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AHHOmayus — PaccmaTpuBaeTcs pelueHne W aHanua
334a4M O pacCesiHUU MIOCKOW INEKTPOMArHUTHOW BOMHbI
pe30oHaHCHOW Kybuyeckow pelieTkon cdepuyecknx BO3-
OYWHbIX NYy3blpbKOB, HaXOAALWMXCH B MarHUTOAMINEKTPU-
yeckon cpefe € OOnMbWUM 3HaYEeHMEM OUINEKTPUYECKON U
MarHMTHOWM NPOHULL@EMOCTAMM.

|. BBepgeHue

Ecnu B KOHTWHyanbHbIX OOHOPOAHBLIX N U30TPOMHbIX
MarHUTOANANEKTPUYECKMX Cpedax co3gaBaTtb MPOCTpaH-
CTBEHHO-YMOPSA0YEHHbIE CTPYKTYPbl U3 cdheprnyeckux
BO3AYLUHbIX Ny3bIPbKOB, TO MOXHO MOMy4YaTb Cpedbl C
pe3oHaHCHbIMKM cBOWCTBamMn. B  gaHHOM coobuieHun
N3y4aloTCH paccevBaloLlne CBOWCTBA PE30HAHCHOW Ky-
Ouyeckon pelueTku ManbiX cepuyecknx BO3AYLUHbLIX
My3blPbKOB, HaXOASLENCS B MarHUTOAMSNEKTPUYECKON
cpeae, ans cnyyas, Korga alA'<;

a/lg <<, d,h,l//lg ~1; roe a - paguyc ny3blpbKOB;
A',A, — BIVHbl paccemBaeMon BOMHbI BHYTPW 1 BHe ny-

3blpbKOB  d,h,/ — MNOCTOsIHHblE pelleTkn. WNccneposa-
nacb CTPyKTypa pacCesiHHOro norsi BHYTPU U BHe pe-
WweTkn B 3oHax ®peHensa un dpayHrodepa. PewweHne no-
fNy4eHO Ha OCHOBE WHTEerparnbHbIX YpaBHEHUIN 3NEKTPo-
auHamukn ®pearonsma 2-ro poga [1, 2, 3].

Il. OcHoBHas 4YacTb
PaccesiHHoe Mone Mo W3BECTHOMY BHYTPEHHEMY Mo-
M0 pacceMBaTeneil HailgeM 4epes aneKTpUYecKuit
II’(F,t) w markuTHbiin 17" (7,¢) noTeHumans lepua
NPOCTPaHCTBEHHOW peLLeTKM
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nOTeHLI,VIaJ'IbI Fepua peweTkn npencrasnAaAloT B BUae
cyrnepnoavumn noteHumanos Mepua Ans OTAENbHbIX Mny-
3bIPbKOB  PELIeTOK. JnekTpudeckuii noteHuman epua
peweTkn nmeet Bua
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BbipaxkeHue (2) onvckiBaeT paccesiHHoe nosie Ha npo-
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TOueK HaBroaeHs Norsi BHe My3blpbkoB. 3gech E°(7',t)

— WHAYLUMPOBaHHOE BHYTPEHHEe Momne MysbiPbKOB, KOTO-
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anecb (x,y,z)— KOOpPAMHATbl TOYKM HabrioaeHus,

(x('O’yCO’ZCO)
3bIPLKOB.

Mone B Npoun3BOnbLHON TOYKe cpedbl, KOTopas Haxo-
AWTCS BHE My3bIPbKOB, OonpeAenseTcs Kak

E(F,0)=E,(F,t)+E . (F.1),

— KOOpAMHaTHl UeHTpa cgepuyeckux ny-

roe E"O(F,t) — HEBO3MYLLEHHOe Mofe paccevBaemMon

BOIHbI.

BoeipaxeHne (3) onucbiBaeT paccesHHoe none, Co-
CTOsILLee M3 PacrnpoCTPaHSIIOLWMXCS W 3aTyxaumx npo-
CTPaHCTBEHHbIX FApMOHWK, BHYTPU U BHE peLUeTKU B 30-
Hax ®peHens n dPpayHrodepa.

MpoBeoeHo wu3yyeHMEe PE30HaAHCHOro paccesiHus
NIOCKOW 3MEKTPOMArH1THOM BOSHbI PE30HAHCHOWN Kybu-
YEeCKOW peLUeTKoM BO3QYLUHbLIX My3blpbKOB B AU3MEKTPU-
Yeckor cpepge, pesynbTaTbl KOTOPOro M300paxeHbl Ha
pvc. 1.

MokasaHo, 4TO uccnegyemble cpedbl 06nagatT pe-
30HaHCHBIMK paccenBaloLLMK CBOMCTBaMM.

Ha puc.1 npegcraBneHbl 3aBUCUMOCTM MOZyns Mons

W( ) (3): (a) — oT u3MeHeHus AnnHBI 1A' pacceuBae-

MOI Nrockon BosHbI; (b,C) — OT u3MeHeHnss koopamHaT
MO OCSIM X U Y BHYTpK pelueTkn; (d) — OT U3SMeHeHUs Ko-
OpAVHAaT MO OCK Z BHYTPW U BHE peLueTkn B 3oHax Ppe-
Hensa n ®payHrodepa. 3gecb nnockas BOnHa pacnpo-
CTpaHsieTCs BAOMb OCU Z, ee 3NEeKTPUYECKUN BEKTOp
HanpasneH no ocu X, paguyc nyaeipokos — a = 0,15 cm,
npoHvuaemocTn cpefbl — &, =49, u,=1; NOCTOSIHHbIE pe-

wetkm — d=h=1=1,428 cM, 4nCcno ny3blpbkOB —

N = 64000. B peweTtke (puc. 1 b,c,d) Bo3OyKaeH peLueTou-
HbI pesoHaHc 2°" (puc. 1a) Ha anvHe BonHbI A' =10 cwm.
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Puc. 1. PaccesiHHOe rnone eHympu u 8He Kybu4eckol
pelwemku ry3bipbKog 8030yxa.

Fig. 1. Scattered field inside and outside the air bubble
crystal lattice

IIl. 3akno4yeHune

MamMeHaa anekTpoaMHaMuyeckne XxapakTepucTuKu
MarHUTOANANEKTPUYECKON cpedbl M cdhepuyecknx ny-
3bIPbKOB, MOXHO CO34aBaTb Cpedbl C PEe30HAHCHLIMU
CBOWMCTBaMW, KOTOpble HamgyT MPUMEHEeHWe B paauo-
3MEKTPOHHbIX YCTPONCTBaX.

WccnepoBaHne BbINOMHEHO Kak nnaHoBas pabota
Kadeapsl pusukm XHYPS.
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RESONANCE CUBIC LATTICE OF
SPHERICAL AIR-FILLED BUBBLES
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Abstract — The solution and analysis of a problem are con-
sidered concerning plane wave scattering by a resonance cubic
lattice of spherical air-filled bubbles located in magnetodielectric
medium.

|. Introduction

Interest to the creation of new kinds of artificial materials
has increased for last years. Of special interest are crystalline
metamaterials with resonance properties, such as resonance
media whose electromagnetic phenomena are rather compli-
cated and demand theoretical investigations.

Il. Main Part

On the basis of the second kind Fredholm integral electro-
magnetic equation, expressions for the scattered field of a cubic
lattice of spherical air-filled bubbles located in the magnetodi-
electric medium with large permittivity and permeability are ob-
tained and studied.

I1l. Conclusion

The results presented in the paper can find application for
developing media with resonance properties.
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