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AHHOMauyusi — ViccnegyoTcs 3aKOHOMEPHOCTU paccesiHust
rayccoBOro BO/THOBOrO My4ka Ha MMOCKOM Croe M3 Metamare-
pvana ¢ oTpuuaTenlbHbIM U MHUMbIM NokKasaTenem npenomne-
Husi. TeopeTnyeckuii aHanu3 NPOBOAMTCHA Ha OCHOBE pasfoXxe-
HWS MONA Nyyka B YrnoBOW CMEKTP NIOCKUX BOMH. PaccmoTtpe-
Hbl PEXWMbl PacnpoCTPaHEeHUs Mons B CMoe ANs PasfnyHbIX
3HaYeHW NnapameTpPoOB CUCTEMBI.

|. BBepgeHue

["ayccoBbl BOMHOBbIE MYYKWU SBMASIHOTCS OOLLENPUHS-
TOW MoAenbio Ansi NpPeAcTaBreHnst NPOCTPaHCTBEHHOTO
pacnpefeneHus nomns M3nyyeHusi pyrnopHbIX aHTEHH U
nasepHbIX UCTOYHMKOB. Pa3BuTble MeToabl aHanu3a 3a-
KOHOMEPHOCTEWN B3aMMOENCTBUS BOSTHOBLIX MYYKOB C
pasnuyHbIMKU  MaTepuanbHbIMWM - cpedamMu  MO3BONSAT
co3fasatb a(pheKTVBHbIE MOAENUN ANA UCCNEA0BaHNS U
pa3paboTkn yCTPOWCTB YNpaBeHUs XapaKTepucTuKamu
NOKanu30BaHHbIX B MPOCTPAHCTBE 3MEKTPOMAarHUTHbIX
nonen [1]. HoBble BO3MOXHOCTM B 3TOM MNfiaHe npenoc-
TaBnsieT NPUMEHEHNE OOHOWN U3 Pa3HOBWUAHOCTEN UCKYC-
CTBEHHbIX Cpef, nony4uBluen obobLialliee HasBaHue
meTamaTepuansl [2]. OCHOBHON 0COBEHHOCTbIO MeTama-
TepvanoB SABMAIOTCA HEOOblYHblE 3aKOHOMEPHOCTU MUX
B3aVMOAENCTBNS C INEKTPOMAarHUTHbIMKU BONTHaMm, oby-
CMOBMEHHbIE M3MEHEHMEM 3HAKa MaTepuarnbHbIX napa-
meTpoB. B HacTosiee Bpemsi Hanbonee WMHTEHCUBHO
NpoBOOATCA MWCCreaoBaHUs «JEBbIX» WIU  «J1EBOCTO-
POHHMX» cpepn C oTpuuaTenbHbIMN 3HAYEHUAMN OUITEK-
TPUYECKON M MarHUTHOW nNpoHuuaemocTtu [2, 3]. Bmecte
C TeMm, NpeAcTaBnsAeT UHTEPEC TakKe U3yvyeHne B3anmo-
OEeNCTBMSA 3nMeKTPOMarHWTHbIX Nonen ¢ meTamarepua-
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Puc. 1. PacripedenieHue rosnsi 80/1HO8020 ry4Ka
npu nadeHuu Ha crioll Memamamepuarna.

Fig. 1. Wave beam field spatial distribution

namu, MMeKLMMN TONbKO OAWMH OTpUUATENbHLIA MaTe-
pvanbHbIi napameTp. Takve cpefbl MOXHO OXapakTepu-
30BaTb Kkak (peppuTonogobHble (oTpuuaTenbHasa ad-
eKTMBHaa MarHWTHas NPOHMLI@eMOCTb) M nnasmorno-
Ao6GHble (oTpuuaTenbHas addeKTMBHAA AManekTpuye-
cKasi NpoHMuaemocTb). B onTuyeckom gmanasoHe oTpu-
LaTemnbHYl0 AWM3MEKTPUYECKYI0 MPOHULAEMOCTb Takke
MOryT UMETb HeKOTOopble MeTansbl.

B paHHom paboTe TeopeTuyeckn UCcreayTcs 3aKo-
HOMEpPHOCTUN pacCesiHnsi raycCcoBOrO BONTHOBOMO My4ka
Ha nnockoM crnoe MetamaTtepuana. Paccmatpusaetcs
HECKONbKO BapuaHTOB WCKYCCTBEHHON Cpefbl: «IeBo-
CTOPOHHSAS», nnasmonogobHas u depputonogobHas.
OcHOBHOe BHUMaHWe yAeneHo MOAENMPOBaHWIO MNpo-
CTPaHCTBEHHOro pacnpegeneHus nons nyyka B npege-
nax cnosi.

Il. OcHoBHaA YacTb

AHanus B3avMoenCcTBME BOJIHOBOIO My4yka C Mrio-
CKUM CroeM MPOBOAMTCSA Ha OCHOBE PasnOXeHWUsl anek-
TPOMAarHUTHOroO MONS B YrNOBOW CNEKTP MIIOCKUX BOJH.
CnekTpanbHbIM NapameTpoM B 3TOM Criyyae siBNSeTcs
rornepeyHoe BOMHOBOE 4MCro. B pamkax gaHHoro nog-
X0[a Ansi pacdeTa Nonsi BOMIHOBOIO My4yka [OCTaTOYHO
3HaTb pelleHne 3agayn O PacCesiHWU MITOCKON MOHO-
XpOMaTWU4eCKOlN BOSHbI HA OJAHOPOAHOM CIloe U3 MeTa-
martepuana.

B cnyyae HaknoHHOro nageHusi BOMIHOBOIO Ny4ka Ha
crnon matepuana c oTpuuaTenbHbIM NokasaTtenem npe-
noMmneHus peanusyetcsa psg  AdekToB, MpPUCYLLUX
NMOCKMM BOMHaM: OTpuuaTternbHOe npernomrneHue, dop-

Puc. 2. PacnpedeneHue rorisi 80/IHO8020
Myyka 8 crioe Memamamepuarna.

Fig. 2. Wave beam field spatial distribution
inside the metamaterial slab
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MUpoBaHWe obpaTHOW BONHLI B MeTaMmaTepuane. Haps-
Oy C 3TUMU SIBNEHUSIMU NMPOUCXOOUT U3MEHEHUE 3HaKa
paguyca KpvBMU3HbI ha3oBOro hpoHTa BOMTHOBOIO My4ka,
YTO CBUOETENLCTBYET O €ro POKYCUPOBKE B Mpegenax
cnosi. Kpome TOro, B pesynbraTe MHOrOKpaTHbIX OTpa-
KEHWI OT rpaHuubl CroA B €ro npegenax npoucxoaut
HanpaBreHHas nepefada 3HeprMM Ha ob6paTHbIX BOI-
Hax. 3To unncTpupyeTcs Ha puc.1, rae npeacTaBneHo
NPOCTPaHCTBEHHOE  aMMNUTyQHOe  pacnpegenexHuve
3NEKTPUYECKOro MOoris rayCCoBOro ny4ka, nagatollero Ha
Cnon, TonwmHa KoToporo d CoCTaBNsAeT HEeCKONbKO Ae-
CSITKOB AJIMH BOMH. CTpenkor 0603HayeHo HanpaBneHve
MCXOAHOrO BOJSIHOBOro nyuyka. LUTpuxoBblie nuHum obo-
3HayalT rpaHuupl cnos. B gaHHOM cnyyae nnockui
crno meTamartepvana npeactaBnsieT cobow cBepxpas-
MEpPHbI BOSIHOBOZ, pacnpoCTpaHEeHUe BOSIH B KOTOPOM
NPONCXOAMNT MO 3aKOHaAM reOMETPUYECKOW OMNTUKM.

Mpy MHOroKpaTHBIX OTPaXXeHUsIX B Mpejenax metama-
Tepuana 3Hak paguyca KpuBK3HbI BOITHOBOrO ¢ppoHTa myd-
Ka ocTaetcs HemaMeHHbIM. CrnegoBaTtenbHO, Mo Mepe pac-
NpPOCTPaHEHNs1 B BONTHOBOAE MOMEpPEYHbIE pa3Mepbl rayc-
COBOroO Myyka 6yayT ymeHbLuaThes. B pesynbtarte dokycu-
poBKa Myyka MrockMM CroemM MeTamatepuarna MOXeT oka-
3aTbCcA bonee CyLUEeCTBEHHON, YeM B CTaHAAPTHOM cryvae
NPOXOXOEHUST My4YKa NOMNEPEK Crosi TOW >Ke TOMNLLUMHbI.

YMeHblUeHVe napameTpa d CONpPOBOXAAETCS Cylle-
CTBEHHbIM M3MEHEHVEM pacnpeferneHuss MHTEHCUBHOCTU
nyyka B croe. PakTnyeckn nponcxogut npeobpasoBaHue
BOMTHOBOJA B pe30HAToOp C COOTBETCTBYHLLEA MOLOBON
CTPyKTYpol nonsi, o6ycrnoBneHHONn wHTepdepeHLmnen
OBYyX 00paTHbIX BOJH, KOTOpbIE ABWXYTCSl B MPOTUBOMO-
NOXHbIX HanpaeneHusx. B 3aBucMmMocTn oT napameTpoB
CUCTEMbl peanuaytoTcsl ObbeMHble U MOBEPXHOCTHbIE
pe3oHaHcbl. Ha puc. 2 npeactaBneHsl COOTBETCTBYHOLLME
pacnpefeneHusi nons B npegenax crost Ansg pasnuyHbIX
3Ha4YeHWN ero HOPMMPOBAHHOW TONLLMHBI.

B nnasmonogo6bHon unun cpepputonogobHom cpeaax
NpoJoNnbHOE BOJIHOBOE YMCIIO CTAHOBUTCS YUCTO MHW-
MbIM U MOTYT pacrnpoCTPaHsTbCA TOMbKO HEOAHOPOAHbIE
BOJIHbI C 3KCMOHEHLMANBHO U3MEHSIHOLLIENCSt aMMNUTY 0.
MosTomMy B AaHHOM cryyae npv NageHun BOMHOBOIO MyY-
Ka Ha Crnowv peanuayloTcsl TONbKO MOBEPXHOCTHbIE pe3o-
HaHCbl, OOYCMOBMEHHbIE HanMUuMeM BOJH, aMnMTyga
KOTOPbIA HapacTaeT Mo HanpaBreHWI0 K rpaH1LaM Criosi.
OOGbI4YHO TakMe pe3oHaHChbl aCCOLMUPYIOT C MOBEPXHOCT-
HbIMW MIa3MOHHbIMW BOSTHAMW, KOTOpbIe B AAHHOM Chy-
Yae MOryT pacrnpoCTPaHSATLCA BAOSb MOBEPXHOCTU CIIOS.

IIl. 3aknoyeHune

YcTaHoBNEeHbl OCHOBHble 3aKOHOMEPHOCTM paccesi-
HUS1 rayCCOBOrO BOSHOBOrO My4ka Ha MMOCKOM Crioe U3
mMeTamaTtepuana. B cnyyae crnos ¢ otpuuatensHbIM No-
kasaTerieM MperioMneHNsi BO3MOXHbI BOTTHOBOAHbBIE pe-
XVMMbI PacrpoCTPaHEHWsI 3MEKTPOMArHUTHOrO nons, a
TakKe OGBLEMHbIE U MOBEPXHOCTHbIE PE30HaHCHI, JoKa-
nu3oBaHHble B 06GnacTu MpocTpaHcTBa BHYTPU CIIOS,
3aHATOM nonem nydyka. Ecnu oTpuuaTtenbHblii 3HaK UMe-
€T TOMbKO OAUH U3 MaTepuanbHbIX NapameTpoB Crosl, TO
peasnuayloTcs TOSIbKO NOBEPXHOCTHbLIE PE30HAHCHI.
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Abstract — Scattering regularities of the Gaussian beam on
the metamaterial slab with negative and imaginary refractive in-
dex are investigated. Theoretical analysis is carried out on the
base of method of plane-wave spectral decomposition and syn-
thesis. Regimes of the electromagnetic field propagation in the
slab are considered for different system parameter values.

|. Introduction

Gaussian beams represent conventional prototypes for
modeling the spatial distribution of the microwave horn and
laser sources radiation. Known analysis methods of the wave
beam interaction with media allow creating effective models for
investigation and development devices for control of the colli-
mated field characteristics. Metamaterials make available new
possibilities in this context. Basic particularity of the metamate-
rials is the unusual regularities of the interaction with electro-
magnetic waves that caused by changing of the permittivity and
permeability sign. Recently, the intensive investigations of the
left-handed or double-negative metamaterials with negative
refractive index are performed. On the other hand, it is interest-
ing that the investigation of the interaction of the electromag-
netic fields with metamaterials for which only one material pa-
rameter is negative. Such media are designated a mu-negative
(permeability less than zero) and epsilon-negative (permittivity
less than zero) media.

In this report theoretical investigation of the Gaussian beam
scattering regularities on the metamaterial slab is performed.
Some variants of the artificial materials are considered: left-
handed (double-negative), epsilon-negative and mu-negative
(single-negative) media. Simulation of the Gaussian beam spa-
tial distribution inside the slab is the basic task.

Il. Main Part

Analysis of the Gaussian beam interaction with metamate-
rial slab is performed on the base of plane-wave spectral de-
composition and synthesis method. Transverse wave number is
the spectral parameter.

Fig. 1 shows the electric field spatial distribution inside the
left-handed slab in the case of obliquely incident of the Gaus-
sian beam. Slab thickness is greater than wave length in vac-
uum. Dashed lines indicate the slab edges. It is clear that the
flow of wave beam power along slab forms as a result of multi-
ple reflections from interface between left-handed and right-
handed media.

In the epsilon-negative and mu-negative media longitudinal
wave number is imaginary. Thus only inhomogeneous waves can
propagate inside the slab and interface resonances are realized.

lll. Conclusion

The main regularities of the Gaussian beam scattering by a
metamaterial slab are obtained. For left-handed metamaterial
the waveguide regimes of the beam field propagation are pos-
sible and also cavity and interface resonances are realized
inside the slab. For single-negative metamaterial only interface
resonances are possible.
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