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The article offers mechanisms of electromagnetic emissions by radiators unknown to the contemporary physics,
discovered by TNO.
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XIV. Elementary Radiators of Electromagnetic Waves
Unknown to the Contemporary Physics

The actual structure of atomic nucleus, non-excited atom, photon and excited atom,
substantial essence of cosmic rays, why sources of cosmic rays cannot be identified and how
frequency spectra of electromagnetic atomic radiation are formed is described in [1].

We receive information on the structure of the surrounding material world mainly by means
of electromagnetic radiation emitted by various sources. Atoms of the matter generate,
obviously, the overwhelming portion of such radiation. There are also other sources of this
radiation in the microworld. Positronium, protonium, deuterium, protons, and atoms of protium
and positronium in the external magnetic fields emit electromagnetic waves.

Orthohydrogen molecules generate very peculiar electromagnetic radiation.

XIV.1. Electromagnetic Radiation of Positronium

Positronium got an unsavory role in the story of such fantastic phenomena as “collapse” of
electron and positron, “annihilation” of electron and positron masses and their transformation
into the motional energy of photons.

It is to be recalled that positronium is called electron-positron dipole. Electron and positron
in this dipole is exposed to electric attraction and magnetic repulsion. Electric attraction is the
inverse square of the distance, and magnetic repulsion is inversely related to the third degree of
the distance between electron and positron. Elementary studies by TNO found that positronium
has the only globally stable state of static equilibrium where the distance between electron and
positron is 4.43:10 '°m. As this distance is almost next larger than “Bohr radius”, the natural
frequency of positronium at which it emits electromagnetic waves is 2.42-10"s™. Let us recall,
for comparison, that the natural frequency of non-excited protium is w(H)=4.13-10"%".

XIV.2. Electromagnetic Radiation of Deuterium

Deuterium is a neutron-proton dipole. Neutron and proton are bound together by nucleonic
attraction and magnetic repulsion. According to the experimental estimate by E. Rutherford, the
distance between proton and neutron in deuterium is 3.528-10"°m.

By means of the identification estimate it has been possible to establish that yn:3-10‘4/¢p,
where u, and u, are magnetic moments of neutron and proton, and that the force of nucleonic
interaction may be described by the equation: F,(r)=pr*-qr>, where r is a distance from
nucleon, p=1581-10"’kg-m°-s?, q=5032-10 "*kg-m®-s . From these equations, the natural
frequency of deuterium was 5.38-10%s ™.

XIV.3. Natural Frequency of Protonium

Identification of the photon structure made it possible to understand that proton is a neutron-
antielectron system. The structure of neutron and proton was only understood after the results of
experiments on acceleration of microobjects on powerful arrangements allowed for
understanding the electron structure [1].

First, physics got very concerned about cramp reasons for seventy years of failed attempts to
build neutrino information systems: neutrino-based telescopy and neutrino-based superlong-
range communication. Let us recall that the hypothesis of “neutrino” existence emerged in
attempts to clarify the details of the neutron-to-proton transformation reaction. Physics started to



believe that neutron is an unstable self-disintegrating microobject. This erroneous belief resulted
from a shallow, superficial and naively contemplative analysis of electron and proton tracks that
illustrated this reaction in experimental arrangements. Physicists decided that those tracks
correspond to the reaction of neutron disintegration into proton and electron. However, seventy
years of failures in the neutrino problem made put this conclusion in doubt.

It appeared that there is a different version of the neutron-to-proton transformation reaction
according to which proton results from photon electron-antielectron dipole disintegration into
electron and antielectrons following a collision with neutron, with further synthesis of proton
from neutron and antielectron [2]. In this version, there was no place for neutrino, and the
neutrino problem has successfully gone.

However, a new difficulty arose in the new version: how one can imagine a merging of
neutron and antielectrons into a new object, proton? TNO was able to solve this problem by the
only method possible: by identification of the composition and structures of electron and
neutron. It appeared that electron consists of a whole lot of electron-like ether elements and has
an atmospheric vortex structure (fig.1). Antielectron also consists of ether elements, like
antielectron, and has the same vortex-like structure.
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Fig. 1. Electron structure

As regards neutron, it consists of a whole lot of neutron-like ether elements and has a circular

vortex-like structure (fig. 2).
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Fig. 2. Neutron structure

As neutron and antielectron are bound together in proton by means of magnetic interactions only,
proton can only be illustrated as shown fig.3.
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Fig.3. Proton structure
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A collision of electron-antielectron photon dipole with neutron gives proton in the form of a
neutron-antielectron system. A collision of positron-antipositron photon dipole with neutron
gives neutron-antipositron dipole that should be naturally associated with antiproton.

The studies in TNO showed that electron-like microobjects with “negative” masses interact
with each other as if they both have “positive” masses. As they have different “signs” of electric



charges, there is electric attraction between proton and antiproton. Moreover, since antielectrons
and antipositron are diamagnetic substances, there is magnetic repulsion between proton and
antiproton. Hence, there is the only, globally stable state of static equilibrium in proton-
antiproton dipole, protonium, in which the distance between proton and antiproton is 6.3-10 **m.
The only natural frequency of protonium is 33.1-:10"s*

XIV.4. Natural Frequency of Proton
as of a Neutron-Antielectron System

Proton is a neutron-antielectron system bound only by magnetic interactions. This is a very
peculiar, apparently, unique system. Neutron is a paramagnetic substance; antielectron is a
diamagnetic substance with “negative” mass.

Due to diamagnetism of antielectron, neutron is exposed to magnetic repulsion, and it seeks
to escape from antielectron. And since antielectron is a diamagnetic substance, it should be also
exposed to magnetic repulsion. However, antielectron has “negative” mass owing to which
magnetic repulsion becomes magnetic attraction. That is why antielectron rushes after the
escaping neutron. Neutron cannot escape antielectron because the magnetic forces acting on
neutron and antielectrons are equal while the mass of neutron is three orders higher than the one
of antielectron. Therefore, antielectron imminently catches up with neutron and forms proton in
which the centers of masses of antielectron and neutron are the same.

The last stage of the merger of antielectron and neutron occurs in an oscillatory regime which
frequency w(p) is estimated to be 2.5-10%s .

XIV.5. Electromagnetic Radiation
Continuously Generated by Non-Excited Orthohydrogen
Using TNO methods, it was revealed that there are two different kinds of hydrogen
molecules. One of them was called “static”, another — “blinking”.
A “static” hydrogen molecule is in stable static equilibrium and has a shape illustrated by
figure 4 (o — proton, ¢ — electron, arrows are magnetic moment vectors).
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Fig. 4. “Static” hydrogen molecule
“Blinking” molecule has no static equilibrium. It exists in continuously sustained periodic
reciprocating oscillations of all its elements. It happens as follows. After one of semiperiods is
completed, the molecule looks as shown on figure 5. Then, the right electron starts approaching
the right proton, and the left proton and electron start distancing from the right proton.
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Fig.5. Blinking” molecule in the first
semiperiod of its existence

As the result of this, the sum of magnetic fields of the left proton and both electrons, in the point
where the right proton is, almost instantly takes the direction similar to the one of the right
proton’s magnetic field, and, since proton is a diamagnetic substance, the right proton’s magnetic
field is reversed, as shown on figure 6. After that, the next semiperiod of the “blinking” molecule
elements motion begins.
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Fig.6. Blinking” molecule in the second



semiperiod of its existence

In this semiperiod, the left electron and proton approach the right proton, and the right electron
distances from the right proton. As a result, the magnetic field of the right proton is reversed
again completing the whole semiperiod, and the structure of the “blinking” molecule recovers.

Such continuous “bouncing” of the direction of the magnetic field of one of the “blinking”
molecule protons should generate extremely specific electromagnetic wave radiation.

However, maybe is it the mysterious flicker noise, the true cause of which has not been
reliably determined still?

Using TNO methods, there was identified the detailed structure of “static”” and “blinking”
molecules of hydrogen. It allowed for estimating dissociation energies: binding energies of
microobjects in “static” and “blinking” molecules of hydrogen. The binding energy of “static”
molecule was 2.246¢eV; the binding energy of “blinking” molecule was 10.908eV.

Long ago Heisenberg and Hund predicted the existence of two different kinds of hydrogen
molecules. They were those who called these molecules as parahydrogen and orthohydrogen.
Given the specified binding energies of these molecules, orthohydrogen molecules are
apparently “static” and parahydrogen molecules are “blinking” molecules of hydrogen.

XIV.6. Electromagnetic Radiation of Non-Excited Protium
in the External Magnetic Field
Atoms of non-excited protium in quite a strong external magnetic field are continuously
generating very peculiar electromagnetic radiation. Non-excited neutral protium atom consists of
one proton and one electron (fig.7).
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Fig.7. Protium structure

The “classical” structural model of protium that accounts ether resistance to motion of proton
and electron, electric and magnetic interactions between proton and electron has globally stable
state of static equilibrium in which the distance between proton and electron is x*=5.292-10 *'m.

If the intensities of the magnetic fields of proton and electron are denoted as Hj(x) and H(x),
and the external field intensity is denoted as Hy, protium generates electromagnetic waves if
Hex>H.(x*). This happens as follows.

If vectors Hey and u. are parallel, then, due to diamagnetism of electron, the magnetic field of
electron is inverted. As a result, vectors u, and u. have the same direction, and magnetic repulsion
between electron and proton becomes magnetic attraction. If parallel are vectors Hey and u,, then,
due to diamagnetism of proton, the magnetic field of proton is inverted. As a result, magnetic
repulsion between electron and proton also becomes magnetic attraction. Further behavior of the
atom in both cases is the same and can be described by the same mathematical model.

After magnetic repulsion between electron and proton becomes magnetic attraction distance x
between electron and proton starts decreasing. Values of yupx’z and yuex * in such case will be
increasing. Thus, x will be decreasing until yuex > exceeds Hex (Ut yupx =pucd 'x > is still smaller
than Hey). As soon as it happens, vector g, becomes inversed and magnetic repulsion between
electron and proton is restored, so that x starts increasing until ]),uex_z is again smaller than Hey. As a
result, u, is inversed again, and this situation is repeated cyclically.

If, given H.(x) =Hex:, We write x as x., protium behavior in the external magnetic field can be
illustrated by figure 8 on phase plane xy, where y is x variation rate. Thin lines on the figure
represent atom paths neglecting ether resistance to motion of atom elements, i.e. in a conservative
approximation.



Fig.8

Consideration of ether resistance to motion of proton and electron makes atom behavior paths
more real. One of such paths is shown in the bold line.

Still, the reality is not represented in full. The point is that magnetic fields of proton and
electron in real atom are inverted not instantly, not when x=x., but with a certain delay.
Therefore, a stable periodic boundary cycle appears on the phase plane instead of a stable state of
equilibrium (x.,0) (fig.9).

Thus, hydrogen atom in the external uniform magnetic field of intensity Hex>H.(x*) is
continuously generating electromagnetic radiation corresponding to the boundary cycle .
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Fig.9
Obviously, this effect also takes place in a non-uniform external magnetic field.

XIV.7. Electromagnetic Radiation of Positronium
in the External Magnetic Field

Positronium differs from protium in that proton is substituted with positron. The distance
between electron and positron in stationary positronium is 0x*, i.e. by 6=8.372 times larger than the
distance between electron and proton in stationary protium, - by 6 times larger than “Bohr radius”.
The natural, resonant frequency of positronium is 17 times less than the resonant frequency of
protium.

If Hex>H (6x*), the external magnetic field will prevail over the self-magnetic field of electron
in the point where positron is, and prevail over the self-magnetic field of positron in the point
where electron is. Therefore, either the self-magnetic field of positron or the self-magnetic field of
electron becomes inverted, so the magnetic fields of electron and positron get the same direction
opposite to the external magnetic field. Consequently, magnetic repulsion between electron and
positron becomes magnetic attraction, and electron and positron start approaching each other.

Electron and positron will keep approaching each other until distance x becomes smaller than
xe: Ho(x°)=Hex, and self-magnetic fields of positron and electron prevail again respectively in the
points of electron and positron. Afterwards, or after some inversive “bouncing”, the self-magnetic



fields of positron and electron become opposite once again, so electron and positron start diverging
until distance x again exceeds x.. Then, all peculiarities of the mutual behavior of electron and
positron in the external magnetic field are repeated cyclically.

This results in sustained oscillating movements of electron and positron of the same type, as
shown on fig.9, but not that clear but somewhat “blurry” as compared to the one shown on the
figure because of inversive “bouncing” of the magnetic fields of electron and positron.

XV. Oersted’s Experiment
Spiral lines of a magnetic field excited by a flow of material carriers of self-magnetic fields give information
critical for understanding the atmospheric vortex structure, as well as the structure of electron and neutron.

Let us continue the story about the nature of magnetism with a remark that the magnetic field
excited around the current conductor in Oersted’s experiment was called “circular” because of
the illustration of the field lines obtained using iron dust on a plane orthogonal to the conductor
(Fig.10 to Figure 9a from [3]).

Fig.10

Although it is unpleasant to speak about but physicists in this case showed somewhat close-
minded, narrow thinking as it is the motion of material carriers of current along a conductor that
excites a magnetic field around the conductor. Therefore, this magnetic field is not a circular but
spiral, and its spiral lines are on concentric cylindrical surfaces, which axes are in the conductor.
Circular are only projections of the lines on a plane orthogonal to the conductor.

There is no escaping the impression that physicists have no thorough knowledge of
geometry. If physicists cannot imagine spiral lines of an excited magnetic field in Oersted’s
experiment, then, to understand that, they should refer to one of Oersted’s experiment variations.
The conductor in Oersted’s experiment was arranged vertically while the excited magnetic field
direction was determined by means of a magnetic needle (Fig.11). In order to make sure that the
excited magnetic field lines are spiral indeed, we should arrange the conductor horizontally and
hang the magnetic needle above the conductor.
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If, in this case, the magnetic needle direction is not orthogonal to the conductor while current
is flowing through it, it is experimental evidence as to the excited magnetic field lines around the
conductor being spiral.
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HEPEIIEHHBIE NIPOBJIEMbI ®U3UKH_6

H.H.JIeonos

[IpeacTaBneHbl MEXaHU3MbI U3TY4EHHS DJIEKTPOMArHUTHBIX BOJH M3J1y4aTessIMU, HE U3BECTHBIMU COBPEMEHHOI
¢uznke, ooHapyxkenasiMu THK
°

XIV. DiiemeHTapHbIe M3JIy4YaTeJH JIEKTPOMATHUTHBIX BOJIH,
He U3BECTHBbIE COBPEMEHHOH (pu3HKe

B [1] paccka3aHo. Kak, B JE€HCTBUTEIBHOCTH, YCTPOCHO aTOMHOE SIpO, HEBO30Y)KIIEHHBIH
aToM, (pOTOH M BO30YXJIEHHBIN aTOM, KaKoBa coJepKaTeibHask CyIIHOCTh KOCMHYECKUX JydeH,
noyeMy HEUJACHTU(DULIUPYEMbl HUCTOYHUKH KOCMMYECKHMX Jydel, U KaKk TPOUCXOAUT
(dbopMHpOBaHKE YACTOTHBIX CIIEKTPOB 3JEKTPOMATHUTHOTO U3TYYEHUS aTOMOB.

°

WNudopmannio 00 ycTpoHCTBE OKPY)KAIOLIEr0 HAC MaTepUalbHOro Mupa MBI MOJyyaeMm, B
OCHOBHOM, 3a CYET HUCITyCKAaeMOr0 Pa3IMYHbIMU MCTOYHUKAMHU AJIEKTPOMATHUTHOTO M3ITyYEHUS.
[TonaBnsromass 4acThb 3TOTO M3JIYYEHHUsS TE€HEPUPYETCs, BUIMMO, aTOMaMu BelllecTBa. B
MUKPOMHpPE €CTh U IPYre UCTOYHUKHU ITOTO U3ITYUeHUs. DIEKTPOMArHUTHbIE BOJHBI U3TY4alOT
MIO3UTPOHUM, NPOTOHHUM, ACHUTPOHBI, NPOTOHBI, & TAKXKE aTOMbl INPOTUS U IMO3UTPOHUN BO
BHEIIHUX MAarHuTHBIX NOJAX. Ype3BblYallHO CBOEOOpa3HOE HJIEKTPOMArHUTHOE H3ITydeHHE
TEHEPUPYIOT MOJIEKYJIBI OPTOBOAOPOAA.

XIV.1. DneKTpOMarHuTHOE U3/1y4YeHHe MO3UTPOHHS
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[To3uTpoHUIO BhIMANIa HEMPUTIIAIHAS POJIb B UCTOPUH O TaKUX (PAHTACTUYECKUX COOBITHSIX,
KaK «KOJUIANC» JJIEKTPOHA M TMO3UTPOHA, «AHHUTWJISAIUS» Macc 3JEKTPOHAa U IO3UTPOHA U
MEPEeX0J1 X B SHEPTHUIO ABMKCHUS (DOTOHOB.

HanomHuM, 4TO MO3UTPOHUEM HA3bIBAIOT AJIEKTPOH-TIO3UTPOHHBIN numnoisb. Ha anekTpoH u
MO3UTPOH B 3TOM JUIMOJIE IEUCTBYIOT AIEKTPUUECKOE MPUTSKEHNUE U MATHUTHOE OTTAJIKUBAHUE.
DneKTpuuecKoe MPUTSHKEHHE 00paTHO MPOMOPIMOHATIBHO KBAJpaTy PAacCTOSHUS, a MarHUTHOE
OTTaJIKMBAaHUE OOPATHO MPOMOPIUOHAIBEHO TPEThEH CTEIIEHU PACCTOSHUS MEXIY IEKTPOHOM U
MO3UTPOHOM. DIIeMeHTapHble wuccienoBanus, mnposeneHnsie THK, oOnapyxumu, dro
MO3UTPOHUI 00J7a/aeT EAMHCTBCHHBIM TJI00ATLHO YCTOWYMBBEIM COCTOSHUEM CTaTHUYECKOTO
PaBHOBECHSI, B KOTOPOM PACCTOSIHUE MEKY SJIEKTPOHOM U MTO3UTPOHOM PAaBHO 4.43:10 M. Tak
KaK 3TO pacCTOSHUE IMOYTH Ha MOPSAJOK MpEBbINAET BelUuuHy «bopoBckoro paauycay, TO
coOCTBEHHAs YacTOTa MO3UTPOHMSI, HA KOTOPOM OH M3JIydaeT 3JEKTPOMArHUTHHIE BOJHBI, paBHA
2,42'1015c_1. HanmomamMm, aiisi cpaBHEHUs, 4TO COOCTBEHHAs 4acTOTa HEBO3OYKJIEHHOTO aToMa
npotust pasHa w(H)=4,13-10'%".

XIV.2. DnekTpoMarHuTHOe U3JIy4eHue AeiiTpoHa
JeitiTpon npencTasisieT coO00i HEUTPOH-NIPOTOHHBIN UI0JIb. HEUTPOH U IPOTOH CBSI3bIBAET
MeXay co0oil  HYKIOHHOE TPUTSHKEHHE W  MarHuTHoe oOTTajkuBaHusA.  CoryacHo
OKCIIEpUMEHTAIBHON orleHKe D.Pesepdopna, paccrosiHme MEXIy HNPOTOHOM M HEUTPOHOM B
JEHTPOHE PaBHO 3,528-10715M.
C nomompo UACHTU(PUKAIMOHHON OIEHKH, YIaJIOCh YCTAHOBUTD, YTO ,un:3'1074,up, TAE Un U
l{p — BEIMYUHBI MAarHUTHBIX MOMEHTOB HEHTpOHa M IPOTOHA, M YTO CUJIa HYKIOHHOI'O
B3aMMOJICHCTBHS MOJKET OBITh ONHCaHa BeIpaxkeHmeM: Fn(r)=pr'—qr>, rme r — paccrosme or
HYKJIOHA, p:1581-10759KF‘M5‘C72, q:5032-10774KF'M6‘C72. Hcxons w3 3TUX BBIpAKEHUH,
BENIMUHHA COOCTBEHHOI YacTOTHI AeiiTPOHA OKasamack paBHoit 5,38-10% ¢,

XIV.3. CoGcTBeHHAst 4aCTOTA NPOTOHUS

BrisiBienne cTpykTypsl (DOTOHa MO3BOJNMIIO MOHSATh, YTO MPOTOH MPEACTABISET COOOM
HEUTPOH-aHTUIIIEKTPOHHYIO cHucTeMy. CTpyKTypy e HEHTpoHa W MPOTOHA YIAJIOCh TMOHSTH
TOJIBKO TIOCII€ TOTO, KaK Pe3ybTaThl IKCIIEPUMEHTOB MO PA3TOHY MHUKPOOOBEKTOB Ha MOIIHBIX
YCKOPHUTEJISX MTO3BOJIMIIN BRIPA0OTaTh MOHUMAaHUE YCTPOUCTBA dJIeKTpoHa [1].

[Ipexxne Bcero, OONbIIYI0 03a00YEHHOCTh B (DM3HMKE BBI3BIBATM HEMOHSATHBIE MPHUYUHBI
CEMUJIECATUIIETHUX HEy/au B MOMbBITKAX MOCTPOCHUSI HEUTPUHHBIX WH()POPMAIITMOHHBIX CUCTEM —
HEUTPUHHOM TEJIECKONMU M HEUTPUHHOM CBEpPXJAJbHEN CBsA3M. HamomHum, 4Tto THnoTe3a
CYIIIECTBOBaHUSI «HEUTPUHO» POJMIIACH B IOMBITKAX BBIACHUTH JCTAIM PEAKIIUU MPEBPAIICHUS
HelTpoHa B MpoToH. B (u3uke Bonapuioch yoexkaeHrne, YTO HEUTPOH SBISIETCS HEYCTOMYHBBIM
caMOopAacCTaIalOIINMCSI MHUKPOOOBEKTOM. DTO OIIMOOYHOE YOEKIEHHUE SBUIIOCH CJIEACTBHUEM
HErmyOOKOTo, TMOBEPXHOCTHOTO M HAMBHO-CO3EPIATENTFHOTO aHalIM3a TPEKOB JJIEKTpPOHA U
MPOTOHA, U300PAKABIINX B HAOIIOATENHHBIX YCTAHOBKAX ATy peakinuo. B ¢pusuke pemmin, 94To
9TH TPEKH OTBEYAIOT pEaKIUMu pachaja HEUTpoHa Ha MPOTOH M 3JeKTpoH. OJHaKo,
CEMUJIECATUIICTHUE HEY1aul B HEUTPUHHOM MpoOJIeMe 3aCTaBUIIN YCOMHUTHCSI B 3TOM BBIBOJIE.

Oka3zanochb, 4TO CYIIECTBYET HHasi BEpPCUs PEAKIUU MPEBpaIleHUs] HEUTPOHA B MPOTOH,
COTJIaCHO KOTOPOW TPOTOH ToJiydaercs Osaromapss pacraay (OTOHHOTO — DJIEKTPOH-
AQHTUAJIEKTPOHHOTO JIMIIONS Ha SJIEKTPOH W AHTUAJNEKTPOH, B pE3ylbTaTe CTOJKHOBEHHUS C
HEUTPOHOM, C TOCIEAYIOIINM CHHTE30M MPOTOHA U3 HEUTpOHA W aHTHRJIEKTpoHa [2]. B atoi
BEpCHH, HEUTPUHO MecTa HE HAIUIOCh, M HEUTPUHHAs MpobiieMa OIaromnoayyHo OTOIUIA B MHUP
WHOM.

OpnHako, B HOBOW BEpPCHUM BO3HUKIO HOBOE 3aTPYJHEHHE — KaK MOJKHO MPEACTaBHTH cede
00bEIMHEHNE HEUTPOHA C AHTHAJIEKTPOHOM B HOBBIM OOBEKT — MPOTOH? DTO 3aTpyAHEHUE B
THK ynmanoce ycTpaHWTh €IUHCTBEHHO BO3MOXKHBIM CIIOCOOOM — BBISBJICHHEM COCTaBa W
CTPYKTYP 3JEKTpOHA U HEUTpoHa. OKa3ajaoCh, YTO AJIEKTPOH COCTOUT U3 OTPOMHOTO MHOKECTBA



AIIEKTPOHOIIOIOOHBIX AJEMEHTOB 3(upa M 00JaJaeT CTPYKTypoil aTrMocdepHOro cmepua
(puc.1). AHTHDIEKTPOH TaK)X€ COCTOMT U3 JJIEMEHTOB 3(upa, MOJOOHBIX AHTHIJIEKTPOHY, U

DRI

Puc 1. Cxema cTpyKTyphbI 2JIEKTpOHA

00J1aaeT TakoM e CMepYenoo0HON CTPYKTypoi. UTo kacaeTcs HEHMTpOHA, TO OH COCTOWT M3
OTPOMHOTO MHOJKECTBA HEUTPOHOIONOOHBIX JIIEMEHTOB 3¢Hupa U 00JanaeT KOJBIEBOU
cMepuenoooHon popmoii (puc. 2). Tak kak HEUTPOH M AHTUAJICKTPOH B MPOTOHE

A

U

Puc. 2. Cxema cTpyKTypbl HEUTpOHA

CBA3aHbl TOJIBKO MarHUTHBIMU BSaHMOHCﬁCTBHﬂMH, TO INPOTOH MOXKHO MPEACTAaBUTL TOJIBKO B

BHJIC CXEMBI, N300paKEHHOM Ha puc.3.
Z
s / ORI
V’

Puc.3. Cxema cTpyKTyphl IpOTOHA

o

CTONKHOBEHHE AJIEKTPOH-aHTUANIEKTPOHHOTO (DOTOHHOTO JTUTIOJNS C HEUTPOHOM MPUBOAMT K
00pa3oBaHMIO MPOTOHA B BHJIE HEHTPOH-aHTUAJIEKTPOHHON CUCTEMBI. CTOIKHOBEHHUE TTO3UTPOH-
AHTUTIO3UTPOHHOTO (POTOHHOTO MUMONSA C HEHUTPOHOM MPUBOAUT K OOpPa30BAaHUIO HEUTPOH-
AHTUIO3UTPOHHOTO JIUIOJIS, KOTOPBIN €CTECTBEHHO aCCOLMUPOBATH C AaHTUIIPOTOHOM.

UccnenoBannst B THK mokazanmu, dYTO 9IEKTPOHOMOJOOHBIE MUKPOOOBEKTHI  C
«OTpHUIATEIHPHBIMIY) MacCaMU B3aUMOJIEHCTBYIOT JAPYT C JIPYroM Tak, OyATO y HUX 000WX
«TONOXUTENbHBIE» Macchl. Tak Kak OHM 00Jalal0T pPa3HBIMHU «3HAKAMH» DJICKTPUUECKUX
3apsiIOB, TO MEXIY MPOTOHOM M AHTUIIPOTOHOM JIEUCTBYET JIEKTPUUECKOE MPUTSHKEHHUE. A Tak
Kak M AHTHUDJIEKTPOH, W AHTUIIO3UTPOH SIBISIOTCA JUAMATHETUKAMH, TO MEXIY MPOTOHOM M
AHTUIPOTOHOM  JE€WCTBYET MarHuTHOE oOTTajdkuBaHue. (CregoBaTeabHO, B  IMPOTOH-
AHTUIPOTOHHOM JIMTIOJIE — TMPOTOHUH, CYIIECTBYET EIUHCTBEHHOE, TI00aIbHO YCTONYMBOE
COCTOSIHHE€ CTaTUYE€CKOTO PABHOBECHS, B KOTOPOM pACCTOSHUE MEXAY MPOTOHOM H

AHTUIIPOTOHOM PaBHO 6,3'10_12M. EnuHcTBeHHass COOCTBEHHAash dYacToTa IPOTOHHUS paBHA
33,1-10%¢

XI1V.4. CoGcTBeHHAs1 4ACTOTA MPOTOHA
KaK HEMTPOH-aHTHIIEKTPOHHON CHCTEMBI.



[IpoTon mnpexacraBnsgeT coOo0il HEHTPOH-aHTHIICKTPOHHYIO CUCTEMY, CBA3aHHYIO TOJIBKO
MarHUTHBIMM B3aUMOJIEUCTBUSIMH. OTO — BecbMa CBOE€OOpa3Has cHucTeMa, I0-BUIUMOMY,
C€IUHCTBEHHAas B CBOeM poxae. HeWTpoH sBisieTcss napamMarHeTMKOM, AaHTHUIEKTPOH —
JMaMarHeTUKOM, 00J1aJal0IlUM «OTPHUILATENbHOMN» MaCCOM.

N3-3a nuaMarseTu3mMa aHTUAJIEKTPOHA, HA HEUTPOH ACUCTBYET MarHUTHOE OTTAJIKMBAHUE, U
OH CTPEMHUTCS yOeKaTh OT aHTUAJIEKTPOHA. A TaK KaK aHTHIJIEKTPOH SIBJISICTCS IMaMarHeTHKOM,
TO HAa HEro JO/DKHO ObI0 OBl TakKe JeicTBOBaTH MAarHWTHOE OTTajdkuBaHue. Ho 'y
AHTUAJIEKTPOHA «OTpHIATENbHAs» Macca, Osiarofapss KOTOpPOHl MarHMTHOE OTTaJKUBaHHE
IIPEBPAILACTCS B MarHUTHOE NpUTsKEHKE. [109TOMY aHTHAIIEKTPOH yCTPEMIISETCS BIOTOHKY 3a
y0eraroommum HeUTpOHOM. Y 0exXaTh OT aHTHRJIEKTPOHA, HEUTPOH HE B COCTOSHUM M3-3a TOTO, YTO
BEJIMYMHBl MATrHUTHBIX CHJI, JCUCTBYIOIIMX HAa HEUTPOH M HA AHTUIEKTPOH, OJMHAKOBBI, a
Macca HEHTpoHa Ha TpU MOpsJIKa OOJbIIE BEIUYMHBI MAacchl aHTHUAIEKTpoHA. I[losTomy
AQHTURJIEKTPOH HEMUHYEMO JIOTOHSIET HEUTPOH, 00pa3ys IMPOTOH, B KOTOPOM LIEHTPbI Macc
AQHTHURJIEKTPOHA U HEUTPOHA COBMANAIOT.

[Tocnennsis  craauss OOBEAMHEHHS AHTHUIJIEKTPOHA C€ HEHUTPOHOM HPOUCXOJUT B
K0JIe0aTEIbHOM PEKUME, YaCTOTa KOTOPOro @ (p) OLCHUBACTCS BEIMYMHOM B 2,5 10%¢ 2,

XIV.5. DnekTpoMarHuTHoe H3J1y4eHue,
MOCTOSIHHO FeHepUupyeMoe HeB030YKIeHHBIM OPTOBO0PO10M
Meronamu THK Obuto oOHapyKeHO CyIIECTBOBAaHHME [JBYX pa3HbIX BHJOB MOJEKYI
Boiopoaa. OuH U3 HUX ObLI Ha3BaH «CTAaTUUECKUM», a JPYTON — «MEPLAIOIIM.
«Cratnueckas» MoJeKyjaa Bojoposia 00JaaeT YCTOHYMBBIM CTaTUYECKHMM PABHOBECHEM U
umeer GopMmy, U300paKEHHYIO Ha PUCYHKE 4 (0 — MPOTOH, ® BJIEKTPOH, CTPEIKH — BEKTOPHI
MarHUTHBIX MOMEHTOB).
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Puc. 4. Cxema «cTatuyeckoi» MOJIEKYJIbl BOJIOPO/Ia

«Mepuaromas» MOJeKyJda CTaTHYeCKUM paBHOBecueM He obOnamaer. OHa CyllecTByeT B
PEeXHMME TIOCTOSIHHBIX HE3aTYXaIoUINX MEePUOANIECKUX BO3BPATHO-MOCTYNMATENFHBIX KOJICOaHUI
Bcex e€ aneMeHTOB, Ilpoucxomut 3to cineayromuM obOpasoM. Ilocie 3aBepiieHuss OAHOrO M3
HOJYNEPUOIOB, 3Ta MOJIEKyJa TPHHUMAeT BHI, IPEJCTABICHHBIM Ha pUCyHKE 5. 3areM,
NpPaBbIif AJIEKTPOH HAYMHAET NPUOJIMKATHCSA K IPABOMY IPOTOHY, a JIEBbIE IPOTOH U JEKTPOH
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Puc.5. Cxema «mepuaromiein» MoJIeKyJIbl
Ha OJIHOM IIOJIYTIEPHO/IE €€ CYIEeCTBOBAHUS

HAaYMHAIOT YyJAJIATBCA OT IIPaBOTO IIPOTOHA. B pE3yabpTaTe 3TOr0o, CymMmMa MarHUTHBIX TToJIe
JIEBOTO TMPOTOHA M OOOMX DJEKTPOHOB, B TOYKE PACIOJIOXKEHHUS MPaBOro MPOTOHA, MOYTH
MIHOBCHHO IPUHUMACT HAIIPABJICHUC, OAUHAKOBOC C HAIMPABJIICHUEM MArHUTHOI'O ITOJIA IIPaBOro
IPOTOHA, M M3-3a JWaMarHeTu3Ma NpPOTOHA,  MarHUTHOE  II0JIE  IIPaBOro IPOTOHA
ONPOKHU/BIBAECTCS, KaK Ha pHCyHKe 6. Ilocie »TOro, HauyMHAETCS CIEAYIOIIMMI MOJIYNEPHO.T
JBUKEHMS DJIEMEHTOB «MEpPLAIOIIEH» MOJIEKYJbl. B 3TOM mosiynepuoje, jeBble 3JIEKTPOH U
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Puc.6. Cxema «mepuarooen» MoIeKyJbl
Ha BTOPOM TIOJTyIIEPHOJIE €€ CYIIECTBOBAHHS



OPOTOH MNPUONMKAIOTCA K MPAaBOMY MPOTOHY, a MpPaBblii AJIEKTPOH OT MPaBOro IMPOTOHA
ynainsgercs. B pe3ynbrare 3TOro, MarHuTHOE IOJI€ MPABOTO MPOTOHA ONSATH ONPOKHUABIBAETCS,
3aBepliasi BEChb IEPUOJ, M CTPYKTYpa «MEPLAIOLIEH» MOJIEKYJIbl BO3BpAIIAETCS B HCXOIHOE
COCTOSIHHE.

Takoil HenpepbIBHBIN «Apede3r» HampaBiIeHUs] MAarHUTHOIO IIOJISI OJHOTO W3 IIPOTOHOB
«MEepUAIOLIEi» MOJIEKYJIbI IOJKEH BBI3bIBATh YPE3BBIYANHO crienn(uyeckoe 31eKTPOMarHuTHOE
BOJIHOBOE U3JIyYEHUE.

A MOXKeT OBITh 3TO U €CTh TAWHCTBEHHBINH (DIMKKEp-IIyM, UICTUHHAS [IPUYKUHA KOTOPOTO JI0
CHUX IIOp JOCTOBEPHO HE YCTAHOBJIEHA?

Merogamu THK Obuti BBISIBJICHBI JI€TAIM YCTPOMCTBA «CTATHYECKON» M «MEPIIAFOIICH»
MOJIEKYJI BOAOPOJa. DTO MO3BOJIWIO IIPOBECTU OLIEHKY SHEPIUil AUCCOLMALMM — SHEPIUui CBS3U
MHUKPOOOBEKTOB B «CTaTUYECKOW» M B «MEPLAIOIIEH» MOJEKyJlax BOAOpOAa. DHEpPrusi CBSA3U
«CTAaTUYECKOW» MOJIEKYJbl OKa3ajdach paBHOM 2,2463B, a sHeprus cBA3M «MepLAIOIIEH»
Mouekyibl 10,9083B.

Cy1iecTBOBaHUE IBYX Pa3HBIX BUIOB MOJIEKYJI BOJOPO/Ia 1aBHO Ipenckasanu B.Ieitzenoepr
nu O®.I'yun. OHM W Ha3Badu 3TU MOJIEKYJbl NApaBOJOPOJIOM U OPTOBOAOPOJIOM. YUUTHIBas
IIPUBE/ICHHBIE OLEHKU HHEPruil CBSI3U ATHX MOJIEKYJ, OpPTOBOJOPOJIOM, BHUAMMO SIBJISIOTCS
«CTAaTHUYECKHUE», a IapaBOAOPOIOM — «MEPLAIOIIHNE» MOJIEKYJIBI.

XIV.6. DnekTpoMarHuTHOE U3/ 1y4YeHHe HeBO30Y KIeHHOI0 IPOTHS
BO BHELIHEM MAarHMTHOM MoJe
ATOMBI HEBO30YXIEHHOTO NpOTHUS, HAXOAALIMECS B JIOCTaTOYHO CHJIBHOM BHELIHEM
MarHUTHOM TI0JIe, TIOCTOSIHHO TEHEPUPYIOT BechbMa CBOECOOpa3HOE dJIEKTPOMArHUTHOE
u3nydyeHne. HeBo30yKaAeHHBI HEHTpalbHBI aTOM MPOTHS COCTOMT M3 OJHOTO IPOTOHA H
OJTHOTO 3JIEKTpOHa (puc.7).
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Puc.7. Cxema aroma npoTus

«Knaccuueckas» CTpyKTypHasi MOZIEIb aTOMa MPOTHS], YUUTHIBAIOIIAs CONPOTUBIEHUE 3upa
JBW)KEHUIO TIPOTOHA W DIIEKTPOHA, JJIEKTPHUUECKHE M MArHUTHBIE B3aUMOICHCTBUS MEXKIY
OPOTOHOM M JJIEKTPOHOM, 00Jajaer TIiI00aJbHO YCTOWYMBBIM CTATHUECKUM COCTOSIHUEM
PaBHOBECHSI, B KOTOPOM PACCTOSIHHE MEXKIY TPOTOHOM H SJEKTPOHOM PaBHO x*=5,292-10"'m.
Ecny HanmpspKeHHOCTH MAarHUTHBIX IIOJI€H MPOTOHA M AIEKTpoHa 0003Ha4unTh uepe3d Hy(x) u
H(x), a HanpsoKeHHOCTh BHeIIHero moyiss uepe3 Hy,, TO aToM TPOTUS TEHEPUPYET
AIIEKTPOMArHUTHBIC BOJHBI PU Hyy>H(x*). DTO MPOUCXOIUT TaK.

Ecmu BexTopsl Hyy W je TapajulebHbI, TO, OJaronaps TuaMarHeTU3My 3JIEKTPOHA, TPOUCXOINUT
MHBEPCHA MAarHUTHOIO IOJIA JJIEKTpOHA. B pesynpTaTe 3TOro, BEKTOPHI M, M M. OKa3bIBAIOTCSA
HalpaBJICHHBIMH B OJHY U TY K€ CTOPOHY, M MarHHTHOE OTTAJKHBAHWE MEXIY DJIEKTPOHOM H
IPOTOHOM CMEHSETCSl MATHUTHBIM NpUTsDKeHueM. Eciu ke mapanienbHsl BeKTopsl Hy, 1 pp, TO,
U3-3a JUaMarHeTH3Ma MPOTOHA, POUCXOJUT WHBEPCUSI MAarHUTHOTO TIOJISI TPOTOHA, B PE3yJIbTaTe
Yero MeXIy d3JEKTPOHOM M MPOTOHOM TaKKe€ HAaYMHAET JEHCTBOBaTh MAarHUTHOE TNPHUTSKEHHE
BMECTO MAarHUTHOTO OTTajdKuBaHUs. [lanmpHeiilee mMmoBeneHHE aToMa B OOOMX JTHX CIIydasx
OJIMHAKOBO U ONMMCHIBAETCS OAHOM U TOU kK€ MaTeMaTHUECKOW MOJIEIBIO.

3aMeHa MAarHUTHOTO OTTAJIKUBAaHUS MEXIY OJCKTPOHOM W TMPOTOHOM Ha MAarHUTHOE
NPUTSOKCHUE TPUBOAUT K TOMY, YTO PACCTOSHUE X MEXIY JIEKTPOHOM M IMPOTOHOM HAYHET
YMEHBIIAThCS. BeNMuuuHbl yupX © U yuex ~ Ipu 3TOM OyAyT yBENUYUBATHCS. Y MEHBIIECHHE
BEJIMYMHBI X OyJET MPOJ0JIKATHCS 10 TEX IMOp, MMOKA BEIMYUHA YUeX ~ HE MPEBBICUT BETUUUHY Hyy
(Tpu 3TOM BETMYHMHA yypxd:yyeﬁflez OyZeT emie ocTaBaTbcs MeHbIEH, ueM Hyy). Kak Toibko 310
IPOU3ONET, TaK BEKTOP M, OIIPOKHHETCS U MEXKIY SJIEKTPOHOM U IIPOTOHOM BHOBb YCTaHOBHTCS



MarHUTHOE OTTAJKUBAHUE, B PE3YJIbTATE YErO X CTAHET YBEIUUYUBATHCS JI0 TEX MOP, MOKA BEIUYHHA
VileX > BHOBB HE CTAaHET MEHbIIE, 4eM Hyy. B pesymbrare Mp BHOBb OIIPOKUHETCS, U 3Ta CUTyaLUs
OyJ1eT BHOBb U BHOBb ITUKJIMYECKU MTOBTOPSITHCS.

Eciu uepes x. 0003HaYNTh BEIHYUHY X, 1Tt KOTOPO He(x) =Hyy, TO HaA (a30BOM IUIOCKOCTH X,
r7€ Y — CKOPOCTh U3MEHEHUS BEJIMYMHBI X, IMHAMHUKY aTOMa MPOTHUSI BO BHEIIHEM MAarHUTHOM I10J1€
MO>KHO M300pa3uTh pucyHkoM 8. Ha 3TOM prCyHKE TOHKUMU JIMHUSMU H300pa’KE€Hbl TPACKTOPHH

Puc.8

aToMa B TIPEHEOPES)KEHUH COMPOTHUBICHHEM »J(Hpa JABIKEHHIO DJIEMEHTOB aroma, T.e. B
KOHCEPBATUBHOM MPUOIMKEHUH. YYeT CONPOTUBIEHUS 3(upa IBUKEHHUIO MPOTOHA U 3JIEKTPOHA
JIeNlaeT TPACKTOPUU TIOBEACHHUS aromMa Ommke K peanbHOMy. OgHa W3 TaKUX TPACKTOPHH
n300pakeHa KUPHOU JIMHUECH.

N Bc€ xe peaqbHOCTh OCTAETCs OTOOPAKEHHOW eImIé He MOJMHOCThIo. Jleno B TOM, 4TO B
pealbHOM aTOM€, MHBEPCUU MATHUTHBIX IOJIEH NPOTOHA U JEKTPOHA IIPOUCXOIAT HE MTHOBEHHO,
HE IpPU X=X,, @ C HEKOTOphIM 3ama3ibiBaHueM. [losTomy, Ha (a30BON IUIOCKOCTH, BMECTO
YCTOMYMBOTO COCTOSHUSL ~paBHOBECHS  (Xc,0), TOSBIAETCS yCTOMYUBBIA  MEPUOAUYECKHUNA
npeAeNbHBIN UK (puc.9).

Taxkum 06pa3zom, aToM BOAOPO/Ia, HAXOASALIMNCSA BO BHEITHEM OJHOPOJHOM MAarHMTHOM II0JIE C
HANPSDKEHHOCTBIO Hyy>H,(X*), HEenpepbIBHO TEHEPUPYET COOTBETCTBYIOLICE ITOMY MPEACIEHOMY
LUKITYy JIEKTPOMAarHuTHOE U3JTyYEHHE.
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Puc.9
[To-BuauMoOMy, 3TOT 3PPEKT UMEET MECTO ¥ B HEOJTHOPOJHOM BHEITHEM MAarHUTHOM TIOJIC.

XIV.7. JnekTpoMarHuTHOE M3JIy4YeHHe NO3UTPOHUS
BO BHEIIHEM MArHUTHOM I10JIe
ITo3uTtpoHuit oTIIMYaeTCs OT MPOTHUS TEM, YTO IIPOTOH 3aMELIEH MTO3UTPOHOM. B cranmoHapHoM
MO3UTPOHUHM PACCTOSTHUE MEXKIY AJICKTPOHOM M TO3UTPOHOM paBHO Ox*, T.e. B 6=8,372 pa3



OoJblIe, YeM pACCTOSTHHE MEXAY 3JEKTPOHOM U MPOTOHOM B CTAllMOHAPHOM IpPOTHH, - B 6§ pa3
6onbiie «bopoBckoro pamumyca». CoOcTBeHHas, pPE30HAHCHAs YacTOTa IO3UTPOHUS MEHBIIE
PE30HAHCHOM 4acTOThI POTHSI IPUMEPHO B 17 pas.

Ecmu Hy>H(0x*), To B TOYKE pACIOI0XKEHHsS IMO3MTPOHA BHEIIHEE MArHHUTHOE IOJie OyaeT
NPEeBAIMPOBATh HAJ COOCTBEHHBIM MAarHUTHBIM TIOJIEM DJJIEKTPOHA, a B TOYKE PACIOIOXKEHUS
JJIEKTpOHA MPEBaJIUPOBATh HaJ COOCTBEHHBIM MAarHUTHBIM I0JEeM MOo3uTpoHa, [losromy wnu
COOCTBEHHOE€ MAarHHTHOE IIOJIE€ TO3UTPOHA, WIM COOCTBEHHOE MArHMTHOE II0JIe 3JIEKTPOHA
WHBEPTHUPYET, U MarHUTHBIE TOJIS AIEKTPOHA U MO3UTPOHA OKaXKYTCsl HAIPaBIEHHBIMUA OJMHAKOBO,
NPOTHBOIOJIOXKHO BHEIIHEMY MAarHUTHOMY MOMI0. BcnencTBue 3Toro, MarHUTHOE OTTAJIKHWBAaHHE
MEX1y 3JIEKTPOHOM U MO3UTPOHOM CMEHHUTCS Ha MAarHUTHOE MPUTSKEHHE, U 3JIEKTPOH U MO3UTPOH
HAYHYT COJMKATHCA.

[Tpouecc cOnMKeHUs SIEKTPOHA M IMO3UTPOHA OyAeT MPOUCXOIUTH 10 TeX IOop, IOKa
pacCTOsIHUE X HE CTAHET MEHbIIE, ueM X.. He(x*)=H,;, ¥ B TOYKAX PACIOJIOKEHHs JJIEKTPOHA U
MO3UTPOHA BHOBb HE HAUHYT NPEBAMPOBATH COOCTBEHHBbIE MArHUTHbBIC IOJISI TO3UTPOHA U
AIIEKTPOHA COOTBETCTBEHHO. Cpa3y mocie 35TOro, WM IMOCiIe HEKOTOPOr0 HWHBEPCHOHHOTO
«apebe3ra», COOCTBEHHbIE MArHUTHBIC TIIOJISI TIO3UTPOHA M DJIGKTPOHA BHOBb OKaXYyTCS
HaNpaBJICHHBIMU IPOTHBOIIOJIIOKHO JIPYT APYTY, W 3JEKTPOH M TO3UTPOH HAYHYT pasderarbcs,
MOKAa PAcCTOSHUE X BHOBb HE CTaHET OOJIbIIe, YEM X. 3aTeM MOCIeAYyeT HUKINYECKOEe TTOBTOPEHHE
BCEX HIOAHCOB B3aWMHOT'O TIOBEACHUS HJIEKTPOHA U TIO3UTPOHA BO BHEITHEM MarHUTHOM TIOJI€.

B pesynbraTe ycTaHOBSTCS yCTOHYMBBIE KOJieOaTeNbHbIE IBUKEHHS AJIEKTPOHA U MO3UTPOHA
TOTO JX€ THWIA, YTO W Ha pHc.9, HO HE CTOJb K€ UYETKOTO BHJA, & HECKOJBKO «Pa3MBITOTO)
OTHOCHUTEIIbHO M300pa)KEHHOTO HA 3TOM PUCYHKE H3-32 MHBEPCHOHHOTO «Ipede3ray MarHUTHBIX
IIOJIEH DJIEKTPOHA U ITO3UTPOHA.

XV. Ikcnepument Ipcreaa Oersted’s Experiment
CrupaiabHOCTh JTUHUHA MarHUTHOTO MOJIS, BO30YKIAa€MOT0 IOTOKOM MaTe€pHAJIbHBIX HOCHTENEH COOCTBEHHBIX
MarHUTHBIX TOJICH, SIBIIAETCS WH(pOpMaiueil, 6e3 KOTOpOW HEBO3MOXKHO MOHSATh HU CTPYKTYPY arMochepHoro
cMepua, HU CTPYKTYPBI DJIEKTPOHA U HEHTpOHa.

[IpOAOHKUM paccka3 00 UCTUHHOW MPUPOJE MarHeTU3Ma C 3aMEYaHUsl, YTO MAarHUTHOE TIOJIE,
BO30YKJIEHHOE BOKPYT MPOBOJHUKA C TOKOM B 3KCIIEpUMEHTE DpCTena, Ha3BaIU «KPYTOBBIM»
U3-3a W300paXEHUIl ITUHUN 3TOTO TMOJs, MOJYYCHHBIX C TIOMOIIBIO >KEIEe3HBIX OMUJIOK Ha
MJIOCKOCTH, OPTOTOHANBHON MpOoBOAHHUKY (pHC.10 - pucyHok 9a u3 [3]). XoTb U HENPHUSATHO

00 3TOM TOBOpUTH, HO Yy (PU3MKOB B ITOM CiIy4yae OKa3zajJoCh KaKOe-TO 3allOpeHHOE,
OTPaHMYCHHOE MBIIIICHHE — BE/lb MATHUTHOE I10JIe BOKPYT MPOBOJHUKA C TOKOM BO30Y>KIaeTcCst
JABHKEHUEM MaTepHabHBIX HOCUTENIEH TOKa BIOJb NMPOBOAHMKA. [lo3TOMYy, 3TO MarHUTHOE



MOJIE SIBJISIETCS. HE KPYTOBBIM, @ CIUPAIbHBIM, CHUPAJIbHBIE JJUHUU KOTOPOTO PACIOJIOKEHBI Ha
KOHIEHTPUYECKUX HUIUHAPUIECKUX MOBEPXHOCTAX, OCH KOTOPBIX PACIIOJIOKEHBI B IPOBOJIHUKE.
KpyroBeiMu e SIBISIOTCS TOJBKO MPOCKUMUU ATUX JUHUNW HaA IUIOCKOCTb, OPTOTOHAJIBHYIO
MPOBOJHHUKY.

CosznaeTcs BrieyarieHue, 9To (PU3UKU HEOCTATOYHO XOPOIIO 3HAKOMBI ¢ TeomeTpueid. Eciu
MBICJICHHAs] KapTUHKA CIUPAIBHBIX JTUHUNA BO30YKJACHHOIO MarHUTHOTO IOJIsI, B SKCIIEPUMEHTE
Opcrena, y (U3HKOB HE CKIQABIBACTCS, TO, UIS BBIPA0OTKH JTOTO IMOHUMAHUS, CIETyeT
o0paTuTbCcs K OJHOW W3 Bapwaluii SKcIepuMeHTa Opcrena. B skcnmepumente Dpcrena
MPOBOJHMK OBUT PACIOJIOKEH BEPTUKAIBLHO, a HAMPABICHUE BO30YKICHHOTO MAarHUTHOTO TOJIS
OTIPEEIISATIOCh C MOMOIIBbIO MarHUTHON cTpenku (puc.11l). UtoOsl yOeauThest B TOM. YTO JIMHUU
BO30Y)KIAE€MOrO0 MArHUTHOTO TIOJIsI  JICHCTBUTEIIBHO CIUPAbHBIC, MPOBOJHUK HYXHO
PacroI0kKUTh TOPU3OHTAILHO, @ MAarHUTHYIO CTPEJNIKY IMOJBECUTh HaJ MpoBoaHUKOM. Ecnu, B
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9TOM CJIy4ac€, MaronuTHas CTpCJIKa, IIPpHU MPOTCKAHUHU TOKaA I10 IPOBOAHUKY, IIPUMCT HAIIPABJICHUC,
HEC OpTOroHajJdbHOC IIPOBOAHHKY, TO 3TO 6y,)IeT SKCIICPUMCHTAJIIBHBIM  CBUJACTCIILCTBOM
CIINPAJIBHOCTH JIMHUMN B036Y)K,I[aeMOFO MAarauMTHOI'O IIOJIA BOKPYT IPOBOJHUKA.
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