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AHHOTaNUA. PacCMOTpPEHBI COMUTOHBI PEJIITUBUCTCKU WHBAPHUAHTHBIX MOJIEBBIX MOJIENIEH
WU  PEeISITUBUCTCKUE COJMTOHBI. PaccmaTpuBaercsi MoJeiab  MNPOCTPaHCTBEHHO-
BPEMEHHOW IJIEHKH B KauyeCcTBE MOJICNIM €IMHOTO MoJid. BBeleHO MOHATHE pEeNISITUBUCT-
CKOr'0 OCHWUIMPYIOLIEro AOCBETOBOrO coJIMTOHA. [loka3aHO, 4TO Takue COJIUTOHBI pea-
JU3YIOT KOPIYCKYJSPHO-BOJHOBOM JyaJIN3M, XapaKTEPHBIA JJISI MACCUBHBIX 3JIEMEHTap-
HBIX yacTull. PaccMoTpensbl ciiabbie chepruyeckre COJMTOHBI TUHEAPU30BAHHON MOJIEBOM
Mozenu. IIpoaeMOHCTpUPOBAHO BHJIEO CIA0OT0 OCIHIIMPYIOLIETO COJUTOHA B IMOKOE
U B JIBUKEHHH, KOTOPOE MOATBEPKAAET KOHUEHIINIO KOPIYCKYJIIPHO-BOJIHOBOTO Jyaan3-
Ma COJINTOHOB.

KiroueBble c10Ba: KOPIyCKYJISIPHO-BOJHOBOM JTyali3M, COJMTOH, 3J€MEHTapHbIE YacTH-
1IbI, TEOPUSI €IMHOTO TIOJIsI, HEJIMHEWHAs SJIEKTPOIMHAMUKA, TPOCTPAHCTBEHHO-BpEMEHHAS
TUICHKA

BBenenne. CoauToH MOXKHO ONPEEUTh KaKk 00bEKT (hU3UYECKUI U MaTeMaTHuye-
ckuii. @U3nUeCcKoe onpeaesieHrne couToHa: «COITUTOHOM HA3bIBACTCS YEeIUHEHHAs
WU MPOCTPAHCTBEHHO-JIOKAJIIM30BAHHASI BOJIHA». 3/1€Ch 4acTO JO0ABISIOT: «pac-
MIPOCTPAHSIONIASICS B HEMIMHEWHOU cpeie». OaHako 3To Jo0aBIeHUE MOXKHO HE Jie-
JaTh, MOCKOJIBKY JII00as Gpu3nyeckas cyOCTaHIUsl HEIMHEHA, a TUHEHHON MOXKET
OBITh TOJILKO €€ MPUOIMIKEHHAs] MAaTEMaTUIECKasi MOJICIIb.

Maremarnueckoe onpeaeneHne conuToHa: «COIMTOHOM Ha3bIBAECTCS PEIICHUE
HEJIMHEMHOW II0JIEBOM MOJENM B BHUJE YEAUHEHHOM WM NPOCTPAHCTBEHHO-
JIOKJIM30BAaHHOW BOJIHBIY. 371€Ch HEJTMHEHHOCTh MOJIEIIN CYyIIIECTBEHHA.

HNHTEepec kK TeMe COJIMTOHOB CBSI3aH, B YaCTHOCTH, C TE€M, UYTO OHH, SBISSICH
BOJTHOBBIMH OOBEKTaMU, TIPOSIBIISIFOT TAK)KE KOPITYCKYJISIPHBIE CBOMCTRA.

MeToabl M MaTepuasbl; pe3yJbTarbl. B J0K/Iasie B OCHOBHOM paccMaTpu-
BAIOTCSI MATEMATUYECKUE COJIMTOHBI, TO €CTh PEIICHUS TOJIEBBIX MOJEIEH B BHUJIC
YEJIMHEHHBIX BOJIH.

B kauecTBe moneBBIX MOAENEH PACCMATPUBAKOTCS PEIATUBUCTCKA UHBAPUAHT-
HbIE€ YPaBHEHHS B YAaCTHBIX IPOU3BOJIHBIX. VX COJTUTOHHBIE PEIICHUS MOTYT OBITh
Ha3BaHbI PEJISITUBUCTCKUMU COJTMTOHAMM.

K TakuMm pensiTUBUCTCKUM MOJIEBBIM MOJIEJISIM OTHOCATCSI MOJIENIA HETMHEMHON
snekTpoauHaMuku tuna bopua — Mudensaa [1]. CoOcTBEeHHO dIIeKTpOAMHAMUKA
bopua — Hudensaa [2] nosunmonuposanack Kak MOJAENb €IUHOIO OIS B COOT-
BETCTBUHM C KOHILEIIMEN HEIMHEHHO-dJIeKTpoanHaMudeckoro mupa I'. Mu [3].
B pamkax HeIMHEHHOW 3JIEKTPOJWHAMUKK OKa3bIBAE€TCS BO3MOXHBIM E€CTECTBEH-
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HbIM 00pa3oM OOBEAMHUTH 3JEKTPOMArHUTHOE W IPAaBUTALMOHHOE B3auUMOJEH-
CTBHsI, pacCMaTpHBasl YaCTHIILI Kak conuToHbI [1].

DIEKTPOMarHUTHOE U IPABUTALMOHHOE B3aMMOJEHCTBHS BO3HUKAIOT KaK JBa
JaJIbHUX B3aUMOJIEUCTBUS COJUTOHOB, KOTOPbIE MOTYT OBITh Ha3BaHbI CUJIOBBIM U
METPUUYECKUM COOTBETCTBEHHO [4]. DT 1Ba THIA B3aMMOMAEHCTBHS XapaKTEPHbI
JUISL TIOOBIX PENSITUBUCTCKY MHBAPUAHTHBIX TOJIEBBIX Mojened. B cBsA3u ¢ 3TuM
1esnecoo0pa3Ho paccMaTpUBaTh B KAauyecTBE €AMHON 00Jee MPOCTYIO CKaSPHYIO
IIOJIEBYIO MOJIEIb.

Moienb MpOCTPAaHCTBEHHO-BPEMEHHOM TUIEHKH [5] oGnamaeT MHOrMMH 3ameda-
TEJIbHBIMU CBOMCTBAaMHU. B 4acCTHOCTH, HalJEHBI €€ TOYHBIE COJIMTOHHBIE PELICHNS,
KOTOPBIE MOTYT OBITH comocTaBiieHbl GporoHam [5]. HaiineHno ee TouHOE COMMTOHHOE
peIlICHIE, COOTBETCTBYIOICE TOUCUHON 3apsKEHHOM dacTuile 6e3 cruHa [6].

PeanbHble r11€MEHTapHbIE YaCTULIBI MOTYT 00JIaJaTh CIMHOM UJIM COOCTBEHHBIM
MOMEHTOM HMIIYJIbCa. TaKue COINUTOHHBIEC PELICHHs PACCMATPUBAINCH B PaMKax
TEOPUH TPOCTPAHCTBEHHO-BpeMeHHOM TuieHkH [7]. Kpome Toro, smemenTapHbie ya-
CTULBI 00JIAAAIOT SPKO BBIPAKEHHBIMU BOJIHOBBIMM CBOMCTBaMH. B 3Toil cBsi3u
HEOOXOJMMO paccMaTpUBATh OCIHWLIUPYIOIINE PEISTUBUCTCKUE TOCBETOBBIE COJIU-
TOHBI — COJIUTOHBI C TIEPUOJMUECKON 3aBUCHMOCTBIO OT BPEMEHH B COOCTBEHHOM
cucteme KoopauHar. [IokaszaHo, 4TO Takue COJIUTOHBI PEATU3YIOT KOPILYCKYJISIPHO-
BOJIHOBOM Jyajiu3M, XapaKTEPHBIN JJIs1 MACCUBHBIX AJIEMEHTAPHBIX YaCTHLL.

B npenene cnaboro mosisi ypaBHEHHE MPOCTPAHCTBEHHO-BPEMEHHOM TUIEHKH Tie-
pPEeXomuT B OOBIYHOE JIMHEHHOE BOJIHOBOE ypaBHEHUE WM ypaBHeHnue [I'Aiambepa.
OTO ypaBHEHHE TaKXke 00JIafjaeT PEIICHUSAMU B BUJE YEJUHEHHBIX BOJIH, KOTOPbIE
OOBIYHBIMH COJIUTOHAMH HE SBJISIIOTCS BCJIEACTBUE TUHEHMHOCTH Mojienu. Takue npo-
CTPaHCTBEHHO-JIOKAIM30BaHHBIC PEIICHNS Ha3blBaeM ClabbiMu conauToHaMu [8].
O6G0CHOBAHO, YTO C HACTOSIIMM COJIMTOHOM-YACTUIICH CBSI3aH HEKOTOPBIN CIa0bIH
COJIUTOH B CMBICJIE aCUMIITOTUYECKOT'O IOBEIEHUS HA OECKOHEUHOCTH.

B kauecTBe npuMepa paccMOTpEH ClIa0dblii OCHMJUTHPYIOMINNA c(hepUudecKuii co-
JIMTOH TIOKOSAIIMMUCS Kak 1enoe U ABKymunca. [lokazana BUIeO-CUMysUsS COOT-
BETCTBYOIMX penieHuii. Ha puc. 1 u 2 npencraBieHs! Kaapbl STUX CUMYJISIIHTA.

Puc. 1. Kagp 13 BUAE0-CUMYNALUN NOKOA=- Puc. 2. Kagp 13 BUAE0-CUMYNALUN ABUXKYLLE-
werocs cnaboro ocuUANMpytowero cepm-  rocs cnaboro ocuMANnpyroLero cpepunyecko-
YecKoro CoIMTOHa ro CONUTOHa
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3ak/ioueHue. BBe1eHO MOHATUE PEISTUBUCTCKOTO OCHUJUTMPYIOLIErO COJIU-
ToHa. [lokazaHo, 4yToO MOOOHBIE JOCBETOBBIE COJUTOHBI 00JaJat0T KOPITYCKYJISIp-
HO-BOJIHOBBIM J1yaJIM3MOM, XapaKTEPHBIM JJI1 MACCUBHBIX 3JIEMEHTAPHBIX YACTHULI.

[TpoaeMOHCTpHPOBAHO BUIEO CIa00r0 OCHUIUIMPYIOIIETO COJIUTOHA B MTOKOE U
B JIBUJKEHUH, KOTOPOE MOJATBEPKIAET KOHLETLNIO KOPITYCKYJISIPHO-BOJIHOBOIO J1y-
aNM3Ma COJINTOHOB.
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Wave-particle Dualism of Solitons
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Abstract. Solitons of relativistically invariant field models or relativistic solitons are con-
sidered. The model of a space-time film is considered as a model of a unified field. The
concept of a relativistic oscillating sublight soliton is introduced. It is shown that such soli-
tons realize the wave-particle dualism characteristic of massive elementary particles. Weak
spherical solitons of the linearized field model are considered. A video of a weak oscillating
soliton at rest and in motion is demonstrated, which confirms the concept of wave-particle
dualism of solitons.

Keywords: wave-particle dualism, solitons, elementary particles, unified field theory,
space-time film

Introduction. A soliton can be defined as a physical and mathematical object. The
physical definition of a soliton is: “A solitary or spatially localized wave is called a
soliton”. It is often added here: “propagating in a nonlinear medium”. However,
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this addition should not be made, since any physical substance is nonlinear, and
only its approximate mathematical model can be linear.

Mathematical definition of a soliton: “A soliton is a solution to a nonlinear
field model in the form of a solitary or spatially localized wave”. Here, the nonlin-
earity of the model is significant.

The interest in the topic of solitons is related, in particular, to the fact that they,
being wave objects, also exhibit corpuscular properties.

Methods and materials; results. The report mainly deals with mathematical
solitons, that is, solutions of field models in the form of solitary waves.

Relativistically invariant partial differential equations are considered as field
models. Their soliton solutions can be called relativistic solitons.

Such relativistic field models include models of nonlinear electrodynamics of
the Born -Infeld type [1]. Born — Infeld electrodynamics proper [2] was posi-
tioned as a model of a unified field in accordance with the concept of the nonlinear
electrodynamic world by G. Mi [3]. Within the framework of nonlinear electrody-
namics, it is possible to combine electromagnetic and gravitational interactions in a
natural way, considering particles as solitons [1].

Electromagnetic and gravitational interactions arise as two long-range interac-
tions of solitons, which can be called force and metric, respectively [4]. These two
types of interaction are characteristic of any relativistically invariant field models.
In this regard, it is advisable to consider a simpler scalar field model as a unified
one.

The space-time film model [5] has many remarkable properties. In particular,
its exact soliton solutions have been found, which can be compared to photons [5].
Its exact soliton solution corresponding to a point charged particle without spin has
been found [6].

Real elementary particles can have spin or intrinsic angular momentum. Such
solitonic solutions were considered in the framework of the theory of space-time
film [7]. In addition, elementary particles have pronounced wave properties. In this
regard, it is necessary to consider oscillating relativistic subluminal solitons —
solitons with periodic dependence on time in their own coordinate system. It is
shown that such solitons realize the wave-particle dualism characteristic of massive
elementary particles.

In the weak field limit, the space-time film equation transforms into the usual
linear wave equation or the D'Alembert equation. This equation also has solutions
in the form of solitary waves, which are not ordinary solitons due to the linearity of
the model. Such spatially localized solutions are called weak solitons [8]. It is
proved that a weak soliton is associated with a real soliton particle in the sense of
asymptotic behavior at infinity.

As an example, a weak oscillating spherical soliton is considered, resting as a
whole and moving. A video simulation of the relevant solutions is shown. Figures
1 and 2 show the frames of these simulations.
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Conclusion. The concept of a relativistic oscillating soliton is introduced. It is
shown that such sublight solitons have a wave-particle dualism characteristic of
massive elementary particles.

Fig. 1. A frame from a video simulation of a Fig. 2. A frame from a video simulation of a
weak oscillating spherical soliton at rest moving weak oscillating spherical soliton

A video of a weak oscillating soliton at rest and in motion is demonstrated,
which confirms the concept of wave-particle dualism of solitons.
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