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AHHOTaUMs

Ha npumepe npocreiiiiero o6'bekta (UAeaabHoO Mpo-
BoJisillel cdephl) CTPOro JoKa3aHa BO3MOXHOCTb pa-
JUKaJbHOTO HCKaXKEHHUsl ero paJuoJIOKalMOHHOTO
o6pa3a, MyTeM HaHeCeHUs1 Ha NOBEPXHOCTb CIlelu-
aJIbHOT'0 NOKPBITHUSA U3 MeTaMaTepHraJsa. HallzieHo Ta-
KOe pajJiuajibHOe paclipefiejieHUe NMPOHUL[AeMOCTel
3TOM 060JIOYKH, NMPU KOTOPOM paccessHHOe IIOJie,
BCIO/ly BHE 00'bEKTA, COBIA/laeT C pacCesIHHbIM 110JIEM
HjeanbHO NpoBoJsllel chephl J06Oro Hanepes, 3a-
JlaHHOr'0 MeHbllero paauyca. Tpe6oBaHUA Ha MaTe-
pUa/bHBlE TapaMeTpbl TAKOTO HCKaXalollero Io-
KpBITUSl TIpoOlle, YeM B CJy4ae MacKUPYIOLEero
MOKPBITHS.

Karueesle cnoea: MacCKupyruwue nokpblmus, mema-
mamepuaJsisl, 80/1IHOB0€ o6meKaHue, mpchg’iopmauu-

Abstract

It is strictly proved using simplest example of an
object as a perfectly conducting sphere the possibility
of a radical distortion of its radar image by applying a
special coating on the surface of the metamaterial.

It was found a radial distribution of the permeability
of the coating, when the scattered field everywhere
outside of the object coincides with the scattered field
of the perfectly conducting sphere with any given
smaller radius.

The requirements on the material parameters of the
distorting coating are easier than in the case of
masking coating.

Key words: masking coating, metamaterials, wave
flow method, transformation optics, distorting coating

OHHAA ONMUKa, uckax)carouwue nokpbslmus

BeegeHue

B. I. llecTona/ioB BBICOKO IIEHUJ aHAJIUTUYECKHE METO/Ibl CCIeloBaHus. B faHHOM pabore, ¢ 1o-
MOIIBI0 OJTHOTO U3 TAKHX HEJJABHO Mpe/JI0KEHHBIX MEeTO/I0B, aHAJM3UPYETCs W3BeCTHas1 mpobJema
MPUKJIAAHON paiuoPU3HKHU.

JTOM aKTya/IbHOU NP06IEMOH SIBJISETCS IPOTUBOJIOKAMOHHAsA MACKUPOBKA 06'bEKTOB C HOMOILbIO
crenuaJbHbIX 3JEKTPOMAarHUTHBIX MaTepUasIoB. B mociegHue rofibl B 3TOH 06J1aCTH TPOU30I1es KOH-
LenTyaJbHbIA U MeToA00THYeckull npopsiB [1]. B [2,3] (2006 r.) npeaaoxxeH HOBbIM MOAXOM K 3TOU
npo6sieMe, OCHOBaHHBIM Ha H/jlee BOJTHOBOr0 06TeKkaHusl. PU3UUECKUM CMBIC/ €T0 3aK/I04YaeTCs B TOM,
YTO MacKUpywoIasi 060J1049Ka J0KHA UCKPUBJIATh HAallpaBJIeHHUE PACPOCTPAaHEHUs TONABIIETo B Hee
3JIEKTPOMAarHUTHOTO U3JIy4eHUs], 3aCTaBJisAs ero OTM6aTh MaCKUPYyeEMYI0 06J1acThb, IOCJIe Yero Ha BbI-
XOJle 0JKHA BOCCTAHABJIMBATh MIPeXKHee HallpaBJ/ieHUe PaclpoCTPaHeHus C COXpaHeHHeM TpebyeMou
¢dasbl. TakuM 06pa3oM, 3aKpbIBAETCS JOCTYI 3JEKTPOMAarHUTHBIM BOJIHAM B 06J1aCTh OTPAHUYEHHYIO
TaKoW 0060JI0OUKOM: JII060M 06'bEKT, MOMELEHHbIN B Hee, CTAHOBUTCS HEBUAUMBIM. /i1 OTbICKaHHUS Na-
paMeTpOB TAKOTO MOKPBITHS UCI0Ib3YETCSI METO KOOPAUHATHBIX Ipeo6pa3oBaHM, OCHOBAaHHbIN Ha
TOM, YTO ypaBHeHUs1 MaKcBeJlJla MTHBApUAHTHBI OTHOCHUTEJIbHO MPOU3BOJIbHBIX KOOPAHUHATHBIX NPE06-
pa30BaHUM, eCJIM COOTBETCTBYIOUIMM 06pa30M J00NPeIeNIUTh JUIIEKTPUUECKYI0 U MAarHUTHYIO Mpo-
HUIIAeMOCTH. JTOT MOAXOJ, MOJYy4YU] Ha3BaHUe TpaHcopMmanmoHHasa onTuka (TO) (transformation
optics) [4]. C momombio TO 6611 H3yUeH NIMPOKUH KJacC YKpbIBaOIMX NOKPbITHH [1]. [TogaBasioniee
YHCJIO 3TUX pAaB6OT OCHOBAHO HAa YUCJIEHHOM 3KCIIepUMEHTE, JJisl TPEXMepPHBIX Mo/lesiel aHaJIUTUYeCKH
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M3y4yeH TOJIbKO CIy4yal cpepuyecKUx NOKpbITUH [5-8]. Bplio nokasaHo, YTO BCe 3TH NOKPBITUA ABJIA-
I0TCSl aHU30TPOIHBIMU T'PaJJMeHTHBIMU MaTepHaJaMU C T€H30paMHM NPOHUL@AeMOCTel, UMeLUMHU
KOMIIOHEHTBI MeHbIlINe eAUHULBL. [Ipo6iieMa paKTHYeCKOU peasu3alii TAKUX MaTepHaioB Ype3Bhbl-
YalHO C/10KHA U Jjajeka oT peuleHus [9]. [loMMMO HEOAHOPOAHOCTU M aHU30TPONUH, /19 PAJA BaX-
HBIX BU/I0B IOKPBITHUH, BKJIIOYas cpepuyecKkoe, TpebyeTcs ellle U 06pallleHHe B Hy/Ib KOMIIOHEHT IPo-
HUIIaeMOCTEeN Ha ero BHYTpPeHHel NoBepXHOCTU. To eCcTb, 3Ta NOBEPXHOCTb LeJIMKOM COCTOUT U3 0CO-
ObIX TOYEK, YTO 3HAYUTEJBHO YCAOXKHSET, KAK aHAJIM3 COOTBETCTBYIOIIEHN 3JIEKTPOJUHAMUYECKOH 3a-
Jlayy, TaK U TPaKTUYECKYI0 pea/IM3aLuI0 TAKOTO IOKPbITHS.

llesiblo JlaHHOM PabOTHI SIBJ/IsIeTCS U3yYeHUe BO3MOXKHOCTH a/lbTEPHATMBHOI'0 MaCKUPOBKe crocoba
3allUThl 00bEKTA — UCKaXKeHHe ero obpasa.

IlocTaHOBKa U penieHUe 3a4a4U

[eoMeTpus 3a1aum nokasaHa Ha puc. 1. B cdepuueckoii cucteMe KOOpAUHAT (r,H,gp) FOpU30HTAJb-
HbIH 3JIEKTPUYECKHUU JUIOJIb PACIIONIOXKEH B TOUKE (b,0,0), b>R,, BpeMeHHas 3aBUCUMOCTb Ollpejie-
JIAeTCd MHOXHTeJeM exp(ia)t). [lycTb TpebyeTcsi co3jaTbh NOKpPbITHE B BHUJE LIAPOBOrO CJIOSA
(R2 <r< R3) Ha uJieaJbHO NpoBoAdallel chepe paguyca r =R,. Crenysa metoauke TO, paccMOTpUM Ko-

OpAMHATHOE Npeo6pa3oBaHUe

R,—R
:R3 Rl (r_R2)+R1:f(r)' 0'20, q)':g)’ (1)
3~ Y

!

oTo6paxarolree wapoBoii coit (0<R, <R, <r<R,) B wapoBoi c/1oi (R, <r'<R,).

b

Puc. 1. leomempus 3ada4u

[Ipu TakoM npeo6pa3oBaHUM YpaBHEHUsI MaKcBeJLIa 1151 OAHOPOAHOM U30TPOIHOM Cpe/ibl (80,/10)

NepexoAAT B ypaBHeHUd MakcBeJsia [Ji1 HEeOAHOPOAHOM aHU30TPONHOU CpeJibl C IPOHULIAeMOCTAMH,
onpefessieMbIMU [10] cieAyoOL MUY JUaroHaJbHbIMU TEH30paMHU

£ /e =1/ 1y =diag{Q,Q, Q. ,0.Qy /Q. Q.0 /Q,} (2)
rae
h. or' h, 00’ h, o¢'
Qr,:——’QQ,:——' q),:——’
h or h, 00 h, op

h.=1,h,=r,h,=rsin6, h.=1h, =r, h, =r'siné@’.
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l'lonyqaeM BbIpa*KeHHUud AJid ﬂHBHeKTqueCKOﬁ Y MarHUTHOMU HpOHHHaEMOCTEﬁ

E/SO :ﬁ/:uo :diag{arr’a:%'a(p(p}’ (3)
R,—-R R,—R, R R,—R

arr __3 1 1- , a&ﬁ za(ﬂ(ﬂ =3 1 . (4)
R,-R,\ R,—-R, T R,-R,

Jlerko BU/IETh, YTO 3TU NPOHUIIAEMOCTH £ U Z He 00PAIIAIOTCS B HYJIb B CJI0€ (R2 <r SR3).

Jlns mpejicTaBAeHUs T0JIel UCMOJIb3yeM Pas/IoXKeHHUs 110 BEeKTOPHBIM chepHyecKUM rapMOHHUKaM
YY) (0,9),tae j=-1,0,1 [11]. Torga B o6actu (R, <r) NOJHOE 3]€KTPOMArHUTHOE I10JI€ PABHO CYM-

Me E' ZE'i +E'S, H Zﬁi +HS I10Jid TOPU30OHTAJIbHOT'O 3JIEKTPHUYIE€CKOI'0O AUIIOJIA
Bato [0S S BIT (me (k) v (k)T (0.0) +
4‘\/_ br €y 1=1 m=+1

" 15(1:1) 1//[(kor)f/;fnl)(9,¢)]_§[(2)(k0b)1//1(kor)ﬁf,?)(e,(ﬂ) ’ (5)

%i_4\/7br;Z+1 2l+1 {mgl (kob)y/,(kor)ﬁf:)(ﬁ,(oﬁ

I(1+1)

of

+§1(2)(kob)|:‘//1,(k0r)?h(nl)(9'¢)+ (k r) vy (‘9 ¢)] (6)

" paCCeAHHOrO MMoJid

i, [\/Eéfz)'(kor)ﬁﬁ)(9,¢)+ﬂ§,(z’(k 76, <a)] , 0
50

B, | 2 ()70 (0,0)+ U2 0,0)|}. 8
,m[@,(or),m(m 0 i 0.0 ®

[IpencraBnaenus (5), (6) npuBeAeHbl A5l r<b, npu b<r cnefyeT BbINOJHUTb B HUX [IePECTAHOBKY
2
§1( ) Y, ky=o\&,1, , ], - aMILIMTya 3/71eMeHTapHOr0 3JIeKTPUYeCKOro ToKa, PyHKL MU PUKKaTu-

Beccens [12] cBsi3aHbI C/IeyIOIUM 06pa30M C IMIMHAPUIECKUMH GYHKIMAMMU:
X)Z\I”X/Zlm/z(x)' 4’1(2)()(): /2 HI(J/Z( )

B ob6sacTu dHU3O0TPOIIHOI'0O CJ1oA (Rz <I"<R3) I[MOJIHOE I0Jie MOKHO IIPeACTAaBUTDb B BUJAE PA3JI0XKE-

Hus [13]

S = = %

E=—3 S {[ERAY () +ERA ()] (6.0)+
1r1- - ,

o g (1) Bl () 7L (0.0)+

(1+1) - _ _
+M[Hs;2gfl><r>+H53,3g,<2>(r)]y,sme.co)}. ©
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L1 R - B
H=-2. 2, ([Ag" (r)+Rgl (r) ] (6.0) -

1=1 m=+1
L TE@ (1) L 5@ £ } (1)
———|E E Y ' (6,p)-
S LB ()RS ()1 (0.0)
JI(I+1) -~ _ .
_Wr)[EE’? 1(1)(r)+E§§3fz(2)(r)]Yzfnl)(@,w)}' (10)
rae [ (r) ecTb He3aBUCHMBIE pelIeHNs! yPABHEHHUs]
d 1df I(1+1
yrﬂ_td_rl'+|:wzgt'ur_ (rz ):|fI:0' (11)
a g (r) - HesaBUCHMBIe pelIeHNs ypaBHEHHUsI
gril%+|:a)28rﬂt _I(I—ng)}gz =0, (12)
dr ¢, dr r

gr = gOarr ’ gt = 80a6’n9 = gan)ga ’ /ur = /uoarr ’ lut = /u0a499 = :uoaw *
YyurteiBag BH/J, KOMIIOHEHT TEH30pOB (3), (4) JIETKO I[NOJIYYHUTb HE3aBHUCHUMbIE€ pELICHUA ypaBHEHI/Iﬁ

_ \ - R-R R,-R
(11), (12) fO =g =W (kr), [P =g =P (kr), 7= TRk (13)
3 2

3 2

YcnoBus HENPEPbIBHOCTH KaCaTeJIbHbIX COCTABJIAKIINX IIOJIHOTO I10JIA HA TpaHULE I =R3 IPpHUBOAAT K

paBeHCTBaM

B (R B ()= Fudl ()~ e [Tl (b (),
0

Hg (R)+ Hgl™ (R)=| 1, (k,R.)+

)

4-\/;b 0

A g0 (R,)+ A g (R,)=1,,¢2 (KR, ) + 2RI+ 12 (kb)Y (koR, ).

Im 4\/;b

B A (R)+ B Y (R)=| Bl (las) -

Jo fﬂo ?) ' 4y
- 2J21+1 k. b k.R,) |k, —£
adnb z, +1¢, ( 0 )l/ll( 0 3) o'uo

a yCJIOBUA Ha UJlea/IbHO NIpoBoAdALlel cdepe r =R, K paBeHCTBaM

LN T ,(2)'(k0b)y/,’(koR3)}koi

r=R;

: (14)

r=R;

En A (R)+ER A (R)=0, Hy\g” (R,)+Hl g\ (R,)=0. (15)

Pemas cucremy (14), (15) oTHOCUTE/NbLHO HEU3BECTHBIX EWE® aY a® E H

im>? B 4aCTHOCTH

Im’

Im?~Im? Im?>"Im?’
HaXoauM
- ]o Hy (2) v (kORl )
E =—"— |—2+2I+1 kb)—————, 16
" azb\ & ik )é,(z’(kORl) (16)
i, = 2T (kob)w- (17)
4zb ¢ (koRy)
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[ToacTaBissg 3T K03 PUIIMEHTHI B peAcTaBiaeHus (7), (8), mosydyaeM BbIpaXKeHHUs JJIs MOJISI TOPU-
30HTAJIBHOTO 3JIEKTPUYECKOI0 JUIIOJIS, PACCESTHHOTO H/lealbHO NPOBOAsAILel cdepoit paauyca R,, mo-

KPBITOH CJI0€M MarHUTO-/{M3JIEKTPUKA TOJNIIMHON R, —R, c npoHunaeMocTtaMH (3), (4). Jlerko BUAETH,
YTO B 006J1aCTHU BHE CJI0S (R3 < r) , OHO B TOUHOCTH COBIAJAET C MOJIEM TOTO K€ UCTOYHHKA, HO paccesH-
HBIM H/lea/IbHO NpoBoAsALLel chepnl pajuyca R, <R, [14].

3akjoyeHue

Ha mpuMepe uieabHO MPOBOAsALIEH chephbl CTPOTO A0KA3aHO, YTO, HAHOCS Ha Hee ClleliaIbHOe I0-
KpPBITHE, MOKHO JJOOUTBCS TOTO, YTOOHLI pacCesTHHOE €10 3JIEKTPOMAarHUTHOE M0Jie B TOYHOCTH COBIIA-
JlaJio C MmoJieM H/Jlea/IbHO MPOBOAsIei cdeprl JiI060ro Hanepe 3aJJaHHOTO MeHblIero paauyca. [Ilpu
3TOM CO3/]aTh TaKOEe UCKaXKalolllee MOKPbITHE CYIleCTBEHHO MPOIIE, TAaK KaK He TpebyeTcs 00palieHus
B HYJIb HEKOTOPBIX KOMIIOHEHT €r0 JU3JeKTPUIeCKON U MarHUTHOH MPOHHULIAEMOCTEH, KaK 3TO UMeeT
MeCTO B CJIy4ae MacKUpyollero nokpeitusd. B [15] moka3aHa BO3MOXXHOCTb IOJHOM 3aMeHbl 06pa3a
peasibHOr0 06'beKTa Ha 06pa3 JIF6Oro JIPYyroro 06’beKTa, He UCI0JIb3Ysl METO/, BOJTHOBOI'0 06TEKaHus,
(Tak Ha3biBaeMas Illusion Optics). OgHAKO 3Ta CI0XKHAA NPOLeAypa, OCHOBAaHHAS HA IBYKPAaTHOM IPH-
MeHeHUH MeTozia TO, MOXKeT G6bITh TPOMO/IETUPOBAHA TOJIBKO YHUCJIEHHO.
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DISTORTING COATING AS AN ALTERNATIVE TO THE
MASKING COATING

L. A. PAZYNIN

It is known that the special coating requires the vanishing of tensor permeability components on its
inner surface in addition to heterogeneity and anisotropy for achieve of perfect radar masking from
special coating. The practical implementation of such materials is much difficult and far from being
solved. In this paper, we investigate the possibility of alternative way to protect the object - the distortion
of its image.

[tis strictly proved using simplest example of an object as a perfectly conducting sphere the possibility
of aradical distortion of its radar image by applying a special coating on the surface of the metamaterial.

It was found a radial distribution of the permeability of the coating, when the scattered field
everywhere outside of the object coincides with the scattered field of the perfectly conducting sphere
with any given smaller radius.

So-called transformation optics is used to find the parameters of coating. This method is based on the
invariance of Maxwell’s equations relatively to arbitrary coordinate transformations if appropriate
redefine the dielectric permittivity and the magnetic permeability of the media.

The requirements on the material parameters of the distorting coating are easier than in the case of
masking coating.
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