Microwold 5.
Photon Structure,
Excited Atom,
Cosmic Radiation

N.N. Leonov

There has been the structure of photon identified and the structure and form of stable existence of excited atom
described. There have been causes for probabilistic description of an excited atom lifetime determined and the
nature of cosmic radiation disclosed along with the reasons for the impossibility of identifying its sources.

*

It is well-know that atom is capable to capture photons. An atom that captured one or more
photons is called an excited atom. An atom that captured a photon passes into a new, steady-state
condition and resides in it for a time depending on probabilistic regularities. After the time
expires the excited atom shall discharge the photons it had captured. These are the properties of
excited atoms known to the quantum physics.

*

| primarily specialize in the theory of non-linear oscillations. In the seventies of the previous
century | began studying the problem of dynamic stochastization, identifying the properties of
determined dynamic systems which would contribute to forming of probabilistic regularities in
the description of such systems.

Studying the general situation concerning this problem | found that according to the quantum
a solution to the problem of dynamic stochastization is associated not with the properties of
determined dynamic systems themselves but with the existence of the smallest indivisible quanta
and indeterminacy principles which are considered to be objective factors of the material World.

My analysis showed that probabilistic regularities in the description of behavior of non-
probabilistic dynamic systems result from the passage to the limit (at t—+o0) in these systems if
stable w-limit sets of these systems are continual. Hence, the solution to the problem of dynamic
stochastization suggested by quantum physicists is wrong.

Trying to gain insight into the current situation I discovered that two centuries ago physicists
had falsely concluded that no ether exists in the material World to interact with microscopic
objects and that magnetism results from electricity. This was a result of a shallow analysis of
Michelson’s and Oersted's experiments.

In the beginning of the previous century physicists made some attempts to build adequate
structural mathematical models of atoms having neglected ether resistance to motion of atom
elements and magnetic interactions between the same. These models appeared to be inadequate
being unable to account for even the fact of stable existence of atoms. Having thus failed,
physicists had come to the conclusion of principal impossibility of application of the classical
physics techniques in the microworld theory and started developing the quantum theory.

*

Having it clarified | engaged in the study of possibilities of developing a microworld theory
that would operate structural models of microscopic objects and methods of the theory of non-
linear oscillations. I have managed to build a structural model of protium accounting for both
electric and magnetic interactions between proton and electron as well as for ether resistance to
electron and proton motion. This model was proven to be adequate.

In further studies | have discovered that the scientists of the Institute of Nuclear Physics of
the Academy of Sciences of the USSR (Alma-Ata) obtained experimental evidence of the fact
that nuclei of all chemical elements have stable statically equilibrium configurations of nucleons
(“lzvestiya AN SSSR” magazine, physical science series, 1979, v. 43, No. 11, pp. 2317-2323). In
other words, they obtained experimental evidence of the fact that the smallest indivisible quanta
and indeterminacy principles are not objective regularities of the material World but simply



abstract computational techniques of quantum physics. These findings emerged to be a
convincing proof of the relevancy of my research.
*

The analysis of protium structural model showed that the model has the only, globally stable
state of equilibrium and that protium atom consisting of proton and electron features no other
stationary states. Hence, it appears that capturing of photon by protium atom should be
accompanied with a change in this atom structure and composition. Thus, it became necessary to
identify photon structure.

*

The analysis of this situation showed that there physics has the information required to gain
understanding of photon structure. There are only magnetic interactions between microobjects
and ether resistance to motion of microobjects to be considered.

According to quantum physics photons are formed following the collapse and annihilation of
positronium, “atom” consisting of positron and electron.

Structural modeling of a non-excited protium atom showed that the distance between
electron and proton in this atom is equal to Bohr radius. Consideration of both electric and
magnetic interactions between electron and positron in a positronium showed that positronium is
in a stable static equilibrium in which the distance between electron and positron is by an order
higher than Bohr radius value. This means that no positronium collapse or annihilation can
happen in the real world. Hence, other information should be discovered in order to identify
photon structure.

Physicists would have got an adequate, eye-minded insight into photon structure already in
the thirties of the previous century when P. Dirac had discovered a theoretical possibility of
existence of “negative” energy-carrying electrons. A reason for energy “negativity” may be
electron mass “negativity”. But the hypothesis of electron “negative” mass contradicted quantum
concepts of the microworld structure.

A primary counterargument is the physicists’ confidence in the absence of experimental
evidence of existence of “negative” mass electrons. This is the killer argument. But even this
argument appeared to be hasty, ill-founded and inconsistent with the real situation.

If “negative” mass electron exists then “negative” mass positron exists either according to all
indications being an antielectron as it has a “positive” electrical charge and a “negative” mass. If
we refer now to the well-know equation that well describes behavior of microobjects in external
electromagnetic fields and at modern experimental arrangements it appears that concurrent
reversal of signs of mass and electrical charge changes nothing neither in the equation nor in its
solutions. And it implies just one conclusion: tracks of electron and antielectron are
indistinguishable at those experimental arrangements. That is why physicists cannot
unambiguously state whether it is electron or antielectron that leaves its trace at the experimental
arrangement. Physicists missed this fundamental fact either.

Another reason for neglecting electronlike microobjects with “negative” masses is related
with the fact that in physicists’ opinion a dipole of microobjects of various “signs” would self-
disperse. So, they had already been just at the turn of photon structure discovery but something
stopped them again. They explain the departure from this concept by the fact that their
instruments have never detected any self-acceleration of microscopic objects. However, the self-
acceleration ability is what should distinguish photon from other microscopic objects.
Sometimes physicists’ argumentation is difficult to understand.

The term “negative” with relation to mass is at first discouraging. But then we got used to the
fact that there are “positive” electric charges and “negative” ones even though we do not know
the nature of electricity. We simply got over the fact that there are two types of electric charges;
the value of one of them is included in various equations with the “minus” sign and therefore
they are called “negative” charges while the others are called “positive” charges because their
values are included in equations with the “plus” sign. The same is applicable to masses which
nature is also unknown to us.



*

There was an experimental technique developed to allow for obtaining a single-source
evidence of electronlike microscopic objects with “negative” masses. Physicists did not even try
to discuss this experiment technique being afraid that its positive result would become a direct
experimental proof of inconsistency of the main quantum postulates.

At modern experimental arrangements electronlike microscopic objects with “negative”
masses are indistinguishable from the same with “positive” masses because such arrangements
are in external uniform magnetic fields.

If these arrangements are placed in an external non-uniform magnetic field the required
experimental evidence will be easy to obtain.

In order to understand how to do that, we should again refer to equations of micro object
motion in external electric and magnetic fields. It appears that the equation does not account for
magnetic interactions of own magnetic fields of microobjects with an external non-uniform
magnetic field. If the equation is complemented to account for the above it appears that an
electron-antielectron dipole collided with other microscopic object may disintegrate into free
electron and antielectron which will disperse along the lines of the external non-uniform
magnetic field when in such field. In this case the experimental arrangement should detect a
trace consisting of two tracks originating from the same point and diverging along the lines of

the external non-uniform magnetic field.

*

An electron-antielectron dipole has zero total weight, zero net electric charge and zero
magnetic moment sum vector. Due to “negativity” of antielectron mass the dipole is capable of
self-accelerating. If there is no eternal influence the dipole is moving strictly along a straight line
crossing electron and antielectron. Though net electric charge of the dipole is equal to zero it has
a dipole electric field. The total magnetic moment of such dipole is also equal to zero.
Nevertheless the dipole has a peculiar kind of bivariant magnetic field. This fact can help
understanding the essence of photon radiation polarization phenomenon.

An electron-antielectron dipole features an unstable state of equilibrium. In such state of
equilibrium the distance between electron and antielectron is equal to the distance between
electron and positron in positronium. Due to unstable state of equilibrium the dipole can exist in
two forms only. The one is a normal “fast” photon. Such “fast” dipole can enter into the
composition of atoms making them “excited”. There is electric attraction and magnetic repulsion
between electron and antielectron in a dipole. The distance between electron and antielectron in a
“fast” dipole is such that the magnetic repulsion is stronger than the electric attraction.
Therefore, a “fast” dipole electron and antielectron are exposed to summary electromagnetic
repulsion. Thereby electron with its “positive” mass is running away from antielectron while
antielectron, due to its “negative” mass, is following it. Thus, a “fast” dipole electron is going
ahead while antielectron is following it.

Another form of dipole is a “slow” photon with the distance between electron and
antielectron being much longer than Bohr radius. It cannot enter into the composition of atoms
and is known to the physics a “superconducting electron pair”. A “slow” photon electron is
following antielectron which is going ahead.

The analysis showed that a “fast” electron-antielectron dipole is able to accelerate to a steady
speed which depends only on the density of ether on the way of such dipole. Hitting the obstacle
on its way the “fast” dipole can disintegrate into free electron and antielectron.

* *

Based on the gained understanding of photon structure there was the composition, structure

and form of stable existence of protium atom with one captured electron-antielectron dipole



identified. Such electron-antielectron dipole captured by protium atom is arranged in the same
way as electron in a non-excited atom, on the symmetry axis of proton magnetic field. Thus, a
singly excited protium atom consists of a proton, two electrons and an antielectron. Due to
magnetic interactions they are all arranged on the same line. Magnetic moment vectors of all
elements of that atom also lie on this line.

Since all elements of the excited protium atom and all vectors of magnetic moments of the
atom elements are arranged on the same straight line the forces of all interactions among the
excited atom elements are also arranged along that line. These forces do not counteract each
other and the resultant force is other than zero. That is why the excited protium atom system has
no stable state of equilibrium.

The resultant force of interactions in the excited protium atom is other than zero because of
an electron-antielectron dipole present therein. The research showed that a “fast” electron-
antielectron dipole is captured by the atom as a single whole without disintegrating into separate
electron and antielectron. Since a free “fast” dipole electron is going ahead and antielectron is
following it the excited atom dipole electron is closer to the nucleus than antielectron is. That is
why a “fast” electron-antielectron dipole captured by the atom has the magnetic pressure on the
atom approaching its nucleus and making the whole atom move under the dipole “motive force”
accelerating to a speed which value depends on ether resistance to motion of the whole excited
atom.

Such dipole is pushing the atom it as captured by like a pusher tug making it accelerate to
great speeds until ether resistance to motion of the whole atom does not compensate for the
dipole “motive force”.

*

When an excited atom is hitting another microobject the captured photon dipole can leave the
atom.

When an excited atom is hitting an obstacle the dipole is approaching the nucleus too closely,
separating from the symmetry axis of the nucleonic magnetic cluster magnetic field and is
leaving the atom.

In order to understand the reason for that it is enough to find out why electron is kept in the
atom on the proton magnetic field symmetry axis. The magnetic field of proton has a very
constricted magnetic jet. The magnetic flow velocity in this jet is significantly higher than the
one beyond it. Therefore, according to aerodynamic similarity, the inner pressure in the magnetic
jet is lower than beyond it. Eventually a magnetic force occurs that stabilizes electron position in
a plane orthogonal to the proton magnetic field symmetry axis (jet action).

A counterpart here could be an arrangement with a heavy metal ball of diamagnetic material
fixed above a solenoid magnet with a cylindrical core in the vertical magnetic jet of the solenoid.

Photon captured by atom is also exposed to the jet magnetic effect force which keeps it on
the symmetry axis of the nucleonic magnetic cluster.

If hitting an obstacle an excited atom loses its speed the electron-antielectron dipole
approaches too closely to the nucleus. In this case its “motive force” increases so much that its
component occurring due to random departure of the dipole from the symmetry axis of thus
cluster magnetic field and being orthogonal to the proton magnetic field symmetry axis exceeds
the stabilizing force of the jet magnetic effect. This is what makes a dipole leave the atom.

*

Only free atoms or atoms bound in not too massive aggregations are capable of capturing
photons. The fact that serial structure of electromagnetic emission spectrum can be observed in
case of all chemical elements means that not only free atoms can get excited and capture photons
but also atoms bound into quite massive aggregations.

Captured dipoles are arranged in a random atom in the same manner as atom electrons, i.e.
on axial lines of nucleonic magnetic clusters.



“Motive forces” of electron-antielectron dipoles captured by separate atoms or by aggregates
accelerate the objects they were captured by to speeds which depend on ether resistance to
motion of these objects.

*

Since encounter with another microobject is a random phenomenon an excited atom
“lifetime” is a random value.

* *

In 1911 there were first discoveries made in the field of cosmic radiation. In the course of
time the spectrum of masses and energies of observable cosmic radiation significantly extended.
There are nuclei of almost all chemical elements among cosmic rays. Cosmic radiation energy
reaches 10% eV. To date the physics has collected substantial information on cosmic ration.
However it still has not been able to identify the nature of many components of such radiation or
identify the sources of the same.

Disclosure of the structure of form of stable existence of excited atoms allows for finding the
answers and gaining understanding concerning these issues too.

“Lifetime” of excited atoms in highly rarified outer space may reach quite great values. And
they reach very great speeds and energies quite quickly.

Sources of observable cosmic radiation typically cannot be identified. The reason for that
consists in the specificity of atomic nucleus magneticc field structure. The matter is that axes of
nucleonic magnetic clusters of nuclei of all elements except for protium and deuterium are
displaced relatively to the nucleus center of mass. And since “motive forces” of photons
accelerating separate nuclei, separate atoms and whole polyatomic aggregates act along axial
lines of nucleonic magnetic clusters of atomic nuclei they are also displaced against center of
mass of objects which they accelerate. This results in occurrence of moments of forces crooking
motion paths of excited microobjects which actually hinders identification of such microobjects.

*

A kind of cosmic radiation is “solar wind” that is a stream of solar electrons, protons, ...
“blowing over” the Earth.

After | found that the conclusion of the absence of ether that could resist to motion of
microobjects in the material World is false it has become absolutely incomprehensible what
makes “solar wind” overcome resistance of ether. An insight has come after the structures of
electron and other elementary microscopic objects were identified. It appeared that electron has a
structure similar to a straight whirlwind through the axial channel of which outer ether is being
pumped continuously like in a continuous engine. That is why electron is moving to overcome
ether resistance creating an ether jet due to its own magnetism.

Other electronlike microobjects in their motion also overcome ether resistance due to their
own magnetism.

Proton is a neutron-antielectron structure which motion is caused by antielectron own
magnetism. Since mass and dimensions of proton are significantly larger than those of electron
free proton motion velocity is significantly lower than the one of free electron.
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Crpykrypa poToHa,
BO30YKICHHBIN aToM,
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BeisiBnena cTpykTypa (OTOHAa. YCTaHOBIEHa CTpPyKTypa Hu ¢opMa CcTaOMIBHOTO CYIIECTBOBAHHSA
B030y>k1eHHOTO aTomMa. OIpeaeneHs! IPUIUHBI BEPOATHOCTHOTO OIMCAHMS BPEMEHH KH3HN BO30YKICHHOTO aTOMa.
BCcKphITHEI IpHpo1a KOCMUYECKOT0 U3IYYEHHS U IPUIHHBI HEBO3MOXKHOCTH HUICHTU(HUKAIINH €TO HCTOYHUKOB.

*

XopolIo U3BECTHO, YTO aTOM CIIOCOOEH 3axBaTbIBaTh (POTOHBI. ATOM, 3aXBaTHBIIMN OIMH
WIN HECKOJIBKO (DOTOHOB, Ha3bIBAIOT BO30YKIEHHBIM. ATOM, 3aXBaTUBIINN (DOTOH, IEPEXOTUT B
HOBOE CTAallUOHAPHOE COCTOSHUE U HAXOAMUTCA B HEM HEKOTOPOE BPEMs, JUIMTEIbHOCTE KOTOPOTO
MOJYMHSCTCS BEPOATHOCTHBIM 3aKOHOMEpHOCTSM. CIycTsi 3TO BpeMms, BO30YXKIEHHBIH aTom
cOpacbiBaeT 3axBadeHHble MM paHee (oToHBL. TakoBbl CBOWCTBAa BO30YKIEHHBIX ATOMOB,
M3BECTHBIC KBAHTOBOU (DH3HKE.

*

Most ocHOBHasl crienqualn3alus — Teopus HENIMHEHWHBIX KosiebaHuil. B cemuaecareix rogax
IPOIJIOro BeKa s CTal 3aHUMATbCs MPOOJIEMOI ITMHAMMUYECKOW CTOXACTU3allUH, BBIIBICHUEM
CBOICTB JI€TEPMUHHPOBAHHBIX JAMHAMUYECKUX CHCTEM, Osiarojapsi KOTOPHIM B OIMCAHUU
HOBEJCHUS ITHUX CUCTEM MOT'YT C(OPMHUPOBATHCS BEPOSITHOCTHBIE 3aKOHOMEPHOCTH.

3HaKOMSCh C O0IIel cuTyanuel B 3TOW mpobiiemMe, s OOHApPYXHJI, 9TO KBaHTOBas (U3UKa
CBSI3bIBACT pELIEHHE NPOOJEeMbl JAMHAMHYECKOW CTOXAacTHU3allMd HE CO CBOMCTBAMHU CaMMX
JETEPMUHUPOBAHHBIX JUHAMUYECKUX CUCTEM, a C CYUIECTBOBAHMEM HAMMEHBIINX HEIEIUMBIX
KBAHTOB UM COOTHOIICHUH HEOINpPEIEeNIeHHOCTeH, cuuTas HUX OOBEKTUBHBIMU (aKTOpaMu
MaTepualbHOro Mupa.

ITpoBeneHHBI MHOK aHAIW3 [OKA3all. YTO BEPOSATHOCTHBIE 3aKOHOMEPHOCTH B ONMCAHUU
NOBE/ICHUS JETEPMUHUPOBAHHBIX JUHAMUUYECKHUX CUCTEM BO3HMKAIOT B PE3YJIbTaTe MPEAEIbHOTO
(mpu t—+00) mepexoja B 3TMX CHUCTEMax, €CJIM YCTOWYMBBIE m-TpeAeibHbIE MHOXKECTBA ITHX
CUCTEM KOHTUHYaJbHBL. M3 3TOro crnenyer, 4ro mpeasaraeMoe KBaHTOBOW (DM3HKON pelieHue
npo0IeMbl TMHAMUYECKON CTOXaCTH3alMK OLIMO0YHO.

[TeiTasgicy pa3zoOpaThcsi B BO3HUKIIEH CUTyallM, s OOHApPYXWJ, YTO B IO3AIpPOLLIOM BEKE
¢u3uka OpUHsATAa OMIMOOYHBIE BBIBOABI 00 OTCYTCTBUM B MaTepualbHOM Mupe 3dupa,
B3aMMOJICHCTBYIOLIETO C OOBEKTAMM MHUKPOMHPA, U O TOM, YTO MAarHeTus3M IPOUCXOJUT OT
anekTpudecTsa. [Ipons3onuio 310 M3-3a MOBEPXHOCTHOIO aHAIW3a PE3yJIbTaTOB IKCIEPUMEHTA
MaiikenbCoHa U SKCTIEPUMEHTa DpcTea.

B Hawane mnponutoro Beka (U3MKa MOMbBITadach IMOCTPOUTH aJ€KBAaTHbIE CTPYKTYPHBIE
MaTeMaTUYeCKUe MOJEIM aTOMOB, OTKA3aBIIMCh OT Y4e€Ta CONPOTHUBJIEHMS >QHpa JBUKECHHUIO
AJIIEMEHTOB aTOMa M OT y4Ye€Ta MAarHUTHBIX B3aMMOICHCTBUM MEXKIY JJIEMEHTAMH aroma. JTH
MOJIEJIM OKa3aJIuCh HEaJEeKBAaTHBIMU — OHU HE CMOITIM OOBSCHUTH Jaxe (PakT CTaOUIBHOIO
cyliecTBoBaHMs aToMmoB. [loTepneB 3Ty Heynauy, GU3MKM HNPUILIM K OMIMOOYHOMY BBIBOAY O
MPUHLIUIIAAIBHOW HEBO3MOXKHOCTH NPUMEHEHHS METOJOB KIJIACCHYECKOW (PM3UKH B TEOpUU
MUKpPOMHMpPA U CTAJIHM pa3BUBaTh KBAHTOBYIO TEOPHIO.

*

BbisicHUB 3TO, 5 3aHSUICA U3Yy4YEHHEM BO3MOXKHOCTEH pa3pabOTKH TEOpHUH MHUKPOMHDA,
ONEepUpPYIOUIEH CTPYKTYpHBIMH MOJENSAMU OOBEKTOB MHUKPOMHpPAa W METOJaMU TEOpPUHU
HEJIMHEHHBIX KoseOaHui. MHe yaanock MOCTPOUTh CTPYKTYPHYIO MOJENb  HpPOTHS,
VUNTBHIBAIONIYIO 3JEKTPUYECKHME W MAarHUTHBbIE B3aMMOJEHCTBUS MEXAY MPOTOHOM U
AJIEKTPOHOM, & TaK)K€ YUUTHIBAIOLIYIO CONPOTUBIIECHUE dPHpa ABMKECHHIO 3JIEKTPOHA U MPOTOHA.
[TpoBepku nmokazaiy aleKBaTHOCTb 3TOM MOJAEIH.

[Tpomomxast uccnenoBanus, i 0OHapyXWi, 4To coTpyaHuku Muctutyra SnepHoit dusuku
AH CCCP (Anma-ATta) momy4yuian 3KCIEPUMEHTAIBHBIC JOKA3aTelbCTBA TOTO, YTO SApa BCEX
XUMHUYECKHX  DJIEMEHTOB  OOJIaflaloT  YCTOHYMBBIMM  CTaTMYECKH  pPAaBHOBECHBIMHU
koH(purypanusamu u3 cBoux HykioHOB (M3Bectus AH CCCP, cepus dusuueckas, 1979, T.43,
Nell, ¢.2317-2323). HpIMu cOBaMM, OHM MOJYYMJIIM SKCIEPUMEHTAJIbHBIE JOKAa3aTEJIbCTBA
TOT'0, YTO HAMMEHBIINE HEJENUMbIE KBAHTBI M COOTHOILICHUS HEONPENEICHHOCTEN SABIIAIOTCS HE
00BEKTUBHBIMU (pakTOpaMH MaTepuaibHOro Mupa, a BCEro JIMIlb BEIYUCIUTEIbHBIMU IPHEMaMU



KBAaHTOBOHM ()M3MKU. DTU Pe3ysIbTaThl IBUINCH YOCAUTEIbHBIM J1I0KA3aTEIbCTBOM aKTyaJlbHOCTH
MOUX HUCCIIEOBaHUI.
*

AHanmu3 CTpPYKTYpHOM MOJEJIM aToMa MpOTHs II0Ka3aj, YTO 3Ta MOAelb o0nagaer
€/IMHCTBEHHBIM, TJIO0ATBbHO YCTOHYMBBIM COCTOSSHHEM pPABHOBECHS, M YTO aTOM MPOTHS,
COCTOALIMM M3 MPOTOHA M 3JIEKTPOHA, HUKAKMUMHU HMHBIMHU CTALMOHAPHBIMU COCTOSIHUSIMU HE
obmamaer. Otcroma cieayer, 4ro 3axBaT (POTOHA aTOMOM HPOTHS JOJDKEH COINPOBOXKIATH
U3MEHEHUEM CTPYKTYpbl, H3MEHEHHEM COCTaBa 3TOro aroma. Tak BO3HUKJIA HEOOXOAMMOCTh
BBISIBIICHHSI CTPYKTYpPHI (POTOHA.

*

AHau3 cUTyallud TIOKa3aj, 4To B (HU3UKe uMeeTcs uHpopMmanus, HeoOXoaumas Jis
JOCTYDKEHUSI TOHMMaHUs CTPYKTypbsl (oTtoHa. He xBaTaer TONBKO Yy4yeTra MarHUTHBIX
B3aUMOJICHCTBUI MEXKIy MHKPOOOBEKTaMH U Yyd4eTa CONPOTUBICHUS dUpa IBUKECHUIO
MHKPOOOBEKTOB.

KBantoBas ¢Qu3uka cuutaer, 4to (QOTOHBI O0Opa3yrOTCS B pe3ysbTare KoJularnca M
AQHHUTWIILUY TO3UTPOHUS — «aTOMa», COCTOSIILIETO U3 MO3UTPOHA U 3JIEKTPOHA.

CTpyKTypHOE MOJEIMPOBaHNE HEBO30YKIEHHOTO aToMa MPOTHS MOKa3ajlo, YTO PACCTOSHUE
MEXYy 3JIEKTPOHOM M INPOTOHOM, B 3TOM arome, paBHO «bopoBckomy pamuycy». Yder He
TOJILKO 3JICKTPUUECKUX, HO U MAarHUTHBIX B3aMMOJICHCTBHI MEXTy JIEKTPOHOM U TIO3UTPOHOM B
HO3UTPOHUM I10KAa3aJl, YTO MO3UTPOHUHM 00J1aaeT YCTONYMBBIM CTaTUYECKHMM PaBHOBECHEM, B
KOTOPOM PACCTOSIHUE MEXIY SJIEKTPOHOM M MO3UTPOHOM Ha MOPSAOK MPEBOCXOAUT BEITHUUHY
«bopoBckoro paguyca». OTO oO3HayaeT, YTO B pEAJIbHOM MHMpE HHUKAKOro KoJuliarca |
AHHUTHIISIIUN TO3UTPOHUST He ObiBaeT. CliegoBaTeNbHO, ISl BBISBICHUS CTPYKTYpHl (poTOHA
HYXHO 00paiiarbcs K Apyroit uHGopmaumu.

®uszuka Morima Obl JOCTHYL aJCKBAaTHOTO, HATJISATHO-OOPAa3HOTO IMOHMMAHHUS CTPYKTYPHI
¢doroHa emé B TpUALATHIX TOAax Mpouuioro Beka, korga I1.J[upak oOHapyXuUJ TEOPETHUECKYIO
BO3MOXXHOCTh CYIIIECTBOBAaHHUSI AJIEKTPOHOB C «OTPULATENIBbHONY 3Hepruel. OgHoNW U3 mpUYUH
«OTPULATEIBHOCTH» SHEPTrUM MOXKET ObITh «OTPHILATEIBHOCTB» MAacChl 3JeKTpoHa. OJHaKo,
THIOTE3a CYNIECTBOBAHUS «OTPHUIIATEILHOW» MAacCChl Y DJIEKTPOHA MPOTHBOPEYHMIIA KBAHTOBBIM
NpPEeCTaBICHUSIM 00 YCTPOWCTBE MUKPOMHUPA.

OfHUM W3 OCHOBHBIX KOHTPJIOBOJIOB 3/I€Ch SIBJSIETCS YBEPEHHOCTh (DU3MKOB B OTCYTCTBHH
HKCIEPUMEHTAIBHBIX CBUAETENIBCTB CYIIECTBOBAHMS JJIEKTPOHOB C «OTPHUIATENBHOI» Maccoil.
D10 n0oBOJ yOMKCTBEHHOU Cuiibl. Ho M 9TOT M0BOM OKazalics MOCTIEIIHBIM, HEOOOCHOBAaHHBIM U
HE OTBEYAIOIINM PEalbHOM CUTYaIUH.

Ecnu 37€eKTpoOH ¢ «OTpULATENIBHOW» MACCOW CYIIECTBYET, TO CYLIECTBYET M IIO3UTPOH C
«OTpHULATEIBHOIN» Maccoil, KOTOPBIH, 110 BCEM NMPU3HAKaM, SBISETCS aHTHIJIEKTPOHOM, TaK Kak
UMEET «ITOJIOKUTEILHBIN» DJIEKTPUYECKUN 3apsill M «OTPHUIATENbHYI0» Maccy. Ecimm Temepn
00paTUTHCS K U3BECTHOMY YPaBHEHHIO, XOPOIIO OMUCHIBAIOLIEMY ITOBEIEHNE MUKPOOOBEKTOB BO
BHEITHUX DJIEKTPOMArHUTHBIX TIONSIX M B COBPEMEHHBIX HAOIOMATENBHBIX YCTaHOBKAaX, TO
OKa3bIBAETCsI, YTO OJHOBPEMEHHOE M3MEHEHHE 3HAKOB MAacChl M 3JIEKTPUYECKOTo 3apsia Ha
IPOTHBOIIOJIOXKHBIE HHYETO HE MEHSET HU B CAMOM YPAaBHEHWH, HA B €r0 pEHICHUsX. A 3TO
O3HayaeT TOJbKO OJHO — TPEKHU JIIEKTPOHA M AHTHURJIEKTPOHA B TAKUX HAOIOJaTEIbHBIX
YCTaHOBKaxX Hepa3Nu4uMbl. [103ToMy (U3MKH HE MOTYT CKa3aTh, DJIEKTPOH WM aHTHIJIEKTPOH
OCTaBJIIET CBOM CIEA-TpeK B HAONIONATENbHOW YCTaHOBKE. DTOT 3JIEMEHTApHbIN (akT Gu3nKu
TOKE TIPOCMOTPEITH.

Emé onna mpuumHa OTKa3a OT PAacCMOTPEHHS 3JIEKTPOHONOJOOHBIX MHUKPOOOBEKTOB C
«OTpUIATETHHBIMI» MacCaMH CBs3aHA C TEeM, 4YTO, 1O MHEHHI0 (U3WUKOB, IHIIONb U3
MHUKPOOOBEKTOB C Pa3sHBIMH «3HaKaMM» Macc caMopasroHsuics Obl. VI oHM OBLIM ykKe Ha caMoM
IIOpPOTe€ OTKPBITHSI CTPYKTYphl (DOTOHA, HO YTO-TO BHOBb X OCTaHOBHJIO. OTXOA OT 3TOH MIeH
OHHU OOBSCHSIOT T€M, YTO UX MPUOOPHI HUKOT 1A HE (PMKCHUPOBAIIU CAMOPa3rOHa MUKPOOOBEKTOB.
Ho Beap MMEHHO CHOCOOHOCTBIO K CaMOPA3rOHY M JOJDKEH OTIM4YaTbesd (DOTOH OT APYrux
MHUKPOOOBEKTOB. OueHb TPYAHO OBIBAET BpEeMEHAMHU MOHATH ApTYMEHTAIHIO (PU3HKOB.



TepMHUH «OTpULIaTENbHAS IO OTHOLICHHIO K Macce MoHavany odeckypaxkuaeT. Ho Beab Mbl
IPUBBIKIA K TOMY, YTO €CTh «IIOJOXHUTEIbHbBIE» U «OTPHULIATEIILHBIE» 3JIEKTPUUECKHE 3apsiibl,
XOTA M HE 3HAaeM NIpUPOJbl uIeKTpudecTBa. IIpOoCTO MBI CBBIKIMCH C TEM, YTO €CTh JBa BHJA
JIEKTPUUECKUX 3apsA0B, BEJIMYMHA OJHOTO M3 HUX BXOJIUT B pa3Hble YPAaBHEHMsI CO 3HAKOM
«MHMHYC» M IO3TOMY OTH 3apsibl Ha3bIBAIOT «OTPULIATEIbHBIMUY», a JPYTHe Ha3bIBAIOT
«I10JIOKUTENILHBIMUY» IOTOMY, YTO UX BEIMYMHBI BXOJIAT B YPABHEHUS CO 3HAKOM «ILIr0C». To ke
caMo€ MOKHO CKa3aTh U O Maccax, O IPUPO/i€ KOTOPBIX Mbl TaK )K€ HUYETO HE 3HAEM.

*

Pa3zpaboTana cxema 3KCIEpUMEHTa, CIOCOOHOTO JaTh O€3albTEpPHATUBHOE OKA3aTEIbCTBO
CYLIECTBOBaHMS 3JIEKTPOHOMOAOOHBIX MUKPOOOBEKTOB € «OTpULIATEIbHBIMUY» MaccaMu. PU3UKU
HE CTald Jaxe oOCYXIaTh CXEMYy 3TOr0 SKCIEPUMEHTAa, MCIYTaBIIMCh, YTO MO3UTHBHBIA €ro
pe3ybTaT NOCITYKUT IPAMBIM SKCIEPUMEHTAIbHBIM J10Ka3aTeIbCTBOM OLIMOOYHOCTH OCHOBHBIX
KBaHTOBBIX IIOCTYJIATOB.

B coBpeMeHHbIX HaONIOJATEIbHBIX YCTAHOBKAX 3JIEKTPOHONOAOOHBIE MHMKPOOOBEKTHI C
«OTPULIATEIBHBIMUY» MAaCCAMU HEOTIMYHUMBI OT MUKPOOOBEKTOB C IIOJOKHUTEIBHBIMIY MaccaMu
IOTOMY, YTO 3TU YCTAHOBKU HaXOJSATCSl BO BHEIIHUX 0OHOPOOHbIX MATHUTHBIX TOJISIX.

Ecin 3TH yCTaHOBKM IIOMECTUTH BO BHEILHEE HEOOHOPOOHOE MAarHUTHOE IO0JIE, TO UCKOMOE
SKCIIEPUMEHTAIBHOE JOKA3aTeIbCTBO MOIYYUTh HETPYIHO.

UroObl MOHATH, KaK 3TO CJHENaTh, HYKHO BHOBb OOpPaTUTHhCA K YPABHEHUIO JIBHIKCHUS
MHUKPOOOBEKTa BO BHEIIHUX 3JIEKTPUUYECKOM M MArHuTHOM nojsx. OkasbIBaeTcsi, B 3TOM
YPaBHEHHUU OTCYTCTBYET Y4YE€T MAarHUTHBIX B3aMMOJIEHCTBHM COOCTBEHHBIX MAarHUTHBIX IOJIEH
MHUKPOOOBEKTOB C HEOAHOPOJHBIM BHELIHMM MAarHUTHbIM TnoieM. Ecim 3T0 ypaBHeHue
JOTIOJIHUTh TAaKUM Yy4Y€TOM, TO OKAa3bIBAaeTCSA, YTO JJIEKTPOH-AaHTHUAICKTPOHHBIM HUIIOJb,
CTOJIKHYBIIMHCS C JPYTUM MHKPOOOBEKTOM, MOXET pacnacTbCsi Ha CBOOOJHBIE 3JIEKTPOH U
AQHTHURJIEKTPOH, KOTOpbIE BO BHEIIHEM HEOJHOPOJAHOM MAarHUTHOM Iojie OyAayT pazderarbcs
600/1b JIMHUM BHEITHETO0 HEOJHOPOIHOTO MarHUTHOTO 1oJisd. B HabmoaTeIbHON ycTaHOBKE MPH
9TOM JIOJKEH IMOSIBUTHCS CIIEJ, COCTOSIIIMN U3 JABYX, HAUMHAKOIIUXCS B OJJHOM M TOM K€ TOYKE,
TPEKOB, PACXOAAIMXCS BAOJb JMHUI HEOJHOPOJHOTO BHELIHEIO MAarHUTHOT'O TIOJIA.

*

ONEeKTPOH-aHTUANEKTPOHHBIH TUMONb 00dagaeT HyJNeBOM CyMMapHOH Maccoil, HyJeBBIM
CyMMapHBbIM 2JIEKTPUYECKHUM 3apsA0M U HYJIEBBIM CYMMapHbIM BEKTOPOM MArHUTHOI'O MOMEHTA.
N3-3a «OTpUIATEIBHOCTH» MacChl aHTUAJIEKTPOHA 3TOT JUMONb 00JalaeT CIOCOOHOCTBIO K
caMopasrony. /[Bukercs OH, IpH OTCYTCTBHM BHEIIHUX BO3IEHCTBUM, CTPOTO NPSIMOIUHENHO,
BJOJIb TpPSAMOM, TPOXOASIIENH Yepe3 DIIEKTPOH U aHTUVIEKTPOH. XOTA CyMMAapHbIN
AIIEKTPUYECKUI 3apsj AUMOJS paBeH HYJI0, OH 00J1aaeT JUIOJIbHBIM AJIEKTPUYECKUM IOJIEM.
Bennunaa cymMmMapHOro MarHUTHOIO MOMEHTA 3TOTO JIUIIOJS TaK)KE paBHA HYJt0. TeM He MeHee,
3TOT IUMOJIb 00JIaZ]aeT CBOEOOPA3HBIM JIBYXBAPHAHTHBIM MAarHUTHBIM IOJIEM. DTOT (PaKT MOKET
MIOMOYb JIOCTUYb IIOHUMAaHUS CYILECTBA SBJICHUS MOJISPU3ALUU (OTOHHOTO U3ITYUEHHUS.

ONEKTPOH-aHTUAJIEKTPOHHBIN AUIOIb 00J1a/1aeT HEYCTOMYMBBIM COCTOSTHUEM paBHOBecus. B
OTOM COCTOSIHUM PAaBHOBECHS PACCTOSHUE MEXIY OJJIEKTPOHOM U aHTUAJIEKTPOHOM PaBHO
PACCTOSIHUIO MEXAY DJIEKTPOHOM M IIO3UTPOHOM B TO3WUTPOHMH. brarojgapss Haauduio
HEYCTOMYMBOTO COCTOSHUSI PaBHOBECHS, STOT JMIIONb MOXET CYLIEeCTBOBaTh B JBYX (opMax.
OnHa U3 HUX — OOBIYHBIN «OBICTPHIN» (POTOH. DTOT «OBICTPHII» AMUIOIL CIIOCOOCH BXOJHWTH B
COCTaB aTOMOB, Jeyas MX «BO30YXKIEHHBIMH». MeXIy 3JIEKTPOHOM W AaHTUAJIEKTPOHOM B
JUIONE JEHCTBYET AJIEKTPUUYECKOE NMPUTSHKEHUMM M MarHuTHOE OTTalKkuBaHue. B «ObicTpom»
JUIIOJIE PACCTOSTHUE MEXAY OJJICKTPOHOM M aHTUAJIEKTPOHOM TaKOBO, 4YTO MAarHUTHOE
OTTAJIKMBAHUE CUJIBHEE DJIEKTPUUECKOTO NPUTSLKEHUA. [103TOMY Ha 2JIEKTPOH M aHTURIIEKTPOH B
«OBICTPOM» JUIIONIE JIEHCTBYET CyMMapHOE 3JEKTPOMAarHMTHOE OTTalKHBaHuEe. BcnenctBue



3TOT0, DJEKTPOH CO CBOCH «IIOJOKMUTENBbHOM» Maccoil yOeraer oOT aHTUAJIEKTpPOHA, a
AQHTHUAJIEKTPOH, U3-3a «OTPHULIATEIIbHOCTUY» CBOEH MaccChl, yCTpeMJIIeTCs 3a HUM. Takum oOpa3om,
B «OBICTPOMY JIUTIOJNIE IEKTPOH UAET BIEPEIHU, a AaHTHIJICKTPOH — BCIIE]] 32 HUM.

Hpyras ¢opma aumosss — «MEUIEHHBIH» (OTOH C PAcCTOSIHUEM MEXIY 3JEKTPOHOM U
AQHTHUAJIEKTPOHOM, HAMHOTO MPEBBIIAIONINM BeanunHy «bopoBckoro paanyca». OH He criocoOeH
BXOJMTh B COCTaB aTOMOB, U M3BecTeH B (u3uke, kak «KynepoBckas 31eKTpoHHas mapa». B
«MEJIEHHOM» ()OTOHE BIIEPEIU UAET aHTUNIEKTPOH, a DIICKTPOH — 110 CIIey aHTUAJIEKTPOHA.

AHain3 nokasaj, 4To «ObICTPBIH» 3JIEKTPOH-AHTUAIIEKTPOHHBIN AUIIOJIb MOKET PA3TOHATHCS
JI0 YCTAHOBUBIIEHCA CKOPOCTH, BEIMYMHA KOTOPOHW 3aBHCUT TOJIBKO OT IUIOTHOCTU 3(upa Ha
yTH 3TOro Aunoss. CTONKHYBIINCH € MPENATCTBUEM, MELIAIOLIUM €0 ABMIKEHUIO, «OBICTPBIN»
JIUTIONIb MOKET pacragaTbcsi Ha CBOOOIHBIC AIIEKTPOH M AHTHIJICKTPOH.

* *

C MOMOIIBIO TOCTUTHYTOTO MIOHUMAHUS CTPYKTYPbI (JOTOHA, BBISIBIICHBI COCTAB, CTPYKTYpa H
dopma CTaOWIIBHOTO CYIIECTBOBaHMsS aToMa IPOTHUs, 3aXBaTHUBLIETO OJUH 3JIEKTPOH-
AQHTURJIEKTPOHHBIM JUIOb. OJIEKTPOH-AHTUAJIEKTPOHHBIA JIMIIOJIb, 3aXBAuY€HHBIM aToOMOM
IOpPOTHSL, pacHojaraercs, Kak U 3JEKTPOH B HEBO30YXJIEHHOM aTOME, Ha OCH CHUMMETpUH
MarHUTHOTO TOJIsI MpoToHA. TakuM 00pa3oM, OJHOKPATHO BO3OYXKIECHHBIA aTOM MPOTHS COCTOUT
U3 IPOTOHA, JABYX OJJEKTPOHOB M OJHOIO AaHTHUIJNEKTpoHAa. biarogaps MarHUTHBIM
B3aUMOJICUCTBUSIM, BCE OHM PACIIOJIO0KEHBI HA OJJTHOM U TOM e IpsiMOil, BJ10yIb 3TOM k€ npsAMOon
PacIoI0kKEHBI U BEKTOPbI MATHUTHBIX MOMEHTOB BCEX 3JIEMEHTOB 3TOr0 aroma.

Tax kak Bce 371€MEHTbI BO30YX/IEHHOIO aToMa MPOTHs U BCE BEKTOPbI MArHUTHBIX MOMEHTOB
3JIEMEHTOB aTOMa PAaCIOJIOKEHbl HA OJHOW M TOM K€ MPSAMOM, TO CHJIBI BCEX B3aUMOJEHCTBUMN
MEXJly 3J€MEHTaMU BO30YXJACHHOIO aToMa TAaK)XKE PACIOJIOKEHblI BAOJb 3TOM MpsMOW. OTH
CWJIBI APYT Ipyra HE ypaBHOBEIUMBAIOT, PE3YJIBTUPYIOLIAs 3TUX CHJI UMEET OTIUYHOE OT HYJIA
3HaueHue. [loaToMy cucremMa BO30YKIEHHOIO aToMa IMpPOTHUS YCTOMYMBOIO COCTOSIHUS
paBHOBECHs HE UMEET.

PesynbTupyromas cuia B3auMOJeHCTBHI B BO30YKACHHOM aToMe MPOTHs OTJIMYHA OT HYJS
U3-3a NPUCYTCTBUSA B aTOME DJIEKTPOH-aHTUIJIEKTPOHHOro Aumnoiid. MccienoBanus mnokasaniu,
YTO «OBICTPBINY 3IEKTPOH-aHTUIJIEKTPOHHBIA JUIONb 3aXBaThIBAETCS aTOMOM KakK €IUHOE
nenoe, 6e3 pacrmaja AUIONSA Ha OTHENbHbIE JEKTPOH U aHTHUANEKTPOH. Tak Kak B CBOOOJHOM
«OBICTPOMY JUIONE JJIEKTPOH MJET BIEPEAM, & AHTHIJIEKTPOH — IO CIIEAY DJIEKTPOHA, TO B
BO30Y)XJICHHOM aTOME AMIOJIbHBIM 3JEKTPOH HAXOAMUTCA ONMXKEe K SJpy, YeM aHTHIJIEKTPOH.
[ToaToMy 3axBau€HHBIM aTOMOM «OBICTPBII» AIIEKTPOH-AHTUIIEKTPOHHBIA UIOJb OKa3bIBAET
MarHUTHOE JIaBJICHUE Ha aTOM, NPUOIMIKASACh K €ro AApY, U 3aCTaBIIsAs BECh aTOM JABUIaThCs, O
JEMCTBUEM <«JIBHKYIIEW CWJIBI JUIOJA», M Pa3TOHATHCS 10 CKOPOCTH, BEJIMYMHA KOTOPOU
3aBHCUT OT CONPOTUBIICHHUS dPHpa IBUKEHUIO BCETO BO30YXKIEHHOIO aTOMa.

OTOT NUIOJIb, CIOBHO OYKCHUp-TOJIKAay, JAaBUT Ha 3aXBaTUBLIMI €ro aTOM, 3aCTaBisisl €ro
PasTOHATHCA 10 OTPOMHBIX CKOPOCTEH, IMOKa CONPOTUBICHHE 3(hUpa IBHKEHHUIO BCETO aToMa He
YPaBHOBECUT «IBHXKYLIYIO CHITY» TUTOJIA.

*

[Ipy CTONKHOBEHHMH BO30YXJEHHOTO aroMa C JIPYrUM MHKPOOOBEKTOM, 3aXBau€HHBIN
(DOTOHHBIH JUITOJIb MOXKET BBINTH U3 aTOMA.

Korna Bo30yX/1€HHBII aTOM CTaJIKUBAETCS C MPENSATCTBUEM, JUMOIL MPUOIMKAETCS K SAPY
CJIMIIKOM OJIM3KO, CPBIBAETCS C OCH CUMMETPUM MAarHUTHOTO MOJSI HYKJIOHHOTO MarHUTHOTO
KJIaCTepa U YXOIUT U3 aToMa.

YroObl MOHATH MPUYHHY 3TOTO, JOCTATOUYHO BBIICHUTDH, TOYEMY DJICKTPOH YAEP)KHUBAETCS B
aTOM€ Ha OCH CHUMMETPUM MAarHMTHOTO MOJIA MpPOTOHAa. MarHuTHOE MoJjieé MpPOoTOHa o0Jaaaer
OUYEHb y3KOM MarHuTHOW cTpyeil. CKOPOCTh MarHUTHOIO MOTOKAa B 3TOH CTPYy€ CYILIECTBEHHO
BBIIIIE CKOPOCTH MarHAUTHOTO NIOTOKa BHE €€. I10aTOMYy, COrmacHo a’poAMHAMUYECKON aHAJIOTHUH,
BHYTPCHHEE [aBJIICHHE B MAarHMTHOM CTpye MEHbIIE, 4yeM BHE €€. B pesyinbrare BO3HUKAET
MarHuTHas CWJIa, CTAOMIM3UPYIOLIAs MOJI0KEHUE JIEKTPOHA B INIOCKOCTH, OPTOrOHAJIBHON OCH
CUMMETPHUU MarHUTHOTO TOJIS IPOTOHA (CTPYHHBIH 3P PEKT).



B kauectBe aHajora 31eCh MOXHO IIPUBECTH YCTaHOBKY, B KOTOPOM TSKENbIN
METAIMYECKU Iap U3 JWaMarHUTHOTO MaTepuaja YCTOMYMBO —yIep)KUBaeTcs, HaJ
COJICHOMIAJIbHBIM MarHUTOM C IMJIUHIPHUYECKUM CEpACYHHKOM, B BEPTHUEKAIBHON MarHUTHON
CTpye 3TOr0 COJICHOUA.

Ha ¢doton, 3axBaueHHBIN aTOMOM, TaK K€ JEHCTBYET CHiIa CTPYWHOTO MarHUTHOTO 3 dexTa,
yIep KUBAIOIIAs €r0 HA OCU CUMMETPUU HYKJIOHHOTO MarHUTHOTO KJlacTepa siipa.

Ecnu B0O30yXIEHHBI aToOM, BCTpPEUasiCh C MPEMSITCTBUEM, TEPSET CKOPOCTh, IJIEKTPOH-
AQHTHURJICKTPOHHBIM JUMONb MOAXOIUT CIUIIKOM Onu3ko K sanupy. [Ipu sTom ero «aBmxyias
CHJIa» BO3PaCTaeT HACTOJIBKO, YTO €€ COCTaBJIOIIasi, OPTOTOHAJIbHAS OCH CHMMETPUHU
MarHUTHOTO TOJIS MPOTOHA, MOSBISIOUIAsICS M3-3a CIy4YallHBIX OTKJIIOHEHHM NIWIONA OT OCHU
CUMMETPUM MAarHWTHOTO TOJIS 3TOTO KJIAacTepa, CTAHOBHUTCS OOJbIIE, YeM CTAOMIM3UPYIOIAs
CUJIa CTPYHHOT0 MarHUTHOTO 3¢ dekra. ITO U MPUBOIUT K YXOIy TUIOIS U3 aTOMA.

*

3axBaTeiBaTh (DOTOHBI MOTYT TOJIbKO CBOOOJHBIE aTOMBbl HIJIM aTOMBbI, CBSI3aHHBIE B HE
CIIMIIKOM  MacCUBHble  coequHeHus. To, 4TO cepuanbHas  CTPYKTypa  CIIEKTPOB
AJIEKTPOMArHUTHOTO M3ITyYEHUs] HAOJII01aeTCsl Y aTOMOB BCEX XMMHMUYECKUX AJIEMEHTOB, TOBOPUT
0 TOM, YTO BO30Y)KAAThCs, 3aXBaThIBaTh (DOTOHBI, MOTYT HE TOJBKO CBOOOJHBIC aTOMBI, HO U
aTOMBI, CBS3aHHBIE B JOCTATOYHO MAaCCUBHbBIE COEAMHEHUSI.

B mpousBoiabHOM aToMeé 3aXBauy€HHBIE JUIIOJIN PACIONIaratoTCs, TaK K€, KaKk U aTOMHBIE
3JIEKTPOHBI, HA OCEBBIX JIMHUAX HYKJIIOHHBIX MATHUTHBIX KJIACTEPOB ApA.

«/IBmxymiye Ccuibl» 3axXBaY€HHBIX OTACIBHBIMA aTOMaMU WM IEJIBIMA  aTOMHBIMHU
arperataMy 3JIEKTPOH-aHTUAJIEKTPOHHBIX IUIOJEH Pa3rOHAIOT 3aXBaTUBIIME WX OOBEKTHI JI0
CKOpOCTEH, 3aBUCAIINX OT BEIMYUHBI COIPOTUBIICHUS d(prpa IBMKEHUIO 3TUX OOBEKTOB.

*

Tak kak BCTpeya € JIPYrUM MHUKPOOOBEKTOM — SIBJIEHHE CIIy4dailHOE, TO «BpeMs >KM3HU»

BO30Y)KICHHOT'O aTOMa SIBIISIETCS CITy4ailHOM BETUYHMHOM.
* *

B 1911r Obutum chenaHsl NepBbIE OTKPHITHA B 00JacTH KocMudeckoro usiydeHus. Co
BPEMEHEM CIIEKTpP Macc U JHEpPruil HaOII0AaeMOro KOCMHYECKOIO H3JIyY€HUU 3HAYUTENIBHO
pacmmpwicsa. Cpeau KOCMHUYECKMX JIyded €CThb siipa IMOYTH BCEX XUMHUYECKHX DJIEMEHTOB.
OHeprus KOCMHYECKOIO M3JIY4EHHUS JOXOIUT 0 10%B. K HACTOAILEMY BPEMEHU (U3MKa
HaKOIWIa 3HAYUTEIbHYIO HH(POPMAIIHIO 0 KOCMUYECKOM u3inydeHuu. OiHako, eif 0 CUX mop He
yAQJIOCh BBIIBUTH MPUPOJY MHOTHX KOMIIOHEHT 3TOTO M3JIy4YeHUsS W HACHTU(DUIIMPOBATH UX
HMCTOYHHKHU.

Pazraaka cTpykTypel U (OpMBI CTaOWUIBHOTO CYIIECTBOBaHUS BO30YKICHHBIX aTOMOB
MO3BOJISIET HAWTU OTBETHI U TIOHUMAHUE U B 3TUX BOINPOCAX.

B cunpHO pa3zpeXeHHOM KOCMUYECKOM IPOCTPAHCTBE «BPEMS KHU3HU» BO30YKIEHHBIX
aTOMOB MOXET JOCTUraThb BechbMa OOJIbIIMX 3HaueHWH. [Ipm 3TOM OHM JOBOJIBHO OBICTPO
HaOMpPaIOT OUeHb OOJIbIINE CKOPOCTH U DHEPTHH.

HcTounuky HaOII01aeMOr0 KOCMHYECKOTO M3JIY4eHHUs HISHTHU(UKAIMU, KaK MPaBUIIO, HE
nonnatorcs. [lpuunHa 3Toro o0ycioBieHa cienuPUKON CTPOEHUS MAarHUTHOTO TOJIsi aTOMHOTO
aapa. [leno B Tom, 4TO B sAApax BCEX DJIEMEHTOB, KPOME MPOTHS U ACUTEpHs], OCH HYKJIOHHBIX
MarHUTHBIX KJIaCTEPOB CMEIIEHbl OTHOCHTENBHO LEHTpa Macc sjipa. A Tak Kak <«JIBHKYIIUE
CWJIBD) (POTOHOB, PA3TOHSIONINE OTIENbHBIE SAPa, OTACIbHBIE AaTOMBI U IEIbleé MHOTOATOMHBIE
arperarbl, AEUCTBYIOT B/I0JIb OCEBBIX JIMHHUM HYKJIIOHHBIX MarHUTHBIX KJIaCT€POB aTOMHBIX S/IED,
TO OHM TaKX€ OKa3bIBalOTCA CMEIEHHBIMH OTHOCHTEIBHO LIEHTPOB MAacC pPa3rOHSIEMBIX UMU
00BekTOB. B pe3ynbTare 3TOr0 BO3HHMKAIOT MOMEHTBHI CHWJI, HMCKPUBISIONIME TPAeKTOPUHU
JBUKEHUS BO30YKJIEHHBIX MUKPOOOBEKTOB, UTO U MPEMATCTBYET MACHTU(DUKAIIMA UCTOYHUKOB
ATUX MUKPOOOBHEKTOB.

*

OnHuM W3 BHJIOB KOCMHYECKOTO W3JIYyYEHHs SBISETCS «COJIHEYHBIM BETEp» - MOTOK

COJIHEYHBIX JIEKTPOHOB, IPOTOHOB,. .. , «00IyBaIOIIUI» 3eMITIO.



[Tocne Toro, Kak st OOHAPYKUJI OITMOOYHOCTh YTBEPKACHUS 00 OTCYTCTBUU B MaT€pHaIbLHOM
Mupe 3¢upa, 0Ka3bIBaIOLIETO COMPOTUBICHUE JBUKEHUIO MUKPOOOBEKTOB, CTAJI0 COBEPILIEHHO
HEMOHSTHO, 3a CYET Yero «COJIHEYHBI BeTep» MPEOoJ0JIeBaCT CONPOTUBICHHE d(dupa.
[lonnMaHue NPUIUIO TOCIE BBISIBICHUS CTPYKTYp OJEKTPOHA M JPYTHX D3JIEMEHTapHBIX
MUKPOOOBEKTOB. OKa3a10Ch, 4TO AIEKTPOH 001a1aeT CTPYKTYPO, MOJOOHOM MPSIMOMY CMEpUYy,
yepe3 LEHTPaJbHBIM KaHall KOTOPOrO HEMpPEpPhIBHO MPOKAYMBAECTCS BHEIIHUN 3(Qup, Kak B
OPOTOYHOM JiBUTaTene. 1103TOMy 3JIEKTpOH ABHIKETCS, MPEOaoJieBasi CONMPOTHBICHUE 3(dupa,
co3/1aBasi peaKTUBHYIO d3(UPHYIO CTPYIO 3a CUET COOCTBEHHOTO MarHeTHU3Ma.

Jlpyrue 31eKTpoHONoA00HbIE MUKPOOOBEKTHI, B CBOEM JIBIKCHHH, TaK XK€ MPEOA0JIEBAIOT
CoOIpoTUBIIEHUE 3(Hpa 3a cueT COOCTBEHHOT0 MarHeTU3Ma.

[Tporon mpencraBisier cCO0OW HEHTPOH-AHTUINEKTPOHHYIO CHCTEMY, IBHKCHHE KOTOPOW
MPOUCXOIUT 32 CYET COOCTBEHHOIO MarHeTH3Ma aHTUAJIEKTpoHa. Tak Kak macca M pa3mepbl
IIPOTOHA 3HAUUTENIBHO OOJbIIE, YEM Macca M pa3Mepbl AIEKTPOHA, TO CKOPOCTb JBUKEHUS
CBOOOAHOTO MPOTOHA 3HAYUTEIHHO HIXKE CKOPOCTH JBUKEHHSI CBOOOIHOTO JIEKTPOHA.
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