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Abstract: Proposed structures of photon, electron and positron are the result of logical development of the
alternative to GR theory of gravity published earlier in [1].

This work is published with the main purpose to be used as a reference in the next paper dedicated to non-wave
explanation of the diffraction mechanism of the particles of matter using photons as an example.

Introduction

Proposed model of the particles of matter and antimatter is a continuation of the theory of gravity which was
described in a paper [1] where the nature of gravity was explained as the property of matter to squeeze and absorb
surrounding space. Space in this theory is a discrete substance which fills entire universe and consists of individual
space cells or space sub particles. Absorption of space cells results in a creation of accelerating space flow in the
direction of mass which manifests itself as a phenomenon of gravity.

Proposed in [1] hypothesis on the nature of gravity is coming from Einstein’s equivalence principal, which states
that the inertial reaction of mass to the accelerating movement in space is equivalent to the effect of gravity. It was
concluded that inertial reaction of the object which remains stationary relative to the bigger mass can be explained
by the accelerated movement of space relative to this object towards to the center of the bigger mass. The free fall in
this model of gravity can be defined as an inertial uniform movement because when an object is moving together
with space it doesn’t experience any acceleration reaction relative to space. It was suggested that the accelerated flux
of space is created as a result of absorption of space cells by the particles of matter which have mass. At the same
time antimatter with anti-mass generates (emits) space and the balance of generated and absorbed space is conserved
if the balance of matter and antimatter is conserved.

Phenomenon of space absorption by mass reveals itself in gravity as well as in inertial movement. When mass
absorbs equal amount of space from the every direction it doesn’t move in space but creates an accelerated flux of
space cells towards itself. It can be concluded that the gravity is the result of compensated motions in space in the
process of space absorption by matter. Mass has to absorb more space from one direction to move in space with a
certain velocity lower than the speed of light. Movement in space with the speed of light requires mass to absorb
space from one direction without any compensated motions which means that there is no gravity in the direction of
movement at the speed of light. The last suggestion leads to the conclusion that the space absorption is happening
with the speed no less than the speed of light and that the total energy of mass of matter is equal to the sum of its
kinetic and gravitational components and is defined by the maximal kinetic energy which can be reached when mass
is moving with speed of light.

Logic of the neutrino model of the particles of matter and antimatter

1. Discrete absorption of space
Model of mass which fits presented above theory of gravity assumes that any object with mass can change its space
absorption profile under the influence of the external forces which results in changing velocity and direction of
movement. It means that the particle of matter absorbs space discretely by the individual trajectories or lines of
absorption which directions can be changed by an external action but the number of absorption lines specific to the
mass of the particle will never change.



Discreteness of the lines of space absorption suggests that it is possible to define a solid angle for every individual
line in a total flux of absorbing space. Momentum of the particle can be defined by density of space absorption lines
in the direction of its movement. It can be assumed that the value of the solid angle of space absorption lines in the
direction of movement corresponds to the de Broglie “wavelength” of the particle of matter because the
“wavelengths” of the particles are defined by their momentums.

If the “wavelength” of the obvious particles such as protons or electrons is defined by the density of space
absorption lines then it’s possible that the wave properties of photons are also slightly exaggerated and photons as
all other particles instead of the “frequency” have distinctive solid angles of space absorption lines for each color of
light. In this case uncertainty of the wave-particle duality can be eliminated from definition of photons as for all
other particles because their wave essence can be explained just by property of matter to absorb space by discrete
threads. Required proof of this concept can be a model of photon’s diffraction based on the space absorption lines
which is going to be presented later.

2. Neutrino and elementary mass

The particle’s nature of photons suggests that mass of the particles can vary in a wide range of values from very
small equal to inertial mass of the lightest of photons to the mass of most energetic gamma ray, electron, proton or
neutron. Discrete absorption of space by the particles of matter and antimatter suggests discrete changes of the
energies and masses of photons which indicate their possible composite structure and therefore suggest existence of
the elementary photon.

The calculation of the mass of elementary photon can be done from the analysis of the CMB spectrum which
corresponds to the BB radiation when its temperature is close to the absolute zero. Experimental data show that the
elementary photon which must be placed at the very beginning of the spectrum curve has a “wavelength” equal
5.7mm and energy E, = 2.175 10~ *eV. It looks obvious that electrons can’t irradiate any photons at OK and
therefore all radiation with the longer “wavelengths” can’t be a flow of particles but should be just regular EM
waves with the real wavelengths and frequencies.

It should be admitted that photons being particles have some unique properties for the particles. They move in space
with the constant speed equal to the speed of light, they have polarization and demonstrate refraction when pass
through the border of the mediums with different densities. Such properties are not typical for particles and can be
related to the specific features of the internal structure of all photons including elementary photon as well. This
means that even elementary photon can have internal structure and should not be considered as elementary particle
but as a composite one which consist of even lighter particles.

The particles lighter than elementary photon could be neutrinos. Neutrino is a neutral, long living, very light and
widespread particle which can move with different speed having
different kinetic energy. Neutrino is one of the final products of
annihilation of protons and antiprotons. Antineutrino appears as a
result of decay of neutron to the proton and electron as a
confirmation of the possible participation of antimatter in nuclear O

bonds between particles of matter. .:{ ~—
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Model of mass presented in a paper [1] suggests the possibility of = N

creation of pair of particles (elementary mass and anti-mass) from — e . —;0-»
one space cell as a result of collision of two particles of matter. The
pair is created when total gravitational pull from the colliding
particles makes space cell located on the line of collision to grow
in size with the speed exceeding the speed of light. One of created
particles (anti-mass) may stay between colliding particles as a

Space cell (space sub particle)

Neutrino Antineutrino

Fig. 1 The space cell is raptured by the external
forces to the neutrino and antineutrino



bonding element (figl. I) and the other one is leaving the place of collision and may be registered in experiment. As
confirmation to this mechanism it is possible to register electron neutrino when proton captures an electron.
Antineutrino is staying as a bond in a neutron and will be released only when neutron decays to the proton and
electron.

The ability of the particles of matter and antimatter to produce bonds between particles of opposite type is allowing
to make a generalizing conclusion that probably all particles have a composite structure when particles of matter
contain some amount of antimatter and particles of antimatter have some particles of matter in their composition.

3. Elementary charges

It is obvious that having a couple of elementary particles responsible for elementary mass and anti-mass will be not
enough to build a model of all other particles which have charge, spin and magnetic moment. It is necessary to add
at least one elementary particle which having a spin, electric and magnetic properties is still as light as an
elementary mass.

If such a property of matter as gravity is the result of the movement of

space cells in a direction of center of mass, then electric and magnetic

interactions may also be manifestation of the movement of space cells. It

is possible to assume that besides a translatory motion in the direction of + -

mass the space cells can also rotate around their axis or move by the %@—@%@}9{.—6@—
circular trajectories creating space eddies. And it can be assumed that all

possible motions of space cells were used by the nature in different Elementary charges

forces.

Elementary charges are the spatial eddies created by the rotating mass and Fig. 2 Positive and Negative elementary
anti-mass fig 2. Magnetic properties of these particles are defined by the charges (red-antimatter, blue-matter)
circular movement of space in vortexes. Rotation of the space absorption

or space emission lines is responsible for electric charge.

It is necessary to emphasize that the described above elementary charges cannot be found as standalone particles
because elementary charges by themselves would rather recombine with each other producing a space cell or remain
stationary. Both lines of space absorption or emission in elementary charges are oriented in opposite directions and
having some gravitational pull elementary charges are absolutely unable to move in space when not interacting with
other particles.

In paper [1] an explanation of the gravitational repulsion mechanism was presented when two particles stop a space
cell in a point of equal density and pull it in opposite directions making the space cell grow. The speed of growth is
equal to the double speed of the space cell movement under the gravity of the one of interacting masses. This
velocity is described by the formula (1) which coincides with well-known equation for escape velocity of any

cosmic object.
_ 2G6*M
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The bigger size of the space cells on the line of the particles collision makes the solid angle of space absorption
bigger in the direction of collision which means lower velocity and possible change of the direction of movement.

Described above mechanism of gravitational repulsion is applicable not only to masses but to the charges also.
Interaction between two particles with the same charge results in the attempt to move a space cell by each particle in
opposite directions which blows up the space cells located between interacting particles and invokes repulsion of the



particles. When particles have different charges then the direction of rotation and the direction of movement of the
space cells induced by the interacting particles are the same. The result of unidirectional action of two masses
increases the speed of space cells movement faster (1) than growth of the product of the size of space cell and its
velocity (2) and therefore the size of space cells and therefore a solid angles of space absorption and space emission
will decrease which cause an attraction of the different charges.

lxv=KYM (2)

In equation (2) the size of the space cell [ is a function of its velocity v and the mass M which gravity moves this
lo*ca
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absorption speed c, and the value of elementary mass m,.

space cell towards itself. Where K = is a constant defined by the minimal size of a space cell 1, space

Elementary charges can be produced as a result of a transformation of the space cell by the alternative magnetic field
which in certain conditions in a process of production of

electric field can distort space cells creating two standalone

eddies fig.2 with rotating in opposite directions elementary + -

mass and anti-mass at their centers. If external magnetic field é{@-@@%’é«)@a{.—é@—@
continues to affect the newly created vortexes and moves

them apart with the speed high enough to rip a space cell

between them and produce elementary mass and anti-mass

then entire system can be stabilized and elementary charges
will be turned into elementary photon fig.3.

Fig. 3 Elementary photon

Each elementary mass and anti-mass has a zone of gravitational influence which is similar to the Hill’s sphere of the
planetary objects. When particles of matter and antimatter come close enough and their zones of influence are
intersected then besides of an attraction force resulted from the exchange of space cells between two particles their
zones of gravitational influence will repel each other because the general effect on the surrounding space by the
matter and antimatter is completely opposite by direction. Matter is trying to squeeze every space cell around it to
the size defined by the formula (3) [1] while antimatter is trying to expand the same space cell to the size defined by
the same formula.

Vbr

v=vo—= (3)

Vb

Where v - is a volume of space cell in a point where mass density is p and v, — is a volume of a cell in a point of
space with the maximum possible density p,, which is the density of the core of the elementary particle of matter.
The balance of attraction and repulsion forces between particles of matter and antimatter is defining the length of the
photon’s bonds (the bonds between matter and antimatter nucleuses in photon). Recombination of the matter and
antimatter can happen only between elementary charges of different types probably because in a case of eddies the
deformation of space is not spherical and exist only in one plane.

4. Inertial and gravitational masses
Inertial mass of the particle is defined by the total number of elementary particles of matter and antimatter including
elementary charges.

Gravitational mass of the particle is defined by the excess number of free lines of space absorption over free lines of
space emission.



Lines of absorption and emission engaged in the internal bonds of the particles shouldn’t be counted in calculation
of the gravitational mass because they do not create a gravitational pull.

As fig3 shows that elementary photon consist of four particles with four lines of absorption and four lines of
emission of space. Inertial mass of elementary photon is equal to four inertial masses of neutrino. Gravitational mass
of photon of any energy is equal to zero because the number of the lines of absorption is always equal to the number
of lines of emission.

5. Regular photons

Regular photons consist of the elementary photons taken in a

bundle along the line of the photon bonds between elementary

masses and anti-masses. Energy of photon is defined by the =
formula (4):

E=nE, (4)
Fig. 4 O0ObIuHbIi (OTOH, COCTOSAIMI U3 HEKOTOPOTO
Where E, — is the energy of elementary photon, and n — is the KOJIUYECTBA CBA3AHHBIX JJIEMEHTAPHBIX YOTOHOB

number of elementary photons in a bundle.

In every photon elementary charges of the same sign and the same direction of rotation are unified by the common
magnetic flux which constrict all elementary charges the stronger the more charges collected in a bundle. The solid
angle of each line of absorption is going to be smaller with increase of the number of elementary photons which
correlates with the “shorter wavelength” for more energetic photons.

Unified magnetic eddies of the positive and negative charges in photon
are rotating in different directions and repel each other. This feature of
the photons’ internal structure ensures their constant velocity equal to %"E'%
the speed of light because interaction of the magnetic eddies maintains

parallelism of the rotation plains of the elementary charges of matter Il

and antimatter. Even deformed in a collision photon will continue to
move in a straight line with the speed of light. Deformation of photons
can be illustrated by the phenomenon of polarization of light.

Fig.5 shows possible deformations of photon when it passes through a
polarizing medium or as the result of reflection. Deformation of
initially straight form of photon happens when negatively charged part
of the photon changes its direction slightly before than the positive
part. Final form of the photon gets an evident kink but the directions of
the positive and negative eddies are remain parallel the same way as they are in the initial photon. Any even minor
misalignments from parallelism of the charges’ vortexes can result in rotational movement of the positive part of
photon relative to the axis coming through its negative part and reveals itself as a circular polarization.

Fig. 5 Versions of photons” deformation

6 Refraction and dispersion of photons

Refraction of photons as a refraction of EM waves is a result of the difference in a photon’s speed in mediums with
different density of mass and therefore with different size of background space cells. To explain relation of the
photon’s speed with the density of space it will be necessary to return to the formula (2), where the linear size [ of
the space cells is a function of its velocity v with which it moves under the influence of gravitation of the mass M.

lxv=KVYM (2)



When particle moves with the speed of light it has no gravitational component and therefore all absorbed space cells
do not change their size under the influence of the particle’s gravity. At the same time the velocity of photons is
always less than the speed of space absorption ¢, because in the process of absorption the space cell is moving
towards the particle with the speed v, defined by its size and a mass of the particle as it’s coming from the formula
(2). The value of the speed of light is defined by the following equation:

c=ca—vp (5

Therefore for every particle with mass the maximum speed of
movement is:

M
c=ca—Kl— (6)
b

Where [, is the linear size of the background space cells which
depends on the gravity of the background mass. Formula (6) shows

that the speed of light is going to be lower for the particles with

bigger mass and for every particle the speed of light is getting lower \[

when the linear size of the background space cells is getting smaller “

because smaller space cells move faster in a process of absorption. “ =

Fig6 shows that besides vector of speed which coincide with the il

direction of movement of photon there are compensated vectors of

motion which are perpendicular to the direction of movement. This is

a result of the geometry of the charged parts of photons which shape \
is a part of a sphere and has a certain curving. Low energy photons Fig. 6 Movement of photon through the border of two
have small overall cones of the charged parts and the perpendicular mediums with different density

vectors of motion are negligible and do not influence photon’s

trajectory. High energy photons or gamma rays have solid angle of

charged parts close to 2r and angle of refraction can be considerably affected by the lateral motion and in some
cases refractive index may become less than 1.

7 Electron and Positron

Proposed structure of photon where in one particle coexist opposite
sign charges and matter with antimatter can help to understand
possible mechanism of the phenomenon of pair production where
photon with energy exceeding 1.022MeV transforms into electron-
positron pair. This transformation occurs when photon is near an
atomic nucleus and probability of decay is proportional to the
square of the nucleus charge.

=

It was mentioned in previous chapters that magnetic eddies of
positive and negative parts of photon rotate in opposite directions
which results in their reciprocal repulsion. Increase of the energy of
photon will increase repulsion forces because the solid angles of charged parts of photon will grow. Growth of the
number of elementary charges will also increase velocity of the unified vortex of each charged part of photon and
therefore the centripetal force which squeezes elementary charges will also grow.

Fig. 7 Photon with energy less or equal 1.022MeV



It can be expected that the forces which oppose the growth of
the solid angles of charged parts of photon can reach a

maximum value when a certain number of elementary charges
will be collected in one bundle. This limit is equivalent to the
energy of photon 1.022MeV when the structure of photon
undergoes some quality changes. The result of these changes is

a creation of additional charged segments besides the main semi

spheres of elementary charges.

Fig. 8 Photon with energy higher than 1.022M»>B

Additional charged segments connected to the main photon with

the extended bundles of photon bonds created by
elementary masses and  anti-masses.  This
mechanism of the photon’s expansion can explain
the existence of photons with the energy several
times exceeding the energy of electron — positron
pair. High energy photons can comprise several
maximum packed segments of the positive and
negative charges connected by the photon bonds in
one particle.

Decay of the photon with the energy exceeding
threshold value can happen as a result of bending of
the straight form of photon under the influence of
the electrical charge of atomic nucleus. Existence of
additional charged segments in photon’s structure
can be critical for the process of pair production.

Fig9 shows two stages of pair production process
when after break down of photon bonds between
mass and anti-mass two particles are formed.
Electron and positron have elementary charges of

Positron Electron

Fig. 9 Pair production stages

one sign connected to the central anti-mass or mass at the center of each particle. Electron consists of a certain
number of elementary negative charges which are linked by one absorption line with anti-mass in its center. Number

of free space absorption lines is equal to the
number of the space emission lines of anti-mass
which makes gravitational mass of electron equal
to zero as the gravitational mass of photon. The
difference with photon is that electron having
only one type of charge can stay stationary in
space when the lines of space absorption and
space emission are distributed evenly.

Electron or positron will start moving only when
some of the elementary charges are pushed out of
the primary sphere of charges. It can happen as a
result of impact or influence of external electric
field or when photon is absorbed. Absorption of
photon by electron occurs as a process of
recombination of the positive charges of photon

Fig. 10 Absorption of photon by electron



with the corresponding number of negative eddies of electron. The matter nucleus of absorbed photon creates direct
bonds with the antimatter nucleus of electron extending some of the existing connections of electron.

The movement of electron is inseparable from the changes of its internal structure which create uncompensated
magnetic flows in a plane perpendicular to the direction of movement. The intensity of the magnetic flows increases
with the increase of the speed of electron because the number of extended eddies grows with higher speed. Any
decrease of velocity or any changes in the direction of electron’s motion will result in a disruption of the photon
bonds and emission of embedded photon which stops electron. At the same time when electron increases its speed
under the influence of external forces it also gains inertial mass in a form of imbedded photon bonds which contain
additional particles and antiparticles.

Conclusion

Proposed model of evolution of photon to electron and positron allows concluding that the electron’s and positron’s
charge is a strictly defined value because it is a sum of huge amount of elementary charges which means that it can
be the same only in particles which went the same way of evolution. It can be assumed that proton is very probably a
close relative to positron.

The presented concept of photon as a particle suggests the possibility of existence of the bonds created by
elementary masses and anti-masses not only in photons and electrons but also in a nucleus between nucleons and in
atom between nucleus and electrons etc. This correlate with the excess mass phenomenon because additional
particles of both type participated in the bonds increase the inertial mass of a compound.

Reference:
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@doTOH KaK YacTuIa

B nanHO# paboTte npencTaBieHbl BO3MOXKHBIE CTPYKTYpPBl HEKOTOPBIX YaCcTHI BELIECTBA U aHTH BELIECTBA, KOTOPBIE
SIBJISFOTCS PE3YIbTATOM JIOTHUECKOTO Pa3BUTHS TCOPUH I'PABUTAIINH, IPEACTABICHHON paHee B pabote [1].

HaHHaS[ pa60Ta l'[y6J'II/IKyeTCH C OCHOBHOH OCJIBbKO HMCIIOJNB30BaHHA €€ JJId CCBUIOK B cne)lyfomeﬁ CTaThC,
HOCBHHICHHOﬁ HC BOJIHOBOMY OOBICHEHUIO MEXaHU3MA I[I/I(i)paKHI/II/I HJacTUll MaTECpUH Ha IpUMEPE (1)OTOHOB.

BeedeHue

HeiitpuaHas MoJenb CTPOCHHS YaCcTHUI] BEICCTBA M AHTUBEIECTBA ABJSICTCS MPOODKCHUEM TCOPHU TPaBUTAIUH,
omucanHoOi B pabote [1], B KOTOpO# Mpupoaa TpaBUTAIUK OOBICHAETCS CBOWCTBOM Marepuu aehOpMUPOBATH U
MOMJIOIIATh OKPYXKAoIlee €€ MPOCTPAHCTBO. [lOTJoIIeHne MPOCTPAHCTBA MPUBOJUT K MOSBICHUIO YCKOPCHHOTO
HpOCTpaHCTBEHHOFO IIOTOKa B HaHpaBﬂeHHI/I MaccChI, 4TO HpO}IBJ’I}IeTCﬂ B (beHOMeHe FpaBI/ITaI_[I/II/I. HpOCTpaHCTBO, B
JIAHHOU TEOpUH, MPEICTABIIET COO0N HEKYIO0 TUCKPETHYIO CYOCTAHIHIO, 3AMOIHSIONIYI0 BECh 00bEM BCEICHHOM U
COCTOSIIIYIO U3 OTJCIbHBIX MPOCTPAHCTBEHHBIX SUCEK WK Cy0 YaCTHII.

Ipennoxennas B [1] rumoresa o mpupoje IPaBUTALMK HCXOAWUT M3 IPHHIIUIIA SKBUBAJCHTHOCTH DHHIITEHHA,
YTBEP)KAAIOIIET0, YTO HMHEPIIMOHHAS peaklus MacCchl Ha YCKOPEHHOE BIKEHHE B CBOOOJHOM MPOCTPAHCTBE
SKBHBAJICHTHA I'paBUTaNnu. U3 dero OBUIO caeiaHo 3aKIF0UEHHUE, UTO MOSIBIICHIE HHEPIIMOHHOH peakni y 00beKTa,
HETIOABIDKHOTO ~ OTHOCHUTEIIFHO HEKOTOPOH OONbIeHl Macchl, MOXXET OOBSCHATHCS YCKOPCHHBIM IBIDKCHHUEM
MIPOCTPAHCTBA OTHOCUTEIHHO TaHHOTO 00bEKTa B HAIIPABICHUH IICHTPa 0003HaYCHHOM OobIIeit Macchl. CBOOOIHOE
MaJicHAe, TPU OTOM, MOXKHO OIPENEIUTh KaK PaBHOMEPHOE NABM)KCHHE II0 WMHEPLUH, T.K. JBUTasCh BMECTE C
MIPOCTPAHCTBOM, MAJAIOMMKA 00BEKT He OyIeT WCIBITHIBATh yckopeHue. [Ipeamonaraercs, 9To yCKOPEHHBIH MOTOK
IIPOCTPAHCTBA CO3JAETCA B pe3yibTaTe MOIJIOMICHUH sUeeK MPOCTPAHCTBA YACTUIIAMU BEIECTBA, 00JIaAAarOUIUMU
maccoil. IIpu 3TOM aHTHBENIECTBO, B OTJIMYME OT BEIIECTBA, T€HEPUPYET (IIPOU3BOAMT) MPOCTPAHCTBO, M OaslaHC
MIPOU3BEACHHOTO M TIOTJIOIIEHHOTO IPOCTPAaHCTBA BO BCEIICHHON COXpaHSETCS, €ClU MOAJepKUBaeTcs OanaHc
KOJIMYECTBA BEILIECTBA U AHTUBEIIECTBA.

@®eHOMEH MOTJIOLIEHUs MPOCTPAHCTBA MACCOM NMPOSBISAETCS KaK B T'PAaBUTAIMU, TaK U B JIBUKEHHUM 10 MHEPIIMH.
OarHAaKOBOE KOJMYECTBO MPOCTPAHCTBA MOTJIONIEHHOTO BEIECTBOM C MPOTHBOIOJIOKHBIX HANIPABJICHUN HE BENET K
MepeMeIIeHUI0 00beKTa B OKPYXKAIOIIEM MPOCTPAHCTBE, HO CO3[AET YCKOPEHHBIH TOTOK MPOCTPAHCTBA B €r0
HampaJieHUH. MOXHO 3aKJIFOUUTh, YTO TPaBUTALIUS SIBISIETCA PE3YyIbTATOM CKOMIIEHCHUPOBAHHBIX MEPEMEIICHU B
MIPOCTPAHCTBE B TMpOLECCE NOMIOLICHUsS MPOCTPaHCTBa BellecTBOM. /[[si mepemelieHuss B MPOCTPAHCTBE C
HEKOTOPOHW CKOPOCTBIO YacTHIa BEIIECTBAa MOJDKHA MOTIIOMATH OOJBINE MPOCTPAHCTBEHHBIX SUEEK C OJHOTO M3
HaIpaBJICHUH, a JIB)KEHUE CO CKOPOCTHIO CBETa MOJPa3yMeBaeT NOIVIOLICHHE MPOCTPAHCTBA TOJBKO C OJHOTO
HaIpaBJICHUS, YTO UCKIIIOYAET CaMy BO3MOXKHOCTb I'PaBUTALIMH, T.K. HUIKAKUX CKOMIIEHCUPOBAHHBIX MEPEMELLEHUI B
JTAHHOM ciTydae He OyzaeT. M3 mocnenHero mpeanoiaoKeHus CIeAyeT, YTO MOTIOMEHHE IPOCTPAHCTBA MPOUCXOIUT
CO CKOPOCTbIO HE MEHbIIIEH CKOPOCTH CBETA, a TAKXKE TO, YTO 3HAUEHHE TOJIHOW HEPTUU MAacCChl BEIlleCTBa, PaBHOE
CyMM€ €€ KHHETMYECKOM M TPaBUTAIMOHHOW COCTaBIIAIONINX, OIpPEACNIeTC MaKCUMaJbHOW KUHETHYECKOU
SHEpPruei, 1o0cTUraeMon Npy JBUKEHUHM MAcChl CO CKOPOCTBIO CBETA.

Jlocuka nocmpoeHus HeﬁmPUHHOﬁ Mmodenu qacmuy eewjecmeda U adimueeujecmeda

1. JIucKpeTHOCTH NMOTJIONIeHUs POCTPAHCTBA

MOHGJ’IL MaccChbl, YAOBJICTBOPSIOMIAsA HpeHCTaBHeHHOﬁ BBIIIIE TCOPUH TI'paBUTAILIUH, NOAPA3YMEBACT BO3MOKHOCTbH
O6’I)CKTa, 06na)1a}0mero MaCCOﬁ, HU3MCHATH Hqu)I/IJ'H: TMOTJIOMICHUA NPOCTPAHCTBA 10 HeﬁCTBHCM BHCIIHUX CHUJI, YTO
TPOABIACTCA B M3MCHCHHU CKOPOCTU W HAINPABJICHUW JIBUXCHUA. W3 srtoro CJIeaAyeT, 4TO 4YacTulla BEHICCTBa
TorJIomMAET MPOCTPAHCTBO JUCKPETHO IO OTACIBHBIM TPACKTOPUAM WIH JIMHUAM IIOTJIOIICHHWA, HAIPaBJICHUC



KOTOPBIX MOXKET MNEPEPACIPCACIIATLCA OT BHCUIHECTO BOSHeﬁCTBHH, HO 0611166 KOJIN4YECTBO HHHHﬁ, OoIpeacisroniee
MaccCy 4aCTHlbl, HC MCHACTCH.

HI/ICerTHOCTL JIMHUM TOTJOIICHUS noaApa3yMeBacT BO3MOXKHOCTL OINPCACIICHHUA HEKOTOPOro TEJICCHOI'O yrja AJIs
Ka)XJI0#1 OTJEIbHOM JIMHUM B 06H16M TMOTOKC MOTJI0MAEMOro MpoCTpaHcTBa. MMHyJ’ILC HacCTUIbI 6yz[eT OIPEACIATHCA
IUIOTHOCTBIO JIMHHUN MOTJIOIICHMS MMpOCTPpaHCTBA CO CTOPOHBI ABUIKCHUA. MoxHo OpEAIOJ0XKUTh, YTO BCIIMYMHA
TCJICCHOTO YyIJia JIMHUUW MOTJIOMICHUSA B HAIIPABJICHUU ABUKCHUA COOTBETCTBYCT onpeaeneHHOﬁ “,HJ'II/IHC BOJIHBI Ile
BpOI\/'IJIﬂ (de Broglie) OJIs1 9aCTHUIL BEIICCTBA, T.K. «IJMHBI BOJH)» YaCTHUIL] ONPEACIIAIOTCA HMCHHO UX HUMITYJIbCOM.

Ecnu «anuHa BOJHBD) y SIBHBIX YacTHUIl, TAKUX KaK HPOTOHBI M 3JIEKTPOHBI OOYCIIOBJEHA IUIOTHOCTBIO JIMHUI
TIOTJIOIIEHHS ITPOCTPAHCTBA, TO BO3MOXKHO, YTO M BOJIHOBBIE CBOMCTBA ()OTOHOB CHIILHO IPEYBEIHYEHBI, U ()OTOHBI,
OyIy4H YacTHLAMH, TaKKe 00J1alaloT XapaKTEPHBIMH JUISl KaXJIOTO [[BETA TEJIECHBIMH yIJIaMH JIMHUI ITOTJIONCHUS.
B sTOM ciydae ncue3aeT HEONPEEICHHOCTD (Iyaln3M) B ONPEACICHHH (OTOHOB, KaK M OCTAIbHBIX YACTHI, H HX
BOJIHOBAsl CYIIHOCTh MOXCET OKa3aTbCsl IPOCTO IPOSIBICHUEM OCHOBHOTO CBOWCTBA MAaTepUH IOTJIOMIATH
MIPOCTPAHCTBO TUCKPETHBIMH ITOTOKaMH. HeoOXOOMMBIM JOKa3aTeNbCTBOM JAAaHHOM KOHIENIMM AOJDKHA CTaTh
MoJenb (OPMHUPOBAHHUA IU(PPAKIMOHHONW KapTUHKH (OTOHAMH TIPH YCIOBHM JAWUCKPETHOTO ITOTJIOLICHUS
MIPOCTPAHCTBA, KOTOpast OyAeT MPEeACTaBICHA ITO3KE.

2. HeiiTpuHO — KaK dJ1eMeHTapHas Macca

U3 MIPpU3HAHUA (1)OTOHOB JacTulaMu CJICAYCT, 4YTO MacCCa YaCTUILl MOXKCT U3MCHATHCA B OYCHb IIMPOKOM AHAIIa30HC
BCJIIMYMH, OT OYCHb MaJbIX, PABHBIX HHepHHOHHOﬁ Macce camMoro cjaadoro (bOTOHa, J0 MacCChbl Hanbolee
OHCPIruYHOro raMMa KBaHTa, 3JICKTpOHaA, IIPOTOHA U HCﬁTpOHﬁ. }II/ICerTHOG TMOTJIOMICHUE MPOCTPAaHCTBa YaCTULIAMU
BEIICCTBa IpeAnojaract JUCKpPpETHOC M3MCHCHUC SHEPIUU U MacCChbl (1)OTOHOB, YTO YKa3bIBA€T Ha WX BO3MOXHYIO
COCTaBHYIO CTPYKTYPY H, KaK CIICJCTBUE, HA BO3MOXKHOCTh CYIIIECTBOBAHUS 3JIEMEHTApHOTrO ()OTOHA.

Pacyet mMacchl aeMeHTapHOro (JOTOHa MOXKET OBITh ClIeNIaH, UCXO/ U3 aHanu3a pacnpesencHuss MUKpPOBOIHOBOTO
@DOHOBOTO M3ITyYeHH, KOTOPOE COOTBETCTBYET M3inydeHuto UT npu TeMmnepaTypax OIM3KUM K aOCOTIOTHOMY HYJIIO.
Hcxo/st M3 SKCIIepUMEHTANIBHBIX JaHHBIX O (JOHOBOM M3JIy4€HHH, 3JIeMEHTapHbII (POTOH, PACIIOIOKEHHBIN B CaMOM
Hauale KpUBOH CIIEKTPa, UMEET «UIMHY BOJHED 5.7MM U sHepruto Ey = 2.175 10™*3B. [TonsaTHo, uto yixe npu 0K
HHUKAaKOTO M3Iy4eHHs (POTOHOB OBITH HE MOXKET M, CJIE/IOBATEIHHO, N3ITyUeHNE ¢ OONbIIeH ATMHON BOJIHBI HE MOXKET
OBITH IIOTOKOM YacTHII CBETA, & SIBJSIETCS JJICKTPOMAarHUTHBIMH BOJIHAMH C PEabHBIMHU YaCTOTaMH M JTTMHAMH BOJIH.

HyxHo npusHath, 410 (OTOHBI, SBISSICH YacTHLAMM, O0JAJal0OT HEKOTOPHIMH YHUKAJIBHBIMHM JUIS YaCTHI
cBoiicTBamMu. OHH ITEpEeMEIaoTCs B IPOCTPAHCTBE C MMOCTOSIHHOM CKOPOCTBIO, PaBHOW CKOPOCTH CBeTa, 00IagaroT
MOJIIpU3aLMel U TPETEpIIeBalOT NPEIOMIIEHHE MPU HEPEXOoe MEXAY cpelaMy pa3HoW IuoTHocTd. [lonoOHbIe He
COBCEM XapaKTepHBIC JUIS YaCTHI[ CBOICTBA, BO3MOXKHO, ONPENEIISIOTCS OCOOCHHOCTSIMU CTPOECHHUS BceX (DOTOHOB,
BKJIIOYasl W 3JeMEeHTapHbI (OTOH. DTO IpPEANooKEeHHe YyKa3blBaeT Ha TO, YTO JAXEe 3JIEeMEHTapHbI (OTOH,
BO3MOXKHO, UMEET OoJyiee TOHKYIO CTPYKTYpy M HeE SIBISETCS 3JEMEHTapHOH YacTHIIeH, a COCTOUT M3 eme Ooiee
JIETKUX YaCTHII.

Takumu Gonee MEJKUMH, YeM JIEMEHTApHBIH (OTOH YacTHLIAMHM MOTYT ObITh HeHTpuHO. HeliTpuHO HeWTpanbHas,
JOATOKUBYIIAsl, OUYEHb JIeTKas M PaclpOoCTpaHEHHAs YacTHUIA, KOTOpas, 4TO OYEHb Ba)KHO, MOXET IBUraThCs C
Pa3IUYHBIMKM CKOPOCTSIMH, MMesl Pa3lIUYHyl0 KMHETHUYECKYyI0 3Hepruto. HeHTpuHO sBIseTCS OJHUM U3 KOHEUHBIX
MIPOAYKTOB aHHUTHIIALINY IIPOTOHOB M aHTUNIPOTOHOB. AHTHHEUTPHHO TMOSIBIIICTCS B PEAKIMH pacliaga HeHTpoHa Ha
MIPOTOH M DJJIEKTPOH, KaK MOJTBEPKICHHE BO3MOXKHOTO YYaCTHs AHTHBEIIECTBA B SACPHBIX CBA3IX MEXKIY
YacTUI[AMH BEIIECTBA.
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Mogenb Macchl, TOpejacTaBieHHas B paborte [1], mpeamonaraeT BO3MOXHOCTh OOpa3oBaHMs MAapbl YaCTHIL
(371eMeHTapHOM Macchl M aHTH MAcChl) U3 OJHOM sSYEHKH MPOCTPAHCTBA B PE3y/bTaTe CTOJIKHOBEHUS YACTHIL
BemiectBa. OOpa3oBaHue Maphl IEMEHTAPHBIX YACTHIl BELIECTBA U
AHTUBELIECTBA IPOMCXOAUT, KOTJa CYMMapHOE TpaBHTAllMOHHOE
MPUTSDKSHUS] CO CTOPOHBI YaCTHUII, YYACTBYIOIIUX B CTOJIKHOBEHUH,
3aCTaBJISIET MPOCTPAHCTBEHHYIO SUECHKY, PACIION0KEHHYIO HA JIMHUU
CTOJIKHOBEHHMS, PACTH CO CKOPOCTHIO IIPEBHIAIONIEH CKOPOCTh G
ceeta. OmHa W3 0O0pa30BaBIIMXCA IPH CTOJIKHOBEHHHM YacCTHII, 7\

HampuMep, YacTHIla AHTUBENIECTBA MOYKET OCTaThCs B MeCTe .{ | —W%—
CTOJIKHOBEHHSI B KAueCTBE CBA3YIONIErO JJIEMEHTA MEXIY = I S
yactunamu BemiectBa Fig.l, a BTopas - 3ieMeHTapHas Macca ﬁé—— j_o-?
MOKUHET 30HY CTOJKHOBEHHS W MOXKET OBITh 3aperucTpUpOBaHA Neutrino Antineutrino
9KCIIEPUMEHTAIbHO. B MOATBEpIKIEHUE TAHHOTO MEXaHH3Ma TMpH

Space cell (space sub particle)

3aXxBaTe O3JEKTPOHa IIPOTOHOM PETHCTPUPYETCs CBOOOJHOE Fig. 1 Slueiika npocTpancTsa nos AeicTareM
SIIEKTPOHHOE HEWTPHHO, & aHTH HEUTPHUHO OCTAECTCS B KadecTBE BHCUIHHX CHUI PASPLIBACTCA Ha HCHTPUHO 1
AHTUHCUTPHUHO

CBsA3U B HeI>'ITpOH€ u OCB060)KZ[aeTCH TOJIBKO IIpHU pacriage HeﬁTpOHa
Ha IIPOTOH U 3JICKTPOH.

Cnoco6HOCTh HacTHIL SHeMeHTapHOﬁ MacChl HJIM aHTH MacChl 00ecIeuYuBaTh CBS3b MCKAY dYacTULAMHU
MIPOTUBOIIOJIOKHOI'O THIIa MO3BOJIACT CACIIATH 0606HI3IOH.[PII>1 BBIBOJIT O BOSMOXHOCTH KOMIIOSUTHOT'O COCTaBa BCECX
YJacTull BEHICCTBA U aHTHUBCICCTBA, KOrJda YaCTHUIbI BCHICCTBA COACPIKAT HCKOTOPOC KOJIMYCCTBO AHTHUBCIICCTBA, A
YaCTULIbl aHTUBCIICCTBA UMCIOT B CBOCM COCTABC 3JICMCHTAPHBIC YaCTHUILIbI BEIICCTBA.

3. DuemeHTapHbIe 3apsibl

IloHATHO, 4TO MMes B PACHOPSIKEHUHU Mapy 3JIEMEHTAPHBIX YAaCTHUL, OTBEYAIOMINX 33 DJIEMEHTAPHYI0 MacCy U aHTH
Maccy, Helb3s IMOCTPOUTh MOJEIH BCEX OCTalbHBIX YaCTHUI, KOTOpBIE KpPOME MAacChl HUMEIOT 3apsj, CIIHH,
MarHuTHeI MoMeHT. Heo6xoaumMo 100aBHTH ellle Kak MUHUMYM OZHY 3J€MEHTapHYI0 YacTHIly, KOTopas obiaana
OBl CIIMHOM, 3JIEKTPUYECKUMH M MAaTHUTHBIMU CBOMCTBaMU U ObLIa ObI TAKOH JKe JIETKOH KaK 3JIeMEeHTapHas Macca.

Ecimm Takoe CBOWCTBO BelIeCTBA KaK I'PaBUTALMS ONPENENAETCS IBUKEHHUEM SUEEK MPOCTPAHCTBA B HANPaBICHUH
LEHTPa MAacC, TO AIEKTPHUUECKOE U MATHUTHOE B3aUMOJICHICTBUS MOTYT TaK)Ke MPOSBIATHCA B PE3YIbTATE IBUKECHUS
IIPOCTPAHCTBEHHBIX A4EEK. MOXKHO IPEIIOI0KUTh, YTO KPOME NOCTYIATEIbHOIO IBUKEHUS B HAIIPABICHUM MACChI
SIYEWKU MPOCTPAHCTBA MOTYT BPAIIATHCSl BOKPYT CBOGH OCH WJIM JIBUTAThCS 110 3aMKHYTHIM TPaeKTOPHSIM, 00pa3ys
IIPOCTPAHCTBEHHBIE BUXPU.

Ha pucyHke 2 mOKa3aHbl [Ba DJJIEMEHTAPHBIX 3apsijia, KOTOPHIC
MPEACTaBISAIOT  CO0OM  MPOCTPAHCTBEHHBIE  BUXPH,  CO3/IaHHBIC
BpAaILAOIIUMUCS MacCOl U aHTH Maccoil. MarHUTHbIE CBOMCTBA YaCTHULIbI
ONpPEAENAIOTCS KPYIOBBIM JBUXKEHHWEM MPOCTPAaHCTBA B BHUXpE, a
BpallleHWE JUHUN TOTJIOLIEHUS WM HUCIYCKAaHUs ONPENENSIoT 3apsi. Elementary charges
MaruuTtHele BUXPH 3apsiI0B MPOTUBOIOJIOKHBIX 3HAKOB OTJIMYAIOTCS IO

HalpaBJIEHUI0. DKCIEPUMEHTAIBHO 3TO BUIHO U3 TPACKTOPHUIl ABUKEHHUS

3apsHKEHHBIX YaCTUI] BO BHEIITHEM MarHUTHOM IOJIE. Fig. 2 TToNOKATEBHBI 1 OTPHIATETBHbI

DJIEMEHTapHbIE 3apsiIbl
B pa6ote [1] npuBoauTcs 00bACHEHHE TPABUTALUOHHOTO OTTATKHBAHUS

4acTUll, KOrJa JBE YacCTHLbI, JEHCTBYS OJHOBPEMEHHO Ha OJHY A4YEHKY

IIPOCTPAHCTBA B TOUYKE PAaBEHCTBA IUIOTHOCTH MACC, OCTAHABIIMBAIOT U PACTATUBAIOT €€, YBEJIMUNBAs pa3Mep sTUCHKH.
CKopoCTh pOCTa STYEHKH NMPOCTPAHCTBA OYAET paBHA yIBOEHHOH CKOPOCTH, 00YCIIOBJICHHON TpaBUTALMEN OJTHOI M3
Macc. 3aBHCHMOCTb CKOPOCTH JIBMDKCHHMSI NPOCTPAHCTBEHHBIX S4YEEK OT Macchl ompenensercs ypasHeHueMm (1),
KOTOPOE COBHAJIAET C U3BECTHBIM ypaBHEHUEM BTOPOIl KOCMUUECKOH CKOPOCTH.
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Poct s4eliku mpocTpaHCTBAa, PACIIONIOKECHHOH HAa JIMHUM CTOJKHOBEHHUS IBYX YacTHIl, BEJET K YBEIHUICHHUIO
TEJNECHOTO yIJa MOTJIOIIEHHs 10 3TOMY HAIIPaBJICHMIO, U, CIEIOBATEIbHO, K U3MEHEHHUIO HAIIPABJICHUS JBIDKEHUS
JacTull.

OmncaHHBII MEXaHW3M OTTAJIKMBAHHUS NPUMEHMM HE TOJBKO K HE3apsHDKEHHBIM YacTHIAM, HO M K 3apsjaM.
B3auMopeiicTBue ABYX 3apsiioB OJMHAKOBOIO 3HaKa NPUBOJUT K Pa3sHOHANpPaBIEHHOMY NEUCTBUIO Ha sS4YEHKH
IIPOCTPAHCTBA CO CTOPOHBI B3aUMOJCHCTBYIOIINX YAaCTHII, YTO OCTAaHABJIMBACT JBIDKEHUE IPOCTPAHCTBEHHBIX A4EeK,
PaCIOJIOKEHHBIX MEXJy YacTHLIaMH, BBI3BIBAET UX POCT M, KaK CJIEACTBUE, OTTAJKUBaHHE uacTUll. Eciam xe
B3aMMOJICHCTBYIOIIME 3apsiibl UMEIOT MPOTUBOMOJIOXKHBIE 3HAKM TO U HANpaBlICHHUs BpAIEHUs, U HAINPaBICHUS
JBIDKCHUSI S4YEEK NPOCTPAHCTBA, CO3/[aBacMble OOCMMH YacTHUIIAMH Ha JIMHUHM CTOJIKHOBEHHs, OyIyT Bceraa
coBIIa/laTh. B pe3ynbrare OJHOHAMPABIEHHOTO IEHCTBHS JBYX MacC CKOPOCTh IBIDKCHHUS SUECK MPOCTPAHCTBA
MEXIy HUMH yBenmuuBaeTcs ObicTpee (1), 4eM pacTeT NpoHM3BEICHHE pa3Mepa SUeiHKH Ha ee CKOpocTh (2), a,
CIIEIOBATENIbHO, W pa3Mep S4eeK M TEJCCHBI yroja MOIJVIONICHUS W WCIYCKaHWS 4YacTHIl B HAIPaBICHUU
CTOJIKHOBEHHS yMEHBIIAETCSA, YTO MPOSBIICTCS B IPUTSDKCHNAH 3apsiIOB PA3IMIHOTO 3HAKA.

lxv=KIM (2)

B ypaBHeHWm (2) nWHEHHBIH pa3Mep SYCHKH TPOCTPAaHCTBA | CBfA3aH C ee CKOPOCTBI0 V M Maccod M, mon
lo*ca
3/mg

OIIPEALIACTC MHUHUMAJIBHBIM DPAa3MEPOM STICHKH MNpOCTPAaHCTBA 10, CKOPOCTBIO IIOTJIOMICHUA IPOCTPAaHCTBA C; U

TpaBUTALITMOHHBIM BJIMSIHUCM KOTOpOﬁ JABHIKCTCA OdaHHasA sTIeiKa. Fz[e K= KOHCTaHTa, 3HA4YCHUC KOTOpOﬁ

3HAYCHUEM C-)HeMeHTapHOﬁ MaccChel M.

Heo6xonuMo OTMETHTB, YTO ONMCAHHBIE BBINIE 3JIEMEHTapHBIC 3apsa/bl, HEBO3MOXKHO BCTPETUTh B NPHUPOJE BHE
coCTaBa JPYrMX 4YacTHIl T.K., NPEJIOCTaBJICHHbIE CaMHM ce0e, TaKue 4YacTHUUbl JHOO PEKOMOMHHPYIOT, JIMOO
OCTAIOTCSl HEMOJBMXKHBIMH. O0e JMHUHM MOTJOMIEHUS MM HCIyCKaHWSA MPOCTPAHCTBA y 3JIEMEHTApPHBIX 3apsAaoB
CTPOTO TIPOTHBOIOJIOKHBI M, 00Jajgas HEKOTOPOH TIpaBUTalMeil, OHM COBEPIICHHO JMIIEHBI BO3MOXKHOCTH
JBUTaThCSI OTHOCHTEIBHO MpOCTpaHcTBa. VICXOAs W3 INPEIooXKEeHUsT O MapHOM OO0pa30BaHUM 3IIEMEHTAPHBIX
YaCTHI] BEIIECTBA U aHTUBEIECTBA, MOXKHO YTBEPXK/aTh, YTO JIaKe MPUCYTCTBHE OOJBIIOTO KOJINYECTBA MOJOOHBIX
HETIOJIBMKHBIX YACTHUI] B IPOCTPAHCTBE OCTaHETCS HE3aMEUCHHBIM JUIS CTOPOHHETO HAOJII01aTes .

MOXHO TpEeANoNIOKUTb, 4YTO  3JIEMEHTApPHBIE  3apsibl

oOpasyroTcst B pe3yiabTaTe BO3JICHCTBHA Ha  SUCHKY

NPOCTPAHCTBA NMEPEMEHHOI0 MAarHUMTHOIO IOJI, KOTOPOE, B + -

nporecce CO3JaHus 3JIEKTPUYECKOTO oJis, npu éﬁ'@%ﬁ> 9’%. <-—>
OIPEJEIICHHBIX YCIIOBUAX NPUBEAET K PACLICIUICHUIO AYEHKU

NMPOCTPAHCTBA HAa Iapy IOCTOSHHBIX IIPOCTPAHCTBEHHBIX

Buxpeit fig.2 MpPOTHBOMOJIOKXHOTO BpAIICHHUS, B MEHTPax

KOTOPBIX OyIyT HaXOOUTHCA OJIEMEHTApHBIE YaCTHUIIBI Fig. 3 DnemenTapHlii poton

MaTepuu W aHTUMarepud. llpemocraBieHHBIE camuM cebe

BUXPH DJIEMEHTApHBIX 3aps0B IPOTHBOIIOIOKHBEIX CIHHOB

OyIlyT CTPEMUTHCSI PEKOMOMHUPOBATH JIPYT C IPYroM M BHOBB NIPEBPATUTHCS B sIUCHKY IpocTpaHcTBa. Ecim xe oz
JCUCTBHEM TOTO € MEePeMEHHOT0 MarHUTHOrO Noisi o00pa3oBaBIIMECS BHXPH IPOAOIDKAT pasberaTbes ¢
OTHOCHUTEJIBHOW CKOPOCTBIO MPEBBIIAIONIEH CKOPOCTh CBETA, TO, MOSBUBILUECS MEX/Y HUMH SYEHKU IPOCTPAHCTBA
OyIyT pa3pyliaTbcsl 0 MEXaHM3MY 00pa30BaHHMs AJIEMEHTAPHOW Macchl M aHTH Macchl. [losiBieHue sy1eMeHTapHOH
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MAcCChl U aHTU MACChI MCKAY 3apAA0BbIMU BUXPAMU CTa6I/IHI/I3I/Ipy€T BCIO CUCTEMY, IPEAOTBpAIIACT peKOM6I/IHaHI/I}0
QJIEMCHTAPHBIX 3aps10B, IMPpEBpallas ux B BHeMeHTapHLIﬁ (1)OTOH.

4., WHepumoHHAasi M TPABUTAIMOHHAS MacChl (POTOHA
I/IHepHI/IOHHaH Macca 4aCcTulbl ONPEACIACTCA 06IHI/IM YHCJIOM 3JICMCHTAPHBIX YaCTUIl BCIIECTBA U aHTUBCLICCTBA,
BKJIrO4Yasd 3JICMCHTAPHBIC 3aps/ibl.

rpaBI/ITaHI/IOHHaﬂ Macca 4YacCTulibl ONpeAcIsACTCA H30BITKOM CBO6OZ[HI>IX JIMHUHN TIOTJIOLICHUS MMpOCTpaHCTBAa HaJ
KOJIMYCCTBOM CBO6OZ[HI)IX JIMHUT HUCITyCKaHUA  MPOCTPAaHCTBA. JIuHUM  TIOTJIOLIEHUS U UCITyCKaHus,
3aﬂeﬁCTBOBaHHLIX BO BHYTPCHHHUX CBA3AX YaCTHUl], HC YUYUTLIBAIOTCA B pacydcTax I’paBHTaHHOHHOﬁ MaccChl, HO
YUYUTBIBAOTCA B HHepHHOHHOﬁ Macce, 4TO NOATBECPIKAACTCA 3(1)(1)6KTOM H30BITKA Maccehbl, Korga pacnaa COCAUHCHUA
MPUBOJAUT K IOTEPEC MACCHL.

Kak BuaHO U3 pucyHKa 3 3jeMeHTapHBIH (POTOH COCTOMT U3 YETHIPEX YACTHIl C YETHIPbMS JIMHUSMHU TTOTJIOIIECHUS U
YeTBIPbMS JIMHUSMHU HCITyCKaHUsI TPOCTPaHCTBA. VHepIHMOHHas Macca 3JeMEHTapHOro ()OTOHA paBHA YETHIPEM
WHEPLUOHHBIM MaccaM OAMHOYHOTO HeWTpuHO. ['paBuTanmoHHas Macca )OTOHOB JIF00O0 SHEPTUH paBHA HYJIIO, T.K.
KOJIMYECTBO JIMHUH TTOTJIOMICHUS BCETAAa PABHO KOJIHYECTBY JIMHUN MCITYCKAHHUS.

5. OObIyHBbIE (POTOHBI

OObIuHBIC  (POTOHBI ~ COCTOST W3  3JCMEHTApHBIX  (HOTOHOB,
CO6paHHLIX B IIYYOK BAOJIb JIMHUHM CBA3U DJICMCHTApPHBIX MacC C
aHTH MaccaMu. DHeprus GOTOHA onpeaensercs popmyoi (3):

E=nE, (3)

I'me E, — BenuyWHa DHEPTUU 3JEMEHTapHOro (oToHa, a n — )
Fig. 4 O0brunbIi GOTOH, COCTOAIINN U3 HEKOTOPOTO

KOJIMYECTBO AJIEMEHTAPHBIX (DOTOHOB B ITyUKe.
KOJIMIECTBA CBA3aHHBIX 3JIEMEHTAPHBIX (1)0TOHOB

SHGMCHTapHLIG 3apsaabl  OJHOro 3HaKa B (I)OTOHe O6J'Ia,I[aIOT

OIWHAKOBBIM HANPaBJICHUEM BpalICHUSA U 06T>CI[I/IH$[IOTC$[ O6H.[I/IM MAargivMuTHBIM IIOTOKOM, KOTOpLII\/‘I CTATHUBACT BCEC
3apsaabl B GI[HHBIﬁ IIY4OK TEM CHJIbHEEC, UEM OoJbIIe DJICMCHTAPHBIX 3apsA10B HAXOJAUTCA B CBA3KE. Tenecusrit yroi,
HpHXOHHmHﬁCH Ha OJHY JIMHUIO TIIOTJIOMICHHUA OJDJIICMCHTAPHOI'O 3apsia, 6yneT YMEHbIIATBCA C YBCIUYCHUEM
KOJIMYECTBA DJIECMCHTAPHBIX ¢)OTOHOB B YaCTUIIC CBETA, YTO NPOABIIACTCA B YMCHBIUICHUU «JJIMHBI BOJTHBI).

OObeaHeHHBIE MarHuTHbIE BUXPHU MOJIOKUTETBHOTO u

OTPHLATENILHOTO 3apsI0B B POTOHAX BPAIAOTCS B TIPOTHBOIOIOKHBIX % i
HAlPAaBJICHUSIX M €CJIM IUIOCKOCTH BpALlEHUs OTHUX BUXpeEH I
MepeceKaroTcs, TO MEeXIy HUMH BO3HMKAET CHJa OTTAJIKUBaHMA. OTa
OCOOCHHOCTh CTPOEHUS (POTOHOB TapaHTHPYET MM MOCTOSHHYIO
CKOPOCTb [JIBUXKECHMSI PABHYIO CKOPOCTH CBETa T.K. B3aUMOJEMCTBHE
MarHUTHBIX BUXpEH MNOANEpKHBAaeT MNapauIeIbHOCTb IUIOCKOCTEH
BpalICHUs 3JIEMEHTAPHBIX 3apsIOB MAaTEpUU U aHTUMATCPHUU BHYTPH
(OTOHOB TIpH JIOOBIX CTOJIKHOBEHHSIX M, CJEJOBaTElIbHO,  JlaXe
nepopmupoBanHbld  GoTOH  OymeT — HpOJOIDKATh  JIBUTaThCs
MIPSIMOJIMHEWHO €O CKOpOCThIO cBera. Jledopmarus GpoToOHOB Xopouio

WIUTKOCTPUPYETCS ABJIEHUEM TOJIAPH3AIIUH CBETA. Fig. 5 Bapuantet repopmanuu Gpotona u
($hopM nonspuzanuu

Ha pucynke 5 mokaszaHbl BapraHThl BO3MOXHOU aedopManun (poToHa
IIPU MIPOXO’KIAEHUN MM TOJISIPU3YIOIIEH Cpeabl Wiu NpH oTpaxeHuu. Jledopmarus M3HAYaIbHO NPSMOIMHEHHON
¢dopMBI (HOTOHA TTPOUCXOIUT, KOTJAa OTPHUIATEIBHO 3apsDKEHHAs 4acTh (POTOHA W3MEHSET HAIpPABJICHHE JBIKCHHUS
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HECKOJIBKO PaHbIlle, YeM 3TO JeJaeT MOJoXHTeNabHas dacTb. KoHeunas ¢opma (oToHa mosydaeT BBIPa>KCHHBIN
U37I0M, HO HamlpaBJIEHHs MOJOXWUTENbHBIX U OTPULATEIbHBIX BUXPEH OCTAIOTCSA MapauleIbHBIMM, TAKXKe Kak U y
ucxoanoro ¢orona. Jroboe nake He3HAYUTENHFHOE OTKIOHEHHE OT MapajuIIbHOCTH BUXpEH 3apshKEHHBIX 4acTei
(OoTOHA MPUBOAWT K MOSBICHHUIO BPAINATEIBHOTO ABIDKCHMS ITOJOXHUTEIBHOM 4acTH (OTOHA OTHOCHTEIHHO OCH,
MIPOXOSIIEH Yepe3 ero OTPUIATENBHYIO YaCTh, YTO MPOSABIAETCS BO BPAIATEIbHON MOMSPU3AIINH.

6. IlpejiomiieHHe U JUCTIEPCHs] CBETA

Kak u B cimydae npenomieHust OM BOJNHBI, IpesoMIIeHIE (POTOHOB MPOUCXOJNUT B PE3YIBTATE PA3HOCTH CKOPOCTEH
nepeMerieHns (OTOHOB B CpeAax C pa3HOM IUIOTHOCTBIO MacChl M, CIIEIOBATENbHO, C Pa3HBIM pPa3MepoM
MIPOCTPAaHCTBCHHBIX sdeeK. JlIsi OOBSCHEHHS 3aBHCHMOCTH CKOPOCTH CBETa OT IIIOTHOCTH HPOCTPaHCTBA
HEOOXOAMMO BEpHYThCS K Qopmyie (2), cBsA3bIBalOIIeil JHMHEWHBINH pa3Mep NPOCTPAHCTBEHHOH sueiiku | co
CKOPOCTBIO U, C KOTOPOM OHA ABMXKETCS MOJ AEHCTBUEM I'paBUTALMU Macchl M.

lxv=KVM (2)

Korga wactuma aBUXKETCS CO CKOPOCTBIO CBETa, TO y HEE OTCYTCTBYET IPaBUTAllMOHHAs COCTaBIIAOIIAS H,
CJIEZIOBATEINILHO, TIOTJIONIAEMBIC SUEHKH IPOCTPAHCTBA, HE OYAYT W3MEHATh CBOM pa3Mep II0J JeHCTBHEM
TpaBUTAlMH YacTHIBL. [Ipr 3TOM CKOpPOCTH cBeTa OyAeT BCeTaa HMXKE CKOPOCTH MOTJIOMIEHHS IPOCTPAHCTBA MacCon
Ca, TAK KaK B Ipoliecce MOINIONICHH caMa fueiika MpocTpaHCTBa Oy/eT IBUraThCsa HABCTPEUy YacTHUIIE BEIIECTBa CO
CKOPOCTBIO Vp,, 3aBHUCSIIEH OT pazMepa sUEHKH U MacChl 4acTHUIIbI, Kak cienyet u3 ¢opmyinst (1). Ckopocts cBeTa
ompeensiercs ypaBHeHueM (4):

c=ca—v, (4)

CrefoBaTeIbHO, IS JF000M YaCTHIILI, 00J1aJaroIell MacCcoi,
MOJKHO 3aIicaTh BBIPAKEHHE, OMPEICIIAIoNee MaKCHMAIEHOE
3HAaYCHUE CKOPOCTH ABIDKEHIUSI B IPOCTPAHCTBE!

3
M
C=Ca—K% (5)

U3 dopmynsr (5) BEHOHO, 9TO CKOPOCTH CBETa B OJHOPOIHOM
cpene Oyner MeHbBINE Ui YacTHIl ¢ Oonbinell maccoi. Jlis
JOOBIX YaCTHUI] CKOPOCTh CBETA YMEHBIIAETCSI C YMEHBIICHHEM

JIMHEHOro pa3Mepa s4eek (OHOBOTO MpOCTpaHCTBA [y, T.K.

SYEHKM MEHbBIIero pa3Mepa OyayT ABUTAThCS ObIcTpee NpH

nornomeHnd. Takum o6OpazoMm, ¢opmyna (5) oOBsCHSIET

SABJICHUA MNPECJIOMIICHUA W JUCIICPCUU (bOTOHOB, ucxonsas w3 Lt

OCHOBHBIX IIOJIOXKEHUM TEOPUU I'PaBUTALUU, IPEACTABICHHOMI B
pa6ore [1].

N3 pucyHka 6 BHOHO, YTO KpPOME BEKTOpa CKOpPOCTH .
pucy AHO, P p p Fig. 6 Cxema mBmxkenus HOTOHA Ha Yepe3 TPaHUILy

COBIAJAIONIETO C  HANpaBJIeHWEM  JBIDKEHUS  (OTOHA JBYX CPEIl ¢ PA3THUHOH TIIOTHOCTHIO POCTPAHCTBA
CYIIECTBYIOT CKOMIICHCHPOBAaHHBIE BEKTOpa IEPEMEIICHUS B

HaMpaBJICHUU NEPHEHIUKYIIPHOM ABHXKEHHIO. DTO CBSI3aHO C

reoMeTpuel 3apsHKeHHBIX YacTed ()OTOHA, KOTOpHIE MPEACTAaBISIOT COOOH 4acTH cepbl M UMEIOT OINPEAEICHHYIO
KpuBH3HY. [l (OTOHOB MaibIX SHEPIUi, KOTAa TEIECHBIH yroi 3apsDKEHHBIX YacTel JI0CTaTOYHO Mall, 3HAYEeHUS
HepeMeIleHN B MEepIeHANKYJSPHBIX ABWKCHUIO HANpPABICHUSAX, HE3HAUUTEIbHBI M HE OKAa3bIBAIOT 3aMETHOTO
BIIMSIHUS HA YroJj NpenoMieHus. B ciaydasx, Korjga s3Hepruu raMMa-KBaHTOB BBICOKH U TEJIECHBIN yroi 3apsyKeHHBIX
yacTell mpuOIIKaeTcs K 21, W3MEHEHHE yIjla TpesioMIeHHs OyaeT 3HAYMTEIbHO CHIDKAThCS 3a cYeT OOKOBOTO
CMCIICHUS, 1 B HCKOTOPBIX CIydasAaX MOXKET CMCHUTHCSA HAa 3HAYCHHUEC HUKE 1.
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7. Duaextpon u [losutpon

Hcxoms w3 TpemyioKEHHON CTPYKTYpHl (OTOHAa, B KOTOPOM
COCYIIECTBYIOT 3apsibl HMPOTUBOIOJOKHBIX 3HAKOB M MaTEpHs
HaXOJMTCS MO COCEIACTBY C aHTHMMaTepHell, MOXKHO IpEeICTaBUThH
MEXaHU3M SBJICHHA, NPH KOTOPOM raMMa KBaHTBl C JHeprueit
npesbimatomeit  1.022M»3B  npeBpamjatorcs B OIEKTpOH -
[Tosutponnble mapel. Takoe mnpeBpamieHue HaOmogaeTcst B
NPUCYTCTBUHM  SZIEP AaTOMOB TSDKEJNBIX 3JIEMEHTOB, IpPHYEM
BEPOSITHOCTh ~ pacmaza (OTOHA MO  3TOMY  MEXaHH3MY
IIPOTIOPIMOHANIBHA KBAApaTy 3apsaja siapa.

B npenpiaymux pasnenax roBOPWIOCh O TOM, YTO MarHUTHbBIE
MO TOJOXUTEIBHOW ¥ OTpHLATENbHOW dacTed (oToHa
pa3HOHANpaBJICHBl M OTO INPUBOAUT K HUX B3aUMHOMY
OTTaJIKMBAaHMIO. MOXKHO 0XXHIAaTh, YTO OTTAJIKHBAHUE 3apsIHBIX

Fig. 7 T'amMMma KBaHT ¢ 3Heprueil MeHbIIeH UiiK
pasHoii 1.022M»>B

gacTed OyZeT pacTH ¢ pPOCTOM 3Hepruu (OTOHA T.K. MX TeJNeCHble yriabl OyayT yBemmumBatbcs. C pocTom

KOJIMYECTBA JJIEMEHTAPHBIX 3apsiioB B Iydke OyAeT pacTH U
CKOpPOCTh OrMOAalOIIEro WX IMPOCTPAHCTBEHHOTO MAarHUTHOTO
MIOTOKa, YBEJIUYMBAs IIGHTPOCTPEMMTENIBHYIO CHIIy, KOTOpas
CXKHMMaeT 3JNEeMEHTapHble BUXpU. MOXHO MPEANOIOXKHUTh, YTO
CHJIBI,  NPOTHBOCTOSIIIUE  POCTY  TOJOXKHUTEIBHOH |
OTpHIATENLHOM YacTeil (POTOHOB, JOCTUTHYT MaKCUMyMa, KOT/ia
B COCTaB TraMMa KBaHTa OyIeT BXOAWTh HEKOTOPOE
OTIPEJICTICHHOE KOJHWYECTBO 3JEMEHTapHBIX (OTOHOB. ITOT
mpejen Oompenaernsercs OHHeprueil raMma KBaHTa pPaBHOM
1.022M»3B, npu KOTOpPO#l MPOUCXOTUT KAaYECTBEHHBI CKAYOK B

Fig. 8 F'aMMma-KBaHT ¢ SHeprHeli MpeBbIIatoIen
1.022M»B

CTPYKTYypE (I)OTOHa C O6p330BaHI/ICM JAOIIOJIHUTCIIbHBIX 3apsAJHBIX CETMCHTOB, BBITOJKHYTBIX 3a NPEACIIbl HCXOAHBIX

3apsA10B. JONOJHUTENIbHBIE CETMEHTBI CBSI3aHbl C
OCHOBHBIM ()OTOHOM JIOTIOJIHUTEIBbHBIMH ITyYKaMH
(OTOHHBIX CBsi3eil, 00pPa30BaHHBIX JJIEMEHTAPHBIMU
MaccaMu M aHTH Maccamu. lIpeioxkeHHbII
MEXaHHM3M pOCTa DSHEeprud (OTOHOB OOBACHIET
BO3MOXKHOCTh 00pa3oBaHHsl (OTOHOB C SHEpruer B
HECKOJIBKO pa3 MPEBBIIIAIOIIEH YHEPTUIO AJIEKTPOH-
MO3UTPOHHON Tapel, myTeM (OPMHUPOBAHUS B
OIMHOYHOM ()OTOHE HECKOJIBKHX MAaKCHMAaJIbHO
YIIAKOBaHHBIX 1ap 3aPsIHBIX CETMEHTOB.

Pacmax ¢ortoHa ¢ 3Heprued mpeBBIIIAIOIICH
MOPOTOBOE  3HAUEHHE MOXXET IPOUCXOAUTH B
pe3ynbTaTe MCKPUBICHHS HPSMOIMHEHHOH (HOpMBbI
¢doToHa mOA AEHCTBHEM BJIEKTPUUYECKOTO OIS

aroma, qTo 3aCTaBJIACT WHTCHCHUBHO i

B3aHMO}1€ﬁCTBOBaTL MAarduTHBIC TIOJIA TICPBUYHBIX Positron Electron
3apsAaHbIX CETMECHTOB n TPUBOAUT K Pa3pbIBy Fig. 9 O6pa3oBaHue 31eKTPOHa U MIO3UTPOHA U3 FraMMa-KBaHTa C
cBsize Mexay HUMH. Hanumuue MOMOJHUTEIBHOTO SHEPrHUCH NPEBBIIIATONICH KPHTHUECKYIO
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3apsiIOBOTO CEIMEHTa, I0-BUANMOMY, SIBISIETCS KPUTHUECKMM KOMIOHEHTOM JUIsS pacliafa raMMa-KBaHTa Ha
9JIEKTPOH-TIO3UTPOHHYI0 Napy ¥ (POTOH, KOTOPHIA B MOCIEACTBHU MOXXET OBITH MOTJIOUIEH O00pa30BaBILIUMUCS
9JIEKTPOHOM WM MO3UTPOHOM. DHEPrus JOMOJIHUTEIbHBIX CETMEHTOB MOXET BIHUSATH HA BEIUYMHY MCKPUBJICHUS
MIEPBUYHBIX 3apsIAHBIX Tap U IIPU €€ MaJoM 3HaueHWH Paclaj raMMa-KBaHTa OyIeT CKopee MPOMCXOAUTD II0 ITyTH
KoMIITOHOBCKOTO paccesHus C OTIIETIICHHEM YacTH JOTOJHHUTEIBHBIX CETMEHTOB B (hopMe OTAEIbHOrO (hoTOHA,
YeM I10 ITyTH 00pa30BaHUs MIEKTPOH-TIO3UTPOHHON HAPHI.

Ha pucynke 9 moxaszaHpl /Be cTaguyd OOpa30oBaHUS 3JICKTPOH-TIOZHUTPOHHON mapsl. [Tocne paspbiBa (HhOTOHHBIX
CBsI3eH MEXIy Maccoil M aHTH Maccoil ()OTOHa 0Opa3yroTCs IBE YACTHUIBI C MPOTHBOIOJIOXHBIMH 3apigaMH H
MacCOi WJIM aHTH MAacCOf B IICHTPE YaCTHIl. DJEKTPOH COCTOUT U3 OMPEICICHHOTO KOJMYECTBA OTPHIATEIBHBIX
3JIEMEHTAPHBIX 3apsIOB CBSI3aHHBIX OJHOM JIMHUEH NOIJIOLIEHMsI C LEHTpalnbHOM aHTH Maccod. KommuectBo
CBOOONHBIX JIMHUH TOTJIOIMICHHS JJIEMEHTAPHBIX 3apsA0B 3JEKTPOHA PAaBHO KOJIHYECTBY CBOOOMHBIX JIMHHUA
UCIYCKaHUs aHTH MAaCChl, YTO JICJIACT TPAaBUTALIMOHHYIO MAacCy AJICKTPOHA PaBHOM HYJIO Takxke Kak u y ¢orona. B
OTIMYUU OT (POTOHA DSJICKTPOH HMEET TOJBKO OJWH THI 3apsga M MOXET OCTaBaThCs HEMOJBM)KHBIM B
HpOCTpaHCTBe, Koraga JIMHUN I/ICHyCKaHI/IH AHTHU MACChI U 3ap51)1H1>1e JIMHUU MOIJIOLICHUA pacnpeneﬂeHm paBHOMepHO.

Jnst Toro 4ToOBI 3JIEKTPOH WIIM MO3UTPOH Hadal
JIBUraThbCsd 4YacThb 3apsDKCHHBIX BUXPEU JOJDKHBI
OBITh BBITOJIKHYTHI 32 MPEesbl IEPBUYHON cephl
3apsoB. JTO MOXKET MPOM30HTH B pe3yibTaTe

——1
JEUCTBUSL BHEIIHETO JJIEKTPUYECKOTO IMOJIS HIIH 3]
IpU  TOTJIOIICHUH  3JICKTPOHOM ¢doroHa.
[ormomenne  (GoToHAa  MPOUCXOAWUT  KOT/a
MarHUTHBIC BUXPH TIOJIOKUTEITFHON 9acTH (OTOHA
u OTpHIIATEIBEHBIC BHUXpHU AJIEKTpPOHA
PEeKOMOMHHPYIOT W 3aMEHSIOTCA  ITYIKOM 0\
(OTOHHBIX CBSI3€H MEXAY IICHTPAJIbHBIM aHTH — éﬁ
BEHICCTBOM JBJICKTPOHA U BEHIECTBOM (bOTOHa. v
JBIOKeHHE  DIIEKTPOHA,  HEOTHEIUMOE  OT
M3MCHCHHs €r0 BHYTPEHHEH CTPYKTYphI, BEIET K Fig. 10 [ornomenye 31eKTpoHOM (OTOHA U IBIKEHHE JIEKTPOHA B
MOSIBJICHUIO B IUIOCKOCTH  MEPIEHIUKYIISPHOM TIPOCTpaHCTBE

JIBUKECHUIO HE CKOMIIEHCUPOBAaHHBIX MarHUTHBIX

BHUXpell, MHTEHCHBHOCTH KOTOPBIX OyJIeT TeM

CHJIBHEE, YeM BBIIIE CKOPOCTh IEKTPOHOB. Jf060e M3MEHEHHEe CKOPOCTH MM HAIIPaBICHUS ABIKCHHS HJIEKTPOHA
OyleT NpPUBOAMTH K pa3pbiBy (OTOHHBIX CBsI3eil M HCIIyCKaHUIO, BCTPOGHHOTO B OJJIEKTPOH (DOTOHA, dTO
HaOIIOaeTCs B SKCIICPUMEHTAX.

3ako4yeHue

W3 mpencTaBneHHON BbINIE MOJIENH ABOIIONNUU (POTOHOB B JIEKTPOH M MO3UTPOH CIIEAYET, UTO 3apsjl dJIEKTPOHA U
MMO3UTPOHA ©CTh BEJIMYUHA CTPOTO OIpEJeNICHHAs, KOTopas CKIAaJbIBAeTCS M3 OOJBIIOrO YHCIA 3JIEMEHTapHBIX
3apsIOB U MOXET OBITh OJUHAKOBOW TOJBKO y YACTHIl, MMCIOIIMX CXOXKee MPOUCXOXKIcHUEe. M3 dero MoxKHO
3aKIIIOYNTh, YTO W TIPOTOH, BEPOSTHEE BCEro, MPEACTABISIET COOOW YACTHIly, IONyYEHHYIO B pE3yJIbTaTe
ONpEICJICHHBIX IPEBPAIICHUH U3 MO3UTPOHA.

HpI/I3HaHI/IC (I)OTOHEI ‘laCTPIIICﬁ npeanojara€T BO3MOXKHOCTb o6pa303aHI/m CBsI3CH C ydacTuem 3J'ICMCHTapHOI71 MaccChl
WKW aHTH-MAaCChbl HC TOJIBKO B (bOTOHaX " 3JICKTPOHAX, HO U B AApP€ MCKAY HYKIIOHAMU U B aTOME MCKAY SAAPOM U
DJICKTPOHAMMU.
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