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It has been found that magnetic field around a current conductor is induced by the motion of electrical charge
carriers own magnetic fields rather than by the motion of electrical charges itself. There has been the generation
mechanism of Lorentz forces applied to electrons moving across the external magnetic field lines identified. It has
been found that electrons and neutrons have tornadic ethereal structures which stability is due to magnetic
interactions.

*

In microphysics it is assumed that magnetism does not exist as an independent phenomenon
but results from motion of electrical charges (here physicists have ignored the fact that neutrons
lack electrical charges while having their own magnetic fields). Therefore, microphysics
disregards magnetic interactions among the microobjects even though all microobjects have their
own magnetic fields.

The refusal to consider magnetic interactions among microobjects in the microworld theory
is primarily due to a superficial, shallow analysis of Oersted's experiment results. In 1821
Oersted found that there is a “circular” magnetic field occurring around a current conductor and
disappears when current off. Thus it was concluded that magnetism results from electricity.

In 1831 Faraday discovered electric current occurring in a closed conductor located in a
displacing external magnetic field and ceasing as soon as the external magnetic field is no longer
being displaced. According to the same logic as in the previous case, it should have been
concluded that electricity results from magnetism and hence electrical interactions among
microobjects in the microworld theory should not be considered.

*

As all electrical charge carriers have their own magnetic fields the motion of electrical
charges is accompanied with the motion of the corresponding magnetic fields.

Based on this fact in analysis of Oersted’s experiment results it had to be determined whether
electrical current carriers own magnetic fields are involved in a “circular” magnetic field
occurrence and if they are, how does it happen?

*

The magnetic field lines around a current conductor projected on a plane orthogonal to the
conductor form a system of concentric circles with the common center at the conductor middle
point. This follows from the position of chips in visualization of these lines as well as from the
fact that the magnetic needle is positioned at a tangent to these lines. And since the needle takes
up only one of two possible positions it is indicative of quite definite direction of “circular”
magnetic field lines.

Electrical current is typically generated by electron flows. Electrical current direction is
assumed to be opposite to electron motion. Therefore the direction of electron motion in a
conductor and the direction of “circular” magnetic field lines form a left-handed system as in a
left-handed thread [1].

*

Let us check if own magnetic fields of electrons moving along a conductor can create a
“circular” magnetic field with no electrical charges of electrons being involved. The direction of
“circular” magnetic field lines forms a left-handed system with the direction of electron motion.
Therefore own magnetic fields of electrons moving along a conductor can create the observed
“circular” magnetic field if the symmetry axis of the own magnetic field of each electron is
parallel to the conductor and if electron is circling this symmetry axis so that directions of this
electron motion and rotation form a left-handed system.



This all can be derived from Oersted’s experiment results. The following questions remain
obscure: is electron capable of taking on the properties above while in motion? If it is what is its
magnetic moment vector direction?

*

Let us assume that a moving electron is rotating in such a way that its rotation vector forms a
left-handed system with its translational motion vector. Which is the direction of its magnetic
moment vector in this case?

It was experimentally established that an electron moving at a velocity v in a plane
orthogonal to the lines of the uniform external magnetic field H is exposed to a force that is
distorting its trajectory. Lorentz set up an empirical formula according to which the force
mentioned above is proportional to the electron velocity v and to the intensity of the external
magnetic field A. The direction of Lorentz force applied to the electron is such that the electron
motion vector, the external magnetic field vector and the force vector form the left-handed
system.

There are number of factors which make a moving electron behaves like that. One of them is
forced in-motion rotation of the moving electron about its axis that lies on the symmetry axis of
the electron self-magnetic field. The second is associated with the fact that electron is a
diamagnetic substance (diamagnetics are pushed out from an external magnetic field). The third
Is associated with the nature of ether flow past a moving electron.

*

In order to understand which is the direction of the electron magnetic moment vector u.
during the electron motion one should consider the fact that the moving electron is forced to be
in left-handed rotation about its self-magnetic field symmetry axis. Herewith one should take
into account that the electron is moving in an ethereal medium. Besides, it should be kept in
mind that electron is a diamagnetic substance.

The forced rotation of the moving electron about its self-magnetic field symmetry axis
induces a gyroscopic torque due to non-zero electron mass. The torque tends to keep the spatial
orientation of the electron rotation axis much as it happens with a rotating flying bullet.
Simultaneously, because of its diamagnetism the electron is subjected to stalling torque N
applied to the electron from the uniform magnetic field H orthogonally to u. and H vectors.

The torque N tends to turn the electron in such a way as to make . magnetic moment vector
become opposite to the external magnetic field H. However, the forced rotation of such electron
about its self-magnetic field symmetry axis prevents N torque from overturning u. vector by
placing it along the lines of the magnetic field H. Instead, joint action of the electron forced
rotation and the stalling torque N makes the electron rotate at a constant angular rate g in the
plane containing #. and N vectors (eqy vector direction is the same as the one of H vector) [2].
The electron rotation is accompanied with rotation of u. vector and the electron self-magnetic
field symmetry axis, i.e. the electron forced rotation axis. It should be emphasized that u. vector
and the electron self-magnetic field symmetry axis remain in the plane orthogonal to .

If an electron is spherical then the counter ether flow past the electron shall remain
symmetrical regardless of rotation of the electron and u. vector. In this case v vector direction
shall remain constant during the electron motion and the electron motion trajectory shall not be
distorted.

If an electron features a stretched, axisymmetric form which symmetry axis is also the
electron self-magnetic field symmetry axis, the nature of ether flow past such electron will be
generally different. It shall remain symmetrical if only v vector remains on the electron
symmetry axis.

The electron rotation induced by the torque N shall cause an angular misalignment of the
electron symmetry axis and v vector and to asymmetric counter ether flow past the electron.
Such an asymmetry induces Lorentz force and electron acceleration that changes v vector
direction. Consequently, the electron is moving across the lines of the magnetic field H so that
the electron symmetry axis and v vector are rotating simultaneously at the same angular rate.



Such motion takes place due to ether resistance to the electron motion and follows a spiral path
that is slowly converging to the equilibrium state. Each separate coil of such spiral path is little
different from a circle.

It was experimentally established that H vector direction and the direction of the electron
motion in a plane orthogonal to H vector form a right-handed system. In other words, according
to the experimental data, @y and H vectors are parallel to each other and have the same direction.
It is easy to prove that this can happen if only u. vector is opposite to v.

*

Thus, electron self-magnetic fields can induce a “circular” magnetic field around a conductor
with electron flow provided that when each free electron is moving at a velocity v the electron
self-magnetic field symmetry axis lies in the line containing vector v and electron is forced to
rotate around the axis at an angular rate w that is opposite to v. In this case a free electron can
move across the lines of the external magnetic field H along almost a circular trajectory at an
angular rate wmy parallel to H vector and having the same direction as H if an electron features a
stretched, axisymmetric form rather than being spherical and if 4. magnetic moment vector lies
on the electron symmetry axis and is opposite to v.

*

How should an electron work to have all these properties?

In order to figure out the way an object works one should know of what elements it consists
and how these elements are interrelated. There are two ways to solve this problem. The first is
based on collecting data without the object destruction (X-ray, ultrasound tests etc.). The second
one consists in complete disassembly or fragmentation of an object into constituent elements.

Various methods of radiographic inspection of electrons, neutrons and protons had no
success.

For the purpose of defragmentation of electrons there were powerful accelerators of
electrically charged microobjects developed. They were used to accelerate microobjects to very
high velocities in order to observe their collision effects. Observations of fragments left from
collision of microobjects had absolutely unexpected results. Masses of these fragments either
were greater than proton mass or greater than electron mass but smaller than proton mass. All
these “fragments” appeared to be extremely unstable. They turned into electrons, neutrons and
protons nearly instantly. No other stable microobjects were detected in this case.

*

Physicists found themselves in a very difficult situation with interpretation of the essence and
function of these “fragments” in the material World structure.

The understanding was gained after the conclusion that there is no ether that would interact
with microobjects exists in Nature had been proven false and there had been evidence of ether
existence obtained.

Since ether exists it should participate in formation of electron, neutron and proton structures.
There is no experimental data known that would contribute to developing the first hypothetical
ideas of their structure. But we have quite an efficient analogue method at hand.

*

What conclusions can be made based on the assumption that electron consists of ether
elements and is some kind of “ethereal cluster?

There are four possible states of matter know in the macroworld and microworld: solid,
liquid, gaseous and plasmatic. In which of such states can electron ether exist?

Can electron be like to a solid body?

It is common knowledge that all stable microworld and macroworld objects consist of
neutrons, protons and electrons. Therefore the entire multitude of microworld and macroworld
objects forms by their masses a continuous spectrum emie he accuracy of neutron mass m,.

If objects consisting of ether elements have similar properties against primitive ether objects
there should stable microobjects exist being heavier than electron mass m, but lighter than proton
mass m,. However, none of such objects have been ever observed experimentally. Hence it is



possible to conclude that objects consisting of ether elements feature a structure different from a
solid body structure. Therefore, neutrons, protons and electrons cannot have solid structures.

Another argument for electron structure being different than a solid body structure consists in
solid bodies’ processability. However, electron disintegration into smaller stable units has not
been observed in any experiments.

Free, spatially localized macroworld objects that have liquid structure (rain drops etc.) do not
have the required stability to be a sort of a prototype for electron structure.

There are only gaseous and plasmatic objects left which would serve as analogues to gain
understanding of microworld elements structure. At first sight the assumption that primitive
microobjects feature gaseous structures seems not only doubtful but absolutely absurd. Though
doubts start growing feebler once such phenomena as atmospheric vortexes (tornados) are
recalled.

*

Atmospheric vortex is a highly ionized air formation somewhat similar to a solenoid in
operation. It is quite resistant to exposure but can exist only in sufficiently dense atmospheric
layers of the planet. A critical factor for its existence is a sufficient ionization of its ambient air.

Atmospheric vortex consists of an axial channel and spiral jets of ionized air coiling around
it. lonized air elements have their own magnetic fields. That is why ionized air motion along
spiral jets induces a powerful magnetic stream in the vortex axial channel. This happens in the
same way as a magnetic stream formation in the axial channel solenoid through coils of which
electric current is flowing.

Magnetic stream in the vortex axial channel is carrying the ionized air flow due to which
there is a left-handed “circular” magnetic field generated and maintained around the vortex axial
channel. That is why spirals air jets coiling around the axial channel are also left-handed. The
“circular” magnetic field makes ionized air move in spiral jets around the axial channel and thus
the circle of magnetic interactions in the atmospheric vortex becomes complete.

The reason for a high stability of atmospheric vortexes consists in the fact that ionized air
flow velocity in the vortex axial channel is higher than beyond the channel. Therefore, air
pressure inside the axial channel is lower than beyond the channel. Such pressure difference is
the cause for the air moving in spiral jets around the axial channel being kept around the channel
despite centrifugal effects.

Atmospheric vortex is the peculiar kind of a gigantic pump that circulates the ambient air. Its
stability depends on the ambient air density and ionization degree. It is no wonder that vortexes
normally originate above the vast of ocean where air is highly ionized and cease to exist where
air ionization is insufficient to maintain their shape.

*

The assumption that electron structure is similar to the one of atmospheric vortex allows for
obtaining answers to the remaining questions.

Electron in the form of vortex ether is on the one hand similar to a solenoid in operation and
on the other hand to an operating flow-through engine. There are adequate masses of outer ether
being continuously pumped through its axial channel in the same direction as the magnetic flow
direction in the axial channel, i.e. the electron magnetic moment vector direction. Thus, a
moving electron is exposed to a moment of forces acting from outer ether side which makes the
electron turn in such a way that its magnetic moment vector direction was opposite to the
electron motion direction.

Spiral ether jets of ethereal jet are left-handed. Therefore, a moving electron is also exposed
to a moment applied from outer ether side which makes the electron rotate about its symmetry
axis so that its motion direction and rotation direction form a left-handed system.

*

The results above confirm that a circular” magnetic field in Oersted's experiment is induced

by electrical current carriers own magnetic fields rather than by electrical charges of these



carriers, that a moving electron starts rotating counterclockwise about its symmetry axis and that
the moving electron magnetic moment vector direction is opposite to the motion direction.
* k%

The discovery of the fact that electron has a vortex-like ethereal structure allows for
explaining a number of other factors.

The analysis of electron own magnetic field carried out using identification methods based
on the known electromagnetic spectrum of helium-4 atoms shown that electron own magnetic
field features an extremely thin compact axial jet. In view of the foregoing electron is similar in
its shape to a very thin and long operating solenoid which magnetic field has a thin, spoke-like
axial jet. Both these results correlate well with each other.

*

Identification of electron structure allows for coming up with an adequate understanding of
results of experiments involving collision of microobjects. A vortex-lie ethereal object mass
depends on density of ether around it. When such object is moving density of the counter-flow of
ether is increasing with increase in velocity. Therefore, with increase in ethereal vortex velocity
its mass is increasing out of additional ether volumes dragged-in.

By means accelerators it has been observed that electron mass is increasing by a factor of
2+3 while masses of neutrons and protons are increasing by max 1.5 times. In terms of the
relativity theory such a disproportion is absolutely incomprehensible.

This is explained by the fact that electron and neutron structures are very different. Electron
is like a long straight solenoid which axial channel is open for outer ether (Fig. 1). That is why

Fig. 1. Electron

a variation in outer ether density has such a strong effect on electron mass. As for neutron it is
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Fig. 2. Neutron

a closed circular ethereal vortex (Fig. 2) . Therefore, the axial channel of neutron ethereal vortex
is separated from outer ether by a multitude of spiral ether jets. This difference in shapes of
electrons and neutrons is actually the cause for varied sensitivity of masses of electrons and

neutrons to their motion velocity.
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Fig. 3. Proton



With decrease in the ethereal vortex motion velocity the ethereal vortex counter-flow density
is decreased and excessive ether volumes are released. That is why after acceleration of
microobjects their velocities are sharply decreasing due to ether resistance to their motion and
electrons, neutrons and protons which grew in size at acceleration recover to their normal
masses.
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Mukpomup 02.
MarneTusm,
cuia Jlopenna,
CTPYKTYpa 3JIEKTPOHA

JleonoB H.H.

YCTaHOBIIEHO, YTO MAarHUTHOE I10JIe BOKPYT MPOBOJHMKA C 3IEKTPHUUECKUM TOKOM BO30YXAAETCS IBHKECHHUEM
COOCTBEHHBIX MAarHUTHBIX NOJEH HOCHUTENEH 3JEKTPUYECKHUX 3apsioB, a HE JBHKEHHEM 3JIEKTPHUYECKUX 3apsAoB
HOCUTEJEH TOKA. BbIABIEH MEXaHU3M BO3HUKHOBEHUS CuJl JIopeHla, NEHCTBYIOIMMX Ha JJIEKTPOHBI, ABMXKYIIHECS
MONepeK JIMHWN BHENIHero MAarHuTHoro monsd. OOHapy)XeHO, 4YTO JNEeKTPOHBl M HEHTPOHBI 00IagaroT
CMEpUenofoOHbIMA ~ 3HUPHBIMH  CTPYKTYpaMH, CTaOWJIBHOCTh  KOTOPBIX  00€CHedYMBacTCs MarHUTHBIMH
B3aUMOJICHCTBHSAMU.

*

B ¢uznke MukpoMupa NpuHATO CYUTATh, YTO MArHETHU3M, KaK CAMOCTOSATENIbHOE SBJICHHUE, HE
CYILIECTBYET, U YTO OH IPOUCXOAMUT OT ABMXKEHUS DJIEKTPUUYECKHX 3apsAaoB (37ech (PU3UKU
IPOUTHOPUPOBAIM TOT (PaKT, YTO HEHUTPOHBI, 00Ja1asi COOCTBEHHBIMM MAarHUTHBIMU MOJISIMH,
JUIIEHbl  3JEKTpUYeckux  3apsaoB). Ilostomy B ¢Qu3Mke MHKpOMHpa MarHUTHBIE
B3aUMOJICHCTBUA MEXIY MHUKPOOOBEKTaMHU HE YUUTBIBAIOTCS, HECMOTpS Ha TO, YTO BCE
MUKPOOOBEKTHI 00J1a/1at0T COOCTBEHHBIMH MarHUTHBIMU TOJISIMU.

OTka3 OT ydera MarHUTHBIX B3aUMOJICHCTBUH MeEXIy MHMKPOOOBEKTaMH B TEOPHUH
MUKpOMHpa 00YCJIOBIIEH, MPEX/IE BCEro, IOBEPXHOCTHBIM, HETITYOOKHM aHaJIN30M PE3yJIbTaTOB
JKCIepUMeHTa Opcrena. Opcten oOHapyxkwin B 182Ir, uYTOo BOKpPYr NpPOBOJHHKA C
JIEKTPUUYECKMM TOKOM BO3HHMKA€T «KpPYroBO€» MAarHuUTHOE IIoJIe, HcYe3arolee Ipu
IPEKpAIEHNH ToKa. Tak MOSBMWIMCH MPEACTABIECHUS O TOM, YTO MAarHeTU3M IPOUCXOAMUT OT
IIEKTPUUYECTBA

B 1831r, ®apazgeii oOHapyXuj, YTO B 3aMKHYTOM IIPOBOJHMKE, paCIOJIOXEHHOM B
CMEIAIOIIEMCs] BHEIIIHEM MarHUTHOM I10J1€, BO3HUKAET JEKTPUUECKUIN TOK, TPEKpaIlatouiics,
€CJIM BHEIIHEe MarHuTHOE TIoje mepecraeT cMemarbes. Crenys TOM Ke JIOTMKe, 4YTO B
IpeIbIAYIIEM clydyae, Hy>)KHO ObLIO OBl ClIeNaTh BBIBOJ O TOM, YTO JIEKTPUUYECTBO NMPOUCXOAUT
OT MarHeTH3Ma, U YTO IMO3TOMY 3JIEKTPUUYECKHE B3aUMOJCHCTBUS MEXIY MHKPOOOBEKTaMHU B
TEOPHH MUKPOMHUPA YUUTHIBATh HE CIENYET.
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*

Tak kak BCe HOCHUTENHM O3JCKTPUYECKHX 3apsjioB o0yanaroT em€ H COOCTBEHHBIMH
MAarouTHbBIMH IIOJIAMH, TO JABHIKCHHUC DJJICKTPHUYCCKUX 3apsAA0B COIPOBOKAACTCA ABUKXCHUCM
COOTBETCTBYIOLINX MarHUTHBIX MOJIEH.

Hcxons u3 aToro (hakrta, Ipu aHATU3€e PE3yJIbTaTOB SKCIIEPUMEHTa DpcTeia Hy)KHO ObLIO OBl
BBUSICHUTD, NPUHUMAIOT JIM YydYacTHe B (OPMHPOBAHUHM «KPYrOBOI'0» MArHUTHOTO MOJIS
cOoOCTBEHHBIE MAarHUTHBIE OJ HOCHUTENEH QJICKTPUYCCKOIO TOKa, U €CJIKM MMPHUHUMAIOT, TO, KaK
9TO MPOUCXOIUT.

*

JIMHMM MarHUTHOTO MOJsI BOKPYr IMPOBOJHHKA C TOKOM, B TIPOCKIIMU HAa ILIOCKOCTB,
OPTOTOHAIBHYIO MPOBOJAHUKY, 00Pa3ylOT CHUCTEMY KOHLEHTPHYECKUX OKPYKHOCTEH C OOLIMM
LICHTPOM B CPEIMHE NPOBOJHUKA. DTO CIEIyeT U3 PACIOJIOXKEHHUS OIMHJIOK, IIPU BH3Yaln3aluu
9THUX JIHHI/II>'I, " U3 TOI'0, YTO MarHuTHas CTPCJIKa pacrojaracrcsd 1mno KacaTeJIbHOM K DTUM JIMHHUSM.
A Tak Kak 3Ta CTpejiKa MPHHHUMAET TOJIbKO OJHO HAMPABJICHHE M3 JABYX BO3MOXKHBIX, TO 3TO
TOBOPHUT O BIIOJIHE OHpeI[CHCHHOﬁ HaIpaBJICHHOCTH JIMHUH «KPYroBOro» MaroHuTHOT'O IMOJIA.

DNEeKTpUYEeCKUi TOK CO3/aeTcsi, KaKk MpPaBWIIO, MOTOKaMU 3JIEKTPOHOB. 3a HarpaBJCHUE
QJICKTPHUYCCKOIO0 TOKa IHPHUHATO CUHHUTATh HAIIPABJICHHUC, IIPOTHBOIOJIOXHOC JIBHUKCHHUIO
9NeKTpoHOB. [103TOMy HampaBieHHE IBMKCHHUS SJICKTPOHOB B IMPOBOJHHKE W HAIPABICHUC
JUHUM «KpyroBOr0» MarHUTHOI'O 0JIsI 00pa3yIoT JIEBOBUHTOBYIO CUCTEMY, KaK B JIEBOBUHTOBOM

pesnoe [1].
*

[IpoBepuM, MOTryT JM COOCTBEHHbIE MArHUTHBIC OIS SJIEKTPOHOB, JBIKYIIUXCS TIO
IPOBOJAHMKY, CO3/1aTh, 0€3 ydacTus OJJIEKTPUUYECKUX 3aps0B DJEKTPOHOB, «KPYTrOBOE»
MarHutHoe Tmonie. HampaBneHue IWHUNH «KPYroOBOT0» MArHUTHOTO TIONSL COCTaBISIET C
HAIpaBJIEHUEM JIBJKEHUSI DJIEKTPOHOB JIEBOBMHTOBYIO cucTeMy. [loaToMy, coOCTBEHHbIE
MarHUTHBIE TOJIS JIEKTPOHOB, JBMXKYILUXCS 110 MIPOBOJIHUKY, MOTYT BO30YyKIaTh Ha0t0JaeMoe
«KpYroBO€» MAarHUTHOE I0JIe, €CJIU OCh CUMMETPUU COOCTBEHHOTO MAarHWTHOTO MOJS KaXJ0ro
AJIEKTPOHA IapajljielIbHa NPOBOJHMUKY, M €CIM DJEKTPOH BpaIlaeTCsi BOKPYI OJTOM OCH
CUMMETPUH TakK, YTO HaIlpaBJICHUE JABM)KEHUS AJIEKTPOHA U HAIpPAaBJIEHUE BpAIEHMs JIEKTPOHA
COCTABIISIIOT JI€BOBUHMOBYIO CUCTEMY.

OT0 BCE, YTO MOXKHO H3BJIEYb M3 PE3YJbTATOB SKCIepUMeHTa ODpcrena. HeBbIsCHEHHBIMU
OCTAIOTCSI BOIPOCHI: MOXKET JIM 3JEKTPOH NpU JABWKEHMHM NpuoOpeTaTh yKa3zaHHbIE CBOiicTBa?
Ecnu MoseT, KakoBO HallpaBJIeHHE BEKTOPA €r0 MarHUTHOI'O MOMEHTA?

*

JlonyctuM, ABWXKYIIMKCS SJIEKTPOH BpAILAETCsl TakK, YTO HAMpaBiICHUE €ro BpalleHUs
COCTaBJISIET C HAIIPaBJIEHUEM €r0 IOCTYNATEIbHOTO JBMKEHUS JIEBOBUHTOBYIO cucremy. Kak, B
3TOM CIly4ae, HalpaBJieH BEKTOpP €ro MarHUTHOTO MOMEHTa?

OKCHEPUMEHTAIIBHO YCTaHOBJIEHO, YTO Ha DJIEKTPOH, ABIXKYILIMHCA CO CKOPOCTBIO V B
IUIOCKOCTH, OPTOTOHAJIBHOW JIMHUSM BHEUIHETO OJHOPOJHOTO MarHuTHOro nois H, neicTtByer
CHJIa, UCKPUBIISAIONIASL €r0 TPaeKTOpHIo. JIOpeHIl MOCTpous SMIMPUUECKYIO (hopMyITy, COTIIaCHO
KOTOpOM BeJIMYUHA ATON CHJIBI MIPONIOPIMOHAIBHA BETMYMHE CKOPOCTH JIEKTPOHA V U BEJIMUHHE
HANpPsDKEHHOCTH BHEIIHEro MarHuTHoro noss /. Hampasnenue cuisl JlopeHna, neicTByromen
Ha OQJIGKTPOH, TaKOBO, YTO HAalpaBieHHE [BWKEHUS OJJIEKTPOHA, HAIpPaBJIEHUE BHEIIHETO
MarHMTHOTO TOJIs, U HAIIPABJIEHUE 3TON CHJIbI COCTABIISAIOT JIEBOBUHTOBYIO CUCTEMY.

Hmeetcs psin pakTopoB, 3aCTaBIAIOMINX ABMKYIIMKICS 3JEKTPOH BecTH ceds Tak. OauH u3
HUX — BO3HHUKAIOIIEE, BO BPEMsI JBUKEHUS JJIEKTPOHA, BBIHYKIEHHOE BPALLEHUE BOKPYT OCH,
COBMAJIAIOIIEH C OChI0O CUMMETPUU COOCTBEHHOIO MarHUTHOTO MOJIs 3JIeKTpoHa. [Ipyroit cBsizaH
C TEM, YTO 3JIEKTPOH OKAa3ajCsl IMaMarHeTUKOM (IMaMarHeTHKH BBITAIKUBAIOTCS M3 BHELIHETO
MarHuTHOTO 10J1s1). TpeTuii CBsI3aH ¢ XapaKTepoM OOTEKaHHUs JBUKYIIIETOCS JJIEKTPOHA A(UPOM.

*

YToObl MOHATH, KaK HANpaBlieH BEKTOP M. MAarHUTHOTO MOMEHTAa 3JEKTPOHA, MPHU €ro
JBIKEHUM, HYXHO Y4Y€CTb, UTO JJICKTPOH COBEpIIAET, BO BPEMsS JBUIKECHMUS, JIEBOBUHTOBOE



BBIHY)KJICHHOE BpalleHUE BOKPYT OCH CHMMETPUM CBOEr0 MarHuTHoro mois. Ilpu stom
HEO0OXOJUMO YUYMTBHIBaTh, UTO JIEKTPOH JIBUXKETCS B adupHOi cpene. Kpome toro, He ciemyer
3a0bIBATh, YTO JEKTPOH — TUAMATHETHUK.

BbIHYX/IEHHOE BpAILLlEHUE JBMXKYIIETOCS SJEKTPOHA BOKPYT OCH CHMMETPHHM  €ro
MarHMUTHOTO TMOJS CO3JaeT, OJslarojaps HaJIM4YMIO y JJIEKTPOHA HEHYJIEBOM Macchl,
TUPOCKONMYECKUHA MOMEHT. OTOT MOMEHT CTPEMHUTCS COXPaHUTh NPOCTPAHCTBEHHYIO
OPUEHTALIMIO OCH BPAILEHUS FJIEKTPOHA AHAJIOTMYHO TOMY, KaK 3TO MPOUCXOJUT Y JeTAIIeH
Bpamjatrouieics myiau. OJqHOBPEMEHHO, CO CTOPOHBI BHEIIHETO OJHOPOJHOIO MArHUTHOIO MOJIS
H, na »3JeKTpOH, HU3-3a €ro JAMaMarHeTu3Ma, JEHCTBYET OIPOKUJbIBAIOIUNA MOMEHT N,
OpTOrOHAJIbHBINA BEKTOpaM p. 1 H.

Moment N cTpeMHUTCS MOBEPHYTH JJIEKTPOH TaK, YTOOBI MpPUIATh BEKTOPY MAarHUTHOTO
MOMEHTA 3JIEKTPOHA M, HAIIPABJIICHHUE, TPOTUBOIOJIOKHOE HANPABICHUIO BHEIIHETO MATHUTHOIO
nonst H. OpHako, BBIHYXJEHHOE BpAIllEHHE OJJICKTPOHA, BOKPYT OCH CHMMETPUU €ro
COOCTBEHHOT0O MAarHUTHOTO TIOJIA, HE TMO3BOJseT MOMEHTY N ONPOKHHYTh BEKTOD MHe,
pAacMoJIOkKUB €ro BIOJb JUHUN MarHUTHOTO noJisi H. BMecTto 3T0ro, COBMECTHOE BO3JEHCTBUE
BBIHYX/ICHHOTO BpaIllEHUs JIEKTPOHA U OIPOKU IBIBAIOIIEro MOMeHTa N IpUBOIUT K BpalllEHUIO
3JIEKTPOHA C MOCTOSHHOM YITIOBOM CKOPOCTBIO g B IUIOCKOCTH, COAEpKaleld BEKTOPHI #e 1 N
(BeKTOp @y nMeet HanpasieHue Bektopa H) [2]. BmecTe ¢ 211eKTpPOHOM BpaIalOTCsl BEKTOP Me U
OCh CHMMETPUHU COOCTBEHHOTO MAarHUTHOTO TOJISI DJIEKTPOHA, T.€. OCh BBIHYXKJECHHOTO BpaIlCHUs
anekTpoHa. [loguepkHéM, YTO BEKTOpP Me U OChb CUMMETPUU COOCTBEHHOTO MArHUTHOTO MOJIA
AJIEKTPOHA, ITPU 3TOM, OCTAKOTCS B INIOCKOCTH, OPTOTOHAJIBHOW BEKTOPY /1.

Ecnu snextpoH oGmanaeT mapoodbpazHoit ¢hopMoii, To 00TeKaHHE ero BCTPEYHBIM IMOTOKOM
adupa OCTaeTcsi CUMMETPUYHBIM, HECMOTPS Ha BpallleHUE JJICKTPOHA U BEKTOpa M.. B 3TOM
Clyyae HampaBJICHHE BEKTOpa V OCTAeTCs, BO BPEMs JBMXKEHHS 3JEKTPOHA, HEU3MEHHBIM, U
WCKPUBJICHHE TPACKTOPHUH JBMXKCHUS DJIEKTPOHA HE TIPOUCXOJIUT.

Ecnu 51ekTpoH MMEeT BBITSHYTYIO, OCECUMMETPUYHYIO (POpPMY, OCh CHMMETPUU KOTOPOW
SBJISIETCSI TAK)KE€ OChIO CUMMETPUU COOCTBEHHOTO MAarHMUTHOTO TIOJISI DJIEKTPOHA, TO XapaKTep
oOTekaHus >MeKTpoHa 3upom, B 001eM ciaydae, u3MeHsercs. OHO OcTaeTcss CUMMETPHUYHBIM
TOJIBKO B TOM CJIy4ae, KOrja BEKTOp V HaXOJAUTCS Ha OCU CHMMETPHUU AJIEKTPOHA.

Bpaiienue snexTpoHa, BhI3BaHHOE MOMEHTOM N, MPUBOAMUT K YrJIIOBOMY PacCOTIaCOBAaHUIO
OCH CUMMETPHH JJIEKTPOHA W BEKTOpa V M K aCHMMETPUU OOTEKaHHUs BJEKTPOHA BCTPEUHBIM
notokoM s¢upa. braromaps sToif acuMMmeTpuu, BO3HUKaT cuia JlopeHIla W yCKOpeHue
AJIEKTPOHA, W3MEHSIOLIEE HaIpaBiICHUE BEKTOpa V. BcieacTeue 3TOro, 3J€KTPOH JBHIKETCA
MONEepeK JMHUM MarHuTHoro mnoiss H Tak, 4TO OCh CHUMMETPHM 3JEKTPOHA U BEKTOp V
WCIIBITHIBAIOT OJHOBPEMEHHOE BpallleHUE C OJIMHAKOBOM YIJIOBOW CKOPOCTBIO. DTO JIBUIKEHUE
MPOUCXOJIUT, U3-32 COMPOTUBIECHUS d(Pprpa NBIKEHUIO dJIEKTPOHA, 10 CIUPATHHON TPAECKTOPHH,
MEJIJIEHHO CXOSIIENCS K COCTOSTHUIO paBHOBeCHA. Kax bl OTIEIbHBIN BUTOK 3TOW CIIUPATIBHOMN
TPACKTOPUHU MAJIO OTJIMYAETCS OT OKPYKHOCTH.

DKCIEepUMEHTAIBHO YCTAaHOBJIECHO, YTO HaIpaBiieHHe BekTopa H W HampaBieHUE JBUKEHUS
AJIEKTPOHA B IJIOCKOCTH, OPTOTOHAIBHOM BeKTOpY H, COCTaBIAIOT MPAaBOBUHTOBYIO CHUCTEMY.
WHbIME CITOBaMH, COITIACHO HKCIIEPHMEHTAIBHBIM JITaHHBIM, BEKTOP g U BeKTOp H mapasienbHbl
JIpyT IpYyry U UMEIOT OJJHO U TO K€ HampaBjieHue. HeTpynHO nmpoBepUTh, YTO 3TO MOKET UMETh
MECTO TOJBKO B TOM CJIy4ae, €ClIi BEKTOP M HAIIPABJICH MPOTUBOMOJIOKHO BEKTOPY V.

*

Takum oOpa3oM, COOCTBEHHbIE MAarHMTHbIE TIOJISI 3JEKTPOHOB MOTYT BO30YXKIaTh
«KpYTrOBO€» MarHUTHOE I10JI€ BOKPYT IIPOBOJAHMKA C TIOTOKOM 3JIEKTPOHOB, €CIIN, IPHU IBUKEHUU
Ka)KJ0ro CBOOOJHOTO 3JIEKTPOHA CO CKOPOCTHIO V, OCh CUMMETPUHU COOCTBEHHOI'O MAarHUTHOIO
MOJsl  JJIEKTPOHA COBNANAET C JIMHUEH, COAEpPKALIEH BEKTOP V, U €CJIM BOKPYI 3TOH OCH
BO3HMKAET BBIHYX/JICHHOE BpAILlEHHE JJIEKTPOHA C YIJIOBOM CKOPOCTBIO (», HAIpPABICHHOU
IPOTHBOMNOJIOXKHO BeKTOpy V. IIpum 3TOM, CBOOOIHBINA SJIEKTPOH MOXKET IBUTaThCS IOMEPEK
JUHUN BHENTHEro MarHuTHOTO mojs H 1o TpaekTopuu, OJM3KOM K KPYroBOW, C YIJIOBOU
CKOPOCTBIO (g, IApAILIENbHON BEKTOPY H, 1 HAaIIPaBJIIEHHOM B Ty )K€ CTOPOHY, 4TO U BeKTOp H,



€CIIU 3JICKTPOH 00J1a/1aeT HE MAPOBOH, a BEITAHYTOMH, 0CECUMMETPHUYHON (hOPMOMA, M €CIIU BEKTOP
MarHUTHOTO MOMEHTa 3JIEKTPOHA M. HAXOJIUTCA HA OCH CUMMETPHUM AJIEKTPOHA M HAIIpaBJIEH B
CTOPOHY, IPOTUBOIIOJIOKHYIO HAlPaBJIEHUIO BEKTOPA V.

*

Kak nomkeH ObITh YCTPOEH JEKTPOH, YTOOBI 00J1aaTh BCEMH STUMHU CBOWCTBAMU?

YToObl MOHATH, KaK YCTPOEH KaKOW-THOO0 OOBEKT, HY)KHO y3HAaTh, U3 KaKUX DJIEMEHTOB OH
COCTOUT M KaK 3TH AJIEMEHTHI MEXIy CO00H cBsi3aHbl. ECTh /1Ba MyTH peIICHUs 3TOW 3aJadH.
IlepBblii OcHOBaH Ha TmoNMydeHMH uHPopMaruu 0Oe3 pa3pyiieHuss oO0beKkTa (PEHTIEH,
yIBTPa3ByK,...). BTopoil 3akirodaercs B TOMHOW pa30opke, pacdiiecHEeHWHu OOBeKTa Ha
COCTAaBJISIFOLUE IIEMEHTBHL..

Paznuunbie ciocoOBl «IIPOCBEUMBAHUSY 3JCKTPOHOB, MPOTOHOB W HEUTPOHOB ycIexa HE
MIPUHECIIH.

Jlisg X pacujieHEHWs] Ha COCTAaBHBIE YAaCTHU CO3JAIM MOUIHBIE YCKOPUTEIM 3JIEKTPUUYECKU
3apsKEHHBIX MUKPOOOBEKTOB. Ha HUX pa3roHsIu MUKPOOOBEKTHI JO OUEHb BBICOKUX CKOPOCTEM
U HaOmojanuM pe3yiabTaTbl MX CTOJKHOBeHUH. HalOmroneHus «OCKOJNKOB» OT cOyJapeHui
MUKPOOOBEKTOB IMPHUHECIN COBEPIICHHO HEOXKUJAHHBIE PE3YyNbTaThl. DTH «OCKOJKU» HMMEIU
MAaccChl, WM MPEBOCXO/SIINE MAcCy IPOTOHA, UM MacChl, IPEBOCXOASILNE MACCY 3IEKTPOHA, HO
MEHbIIIME, YeM Macca IpOTOHA. Bce 3T «OCKOJIKM» OKa3alMCh YpPE3BbIUAMHO HEYCTOWYMBBIMU.
[TouTn MrHOBEHHO OHM BHOBb IPEBPAIIAJIUCH B 3JIEKTPOHBI, HEUTPOHBI M NMPOTOHBI. Hukakue
WHBIE CTAOUITBHBIE MUKPOOOBEKTHI, IPU ITOM, OOHAPY>KEHBI HE OBLIH.

*

OU3MKH OKa3alluCh B BEChbMa 3aTPYAHUTEIHLHOM IOJIOXKEHUH C MCTOJIKOBAHUEM CYIIECTBA U
POJIN ATUX «OCKOJIKOB» B CTPYKTYpe MaTepuajibHOro Mupa.

[Tonnmanue OBLTO JOCTUTHYTO MOCe OOHAPYKEHHS OIIMOOYHOCTH BbIBOJA 00 OTCYTCTBUU B
[Tpupone adupa, B3aMMOIEHCTBYIONMIETO C MUKPOOOBEKTAMH, M TIOCIIE TIOJIYYSHHSI CBUJIETEIIHLCTB
€ro CyLIECTBOBAHMSI.

Tak xak 3¢up cymecTByer, TO OH JOJDKEH MPUHUMATh ydacTHe B (POPMHUPOBAHUU CTPYKTYP
3JIEKTPOHA, HEUTPOHA M MPOTOHA. DKCIIEPUMEHTAJIbHbIE JaHHBIE, KOTOPbIe MOTJIM Obl TOMOYb
chopMUpOBaTh NEPBbIE TUIOTETUYECKHE MPEICTaBICHUsS] 00 X CTPYKTYpe, HaM HE M3BECTHBHI.
Ho B Hamem pacnopskeHUH ecTh BecbMa 3(h(heKTUBHBINA METO/ aHAJIOTHH.

*

YTo MOKHO U3BJIE€Yb U3 MPENOI0KEHUS O TOM, YTO JIEKTPOH COCTOUT U3 IEMEHTOB 3upa
U SIBJISIETCSI KAKUM-TO «3(PUPHBIM CT'YCTKOM»?

M3BecTHO, YTO B MakpoMHpe U B MHKPOMHUPE BELIECTBO MOKET HAXOAUTHCS B UYETHIPEX
COCTOSHUSIX — TBEPIOM, JKUIKOM, ra3o00pasHOM WU IUTa3MEHHOM. B kakoM M3 moI0OHBIX
COCTOSIHUM MOXET HaXOJIUThCs 3GHP, BXOAALIMNA B COCTAB JIEKTPOHA?

MOo>KeT 71 DJIEKTPOH OBITh MOX0K Ha TBEP0E TEI0?

N3BecTHO, YTO BCe cTaOUIIbHBIE 00BEKTHl MUKPOMHUPA U MaKpOMHpa COCTOSIT U3 HEHTPOHOB,
IPOTOHOB M 53JeKTPOHOB. [loaToMy BCE MHOXKECTBO OOBEKTOB MaKpOMHpa W MHUKPOMHUpA
o0pa3yeT, Mo BEJIMYMHE MX Macc, HEMPEPBIBHBIM, C TOYHOCTHIO /IO BEIMYMHBI MAacChl HEHTpOHA
Mp, CIIEKTP.

Ecnu 00BeKThI, COCTOSIINE U3 3JEeMEHTOB 3(upa, 007Ja1al0T aHAJIOTHYHBIM CBOMCTBOM, 10
OTHOIIEHHIO K OJJIEMEHTapHbIM O0BbeKTaM 3dupa, TO JOMKHBI ObUIM OBl CYIIECTBOBATH
YCTOMYMBBIE MUKPOOOBEKTHI C MACCaMU, IPEBBIIIAIOIIMMHU Maccy 3JEKTPOHa M, HO MEHBIINMH,
4yeM Macca mpoToHa M, Ho Takue MHKPOOOBEKTHI JKCIIEPHUMEHTAIBHO HHKOIJa He
HaOmroanuch. OTCI01a MOXKHO CJIeNaTh BBIBOJ], YTO OOBEKTHI, COCTOSIINE U3 3JIEMEHTOB 3(dupa,
UMEIOT CTPYKTYpPY, OTJIIMUHYIO OT CTPYKTYpbl TBepaoro Ttena. CremnoBareiabHO, HEHTPOHBI,
IPOTOHBI M 3JIEKTPOHBI HE MOTYT 00J1a/1aTh TBEPIOTEIBHBIMH CTPYKTYPaMHU.

Eme oaun apryMeHT B MOJB3Yy TOTO, YTO CTPYKTypa JIEKTPOHA HE aHAJIOTMYHA CTPYKTYpe
TBEPJOTO TENa, 3aKJII0YAeTCs B CIOCOOHOCTH TBEPJBIX TeNl MOJAaBaThCS ApoOieHuto. OnHako,
pacmnaj dJeKTpoHa Ha Oojee MeNKHe CTa0miIbHbIe 00pa3oBaHMS HE ObLT 3a()UKCUPOBAHBI HU B
OJIHOM 3KCIIEpUMEHTE.



CB00OOIHBIE, TPOCTPAHCTBEHHO JIOKATH30BAHHBIE O0BEKTHI MAKPOMUPA, UMEIOIIUE CTPYKTYPY
JKUJKOCTH (JIO’KJIEBBIE KaIUIH,...), HE 00J1aal0T HEOOXOIMMOM CTaOUIIbHOCTHIO, YTOOBI CITY)KUTh
KaKHUM-TO MPOTOTUIIOM CTPYKTYPHI 3JIEKTPOHA.

OcTaroTcss TOJBKO Ta3onoJ00HbIE M IUIA3MONOJ00HBIE OOBEKTHI, KOTOPbIE MOTJIH OBl
MOCIYXUTh aHAJIOraMu IS IOCTHKEHUSI TOHUMaHUsl YCTPONCTBA 3J€MEHTOB MuUKpomupa. Ha
NEPBBIA  B3IJISAN, NPEINONOKEHHE O TOM, YTO DJIEMEHTApHbIE MHKPOOOBEKTHl HUMEIOT
ra3omnoJJ00HbBIE CTPYKTYPhI, KXKETCSI HE MPOCTO COMHUTEIBHBIM, HO COBEPIICHHO aOCypIHBIM.
OpnHako, CTOUT BCIOMHHUTH O CYIIECTBOBAHHWU TaKUX SIBJICHHM, KaKk aTMOC(EpHbIe CMepuu
(TOpHAI0), KaK COMHEHHUS] HAUMHAIOT OTCTYIATh.

*

ATMOCQEpHBI cMepd TpeacTaBisieT co00il 00pa3oBaHWE W3 CHIBHO HOHH3UPOBAHHOTO
BO3/lyXa, YeM-TO TOX0ee Ha paboTatonuii coneHoua. OH BecbMa YCTOWYUB MO OTHOLICHHUIO K
BHEIIHUM BO3JIEUCTBHSIM, HO CYIIECTBOBAaTh MOXET TOJIBKO B JOCTATOYHO IUIOTHBIX CIOSAX
atMoc(epHOil 000JIOUKH TMIaHEThl. BakHEHIINMM yYCIOBHEM €ro CYIIEeCTBOBAaHUS SIBJISETCS
JIOCTAaTOYHO CHJIbHASI HOHU3AIUSI OKPYKAOIIETO €ro BO3IyXa.

ATMOCQEpHBIII cMepd COCTOMT M3 IIEHTPAIBHOTO KaHala W HaBUBAIOUIMXCA HA HEro
CIIUPAIBHBIX CTPYW MOHM3UPOBAHHOTO BO3/yXa. OJEMEHThl HMOHU3MPOBAHHOIO BO3yXa
00nanaoT CcOOCTBEHHBIMM MAarHUTHBIMU MOJsiIMH. [lo3ToMy [BM)KEeHHE HMOHU3MPOBAHHOTO
BO3/lyXa IO CHUPAILHBIM CTPYSM BBI3bIBACT (DOPMHPOBAHHE MOIIHOH MArHUTHOW CTPYH B
LEHTPaJIbHOM KaHaJle cMepya. DTO MPOUCXOAUT TOUHO TaK ke, Kak U (popMHUpOBaHHE MAarHUTHON
CTpyH B IEHTPAIBLHOM KaHAJIC COJICHOWJA, IO CIHPATHHBIM OOMOTKaM KOTOpPOTO TEUeT
3JIEKTPUYECKUN TOK.

MarnutHas CTpys B IIEHTPAJBHOM KaHaje cMepya YBJIEKaeT 3a Cco0Oi TOTOK
MOHM3UPOBAHHOTO BO3AyXa, Ojarojapss KOTOPOMY BOKpPYT ILIEHTPAJbHOTO KaHajla cMmepya
BO3HHUKAET W TOJJEPKUBACTCS «KPYrOBOE» MAarHUTHOE TIOJIE C JICBOBUHTOBOM 3aKPYTKOM.
[TosTOMy cnupanbHble BO3JYIIHBIE CTPYH, HAaBUBAIOIIMECS HAa LEHTPAJIbHBIA KaHal, UMEIOT
TaK)ke JICBOBUHTOBYIO 3aKpyTKy. «KpyroBoe» MarHuWTHOE IOJI€ 3aCTaBlII€T MOHU3WPOBAHHBIMA
BO3/yX JIBUTaThCS B CIIUPAIBHBIX CTPYSIX BOKPYT IIEHTpPAIbHOTO KaHana. Ha aToM kpyroo6opor
MarHUTHBIX B3aUMOJICHCTBUI B aTMOC(HEPHOM CMEpUe 3aMbIKACTCsl.

[IpyunHa BBICOKOW YCTOWYMBOCTH aTMOC(hEpHBIX CMepueill 3aKiIidaeTcss B TOM, YTO
CKOPOCTh TEUYECHHSI MOHU3UPOBAHHOTO BO3/JyXa B IIEHTPAJHLHOM KaHaJIe cCMepya BHIIIE, YEM BHE
ero. CrnenoBaTenbHO, BHYTPEHHEE J1aBJICHHE BO3/yXa B LIEHTPAJIbHOM KaHajle MEHBIIE, YEM BHE
ero. Jta pa3HOCTb JABJICHUHN CIYKHUT IPUYUHON TOTO, YTO BO3IYX, ABMXKYIIHICS B CIIUPaJIbHBIX
CTPYSIX BOKPYT LIEHTPAILHOTO KaHalla, HECMOTPs Ha HEHTPOoOeKHbIe AP DEKTHI, yIepKUBaeTCs B
OKPECTHOCTH IIEHTPAJIHLHOTO KaHaa.

ATMOCQEpHBI cMepu  sBISETCS CBOCOOPA3HBIM THMTAaHTCKHM HAcCOCOM, MPOKAYMBAIOIIUM
yepe3 cedsi OKpyKarommil Bo3ayX. Ero ycToM4uMBOCTH 3aBHCHUT OT IUIOTHOCTH M CTETICHH
MOHU3MPOBAHHOCTH OKPYXKAIOMIEro Bo3Ayxa. He yIuMBHUTENbHO, YTO CMEpPUM 3apOKAAr0TCS
0OBIYHO HAJI OKEAHCKUMH MTPOCTOPAMH, T1I€ BO3AYX OYCHHh CHIILHO MOHU3UPOBAH, a MPEKPAIIAIOT
OHM CBOE CYIIECTBOBAaHUE TaM, IIe MOHU3ALMS BO3/lyXa OKa3bIBAE€TCS HEJIOCTATOYHA JJIsi TOTO,
9TOOBI TIOJIIEP)KUBATH UX POpMY.

*

[IpeamonokeHrie O TOM, YTO OJJEKTPOH 00IamaeT CTPYKTYpOH, IMOJOOHOH CTPYKType
aTMoc(epHOro cMepya, T03BOJISET MOTYYUTh OTBETHI HA OCTABIIHECS BOIIPOCHI.

DIeKTPOH B BHUJIE Y(PUPHOTO cMepYa MOX0K, C OJHOU CTOPOHBI, HA pabOTArOIIUI COJICHOU I, C
JIpyroi — Ha paloTaIIUN MPOTOYHBIN ABUraTeNnb. Uepes ero meHTpalbHBIN KaHal MOCTOSHHO
MPOKAYMBAIOTCSI COOTBETCTBYIOIIME MACChl BHEIIHETO d(Hpa B HAIPABICHUH, COBMAJAIOIIEM C
HaIpaBJIE€HUEM MArHUTHOTO IMOTOKAa B LEHTPAJIbHOM KaHaje, T.€. C HalpaBJICHUEM BEKTOpPa
MarHuTHOTO MOMEHTa JJIEKTpOHA. M3-3a 3TOro Ha [BMXKYLIMHCSA 3JIEKTPOH, CO CTOPOHBI
BHEITHETO 3(upa, NeHCTBYET MOMEHT CHJI, 3aCTABJISIOIINUN AJIEKTPOH Pa3BEPHYTHCS TaK, YTOOBI
BEKTOp €ro MAarHUTHOIO MOMEHTa CMOTpEN B CTOPOHY, NMPOTHUBOINOJIOKHYIO HAIpPaBICHUIO
JBUKEHUSI DJIEKTPOHA.



Crnmpanbable 3(QUpHBIE CTPYH 3JEKTPOHHOTO CMepya HMEIOT JIEBOBHHTOBYIO 3aKpPYTKY.
[TosToMy Ha JABHIKYIIMHCS 3JEKTPOH CO CTOPOHBI BHEHIHEro 3(pupa JIEHUCTBYET TaK)KE€ MOMCHT,
3aCTaBJISIONINI SIEKTPOH BPAIIAThCS BOKPYT CBOCH OCH CMMMETPUHU TaK, YTO HAIPABJICHUE €ro
JIBIDKCHUS ¥ HATIPABJICHUE 3TOTO BPAILICHUS COCTABJISIIOT JICBOBUHTOBYIO CHCTEMY.

*

[IpuBeneHHbIC pPE3yabTaThl MOATBEPXKAAIOT, YTO B IKCIEPUMEHTE DpCTela «KPYroBOE»
MardmuTHOC I10JIC BOSGY)KI[aeTCH COOCTBEHHBIMU MardiuTHbIMHU oJIsIMH HOCHUTEIIEH
JJIEKTPUYECKOT0 TOKA, a HE JJICKTPHUSCKMMH 3apsilaMH 3THX HOCHTENICH, YTO IBMIKYIIMUACS
AJIEKTPOH MPHOOPETAET JICBOCTOPOHHEE BPAIICHHE BOKPYT CBOCH OCH CHMMETPUHU M YTO BEKTOP
MarHMTHOTO MOMEHTA JBHXKYILETOCS JJICKTPOHA HAINpPaBJICH B CTOPOHY, MPOTHBOIOJIOKHYIO
HaIpaBJICHUIO ABHUKCHUA.

* * *

BrisiBieHue TOrO, YTO OJCKTPOH 00JagaeT CcMepuenogoO0HONW d(UPHOU CTPYKTYpPOH,
MO3BOJIACT MOJIYYUTh O0BSICHEHHE PAa APYTUuX (HaKTOB.

AHanmM3  CTPYKTYphl COOCTBEHHOTO MAarHUTHOTO TIOJISI  DJIGKTPOHA, IPOBEIACHHBIM
UICHTU()UKAIIMOHHBIMU ~ METOJaMH, Ha 0a3e M3BECTHOTO CIEKTpa 3JIEKTPOMArHUTHOTO
U3JIy4CHHs] aTOMOB Tefus-4, MoKa3ai, YTO COOCTBEHHOE MAarHUTHOE MOJIE AJIEKTPOHA 00JamgaeT
YpE3BBIYANHO TOHKOW TUIOTHOU IEHTPaIbHOU CTpyeit. COTacHO U3JI0KEHHOMY BBIIIIE, SJIEKTPOH
107100€H, 1o opMe, OYCHb TOHKOMY M JJTMHHOMY pa0OTaloIIeMy COJICHOUIY, MArHUTHOE IOJIe
KOTOpOro 00JaaeT TOHKOW, CIUIENOA00HON IIeHTpalbHOH cTpyeil. O0a 3TH pe3yiabTara
XOPOILO KOPPEIUPYIOT.

*

BoisiBneHne CTPYKTyphl 3JEKTPOHA II03BOJISIET BBIpAOOTaTh aJEKBATHOE IOHUMAaHHE
pE3yJIbTATOB IKCIEPUMEHTOB IO CTOJKHOBEHHSIM MHUKPOOOBEKTOB. Macca cMepyernomo0HOro
3(pHUPHOTO 00BEKTa 3aBUCHT OT ILIOTHOCTH OKpyXkaromiero s¢upa. [Ipu ABHKEHHH TaKOTO
00BbEKTa TUIOTHOCTh BCTPEYHOTO IMOTOKa 3(Hpa yBETUYMBACTCS C YBEIMUYCHHEM CKOPOCTH.
[TosToMy, MpH YBETHUYCHHH CKOPOCTH S(PHUPHOTO CMepdYa, €ro Macca YBEIUYMBACTCS 3a CUET
3axBaTa JOMOJIHUTEIbHBIX 00BEMOB 3(upa.

[Ipu pasroHe Ha yCKOPUTEISIX, ObUIO 3a()UMKCUPOBAHO, YTO Macca AJIEKTPOHA BO3pacTaeT Ha
2+3 mopsiKa, a MacChl HSUTPOHOB M MIPOTOHOB BO3pAacTarT He Ooee, yeM B 1,5 pasza. C Touku
3pCHUA TCOPUNU OTHOCHUTCIBHOCTH TaKasd JUCIPONOPHHA COBCPHICHHO HEIIOHATHA.

OOBsCHSIETCS 3TO TEM, YTO CTPYKTYPHI AJICKTPOHA M HEMTPOHA OYEHBb CHUIIBHO Pa3InYyaroTCs.
OJNEKTPOH MOX0XK Ha JJIUHHBIA MPSMOU COJEHOUJ, LIEHTPAJIbHBIM KaHal KOTOPOIrO OTKPBIT AJIs
BHemHero a¢upa (puc.l). [TosToMy H3MEHEHHE TUIOTHOCTH BHEHIHETo 3(upa TaKk CHIBHO

VAP s sz eoZzes sl

Puc.1. Dnexrpon

CKa3blBaeTCsi Ha Macce djekTpoHa. HelTpon »xe mnpezacrasiser co0oil >upHBIL cMepd,
3aMKHYTBIII caM Ha ce0s, CBepHYThIH B KoOJbIO (puc.2). [lo3ToMy LEHTpanbHbIA KaHa

A)
é

Puc.2. Heiitpon



HEUTPOHHOTO 3(PHUPHOTO CMepya OTHEICH OT BHEUIHEr0 A(upa MHOXKECTBOM CIHPATBHBIX
3(UpHBIX CTPYH. DTO pasaudure GopM AIEKTPOHOB U HEHTPOHOB U SBISACTCA NMPUUUHON pasHOU
YYBCTBUTEIHLHOCTH MAcC 3JIEKTPOHOB U HEUTPOHOB K BEIMYMHE CKOPOCTU UX JIBUKCHUSI.

)

P

Puc.3
ITpoToH (HEHTPOH-aHTHAIEKTPOHHAS CHCTEMA)

[Ipy yMeHbLIEHMH CKOPOCTH JBHXEHHS 3S(UPHOIO CMepya, IJIOTHOCTh BCTPEYHOTO
3(HUPHOTO MOTOKA YMEHBIIACTCS W MPOHUCXOAMT cOpoc nuImHUX 00beMoB 3¢upa. [TosTomy,
10CJIe MPEKpaIIeHusl pa3sroHa MUKPOOOBEKTOB, UX CKOPOCTH, BCIEACTBUE CONPOTHUBIIEHUS 3(upa
UX JBW)KEHHIO, ObICTPO MaJaloT, U, PacIOIHEBIINE NIPU Pa3rOHE, MIEKTPOHbI U HEUTPOHBI BHOBb
00peTaroT CBOU NMPUBBIYHBIE MACCHI.
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