KPYTOBOTOY»
MarHuTHOro moiisi. OKa3ajaoch, YTO HAMpaBieHHWE JBM)KEHHUS JJIEKTPOHOB W HAmpaBJICHHE
«KPYTOBOT0» MAarHUTHOTO TI0JIsl 00Pa3yoT JICBOBUHTOBYIO CUCTEMY.

Qapaneii 00HAPYXHI, YTO CMEIIAIONICECs MarHUTHOE IoJie BO30YXKAaeT B 3aMKHYTOM
NPOBOJHHUKE JJICKTPUUCCKUN TOK (YMOPAAOYCHHOE JBIDKEHHE JJIEKTPOHOB). [Ipu 3TOM
0Ka3aJI0Ch, YTO HAIIPABJICHHE BHEIIHETO MATHUTHOTO TOJISI M HAIIPABJICHHUE ABMKEHUS JICKTPOHA
COCTABJISIIOT IPABOBUHTOBYIO CUCTEMY.



JlopeH1l yCTaHOBUI, YTO 3JIEKTPOH, IBMKYILUMICS IONEPEK JVHUN BHEIIHETO MarHUTHOIO
IOJIs, ONMCBHIBAET TPACKTOPHUIO, OJM3KYI0 K KpyroBod. HampaBieHue nuHMI BHeIIHEro
MarHUTHOTO IOJI1 M HAIpPAaBJICHUE JABM)KEHHUS 3JIEKTPOHA TaKXKE COCTAaBJISIIOT IPABOBUHTOBYIO
CUCTEMY.

.

B makpomupe MarHetusM BO30yXJaeTcsi IOTOKAMH  JIEKTPUUYECKH  3apsHKEHHBIX

MHUKpPOOOBEKTOB a TAaKKE BHEIIHUMHU MarHUTHBIMU IOJISIMU.
.

SIBnenue BO30OYXKAECHHS MarHeTH3Ma IOTOKaMHU D3JIEKTPOHOB OBLIO OTKPBITO ODPCTEIIOM,
O0OHapy’KUBIIMM, YTO BOKPYT MPOBOJHUKA C MOTOKOM 3JIEKTPOHOB BO30YKIAETCS «KPYTOBOE»
MarHuTHOE I0JI€.

AHanu3 cuTyaluu B DOKCIEPUMEHTE OpCTena II0Ka3al, 4YTO DJJIEKTPUYECKHE 3apsibl
HOcUTeNell TOoka B BO3OYKICHHHM «KPYrOBOTO» MAarHHUTHOTO IOJISi HUKAaKOTO Y4YacTHsl HeE
IPUHUMAIOT. OTOT aHAJIU3 I0Ka3aj, YTO «KPYrOBOE» MAarHUTHOE II0JI€ BOKPYI NPOBOJHHUKA C
TOKOM BO30YX/TaeTCsl HE JBMKEHUEM DJIEKTPUUYECKHUX 3aps0B HOCHTENEW TOKA, a JBI)KEHUEM
COOCTBEHHBIX MarHUTHBIX NOJIe HocuTenel Toka. IIporucxoauT 3To 3a c4YeT TOro, 4To 3JIEKTPOH,
BO BPEMs CBOETO JIBIKEHHS B dpHpe, NpuoOpeTaeT BIHYKACHHOE BpaIlleHUEe BOKPYT JTMHHUH, HA
KOTOPOM HaXOJUTCSI BEKTOP MarHUTHOTO MOMEHTA 3JIEKTPOHA.

Oxazanoch, 4YTO DSJEKTPOH BO BpEMsl CBOETO JBM)KEHHUS MPHOOpETAaeT BBIHYKICHHOE
BpallleHHE BOKPYT CBOECH OCH CUMMETpPUHU H3-3a TOrO, YTO OH 00JalaeT CTPYKTYpOH MpsIMOro
a¢upHOTro cMepya. OH COCTOHUT U3 MPSMOTO LEHTPAITLHOTO KaHaIa U HAKPYYUBAIOIINUX CSl HA HETO
CHHMPAIBHBIX cJ0€B 3(upa. ITH crupanbHble cIou 3hupa 00J1aat0T JIEBOBUHTOBON 3aKPYTKOM.
W3-3a 3T0T0, IpU IBUKEHUHU B COMPOTUBIISIIOIIEMCS 3(UpE, JIEKTPOH UCIIBITHIBAET MOMEHT CHJI,
JEHCTBYIOIMI Ha HEro CO CTOPOHBI 3(upa TaKOW, YTO HAINpABICHHE ABMXKEHHS JIEKTPOHA U
HaIpaBJIEHUE €r0 BBIHYKJIEHHOTO BpAIIEHUS COCTABISAIOT JEBOBHMHTOBYIO CHCTEMY, B IOJIHOM
COOTBETCTBUH C PE3YJIbTaTaMH IKCIIEpUMEHTA DpCTEAA.

.

Makpockonnyeckuii MarHeTu3sM MOXKeT BO30yKIaTbCsi B MarHUTOAKTHUBHBIX BeELIECTBAX
BHEUTHUMHM MAarHUTHBIMU BO3JEHCTBUSMHU KaK MpPH Yy4aCTMM MHMKPOTOKOB, 0OOpa30BaHHBIX
3JIEKTPOHAMHM MTPOBOJIUMOCTH, TaK M 0€3 y4acTHus 3JIEKTPOHOB MPOBOJUMOCTH.

.

B MeXaTOMHBIX M B MEXMOJEKYJISAPHBIX HHUIIAX MAarHUTOAKTHBHBIX BELIECTB COAEPXKATCS
CBOOOJHBIE 3JEKTPOHBI, HE BXOJALIME B COCTAaB aTOMHBIX DJIEKTPOHHBIX oOosiouek. Ilon
BIMSIHUEM BHEIIHETO MAarHUTHOTO TOJs 3TH CBOOOAHBIE BIIEKTPOHBI MOTYT 00pa30BaTh
MHO’KECTBO MUKPOTOKOB. HamnpaBneHnue ABMKEHUS 3JIEKTPOHA B KaX/10M MUKPOTOKE 00pa3zyeT ¢
HaIpaBJIEHUEM BEKTOpa HAIPSDKEHHOCTH BHEIIHETO0 MAarHUTHOTO TMOJS  IPaBOBHHTOBYIO
cucrtemy (puc.l). JIBimkeHue >JeKTpOHa B KaXkJIOM TaKOM MMKPOTOKE BO30YXk/JaeT HOBOE,

Puc.1. BHennee MarHuTHOE 10Jie ¥ 3JEKTPOHHBIE MUKPOTOKH

MarHuTHoe mnoje. HanpasneHwe — IBWXKEHHMS — DJIEKTpOHA U  HampaBJICHUE  BEKTOpa
HaNpsHKEHHOCTU BO30YXK/1a€MOro, IPU JIBUKEHUU 3TOrO 3JIEKTPOHA, HOBOIO MarHUTHOIO IOJIS
00pa3yloT JIEBOBHHTOBYIO cHcTeMy. Ilo3ToMy, HampaBieHHEe BEKTOpa HampsKEHHOCTH



MarHUTHOTO TIOJs, BO30YXKICHHOTO JJIEKTPOHHBIM MHKPOTOKOM, MPOTHBOIIOJIONKHO BEKTOPY
HAIPSDKEHHOCTH BHEUTHET0 MarHUTHOTO 1oJis (puc.2).
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Puc.2. DnexTpoHHbIE MUKPOTOKH U BO30YXKIaeMblii MarHeTU3M

Bo30yxnaemoe TakuM 00pa3oM MarHMTHOE TI0JI€, IPOCYMMHPOBAaHHOE II0 BCEM
AJIEKTPOHHBIM MHKPOTOKaM, 00pa3yeT MaKpOCKOIIMYECKOE MAarHUTHOE II10JI€, HalpaBlieHUE
KOTOPOT'O MPOTUBOIOJIOKHO BHEIIHEMY MAarHUTHOMY HOJIIO.

Tak MokeT ObITh BO30Y:K/I€H MaKPOCKOIIMYECKUH IMaMarHeTU3M.

B HekoTOpbIX BellecTBax, TaKUX HaIpuMep, Kak BHUCMYT, JEHCTBUTEIbHO HaOIrOAaeTCs
BO3HHUKHOBCHUEC BO36Y)I<IIaeMOFO BHCHIITHUM MaroHuTHBIM I10JIEM MaKpOCKOIINYECKOI 0O
muamarierusMa [1]. Onnako, B OOJBIIMHCTBE MAarHUTOAKTHBHBIX BEIECTB, HaOIrOAaeTCs
BO36y7KIl€HI/I€ MAaKpPOCKOIMMYCCKOTO MaroHuTHOT'O I10JIs1, BEKTOP HAIIPAKCHHOCTH KOTOPOTO UMCCT
TO JK€ HaIlpaBJI€HHE, YTO U BEKTOpP HANPSHKEHHOCTH BHEUIHEN0 MAarHUTHOTO TIOJI.
CJI€Z[0BaT€JH)HO, BO36Y)KIIGHI/IC BHCIIHUM MArbvMTHBIM IIOJIEM MUKPOTOKOB U3 CBO6OIIHI)IX
AJIEKTPOHOB BEIIECTBA MOXET OOBSICHUTh BO3HUKHOBEHHE BBIHYKJIEHHOI'O MAaKpOCKOINYECKOTO
MarHeTu3Ma B BCUICCTBAX — AMaMarHe€TuKax, HO HE 00BSICHSIET BOSHUKHOBEHHE BBIHY)XXICHHOI'O
MaKpOCKOIIMYECKOTO MAarHETU3Ma B BELIECTBAX — [TapaMarHeTHUKaXx.

.

Ecte CHIé OHa BO3MOXHOCTH BO36Y)KI[CHI/I$I BHCUITHUM MarouTHBIM I10JIEM
MaKpOCKOIIUYECKOro MarHernsma. OHa CBsi3aHa ¢ TE€M, YTO aTOMBI MU MOJIEKYJIBI B KpPHUCTaJIaX
HEKOTOPBIX BEILIECTB MOTYT 00jajaTh HEKOTOpPOM OpHEHTalMOHHOW cBoOonoil. Bcnencreue
ATOro, BHEIIHEE MAarHUTHOE II0JIE TaK MOXET H3MEHHTb HUX OPUEHTALMI0, YTO BEKTOPHI
MAaroiuTHbIX MOMCHTOB HCKOTOPBLIX HX MArHvTHBIX KJIACTECPOB MOI'YT O6pa30BaTB JOBOJIBHO
YIOPSIOYEHHbIE CTPYKTYpBbl C OJM3KUMH JIpyr JApYyry HaNpaBiCHUSMH OpHEeHTaluu. B
pe3yapTaTe MOXET 00pa30BaThCsi MHOMXECTBO MHKPOCKOIMMYECKHMX MAarHUTHBIX —TIOJIEH,
IPUBS3aHHBIX K CBOMM aTOMaM M HAIpPABJIEHHBIX NPOTHUBOIIOJIOKHO BHEUIHEMY MAarHUTHOMY
noutro (puc.3). [lpudmHONM TOTO, YTO 3TH MHUKPOCKOIWYECKHE MAarHUTHBIC TOJS HaIpPaBJICHBI

Puc.3. BHeliHee MarHuTHOE I0JIE U YIIopsA04YCHHaA
CHUCTEMA MAarHUTHBIX KJIACTECPOB BCUICCTBA

IIPOTUBOIOJIOKHO BHEIIHEMY MAarHUTHOMY IIOJIIO, CIY’)KAT JHaMarHeTH3M OJJIEKTPOHOB U
IIPOTOHOB, W3 KOTOPBIX COCTOSIT aTOMbl M MOJEKyJbl BemiecTBa CylllecTBOBaHHE AaTOMHOIO
JUaMarHeTu3Ma IOIY4YWJIO SKCIEPUMEHTAIbHOE J0Ka3aTeIbCTBO, 10 KpaWHEHd Mepe, A
MHEpPTHHIX Ta3oB [1]. W ecau auamarHeTwsM BUCMYTa MOXHO OOBSICHUTH JBYMs CIIOCOOaMHU —



YIOPSIOYCHUEM HANpaBICHUH MUKPOMArHUTHBIX AaTOMHBIX TMOJIEH MM  BO30YXICHHEM
3JIEKTPOHHBIX MUKPOTOKOB B BHJIE JABMIKEHHH CBOOOJHBIX 3JEKTPOHOB IIPOBOAUMOCTH, TO VIS
MHEPTHBIX I'a30B BO30YKJICHHEM AJIEKTPOHHBIX TOKOB €r0 0OBSCHUTH HEBO3MOXKHO.

.

Ecin BHEIIHEE MarHUTHOE IOJI€ MOXKET MPUBECTU K YHOPSAOYEHHIO MHOXKECTBA aTOMHBIX
MarHUTHBIX KJIACT€POB MAarHMTOAKTHBHOIO BELIECTBA, TO MAarHUTHbBIE IOJIA ITHX KJIacTEpOB
OyIyT HampaBjCHbl HABCTPEUY BHEIIHEMY MAarHUTHOMY IoJit0. HanpskeHHOCTh MarHMTHOTO
IOl aTOMHOI'O MAarHUTHOIO KJacTepa, H3-3a €ro CHJIbHOM TI'paJueHTHOCTH, IPEBbIIIAET
BEJIMUMHY HAIIPSHKEHHOCTH BHEIIHETO MarHUTHOI'O TI0JIs1 B HEKOTOPOM OKpecTHOCTH aroma. Eciu
B 3TUX OKPECTHOCTSIX AaTOMOB, IOJl BJIMSHUEM BHEIIHEr0 MAarHUTHOIO IOJI, BO3HUKAIOT
MHUKPOTOKH M3 CBOOOJHBIX 3JICKTPOHOB BEIIECTBA, TO HANpPABJICHHUE JIBUKEHHUS DJICKTPOHA B
MHKPOTOKE 00pa3yeT ¢ BEKTOpPOM HAIPSDKEHHOCTM AaTOMHOTO MAarHUTHOTO — KiacTepa
NPaBOBUHTOBYIO cuctemy (puc.4). BosOyxgaemoe 3TUM MHKPOTOKOM MAarHUTHOE TIOJe

/

A

Puc.4. MarautHble KiacTepsl BEIIECTBA U 3JIEKTPOHHBIE MUKPOTOKHU

HaIpPaBJIEHO NMPOTHUBOIIOJIOKHO MAarHUTHOMY TIOJIF0 @aTOMHOTI'0O KijlacTepa (puc.5), T.e. UMEeT TO ke
HanpaBlieHWE, YTO M BHEIIHee MarHuTHoe mole. Tak BO30YXIaeTcs MaKpOCKOMMYECKUN
napamMarHeTH3M.

/
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Puc.5. DnekTpoHHBIE MUKPOTOKU M BO30YX/1aeMblii MarHETH3M

XI. Ilpupoaa nocTOSHHOr0 MarHeTU3Ma
®usuKa 10 CUX TMOP CUHUTAET, YTO, COTJIACHO 2eHUAIbHOU TUNIOTE3e AMIlepa, MOCTOSHHBIN
MarHeTu3M BO30YX/IaeTCs aTOMHBIMU U MOJICKYISPHBIMU 3JIEKTPOHHBIMU ToKamu [14]. OxgHako,
CTPYKTYpa MarHUTHBIX JIMHUN TTOCTOSTHHOTO MarHUTa TOBOPUT 00 OMMOOYHOCTH 3TON THIIOTE3HI.
JleiicTBUTENBHO, €cITU OBl TOCTOSIHHBIN MarHeTU3M BO30YXK/IaJICsl aTOMHBIMUA M MOJIEKYJISIPHBIMU
AJIEKTPOHHBIMH TOKaMH, TO CTPYKTypa MarHUTHBIX JIMHUW MOCTOSIHHOTO MarHWTa COBMajayia Obl
CO CTPYKTYpOHM JIMHMM MarHMTHOTO TOJIA COJIEHOUJA (puc.5 —3To pucyHok 9B u3 [14]), Toraa
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Puc.5. JIunuu MarHuTHOTO MOJIS COJICHOUAA
KaK JIMHUW TOCTOSHHOTO MarHuTa oOpa3ylT CTPYKTYpy IHUIIOIBHOTO Buaa (puc.6 — a 3To

pUCYHOK 6a u3 [1]). Dra CTpyKTypa CBHIETEILCTBYET, Ha TEPBBIA B3IJISIA O BO3MOXKHOCTH
CyILIECTBOBaHUSI MAarHUTHBIX MOHOMOJEH. OAHaKO, HAMPSX)KEHHOCTh MATHUTHOTO TIOJISI, COTJIACHO

Puc. 6. JIuHUM MarHUTHOTO ITOJISI IIOCTOSSHHOIO MarHuTa

JUIIOJBHONW TUIOTE3€, 00paTHO IMPOIOPLHOHAIbHA YETBEPTOM CTENEHU PACCTOSIHUS 10 TOYKU
onpeneNieHusl BeJWYMHbI HampsbkeHHocTH [13]. Ho uaeHTudukanuoHHas mnpoueaypa
oOHapyXuJia, 4To TOKa3aTellb TON CTENEHU paBEH HE YETBhIPEM, a TPEM. DTO JI€TAeT AUIOJIbHYIO
TUIIOTE3Y IOCTOSHHOTO MarHeTh3Ma MEPTBOPOXKIACHHOM. A Tak KaK JUIOJIbHAs M TOKOBas
TUIOTE3bl MPHUPOJIbl MAarHUTHOTO MOJISL MOYTH IOJHOCTHIO SKBUBAJIEHTHBI, TO A3TO SBIISETCS
JIOTIOJTHUTEIBHBIM CBUJIETEIBCTBOM OIIMOOYHOCTU M TOKOBOM TMIOTE3HI.

Ecnu npuposa mocToSsHHOTO MarHeTu3Ma He TOKOBasi U He JUMOJIbHAs, TO BOIPOC O IPUPOJIE
MarHeTru3Ma OCTaeTCsl OTKPBITBIM. I3BECTHO, UTO NOCTOSTHHBIN MAarHETU3M pa3pyliacTcs pe3Koiu
yIapHOW Harpy3Koil WM TeMIlepaTypHbIM HarpeBaHueM. HocuTenb MOCTOSHHOTO MarHeTu3Ma
ABIIAETCS TBEPABIM TeNOM. llOCTOSHHBIM MarHeTu3M paspyllaeTcs yIapHbIMH U TEMJIOBBIMU
BO3/ICIICTBUSIMU, HE 3aTPAarMBaIOLIMMHU PACIOJIOKEHHUE aTOMOB U MOJIEKYJ B TBepAoM Teine. B
pe3yiapTaTe »d3TUX BO3AECHCTBUH MOTYT HW3MEHMTHCS TOJIBKO B3aMMHBIE PACIOJIOKEHUS
COOCTBEHHBIX MarHUTHBIX TOJIEH 3JIEMEHTOB TBEPIOTO Tea.

W3BecTHO Takke, YTO BOCCTAHOBJIEHHE IIOCTOSIHHOIO MAarHeTu3Ma BO3MOXHO IyTEM
BO3/JICICTBUSI HA HOCUTENb IOCTOSHHOTO MarHeTH3Ma BHEIIHMM MarHUTHBIM TojieM. B
pe3ysbTaTe TaKoro BO3ACUCTBHUS, MOXKET HMPOM3OUTH YNOPAJOYEHHE COOCTBEHHBIX MarHUTHBIX
MoJIel 3JIEMEHTOB TBEPJOrO Tela, B Pe3yJbTaTe KOTOPOTr0 BEKTOPhl MATHUTHBIX MOMEHTOB 3THUX
1oJjiel MOryT MpHOOpECTH MOYTH MapajulesbHble HampaBieHus. Ho 3TUM Bce 3aKOHUUTHCS HE
MOJKET, ITOTOMY 4YTO, B 3TOM CJIy4ae, CUCTEMa JIMHUI MOCTOSHHOTO MarHUTHOTO IOJIA IPUMET
BU/, IPUBEJCHHBIN HA PUCYHKE 5, HO 3TO HE JJUHUM MOCTOSIHHOrO Maruura. Cie1oBaTeNbHO, U1
00pa30BaHus NOCTOSHHOIO MarHETU3Ma, I0CiIe YIOPSAA04YEeHUSI COOCTBEHHBIX MarHUTHBIX MOJIEH
AJIEMEHTOB TBEPZOTO TeNa, JOHKHO IOCIEN0BATh €€ KaKoe-TO JEICTBHE.

IlepBoe, 4TO MPUXOAUT B TOJIOBY, - 3TO HAJINYUE B MEKATOMHBIX U B MEKMOJICKYJISIPHBIX
HUIIAX TBEPAbIX TOKONPOBOAAIIMX MAaT€pUAIIOB 3JIEKTPOHOB MPOBOJMMOCTH, KOTOpBIE, B



pe3yJbTaTe BHEIIHEr0 MAarHUTHOTO BO3JEHCTBUSA, MOKHMIAOT CBOM HUIIM U CTaHOBATCA
OTHOCHUTEJIBHO CBOOOJHBIMU. OTHU CBOOOJHBIC 3JEKTPOHBI MPOBOJUMOCTH. IOJl BIIUSHUEM
AIIEKTPUYECKOTO B3aUMHOI'O OTTAJIKHUBAHUSA, TPYHIHUPYIOTCS Ha IPOTHUBOINOJOKHBIX KOHIIAX
TBepaoro tena. Jlng 3TuX CBOOOAHBIX 3JEKTPOHOB IPOBOJUMOCTH, COOCTBEHHBIE MArHUTHBIC
II0JI1 3JIEMEHTOB TBEPJOTO TeEJla UIPAIOT POJIb BHEIIHETO MAarHeTu3Ma. A B TaKHUX YCJIOBHSX,
COIVIACHO S3KCIEPUMEHTY (Ha30BeM €ro sKcrepuMeHToM JIopeHla), 3JeKTPOHbI COBEPILAIOT
JBWDKEHUS, OJIM3KHE K KPYTOBBIM. B pe3ynbTare TakuX MUKPOTOKOB CBOOOJIHBIX 3JIEKTPOHOB
IIPOBOJUMOCTH, BO30YKIAKOTCsI, COINIACHO DpCTeay, HOBbIE MArHUTHBIE MOJIS, CyMMa KOTOPBIX,
[0 BCEM D3JICKTPOHHBIM MHKPOTOKaM, W MoOria Obl ObITh MAarHUTHBIM TIOJEM ITOCTOSHHOTO
MarHuTa, eciau Obl He CONPOTUBIIEHUE 3(hUpa IBUKEHUIO 3JIEKTPOHOB MpoBoauMocTu. Eciu HeT
NOJIKAUKM HHEPrMM B JABW)KEHHE DJIEKTPOHOB IMPOBOJMMOCTH, TO 3TH JABM)KECHHUA, H3-3a
coIpoTHBIIEHUS 3(upa, 3aTyxarT. OnsaTh oceuka.

Ocraerca mocnenHsass BO3MOXHOCTb — 3kcnepuMeHT lltepna-I'epiaxa mo pasneneHuro
IIOTOKA 3JIEKTPOHOB, B CWJIBHOIPAJMEHTHOM MarHUTHOM I10JI€, MI0KA3aJl, YTO IEKTPUUECKUN TOK
IpEJICTaBIsIeT CcOOOH HE TMOTOK DJJIEKTPOHOB, @ COBMECTHBIM IIOTOK 3JEKTPOHOB U
aHTURJIEKTPOHOB. (ClenoBaTEIbHO. B MEXKATOMHBIX M B MEXKMOJEKYJSAPHBIX  HHINAX
TOKOMPOBOJSAIIMX TEJ COAEPIKATCS HE TOJIBKO AIEKTPOHBI, HO U aHTUAJIEKTPOHBI IPOBOJUMOCTH.
BozneiicTBue BHEIIHETO MarHUTHOIO MOJSL HA HOCUTENb IMOCTOSIHHOIO MAarHETU3Ma HE TOJBKO
YIOPSA0YMBAET MHOXECTBO COOCTBEHHBIX MAarHHUTHBIX IOJIEH AJIEMEHTOB A3TOrO Tejida, HO U
U3BJIEKAET W3 MEXATOMHBIX M W3 MEXMOJIEKYJSIDHBIX HUII 3JIEKTPOHBI U AHTUAJIEKTPOHBI
IPOBOAMMOCTH. OTH D3JIEKTPOHbI M AHTUAJIEKTPOHBI MOTYT OOBEIUHATHCA B «MEIJICHHBIC»
(doToHbI, KOTOpbIe B pu3MKe cuuTatoT «KylnepoBCKUMU CIIapeHHBIMHU 3JeKTpoHaMu». CKOpoCTH
JBUKEHUS «MEJIEHHBIX» (DPOTOHOB Ha HECKOJIBKO MOPSAKOB MeHbIIE ¢. [1oaToMy «MeyIeHHbIE)
(OTOHBI, IO BIUSAHUEM CHUCTEMBI YIOPSIOUYEHHBIX COOCTBEHHBIX MarHUTHBIX I0JIEH 3JIEMEHTOB
TBEP/Oro Teja, MOryT 00pa30BaTh CUCTEMY KPYTOBbIX (POTOHHBIX MUKPOTOKOB, HE TPEOYIOIINX,
JUIl CBOETO CYIECTBOBAHHS, JOMOJIHUTENBHON IMOAKAUKHM PHEPruu. JTa cuctema (OTOHHBIX
MUKPOTOKOB BO30Y)KJaeT CTAaOMJIBHYIO CHUCTEMY HOBBIX HE3aTyXaroIIUX OJHOHANpPaBICHHBIX
MarHUTHBIX MOJIEH, CyMMa KOTOPBIX U 00pa3yeT MarHUTHOE MOJIe MOCTOSIHHOTO MarHUTa.

HagepHoe, Hy)kHO 100aBUTb, YTO CHCTEMA 3TUX (POTOHHBIX MUKPOTOKOB, TOYHO TaK K€, KaK
U CUCTEMA YUCTO 3JIEKTPOHHBIX MHUKPOTOKOB, JOKAJIU3YETCS, MOJ BIMSIHHEM DJIEKTPUUECKOTO
OTTAJIKWBAHUS, BO3JI€ MOJIFOCOBBIX KOHIIOB [IOCTOSIHHOI'O MarHuTa.

XIl. IlapoBast MoJIHUSI

[ITapoBasgs MOJIHHS YCTPOEHA IO TEM K€ 3aKOHAM, YTO M IMOCTOSHHBIM MarHuT. OCHOBHOE
OTJIMYME IIAPOBON MOJIHUU OT MOCTOSIHHOI'O MarHUTa 3aKJloyaeTcs B cueluduke Marepuana, Ha
06a3e KOTOpOro H3TH 3aKOHBl peaqu3yloTcs. MarepuaabHBIMH HOCUTEISIMH TTOCTOSIHHOTO
MarHeTu3Ma SIBJISIOTCSL TOKONPOBOJSIIME TBeplble Teia. MarepuanbHbIMH HOCHUTENISIMU
IIaPOBBIX MOJHUMN SBJISIOTCS JIOKATU30BaHHBIE Ta30BbIE OOBEKTHI.

[apoBble MOJHHM O00pa3ylOTCs B MPEArPO30BYI0 TMOpPY, B THUXYIO, NPAKTUYECKU
0€3BETPEHHYIO MOroAy. B 3TuX ycnoBHsX, B 3a0CTPEHHBIX yYacTKaX PaCTEHUH U UCKYCCTBEHHBIX
00BEKTOB, CO3/IA€TCSl MOBBIIIEHHOE 3JIEKTPUUYECKOE HAINpsOKEHHE, MPHUBOJAIIEe K HOHU3ALUU
OTJENbHBIX JJIEMEHTOB BO3AYyXd, NPHUMBIKAIOIIUX K 3TUM 3a0CTPEHHBIM Yy4YacTKaM. OTH
AIIEMEHTHI BO3/lyXa, B pe3y/IbTaTe HOHU3AINH, IPHOOPETAIOT CiIa0ble JUIMOIbHBIE AIEKTPUUECKUE
cBoiicTBa. B 0e3BeTpeHHYI0 TMOroJy MHOXECTBO TaKHX JJIEMEHTOB BO3JyXa MOXET
O0BEIMHUTHCS B KOMITAKTHYIO JIOKAJTU30BaHHYI0 crcTeMy Q mapoBoit (opMbl, 00J1a1arOIIyIO
JIOCTaTOYHOM IJI1 €€ CYILIECTBOBAHMS, CTEIEHBIO YCTOMYMBOCTH. MHOMXECTBO OCEBBIX JIMHUMI
COOCTBEHHBIX MAarHMTHBIX TIOJNEW OTAETBHBIX 3JEMEHTOB cHCTeMbl Q o0pasyer, mpu 3TOM,
CIIO)KHYIO HEYINOPSJIOUEHHYIO CETUaTylo CTPYKTypy S, Omaromaps KOTOpPOW U CYIIECTBYET
I1apoBasi MOJIHHUS.

Jlokanu3oBaHHAs CHCTEMa CBS3aHHBIX MEXIy cO00M MOHM3MPOBAHHBIX 3JIEMEHTOB BO3JyXa
BMECTE CO CBOMMH COOCTBEHHBIMH MarHUTHBIMH IOJISIMU SIBIISIETCS MaTepUAIbHBIM HOCHUTENIEM
IapOBOM MOJIHHH.



Cama mapoBas MOJHHS MpPEACTABISET COOOW MHOXKECTBO F «MenaeHHbIX» (OTOHOB,
MHOKECTBO «MEJUICHHBIX» JJIEKTPOH-aHTUICKTPOHHBIX JHUIIOJIECH, ABW)KYIIMXCS BHYTpU €€
MaTepHaJIbHOrO HOCUTENs. BHYTpp HOCHTENs IApOBOM MOJIHHHM «MEJICHHBIE» (HOTOHBI
NONAJA0T, IOKHJIAs JIEKTPUUYECKH 3apsKEHHbI OOBEKT C 3a0CTPEHHBIM KOHIIOM, B
OKPECTHOCTH KOTOpOTo opmupyercs cucrema Q.

B MarautHOM mone S, o0iaAalolEeM CeT4aTOW CTPYKTYPOH, TPaeKTOpUU JBHIKEHHS
«MEIUICHHBIX» (POTOHOB, TOJ JAeWcTBHEM cui JlopeHma, HCKPHUBIAIOTCS. OTO MO3BOJSET
«MeJIEHHBIM» (POTOHAM JOBOJIBHO JIOJIT0 OCTaBaThCsl BHYTPU HOCUTEISI IIAPOBOM MOJIHUU.

VckpuBIICHHE TPACKTOPHI «MEUIEHHBIX» (POTOHOB B IIAPOBOM MOJIHHUH MPOUCXOAUT TOUHO
TaK K€, KaK M B IIOCTOSHHBIX MarHuTax. Ho B IOCTOSHHBIX MarHUTax IJIOTHOCTb MarHUTHBIX
MOJIeH CYIIECTBEHHO BBINIE, Y€M IUIOTHOCTH 3THX moiyieil B cucreme Q. U3-3a srtoro, mpu
OTCYTCTBUM BHEIIHUX BO3JCHUCTBUI, BpeMs CYIIECTBOBAHUSA «MEMJICHHbIX» (DOTOHOB B
IIOCTOSIHHBIX MarHuTax MPaKTUUYECKU HE OTPAHUYEHO.

B rasoBoii cucreme Q MIOTHOCTh MarHUTHBIX IOJIEH CYIIECTBEHHO HMKE, UEM B BEILECTBE
MOCTOSIHHBIX MarHuToB. [1oaToMy, «MeneHHbIe» (POTOHBI 3HAYUTENBHO XY)KE YICPKUBAIOTCS B
ra3oBoii cpenie, ueM B MeTainueckoi. M3-3a 3Toro onu nocmenenno nokunarot cucremy Q, uem
U 00BsACHSETCS HAOII0aeMOe JITUTEIbHOE CBEUEHHE IIApOBOM MOJIHUH.

.

CornacHO HMMEIOIIMMCS CBUAETEIbCTBAM, JaK€ OTHOCUTEIBHO HEOOJBbIINE BHEIIHHE
BO3JCICTBUS MOTYT IPHMBECTH K B3pPBIBHOMY pacmaay apoBod MosHuu. lIpnumna 3Toro
3aKJII0YaeTCsi B HU3KOM  yCTOWYMBOCTH  cHCTeMbl Q  CBA3aHHBIX MEXIy  CO0Oii
3JIEKTPOMArHUTHBIMU B3aUMOJEHCTBUSAMHI MOHU3UPOBAHHBIX 3JIEMEHTOB aTMocdepHoro raza. B
pe3yabTaTe BHEIIHUX BO3ACHCTBUI, CBS3H MEXTy MOJIEKYJIaMH CUCTeMbI Q MOTYT pa3pyIuThCs,
BCJIEJCTBUE uero cucreMa Q pacrnagaercss Ha MHOXXECTBO HE CBSI3aHHBIX MEXIy COOOH
MOHM3HUPOBAaHHBIX MoJieKys. CeTdaTtasi CTpyKTypa S MarHHUTHOTO IOJIA CUCTeMbI Q mpu 3ToMm
Takxke paspymaercs. M3-3a pacmaja CIIOKHOW CeT4aToOl CHUCTEMBI S, «MeIJICHHbIE» (OTOHBI,
coJiepKallrecss B IIApOBOM MOJIHMM, IE€PECTAIOT HCHBITHIBATH Ha ce0e BO3AEUCTBHE CHII
JlopeHnia, WCKpUBIAIOMIMX TPAaeKTOPUM UX JBW)XKEHMs. BcnencrtBue 3TOro, TpaekTopuu
«MEJITIEHHBIX» (POTOHOB CTAHOBSTCS MPSMOJUHEHHBIMU, U OHU pa3z0erarorcs B BUJE B3PHIBHOTO
U3ITy4EHHUS.

.

[lapoBbie MOTHUM (POPMUPYIOTCSI HE TOJIBKO B OKPECTHOCTH METANTMYECKUX 3a0CTPEHHBIX
00BEKTOB, HO U B OKPECTHOCTU PACTUTENIbHBIX 3a0CTPEHHBIX YYAaCTKOB IOTOMY, YTO OOBEKTHI
pacTUTENbHOM TNPUPOABI COAEpKAT, KaK M METAUIbl, HE TOJBKO DJJEKTPOHBI, HO U
AQHTHURJIEKTPOHBI. J[eiCTBUTENBHO, B MPOILIECCE TOPEHUsI PACTUTEIbHBIX OOBEKTOB B OOJBILIOM
KOJINYeCTBE 00pa3zyroTcsi (POTOHBI — BIEKTPOH-aHTHAJIEKTPOHHbIE aumnonu. Kpome Ttoro, Bce
pacTeHus pa3BuBarOTCs Onarogapsi ()OTOCHHTE3y, OCHOBAHHOMY Ha MOTJIOLUIEHHMH M pacraje
(OTOHOB Ha ANIEKTPOHBI U AHTUDIICKTPOHBI.

.

EnvHCTBEHHAass MCKYCCTBEHHAas TIpaHAMO3HAas IIapoBas MOJIHHS, M3BECTHAs I0J MMEHEM

«TYHTYCCKUU MeTeopHuT» co3aana Obi1a B 1908r ynukansusiM H.Tecna [16].



