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Magnetism
in the Macroworld and in the Microworld

N.N. Leonov

Diamagnetism prevails in the microworld. We have described mechanisms of macroscopic paramagnetism and
macroscopic diamagnetism occurrence from microscopic diamagnetism.

*

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 1.;=8,372u, and u,=3-10"*4,. 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).
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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).

v
A



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

*

The fact that forced macromagnetism is induced by microcurrents generated by free electrons
rather than by atomic microcurrents is confirmed by the structure of magnetic field observed
with constant magnets. Fig. 6 (see Fig. 6a in [1]) clearly shows a quasidipole structure of a

constant magnetic field.

Fig. 6. Magnetic field of a constant magnet

If such field was induced by microcurrents generated by electrons within electronic shells of the
constant magnet substance atoms such microcurrents would be bound to their atoms. Then the
constant magnetic field structure would be of solenoid type as shown on Fig. 7 (see Fig. 9c in

[1]).

In the case when constant magnetism is induced by a system of microcurrents generated by
free electrons a multitude of free moving electrons is no longer bound to their interatomic
pockets. Under electric repulsion these electrons may be grouped in vicinity of polar ends of a



rod, a constant magnetism carrier. The consequence thereof is the observed picture of a system
of constant magnet field lines.
*

Electronic microcurrents have the decisive role in constant macroscopic magnetism
induction. Their presence is a prerequisite to magnetism existence.

Electronic microcurrents are induced either by non-constant external magnetic fields or by
displacements of constant external magnetic fields. However, it happens at the initial stage of
constant magnetism induction only. If external magnetism is ceased or persists becoming
constant and not displacing there is no external energy supplied to electron motion.

Moving electrons are constantly loosing energy because of ether resistance to their motion.
Therefore, microcurrents require energy to be supplied to compensate for such losses.

What is the source for compensation of energy losses in motion of free electrons in constant
magnetic fields? There are no external energy sources to compensate for such losses. Hence,
there should be some internal source. Such source may only be related with existence of
antielectrons. No other variants are known. Let us recall that antielectron is a microscopic
objects having “negative” mass which value is equal to electron mass m. and having a single
“positive” electrical charge (+e).

*

Antielectrons are spread in nature as wide as electrons. It is confirmed by the experimental
data obtained using Stern-Gerlach arrangements where “electron” streams were divided into
equal electron and antielectron streams. This means that electric current is a stream of electrons
and antielectrons.

The behavior of antielectrons differs from the behavior of electrons only in highly gradient
magnetic fields such as Stern-Gerlach fields. In uniform fields antielectrons behave like
electrons. Therefore, like electrons, they may be contained in interatomic as well as in
intermolecular pockets of a substance.

Under the external magnetic field free electrons and antielectrons contained in intermolecular
pockets start moving and may form electron-antielectron dipoles. Such dipoles are capable of
self-accelerating to a velocity that is a function of ether resistance to dipole motion. Further
movement of such dipoles may take place without any external energy supply. Their trajectories
are distorted like trajectories of electrons, i.e. under the impact from a multitude of ordered
atomic magnetic clusters induced by the external magnetic field.

There are two kinds of electron-antielectron dipoles based on the size of their base, i.e. the
distance between the electron and the antielectron. If a dipole base is smaller than 4.43-10™° m
the dipole electron is moving ahead while the antielectron is following it; these electron-
antielectron dipoles are “fast” and represent objects called “photons” in physics. If a dipole base
is bigger than 4.43-10™° m the dipole antielectron is moving ahead while the electron is
following it; these “slow” dipoles are called “superconducting electron pair” in physics.

*

“Fast” electron-antielectron dipoles apparently cannot exist in magnetic substances with the
velocities they have. However, there are no obstacles for existence of “slow” dipoles in these
substances. A “superconducting electron pair” base is estimated by a value of 10° m. “Fast”
dipole bases are by 4+5 orders smaller. Therefore, “moving force” of “slow” dipoles is by 7
orders less than the one of “fast” dipoles. That is why motion velocity of “slow” dipoles is by
6+8 orders less than motion velocity of “fast” dipoles.

There are two logic possibilities of maintaining constant magnetism by “slow” electron-
antielectron dipoles. The first is through supply of energy from “slow” dipoles for motion of
electron microcurrents. The second one is that “slow” dipoles themselves generate continuous
microcurrents in constant magnetic fields. What actually happens in the real world is yet
unknown.

*



If it could be possible to develop such light conductors in which photon streams would be
capable of inducing “circular” magnetic fields around such light conductors it would become
possible to develop photomagnets with rather unique properties.

*

It is well known that electric current is induced in a conductor regardless of whether it is the
conductor moving with respect to a constant magnetic field or a magnetic field moving with
respect to a motionless conductor. In both cases electric current in a conductor is induced by
Lorentz forces applied to electrons in the conductor. The mechanism of Lorentz forces is
explained by the behavior of electron moving with respect to a constant magnetic field and
motionless ether. According to such understanding of the mechanism of Lorentz forces electron
motion in a motionless conductor is only possible if both the external magnetic field and ether
are moving with respect to the motionless conductor. But ether in such case can only be driven
by motion of the external magnetic field. Hence, ether is dragged by a moving magnetic field.

*

Maxwell found that macroscopic magnetism may be induced both when electric charge
carriers are moving and when the electric field is being displaced. He established that when
closing a circuit including a charged capacitor a “circular” macroscopic magnetic field is
generated between the capacitor plates as well as around the external conductor. However, there
are neither electric charges nor electric current in the usual sense between the capacitor plates.
Instead there is electric current induced by ether elements featuring extremely small “negative”
electric charges and a very weak intrinsic magnetic field in the whole circuit, both in the external
part and between the plates.

Such current is called “displacement current” in physics. Displacement current as well as a
stream of electrons is capable of inducing a “circular” magnetic field.

*

The obtained data on properties of magnetic and electric fields speaks for the fact that the
riddle of magnetism and electricity nature passes leaves the microworld for a deeper level of
matter, that is, in ethereal world.

At the same time, a number of new questions arise. Are electric charges of electronlike
microscopic objects the reason for diamagnetism of such objects? Does a stream of neutrons
induce a “circular” macroscopic magnetic and if yes, which system of directions is being
implemented in such case: right-handed of left-handed? Does a stream of photons induce a
“circular” macromagnetic field? Are electric and magnetic fields formed by the similar material
elements or by different ones?
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Mukpomup 6.
Marunerusm
B MAaKpOMHUPE U B MUKPOMHPE

Jleonos H.H.


mailto:NNLeonov@inbox.ru

B peanpHBIX aToMax HET OpOWUTANBHBIX ABIKCHHH 3JEKTPOHOB. B MHKpOMHpe HpeBalnpyeT AHaMarHeTH3M.
Onmcansl MeXaHW3MBI  (OPMHPOBAaHUS  MAaKPOCKONMYECKOTO  ITapaMarHeTH3Ma M MAaKpOCKOITHMYECKOTO
JIaMarHeTu3Ma.

*

MarseTusm CymecTByeT U B MAKPOMHPE, U B MUKPOMHUPE.

B mMukpomupe oH mposiBisieTcss B BHIIE COOCTBEHHOTO MarHeTW3Ma BcexX, 0e3 MCKIIOYEHUS,
MUKpPOOOBEKTOB. OOBEKTHI MHKPOMHpA COCTOST W3 HEUTPOHOB, MPOTOHOB M 3JIEKTPOHOB.
CoOcTBeHHBIE MAarHUTHBIE TMOJII OSTHX MHUKPOOOBEKTOB HE IEHTpaibHBL [losToMy oOHHM
XapaKTEPU3YIOTCA BEKTOPAMU MAarHUTHBIX MOMEHTOB — Mn, M, U M.. HoBBIE HccienoBanus
[I0Ka3aJM, YTO 3JEKTPOHbI U MPOTOHBI — JTUAMarHeTUKH, a HEUTPOHbI — MapamarieTuku. llpu
9TOM  14e=8,372up, a un=3-10"x,. OTO TrOBOPUT O TOM, 4YTO B MHUKPOMHUPE IJIABEHCTBYET
JMaMarHeTU3M.

B makpomupe TIJIaBEeHCTBYET MHapaMarHeTW3M — IOYTH BCE MarHUTOAKTHBHBIE BELIECTBA
BTATMBAIOTCS BO BHEIIHEE MAarHUTHOE 1oJie. TOJIbKO pelKhe BELeCTBA MAaKpOMUpA, TaKHE, KaK
W3JIeNUs U3 BUCMYTA, SIBJSIOTCS IMAMAarHeTUKaMU, BBITAJIKUBAEMbIMU W3 BHEUIHEIO MarHUTHOTO
HOJIS.

*

Kak u3  MHKpPOCKONIMYECKOrO0  JAMaMarHeTu3Ma  IIOJIy4aeTcsi  MaKpOCKONHMYECKUM
JMaMarHeTu3M U MaKpOCKOMMYECKUI apaMarHeTusm?

Pacckaz 00 3TOM HayHeM C TOro, 4yTO B Hadaje MPOLUIOTO BeKa (H3mKa MHKpOMHpa
OTKa3ajach OT y4eTa CONPOTUBIEHUS dupa IBUKEHIUIO MUKPOOOBEKTOB U OT y4eTa MarHUTHBIX
B3aUMOJICHCTBUI MEXIY MHKPOOOBEKTaMH. DTOT OTKa3 IMPOU3OIIEN H3-3a TPYOBIX OIIMOOK,
JOTIYIIEHHBIX B MO3aMpPOIIOM BEKEe MPHU BhIPAOOTKE MOHWMAHUS PE3YJIbTaTOB HKCIIEPUMEHTOB
Opcrena u MaiikenscoHa.

HoBble wuccrnenoBaHus MoOKa3ajld, 4YTO Y4Y€T CONPOTUBJIECHUSA ddupa ABHKEHHIO
MHUKpPOOOBEKTOB U Y4€T MarHMTHBIX B3aUMOJEHCTBUI MEXIy 3JI€MEHTaMU aTOMOB, Hapsay C
YY4E€TOM HYKJIOHHBIX M DJEKTPUYECKHX B3aUMOJECHCTBHI, MO3BOJSET MOCTPOUTH aJEKBAaTHBIC
CTPYKTYpHbIE MOJEIM AaTOMHOIO sjijpa M aToMa. OTH MOJENH 00JaJaloT CTaTUYECKUM
paBHOBecreM. Hukakux opOMTaNbHBIX JBHKEHHUN 3JIEKTPOHOB M HUKAKMX HEONpEIeNCHHOCTEH
UX TOJIOKEHMSI B peallbHbIX aromMax HeT. Clie1oBaTeIbHO, HU B aTOMHBIX SJIpax, HU B aTOMaXxX HET
HUKAaKMX MHKPOTOKOB, CO3[aBacMbIX JABI)KEHUSMH DJIEMEHTOB aromoB. [loaToMy mnpupona
MaKpOCKOIIMYECKOT0 MarHeTU3Ma HUKAaK HE CBsi3aHa C TUIIOTE30M AMIiepa O CyIIECTBOBAaHUH
ATOMHBIX W MOIIEKYJSIPHBIX MHUKPOTOKOB B AITHX OOBEKTax. 3HAYMUT, HYKHO HCKaTh HHOE
MOHMMAaHNE MeXaHU3Ma (POPMHUPOBAHUS MAKPOCKOIINYECKOTO MarHeTHU3Ma.

* *

B peasbHOM MHpe HET HM aTOMHBIX, HU MOJEKYJISPHBIX OpOUTANbHBIX JIBUKEHHM
ANEeKTpoHOB. HO B TOKOMpOBOASIIMX, MarHUTOAKTUBHBIX MaTepuajgaXx B MEXKAaTOMHBIX U B
MEXMOJIEKYJIIPHBIX HUILIAX HAXOJATCS CBOOOAHBIE 3JIEKTPOHBI POBOJIUMOCTH, HE CBSI3aHHBIE HU
C aroMaMM, HM C MOJIEKyJaMH BellecTBa. YTOOBl MOHATh, KaKOe€ Y4YacTHE IMPHUHUMAIOT
CBOOOJHBIE D3JIEKTPOHBI TMPOBOJUMOCTH B BO30YXJAEHUM MaKpPOCKOIIMYECKOTO MarHeTH3Ma,
HY>KHO TMPHUHATH BO BHUMAHHE BCE CYIIECTBYIOLIME CBSI3M MEXIY 3JEKTPOHAMHU U BHEUIHUMU
MarHUTHBIMH TOJISIMH.

Opcren 0OHapyXuj, 4YTO OPraHU30BAHHOE JBMJKEHHE JJIEKTPOHOB 110 IPOBOJHUKY
(9MeKTpUUECKU TOK) COIMPOBOXAAETCA BO30YKIEHHEM BOKPYI IPOBOJAHHMKA «KPYTOBOTO»
MarHuTHoro nosst. Okas3anoch, 4TO HAaNpaBICHHWE JABW)KEHMSI IEKTPOHOB M HaIIpaBJICHUE
«KpYTOBOT'0» MarHUTHOTO MOJIsE 00pa3yroT JIEBOBUHTOBYIO CUCTEMY.

Qapazieit 0OHApPYX I, YTO CMEIIAIOIIeecss MarHUTHOE IoJieé BO30YXKIAAaeT B 3aMKHYTOM
MPOBOJAHMUKE DJIEKTPUUECKUH TOK (YIOpsIOYEHHOE JBIKEHHE JJIeKTpoHOB). [lpum 3ToM
0Ka3aJIOCh, YTO HAINPABJIEHUE BHEIIHETO MATHUTHOT'O MOJISI M HAIIPABJICHUE JIBHXKCHUS 3JIEKTPOHA
COCTABJISIFOT ITIPAaBOBUHTOBYIO CUCTEMY.

JlopeH1l yCTaHOBUI, YTO AJIEKTPOH, ABHKYILUMICS IONEPEK JIMHUM BHEUIHErO0 MAarHUTHOIO
MOJIs, OIHKCHIBAET TPACKTOPHIO, OJIM3KYI0 K KpyroBoil. HampapieHwe IHWHUN BHEIIHETO



MarHUTHOTO TIOJIsl M HAalpaBJiCHUE ABIDKEHHS 3JEKTPOHA TaKKe COCTABJISIOT MPaBOBUHTOBYIO
CHCTEMY.
*

B wmakpommpe MarHetusM BO30YXKIAeTCsl MOTOKAMH  DJIEKTPHYECKH  3apsDKEHHBIX

MHUKPOOOBEKTOB @ TAK)KE BHEITHUMHU MArHUTHBIMU TIOJISIMH.
*

SBneHne BO3OYXKIEHUS MarHeTH3Ma IOTOKAMHU DJIGKTPOHOB OBLIO OTKPBITO DPCTEAOM,
OOHApPY)KUBIIMM, YTO BOKPYT MPOBOJHUKA C MOTOKOM 3JIEKTPOHOB BO30YKIAETCS «KPYTOBOE)
MarHuTHOE TI0JIE.

AHaJIM3 CHUTyalliM B OJKCHEPUMEHTE OJpcTefa IMoKas3all, YTO JJICKTPHUYECKUE 3apsiibl
HOCUTeNell TOoKa B BO3OYKICHHHM «KPYrOBOTO» MAarHUTHOTO IIOJII HHUKAKOTO YYacTHsl He
NPUHUMAIOT. JTOT aHalM3 TOKa3ajl, YTO «KPYroBOE» MAarHUTHOE IOJIe BOKPYT IPOBOJHUKA C
TOKOM BO30YX/IaeTCsl HE JBM)KEHUEM DJICKTPUYECKHUX 3apsiI0B HOCHUTENIEH TOKa, a JBIKEHHEM
COOCTBEHHBIX MarHUTHBIX TOJICH HOCUTENeH ToKa. [IpOMCXOIUT 3TO 3a CYET TOTrO, YTO ICKTPOH,
BO BPEMs CBOETO JIBIKEHHS B dpHpe, IpuoOpeTaeT BIHYKACHHOE BpaIlleHUEe BOKPYT JTMHHUH, HA
KOTOPOHM HaXOIAMTCsl BEKTOP MArHUTHOTO MOMEHTA AJICKTPOHA.

Oxkazanoce, 4YTO DJEKTPOH BO BpEMs CBOETO [BW)KCHHUS MPHOOPETAeT BBIHYKICHHOE
BpaIllCHHE BOKPYT CBOCH OCH CHMMETPUHU H3-32 TOTO, YTO OH 00JaJlaeT CTPYKTYPOH MPSMOro
a¢upHOTro cMepua. OH COCTOUT U3 MPSMOTO HEHTPAIILHOTO KaHalla M HAKPYYHBAIOIIUXCS HA HErO
CIUPATBHBIX clloeB ddupa. DTU coupaibHble ClIoN ddupa 001agar0T TIEBOBUHTOBON 3aKPYTKOM.
HN3-3a 3TOTO, IPHU ABMKEHUH B CONPOTHUBIISIONIEMCS dPHpeE, TEKTPOH HCIIBITHIBAET MOMEHT CHII,
JICHCTBYIOIIMI Ha HEr0 CO CTOPOHBI 3(hUpa TaKOW, YTO HAINPABIICHHE IBMIKCHHS AJICKTPOHA U
HANpaBJICHUE €r0 BBIHYKICHHOTO BpAILEHHsS COCTABIISIOT JEBOBUHTOBYIO CHUCTEMY, B TIOJHOM
COOTBETCTBUH C PE3yJIbTaTaMH YKCIICPUMEHTA DpCTe/ia.

*

Makpockonn4yeckuii MarHeTH3M MOXKeT BO30yKIaTbCs B MarHUTOAKTHUBHBIX BeELIECTBAX
BHEUIHUMHM MAarHUTHBIMU BO3JEHCTBUSMU KaK NpPH YYaCTUH MHUKPOTOKOB, 0Opa30BaHHBIX
3JIEKTPOHAMHM MTPOBOJIUMOCTH, TaK M 0€3 ydacTus 3JI€KTPOHOB IPOBOIUMOCTH.

*

B MexaTOMHBIX U B MEXKMOJIEKYJISIPHBIX HUIIAX MarHUTOAKTUBHBIX BEILIECTB COAEPIKATCS
CBOOOJHBIE 3JEKTPOHBI, HE BXOJAIIUE B COCTAaB AaTOMHBIX 3JIEKTPOHHBIX oOosouek. Ilon
BIMSIHUEM BHEIIHETO MAarHMTHOTO TOJs 3TH CBOOOJHBIE AJIEKTPOHBI MOTYT 00Opa3oBaTh
MHO’KECTBO MUKPOTOKOB. HamnpapneHnue ABMKEHUS 3JIEKTPOHA B KaX/10M MUKPOTOKE 00pa3yeT ¢
HaIpaBJICHUEM BEKTOpa HAIPSDKEHHOCTH BHEIIHETO MAarHUTHOTO TOJS  IPaBOBHHTOBYIO
cucremy (puc.l). JIBm>keHHe 3JEeKTpOHa B KaXKIOM TaKOM MMKpPOTOKE BO30YXkJaeT HOBOE,

Puc.l. BHemHee MarouTHOE TOJIC U OJICKTPOHHBIC MUKPOTOKH

MarHuTHoe mnoje. HampaBinenwe — JIBHXKEHHS — 3JEKTPOHA W HampaBJ€HUE  BEKTOpa
HaIPSHKEHHOCTH BO30YXIaeMOro, pH JIBIKEHUH ATOTO AJIEKTPOHA, HOBOTO MAarHUTHOTO TOJIS
00pa3yroT JIEBOBUHTOBYIO cucrteMy. [loaToMy, HampaBieHHE BEKTOpa HANPSHKEHHOCTU
MarHuTHOTO TIOJIs, BO30Y)KIEHHOTO JJICKTPOHHBIM MHUKPOTOKOM, IPOTHBOIIOJIOXKHO BEKTOPY
HaIpPSKEHHOCTH BHEITHETO MarHUTHOTO 1oJist (puc.2).



Puc.2. DnexTpoHHBIE MUKPOTOKH W BO30YK1aeMblii MarHETU3M

Bo30yxnaemoe TakuM 00pa3oM MarHMUTHOE II0j€, IPOCYMMHPOBAaHHOE II0 BCEM
AJIEKTPOHHBIM MHKPOTOKaM, 00pa3yeT MaKpOCKOIIMYECKOE MAarHUTHOE II0JI€, HalpaBlieHUE
KOTOPOT'O MPOTUBOIOJIOKHO BHEIIHEMY MAarHUTHOMY HOJIIO.

Tak MokeT ObITh BO30YK/I€H MaKPOCKOIIMYECKUH IMaMarHeTU3M.

B HekoTOpbIX BellecTBaxX, TaKMX HaIpUMep, KaKk BHCMYT, ACHCTBUTEIbHO HaOIHOAAeTCs
BO3HHUKHOBCHUEC BO36Y)I<IIaeMOFO BHCUIITHUM MarHuTHBIM I10JIEM MaKpOCKOIINYECKOI 0O
muamarierusMa [1]. Onnako, B OOJBIIMHCTBE MAarHMTOAKTUBHBIX BELIECTB, HaOJtOgaeTcs
BO36y7KIl€HI/I€ MAaKpPOCKOIMMYCCKOI0 MarHuTHOI'O I10JI, BEKTOP HAIIPAKCHHOCTHU KOTOPOTO UMCET
TO JK€ HaIlpaBJI€HHE, YTO U BEKTOpP HANPSHKEHHOCTH BHEUIHEN0 MAarHUTHOTO IIOJI.
CJI€Z[0BaT€JH)HO, BO36Y)KIIGHI/IC BHCIIHUM MArbvMTHBIM IIOJIEM MUKPOTOKOB U3 CBO6OIIHI>IX
3JIEKTPOHOB BEIECTBA MOKET OOBSCHUTh BOZHUKHOBEHUE BBIHYKAEHHOTO MAaKPOCKOMMYECKOT O
Maro€Tu3sMa B BCUICCTBAX — AHMaMarHe€TuKax, HO HE 00BSCHSIET BOSHUKHOBEHHE BBIHY)XXICHHOI'O
MaKpOCKOIIMYECKOTO MAarHETU3Ma B BELIECTBAX — [TapaMarHeTUKaXx.

*

Ectp emé oaHa BO3MOXHOCTb BO30YXKJEHUS  BHEUIHMM  MarHUTHBIM  I10JIEM
MAaKpPOCKOIMMYCCKOTO MarHe€Tru3ma. Omna cBs3aHa ¢ TEM, YTO aTOMbI U MOJICKYJIbI B KpHUCTaJlJIaX
HEKOTOPBIX BELIECTB MOTYT 00jajaTh HEKOTOpPOM OpHMEHTallMOHHOM cBOOOJoW. Bcenencraue
ATOro, BHEIIHEE MAarHUTHOE II0JIE TaK MOXET H3MEHHUTh HMX OPUEHTALUIO, YTO BEKTOPBI
MAaroiuTHbIX MOMCHTOB HCKOTOPBIX HMX MArovTHBIX KJIACTCPOB MOI'YT o6pa303aTb JOBOJIBHO
YIOPSIOYEHHbIE CTPYKTYpBbl C OJM3KMMH Jpyr JApYyry HaNpaBiICHUSMH OpHEHTaluu. B
pe3yapTaTe MOXKET 00pa30BaThCsi MHOMXECTBO MHKPOCKOIMMYECKHMX MAarHUTHBIX —TIOJIEH,
IIPUBS3aHHBIX K CBOMM aTOMaM M HaIPABJIEHHBIX NPOTHUBOIIOJIOKHO BHEHNIHEMY MAarHUTHOMY
noto (puc.3). [lpuuuHON TOTO, YTO 3TH MHUKPOCKOIHWYECKHE MArHUTHBIE TOJIS HaIlpaBJICHBI

Puc.3. BHelllHee MarHuTHOE T0JIE U YIIOpAA0YCHHAA
CUCTEMA MAarHUTHBIX KJIACTECPOB BCUICCTBA

MIPOTHUBOIOJIOKHO BHEIIHEMY MArHUTHOMY IIOJIO, CIY>)KMT JUAaMarHeTU3M DJJEKTPOHOB U
IIPOTOHOB, W3 KOTOPBIX COCTOSIT aTOMbl M MOJEKyJbl BemiecTBa CylllecTBOBaHHME aTOMHOIO
JMaMarHeTu3Ma IOJIY4YWJIO 3KCIEPUMEHTANIbHOE J0Ka3aTeIbCTBO, IO KpalHeW Mepe, s
MHEpPTHHIX Ta3oB [1]. W ecau auamarHeTwsM BUCMYTa MOXHO OOBSCHHUTH JIByMs CIIOCOOaMH —
VIOPSAOYEHUEM HAampaBlIeHU MUKPOMArHUTHBIX AaTOMHBIX TOJEeH WiIM BO30YyXKIEHHEM



AIIEKTPOHHBIX MHKPOTOKOB B BH[E JBIKEHHI CBOOOIHBIX 3JEKTPOHOB MPOBOIUMOCTH, TO IJIS
MHEPTHBIX Ia30B BO30YK/IEHHUEM JIEKTPOHHBIX TOKOB €r0 00BSICHUTH HEBO3MOXKHO.
*

Ecnu BHelIHee MarHUTHOE IOJIE€ MOXKET MPUBECTU K YHOPSAOYCHHIO MHOXKECTBA aTOMHBIX
MarHUTHBIX KJIACTEPOB MAarHUTOAKTHBHOI'O BEUIECTBA, TO MAarHUTHBIE MOJS 3TUX KIACTEPOB
OyIyT HampaBjeHbl HABCTpEUy BHEIIHEMY MAarHUTHOMY IMoJit0. HanpsskeHHOCTh MarHUTHOTO
[0JII aTOMHOIO MAarHUTHOIO KJjacTepa, M3-3a €ro CWJIbHOM TI'paJUEHTHOCTH, IIPEBbIIIAET
BEJIMUMHY HAIPSKEHHOCTH BHEIIHETO0 MarHUTHOT'O TI0JIsl B HEKOTOPOI OKpecTHOCTH atoma. Eciu
B 3THX OKPECTHOCTAX AaTOMOB, IIOJl BJIMSHMEM BHEUIHETO MAarHUTHOIO IIOJIS, BO3HMKAIOT
MUKPOTOKA U3 CBOOOJHBIX AJIEKTPOHOB BEILIECTBA, TO HAMpPABJICHHUE JABIKEHHUS JJIEKTPOHA B
MHUKPOTOKE 00pa3dyeT ¢ BEKTOPOM HAIpPSDKEHHOCTH AaTOMHOTO MAarHHUTHOTO — KiacTepa
MIPaBOBUHTOBYIO cuctemy (puc.4). Bo30yxmaemMoe 3TUM MHUKPOTOKOM MAarHMTHOE II0JIe

/

r A

Puc.4. MaraurtHeblie KJIaACTCPhbI BEHICCTBA U 3JICKTPOHHBIC MUKPOTOKH

HAIIpaBJICHO ITPOTHBOIIOJIOXKHO MAIrHUTHOMY IIOJIFO ATOMHOTO KJIaCTEpa (pI/ICS), T.C. HUMCCT TO XKC
HalpasJICHUEC, YTO W BHCHIHCC MArHUTHOC IIOJIC. Tax BO36Y)KI[a€TC$I MﬂKpOCKOHI/I'-IGCKI/Iﬁ
napaMarae€Tus3M.

/
_/ /

Puc.5. DnexTpoHHbIE MUKPOTOKH U BO30YXKIaeMblii MarHeTU3M
*

To, 4YTO MarHUTOBBIHYKIEHHBIH MaKpOMarHeTH3M BO30yXJaeTcs HE AaTOMHBIMU
MHUKPOTOKaMH, a MHKPOTOKAMH, CO3/1aBa€MbIMH CBOOOJHBIMH JJIEKTPOHAMM BEIIECTBA,
MOATBEPKIAETCS HAOJIOMAEMOM CTPYKTYpOH MArHMTHOTO TIOJISI TOCTOSHHBIX MarHuToB. Ha
pucyHke 6 (3To puc.6a u3 [1]) 4eTko NpoCaeKUBACTCS KBa3UAUIIONbHAS CTPYKTYpa MOCTOSTHHOTO
MarHuTHoOro noJjs. Eciau Ovl 3T0 mosie ObUIO 005S3aHO CBOMM CYIIECTBOBAHHMEM MHUKPOTOKaM M3



Puc.6. MarauTHoe 1moJie MOCTOSHHOIO MarHuTa

AJIEKTPOHOB, BXOJSIIMX B ATOMHBIC AJIEKTPOHHBIC 00OJIOUKH BEUIECTBA MOCTOSHHOTO MarHuTa,
TO 3TH MUKPOTOKH OBUTH OBbI MPHBS3aHBl K CBOUM aTOMaM. 1oraa CTpyKTypa MarHUTHOTO TOJIS
IOCTOSIHHOTO MarHuta JOJ/DKHAa Obula OBl UMETh CTPYKTYPY COJICHOMIAJIBHOTO THIIA,
MIPEICTABICHHYIO Ha pucyHKe 7 (310 puc.98 B [1]).

Puc.7. MaraurHoe nose cojieHou1a

B Tom cnywae, korma MOCTOSHHBIM MarHeTusMm (GopMHpyeTcs CHUCTEMOW MHUKPOTOKOB U3
CBO6OI[HI>IX OJICKTPOHOB BCIIECTBA, MHOXCECTBO CB06OI[HI>IX ABVIKYIHIUXCA DJICKTPOHOB BEIICCTBA
nepectaeT ObITh MPUBA3AHHBIM K CBOMM MEKAaTOMHBIM HHIIaM. [loj nelcTBUEe 2IeKTPHUIecKOro
OTTAJIKMUBAHUA OTHU OBJICKTPOHBI MOTYT TIPYINIIUPOBATHECA B OKPECTHOCTAX IMOJIOCHBIX KOHIIOB
CTEpXKHSI — HOCUTENSI TIOCTOSIHHOTO MarHeTu3Ma. ClecTBUEeM STOro M sBIsieTcsl Habmoaemast
KapTuHa CUCTEMbI CUJIOBBIX JIMHUH ITOCTOSSHHOI'O MarHuTa.

*

B B030yX/IeHUM MaKpOCKOMUYECKOTO MOCTOSHHOTO MarHeTU3Ma PEIIarollyl0 POJb UTParoT
DIIEKTPOHHBIE MUKPOTOKU. WX Hanmuuue sBiseTCs HEOOXOTUMBIM YCIOBHEM CYIIECTBOBAHUS
ATOTO MarHeTU3Ma.

Bo30yxaaroTcsi AJIeKTpOHHBIE MUKPOTOKH WJIM HEMOCTOSIHHBIMHM BHEITHUMH MarHUTHBIMH
noJisiMM, MHWJIM CMCUHICHUsIMU BHCHIHUX IIOCTOSHHBIX MArHUTHBIX MOJIEH. OHHaKO, 9TO
MPOUCXOIUT TOJBKO HAa HAYaIbHOM JTame BO30YXKACHHUS IOCTOSHHOTO Maraerusma. Ecim
BOSHefICTBHe BHCIIHEIO MAard€TtusmMa IMpeKpamacTCa HWJIM OHO OCTa€TCd, HO CTAaHOBHTCA
MOCTOSIHHBIM U HE CMEUIAIOIIMMCS, TO MOJKAauKa BHEIIHEH 3HEpruu B JABUKEHUE DIJIEKTPOHOB
OTCYTCTBYET.

JBrKyIuecs: 37€KTPOHBI UCTIBITHIBAIOT MOCTOSHHBIE MOTEPH SHEPTUU U3-3a CONPOTHUBIICHUS
a¢upa ux aBuwxeHuro. [losTomy, Ans cyiiecTBOBaHHMS MHUKPOTOKOB HEOOXOAMMa MOJKAayKa
SHCPTHUU HA BOCIIOJIHCHUC 3THUX ITOTCPb.

3a cYerT KaKoro HWCTOYHUKA BOCHOJHSIOTCS TOTEPU HHEPTrUU JIBUKEHUS CBOOOIHBIX
9JICKTPOHOB B IMOCTOSHHBIX MarguTax? BHEIIHUX HCTOYHHUKOB OHCPIrMU Ha IIOKPBITUC ITUX
notepp HeT. Clie1oBaTeNbHO, JOJDKEH CYIIECTBOBATh KAaKOW-TO BHYTPEHHUN MCTOYHUK. Takoil
HUCTOYHHUK MOXKET 6LITI> CBA3aH TOJIBKO C CYHICCTBOBAHUCM AHTHUIJICKTPOHOB. Huxakue Apyruc



BapUaHThl HE M3BECTHBL. HarmOMHUM, YTO aHTHRJIEKTPOH MPEACTaBISIET cO00il MUKPOOOBEKT C
«OTPHULIATEIBHONW» MAacCCOM, BEIMYMHA KOTOPOM paBHA Macce 3JEKTPOHA M. M C CIUHUYHBIM
«TOJIOKUTEILHBIMY JEKTPUYCCKUM 3apsiioM (+e).

*

AHTH3JIEKTPOHBI pacripocTpaHensl B [Ipupose Tak ke mMupoKo, Kak U 31eKTpoHbl. 00 3TOM
CBUJIETEIIBCTBYIOT PE3yJIbTAaThl dKCHEPUMEHTOB Ha ycraHoBkax llltepHa-I'epimaxa, B KOTOpBIX
IOTOKU <«BJIEKTPOHOB» PA3/ENIAI0TCS Ha OJMHAKOBBIE IOTOKH 3JEKTPOHOB M AHTUAIEKTPOHOB.
3HAYUT, DSJCKTPUUECKUNW TOK TMPEACTaBIAECT COOOM MOTOK, COCTOALIMI M3 JJIEKTPOHOB U
AHTHURJIEKTPOHOB.

IloBeneHne aHTUAIEKTPOHOB OTJIMYAETCS OT IOBEACHUS 3JEKTPOHOB TOJIBKO B CHIIBHO
IPAJIMEHTHBIX MAarHUTHBIX NOJAX Tumna nosied IIrepna-I'epnaxa. B oqHOPOAHBIX MarHUTHBIX
MOJISIX MX IOBEICHHE HEOTIMYMMO OT IOBEIEHUs AJIEKTPOHOB. Clie0BaTENbHO, OHHM, KaK M
AJIEKTPOHBI, MOT'YT HAXOAUTHCS B MEXATOMHBIX U B MEKMOJIEKYJISIPHBIX HULIAX BELIECTBA.

[Ton BO3ACHCTBHEM BHEIIHETO MAarHUTHOTO IOJISI CBOOOIHBIC 3JIEKTPOHBI U aHTUAJIEKTPOHBI,
coJiepKalliecss B MEXKMOJIEKYJISIPHBIX HHUIIAX, MPUXOAAT B JABM)KEHHE U MOTYT 00pa3oBaTh
ANEKTPOH-AHTUANIEKTPOHHbIC AUMOIN. DTH TUIOIU CIOCOOHBI K CaMOpa3roHy JI0 CKOPOCTH,
BEJIMYMHA KOTOPOH 3aBUCUT OT COIPOTUBIEHUs 3¢upa ABwkeHuto aunois. Ilocnemyromiee
JIBUKEHHE DTUX JUIOJIEH MOXKET 00XOauThCs 0e3 MOAKAYKH dHEepruu u3BHE. VICKpuBiIeHHE HX
TPACKTOPUM NPOUCXOAHUT, KaK M HCKPUBJICHUE TPACKTOPUM DJIEKTPOHOB, IOJ JEHCTBHEM
MHOXKECTBA YHOPSAIOYEHHBIX AaTOMHBIX MarHUTHBIX KJIACTEPOB, MHIYLIMPOBAHHOIO BHEUIHUM
MarHUTHBIM MOJIEM.

CymecTBYIOT J1B€ Pa3HOBUIHOCTH 3JIEKTPOH-aHTUSJIEKTPOHHBIX JTUIOJIEH, B 3aBUCUMOCTH OT
BEJIMYMHBI X 0a3bl — PACCTOSHHUS MEX]y SJIEKTPOHOM M aHTHAJIeKTpoHOM. Ecim  Gaza mumons
MEHBIIIE, YeEM 4,43-10'10M, TO 3JIEKTPOH UJET BIEPEAH, a aHTUIJIEKTPOH — IO CIEAY JIEKTPOHA;
3TH 3JIEKTPOH-aHTHAJIEKTPOHHBIE JIUIOJIN — «OBICTPBIE», OHU MPENCTABISIOT CO00M OOBEKTHI,
Ha3blBaeMble (pu3nkamu — ¢oroHbsl. Ecau 6a3a aumons Oosblue, 4eM 4,43-10"M, To BIIEpEaU
UJET aHTURJIEKTPOH, a AJIEKTPOH — IO CJENy aHTUAIEKTPOHA; 3TO — «MEJJICHHbIE» AMIOIH, B
(du3MKe UX Ha3BIBAIOT «KYIEPOBCKHUMHU CHAPEHHBIMH JIEKTPOHAMM.

*

«bBBICTpBIE» DIIEKTPOH-AHTUANEKTPOHHBIE JHIIONIH, C WX CKOPOCTSAMH, CYIIECTBOBaTb B
MarHUTOAKTUBHBIX BELIECTBAaX, MO-BUAMUMOMY, He MOTryT. CyIIEeCTBOBAaHUIO «MEJJICHHBIX»
JUIOJEN B ATHX BEIECTBAX HUYTO HE MemaeT. ba3za «KynmepoBCKHX CIIApEHHBIX JIEKTPOHOBY
OLICHUBAETCS BEIUYMHON NOpsJIKa 10°m. Baza «OBICTPBIX qUMIOJE» Ha 4+5 MOPSAAKOB MEHBIIE.
[ToaTomMy «aBMXKYyIIAass CHJIa» «MEUIEHHBIX» JMIIONEH Ha 7 MOPAJKOB MEHBUIE <«IBHXKYLIEH
CUJIB» «OBICTPBIX» Iumnoiied. M3-3a 3TOro CKOpOCTh JABMIKEHUSI «MEJUICHHBIX)» IuIoyiel Ha 6+8
MOPSIKOB MEHbILIE CKOPOCTH JBMXKEHUS «OBICTPBIX» TUTIOJEH.

Hmerorcss ABe JIOTMYECKHME BO3MOXKHOCTU TMOJJEP)KAHUS TOCTOSHHOIO MarHeTusMa
«MEJUIEHHBIMU» 2JIEKTPOH-aHTUAJIEKTPOHHBIMU aunosssMu. [lepBas — yepe3 moakaduky sHepruu
OT «MEIJICHHBIX» JTUMOJIEH B ABMKEHUE JIEKTPOHHBIX MUKPOTOKOB. BTOpast 3akitouaercst B TOM,
4TO CaMHM «MEJICHHBIE» JUIOIM OOpa3yloT B TIOCTOSHHBIX MarHuTax He3aTyxarolue
MUKPOTOKU. YTO IMEHHO MPOUCXOIUT B pealbHOM MHpPE, TIOKa HE SICHO.

*

Ecnu 6v1 yoanocy cozoame makue c6emosoovl, NOMOKU GOMOHO8 8 KOMOPbIX CHOCOOHbL
€030a6amv 60Kpy2 SMUX C8EMOB0008 «KPY208bley MAacHUMHble NOJA, MO MONCHO Obl10 Obl
paspabomams OomomMazHUmMyl ¢ eCoMa YHUKATbHBIMU CEOUCMEAMU.

*

XO0poIIo U3BECTHO, UYTO ANEKTPUUYECKUH TOK BO30YKJIaeTcsi B MPOBOJHUKE HE3aBUCHUMO OT
TOT'0, YTO JIBUYKETCS] B YCTAHOBKE — IIPOBOJHUK OTHOCUTEIBHO HETOABUKHOIO MarHUTHOT'O OJISA
WIM MarHUTHOE TI0Jie OTHOCHUTENbHO HEMOJABI)KHOTO TIpOoBOAHMKA. B  oboux ciydasx
AIIEKTPUUYECKUI TOK B MPOBOJHUKE BO30YXaaeTcs BeaencTsue cuil JlopeHna, AeicTBYIOMUX Ha
3JIEKTPOHBI B MpoBoAHMKE. Mexanusm ¢opmupoBanus cui JlopeHna oObsCHIETCS MOBEICHUEM
AIIEKTPOHA, JBUKYIIETOCS OTHOCUTEIBHO HEINOABMKHOTO MAarHUTHOTO IOJISI U HEMOJBHIKHOTO



sa¢pupa. CoriacHO 3TOMYy MOHHMMAaHHIO MexaHM3Ma (opmupoBaHus cui JlopeHua, ABHKEHHE
JJIEKTPOHOB B HEINOJBMKHOM IPOBOJHUKE BO3MOXHO TOJIBKO B TOM Ciy4ae, €CIU IBUXKYTCS
OTHOCHTEJILHO HETOJIBUKHOTO IPOBOJHHMKA M BHEIIHEE MarHUTHOE ToJe, u 3¢up. Ho nBuxenune
3¢upa B 3TOM CIy4ae MOXET BbI3bIBATHCSA TOJIBKO JIBUKEHHEM BHEIIHEIO MAarHUTHOIO IOJIS.
CrnenoBartenbHO, 3GUp yBIEKACTCS ABMKYIIUMCS MArHUTHBIM TIOJIEM.

*

MaxcBen 00Hapy X HJI, YTO MAaKPOCKOTIMYECKHI MarHETU3M MOXKET BO30YKIAaThCSI HE TOJIBKO
IIPY IBYKEHUHU HOCUTENIEH EKTPUYECKUX 3apsI0B, HO U IIPU CMELICHUH 3JIEKTPUYECKOIO MOJIA.
OH ycTaHOBWJ, YTO IPHU 3aMBIKAaHUM LENH, COJAECpPIKAIIEH 3apsUKEHHBIM KOHAEHCATOp, MEXIY
OoOKJIaZIKaMH ~ KOHJEHCATOpa, KaK M BOKPYI BHEIIHEro NPOBOJHMKA, BO3HHMKACT «KPYroBOE»
MaKpOCKOIIMYECKOe MarHuTHoe nosie. OHO HAIPaBIEHO TaK, OyATO €ro BO3OYyIUTEIEeM SIBISIETCS
JJIEKTPUYECKUI TOK C HAlpaBJICHHWEM, IIPOTUBOIOJIOKHBIM TOKY BO BHeIIHed nenu. Ho mexny
OoOKJIaIKaMU KOHJEHCaTopa HET HM DJEKTPUYECKHX 3aps0B, HHU DIJIEKTPUYECKOIO TOKa B
0OBIYHOM MOHMMAHUU. 3aTO €CTh BO BCEH IIENM — KAaK BO BHEUIHEH, TaK U MEX1y OOKJIaJKaMH,
DIIEKTPUYECKH TOK W3  dJIEMEHTOB d3¢dupa, o0O0Nagaommx 4Ype3BbUAHO  MaJbIMU
«OTpULATEIbHBIMI» 3JIEKTPUUECKUMH 3apsilaMd M 4pe3BblYalfHO clIaObIMU COOCTBEHHBIMHU
MarHUTHBIMH MOJISIMH.

OTOT TOK B (DU3MKE HAa3bIBAIOT «TOKOM CMEUICHHs». TOK CMeIleHus, KaKk M IOTOK
AIIEKTPOHOB, BO30YXK/IaeT «KPYroBO€» MarHUTHOE I0JI€, HAIpaBJIE€HUE KOTOPOTO COCTABIISAET C
HaIPaBJICHUEM TOKA CMELICHUS JIEBOBUHTOBYIO CUCTEMY.

*

[TosryueHHBIE CBEAEHMSI O CBOMCTBAX MAarHUTHBIX U 3JIEKTPUUYECKUX IIOJIEH TOBOPAT O TOM,
YTO 3arajka HpUpOJbl MAarHeTU3Ma W AJIEKTPUYECTBA YXOAUT Ha Ooiiee INIyOOKHUH YpOBEHBb
MaTepuu — B MUp 3¢upa.

BmecTe ¢ TeM, BO3HHMKAEeT psAJl HOBBIX BOIIPOCOB. SIBIISIETCS M HAIMYHE DIIEKTPUYECKUX
3aps/I0B Y IEKTPOHONOJOOHBIX MUKPOOOBEKTOB MPUUMHON UX AuaMaraeTusma? Bo3Oyxmaercs
JIM IOTOKOM HENTPOHOB «KPYrOBOI» MAaKpOCKONMUYECKUNH MAarHETH3M, U, €CIIU BO30YKIaeTcs, TO
Kakas CUCTeMa HaIlpaBICHMH IPU 3TOM PEaIU3yeTcs — MPaBOBHUHTOBAs WM JIEBOBUHTOBAs?
Bo30yxnaercss 11 MOTOKOM (POTOHOB «KPYrOBOE» MAKPOMArHUTHOE ToJie? DIEKTPUYECKUE U
MarHuTHbIE 110J11 00pPa30BaHbl OJJUHAKOBBIMU MaTepHATbHBIMU 3JIEMEHTAMH WIH PA3HBIMU?
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