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Starting from the Vlasov—Maxwell equations describing the dynamics of various
species in a free quasi-neutral plasma, an exact relativistic hydrodynamic closure for a
special type of water-bag distributions, satisfying the Vlasov equation, has been derived.
It has been shown that the set of equations for the macroscopic hydrodynamic variables
coupled to the wave equations for the self-consistent electromagnetic field is equivalent
to the Vlasov—Maxwell system. In the case of magnetized quasi-neutral plasma, the
hydrodynamic substitution has been used to derive the hydrodynamic equations for the
plasma density and current velocity, coupled to the wave equations for the self-consistent
electromagnetic fields.

Based on the method of multiple scales, a system comprising a vector nonlinear
Schrédinger equation for the transverse envelopes of the self-consistent plasma wakefield,
coupled to a scalar nonlinear Schrédinger equation for the electron current velocity en-
velope for free plasma, has been derived. In the case of magnetized plasma, it has been
shown that the whistler wave envelopes of the three basic modes satisfy a system of three
coupled nonlinear Schrodinger equations.

Numerical examples for typical plasma parameters have been presented, which demon-
strate the relevance of the results obtained for the so-called shock laser-plasma acceleration.
In addition, it has been shown that in the case of magnetized plasma, the whistler waves
considerably facilitate the transverse confinement.

The effect of the nonlinear corrections to the electric displacement vector and the
intensity of the magnetic field in nonlinear electrodynamics of Heisenberg—Euler type has
been studied. It has been shown that the slowly varying wave envelope in free polarized
vacuum satisfies a nonlinear wave equation. In the case where an external constant
magnetic field is applied, the single nonlinear wave equation should be replaced by a
system of two coupled nonlinear equations for the two independent wave polarizations. In
both cases, a novel effect of light speed reduction can be observed, which is due to the
vacuum polarization.

Hcxonga u3 yp BHeHuil Bi coB —M KCBeUl , ONUCHIB IOUIMX AMH MHUKY P 3JIMYHBIX
BUJIIOB B CBOOOIHOI KB 3MHEUTP JIBHOM IUT 3Me€, MOMYYEHO TOYHOE PETATUBUCTCKOE I'HMIPO-
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JIUH MUYECKOE 3 MBIK HHE JUId CIIeLH JIbHOIO BUJ P CHpPENEeJICHUN TUIl BOASHBIX MeIll-
KOB, YIOBJETBOPSIOIIMX yp BHeHHUIO Bi coB . [Iok 3 HO, YTO cucTeM yp BHEHUH WIS M -
KPOCKOIIMYECKUX T'MIPOJUH MUYECKUX [I€PEMEHHbIX, CBS3 HHBIX C BOJHOBBIMU yp BHEHU-
SMH JUI ¢ MOCOIJI COB HHOI'O 3JI€KTPOM THUTHOIO II0JI4, 9KBUB JIEHTH cucreme Bi cos —
M xcBemn . B ciyy € 3 M THUYEHHOM KB 3MHEHTpP JIPHOMW I 3Mbl TUIPOAMH MUYECKOE 3 -
MEILIEHUE UCIIOJIB30B JIOCH VIS MOIyYeHUs TUIPOAUH MUYECKUX yp BHEHUIl Ul IUIOTHOCTH
U1 3Mbl U CKOPOCTU TOK , CBSI3 HHBIX C BOJHOBBIMU Yp BHEHMSIMHM JUIS C MOCOLVI COB HHBIX
3MEKTPOM THUTHBIX IOJIEH.

H ocHoBe MeTOox MHOXKECTBEHHBIX M CIIT OOB ITOJIydeH CHCTEM , COJepX I s BeK-
TOpHOe HeluHeliHoe yp BHeHue LllpenuHrep Juist monepeyHsIX Orud MOIUX C MOCOLN CO-
B HHOTO IUT 3MEHHOTO BOJIHOBOTO MOJIS, CBSI3 HHOTO CO CK JISIPHBIM HEUHEHHBIM yp BHe-
nueM Illpexunrep mig oru6 omeid CKOPOCTH TOK 3JIEKTPOH I CBOOOMHOHM IUT 3MBIL.
B ciy4 € 3 M rHUYEHHOI T 3MbI IOK 3 HO, YTO OrM0 IOIIME BUCTIEPOBCKOW BOJHBI TPEX
OCHOBHBIX MOJI YAOBJIETBOPSIIOT CHCTEME TPeX CBSI3 HHBIX HeNMHEHHbIX yp BHeHmii IlIpe-
JUHIep .

[TpuBeneHs! YnCIEHHbIE MPUMEPHl THUINYHBIX I P METPOB IUT 3MBI, KOTOpPBIE JEMOH-
CTPUPYIOT KTy JIBHOCTb TTOMYYEHHBIX PE3YIbT TOB JUISI T K H 3bIB €MOTO yI PHOTO JI 3€pHO-
IU1 3MEeHHOro yckopeHus. Kpome Toro, mox 3 HO, 4TO B CIIyd € 3 M THUYEHHOH IUI 3MBI
BOJIHBI BUCTJIEP CIHOCOOCTBYIOT 3H YHMTEJIbHOMY YCHIICHHIO YAEPXK HHSI yCKOPEHHOIO ITy4K
B MIONIEPEYHOM H TP BJICHHU.

H3yueHo BinugHUE HEIUHEHHBIX MOINpP BOK K BEKTOPY 2JIEKTPUYECKOIO CMELIEHHd U
H NpPSXEHHOCTH M THUTHOTO IIOJII B HENTMHEHHOW 2JIeKTpOoxuH MuUKe T [eiizeHOepr —
Bitnep . [Iok 3 HO, YTO MEVIEHHO MEHSIOL] Acsi Oru0 IOUI 51 BOJTHBI B CBOOOIHOM MOJISPH-
30B HHOM B KyyMe YHOBJIETBOpS€T HEIMHEHHOMY BOJIHOBOMY yp BHEeHUI0. B npucyrcrsuu
MOCTOSIHHOTO M THHUTHOTO IIOJISl 3TO HEIMHEHHOE BOJTHOBOE yp BHEHHE JIOJDKHO OBITH 3 Me-
HEHO CHCTEMOH JIByX CBA3 HHBIX HEIMHEHHBIX BOTHOBBIX Yp BHEHHI IS ABYX HE3 BHCHUMBIX
MoJSIpu3 Wi BOMHBL. B 06omx ciiyd X MOXHO H OMox Th HOBBIA d((EKT YMEHBIICHHS
CKOPOCTH CBET , YTO CBA3 HO C HOJIApHU3 LUed B KyyM .
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