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ITokazaHo, yTo B ciBoeHHOU PT-cuMMeTpUYHON TMPOTPOITHOM CTPYKTYPE, COCTaBJIEHHOMN U3 MOJyOeCKO-
HEYHBIX Cpel C MPOTUBOIIOJOXHO HAIlpaBJIEHHbBIMM BEKTOpaMHM TWpalvu, MapaieJbHbBIMU IJIOCKOCTH
paszgena, IO OTHOIICHWIO K IMOBEPXHOCTHBIM SJIEKTPOMATHUTHBIM BOJIHAM TMIPOSIBJISIOTCS BEHTWILHEIC
CBOIiCcTBa. A IMEHHO, B OMHOM 13 HalpaBJIeHW BOOJIb IPaHUIIBI pa3neia, IIepIIeHINKYISIPHOM BEKTOpaMm
rupalym, BO3MOXHO BO30yXIeH1€e MOBEPXHOCTHOM BOJIHBI, a B IIPOTUBOIIOJIOXHOM — HeT. JlaHHas mo-
BEPXHOCTHAasl 3JIEKTPOMarHMTHasl BOJIHA SIBJISIETCS] IMHEMHO MOJISIpU30BaHHOI, a ee XapaKTepHasl IyOuHa
NPOHUKHOBEHMSI OKa3bIBaeTCsl 0OpPATHO NMPONOPLMOHAIBHON MaJOMy MapaMeTpy TMpalyu.
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BBEAEHWE

B nocnenHee BpeMsi Hapsinly ¢ MOBEPXHOCTHBIMU
BJIEKTPOMATHUTHBIMUA BOJHAMM (IIOBEPXHOCTHHIMU
MoJsIpUTOHAMU M IIa3MoHamMu) [1] Ha rpaHMIIax
pasnena H30TPOIMHBIX Cped ILIMPOKO H3ydyaroTcs
6e3IMCIIEpCUOHHBIE TOBEPXHOCTHBIE MOJISIPUTOHBI
WU BOJIHBI I bSIKOHOBA. DTHU BOJIHBI TCOPETUYECKU
npenckasaHsl B [2, 3] 1 akcriepuMeHTaJlbHO OOHAa-
PYXE€HBI CpaBHUTEJIbHO HegaBHO [4]. CyliecTBoBa-
HUE TaKUX IIOBEPXHOCTHBIX BOJIH OOYCJIOBJIEHO
pasanyveM B aHU3O0TPOMUU TOTPAHUYHBIX Cpell, U
OHMU Bce 00Jiee MPUBIEKAIOT BHUMAaHE UCCIea0Ba-
Teneit [5—8].

YcnoBueM BO3HMKHOBEHUS BOJIH JbsIKOHOBA MO-
KeT ObITh HE TOJIbKO pa3Hasi aHU3OTPOMUS Morpa-
HUYHBIX CPell, HO U pa3Inyie TaKUX XapaKTepUCTUK
cpel, Kak TUPOTPOITUs, XUpaJIbHOCTb 1 Ap. Hampu-
Mep, B [9, 10] TeopeTnyecku IpencKa3aHbl IIOBEPX-
HOCTHBIE BOJIHBI Ha TPaHULIAX CIBOEHHBIX HEMOIJIO-
LIAIOMIMX TUPOTPOMHBIX CPel C MPOTUBOIOJOXHO
HalpaBJIeHHbIMUA BeKTOpaMu TUpalMU, TepreHIu-
KYJISPHBIMM K TIOCKOCTU pasneiia. Kak M3BecTHO,
IJIsT OTIMCAHWSI MOHOXPOMAaTUYECKUX 3JICKTpOMAr-
HUTHBIX TT0JIeH B TPO3pavyHbIX TUPOTPOMHBIX Cpeaax
UCIIONIb3YIOTCSI BPMUTOBBI TEH30PHI IUBJIEKTPUYE-
CKOI M MarHMTHOM mpoHuuaemocreii € u W [11—-13].
B [9] paccMaTpuBanuch nmoiayoecKOHEUHbIe Morpa-
HUYHBIE CPeAbl C TEH30paMU TUBJIEKTPUUYECKOMN MPO-
HULIAeMOCTU
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KOTODPBIE pa3jiMyaloTcs JUlllb 3HAKAMU MHUMBIX aH-
TUCUMMETPUYHBIX YacTell, OTBETCTBEHHBIX 32 TUPO-
TpoIMio. 31eCh ¢ — aHTUCUMMETPUYHBINA TEH30p,
IyanbHBIA BekTOpy € [11], eprieHmUKyIsIpHOMY K
rpaHulie pasaesna, 3Hak ® 0003HayaeT TEH30pHOE
Mpou3BeeHEe BEKTOpOB, G — IapamMeTp rupaunuu,
T Gc — BeKTOpHI rupalu. [MpoTpornHbie CBOCTBA,
oInuchiBaeMble TeH30pamu (1), XxapakTepHBI 151 Mar-
HUTOoynopsimoueHHbIX cpen [13]. Bce HampaBiieHust
pacrnpocTpaHEeHUs] MOBEPXHOCTHBIX BOJIH pPaBHO-
MpaBHbl B CUJIYy OCEBOM CUMMETPUM paccMaTpuBae-
MOIi CTPYKTYPBI, a XapaKTepHasi ITyonHa MPOHUKHO-
BEHUS MOBEPXHOCTHBIX BOJIH B KaXIyl0 M3 Torpa-
HUYHBIX CpeJl TIPU MaJIbIX 3HaYeHUsIX napameTpa G,
KaK MoKa3aHo B [9], o6paTHO npornopLuroHanbHa G2,

CucreMmy cpen, omnucbhiBaeMbIX TeH3opamMu (1),
MOXHO OTHECTU K PT-CMMMETpUYHBIM CHUCTEMaM,
KOTOpBbIE ceiiyac MHTEHCUBHO u3y4yatoTcs [14—17] u
WMEIOT OOJbINNE MEPCTIEKTUBBI UISI MPAKTUYECKOTO
MPUMEHEHMS B KAY€CTBE OTHOMO/IOBBIX JIA3€POB, KO-
TE€PEHTHBIX WJI€aJbHbIX IOIJIOTUTENE, CEHCOPOB.
HeonnoponHas cpena siBisiercst PT-cuMMeTpUYHOIA,
€CJIM BBITIOJTHSIETCS YCIIOBUE

g(-r) = £%(r),

(2)
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Puc. 1. PacnpocTpaHeHne MOBEpXHOCTHOI 3JIeKTpoMar-
HUTHOW BOJIHBI BIOJIb TPAHUIIBI pas3ziesia TUPOTPOITHBIX
Cpel ¢ BEKTOpaMU rupauuu +gc u —gc.

IIe r — paguyc-BEeKTOp, a 3Be3Jouyka OoOo3Hayaer
KOMIUIEKCHOE compspkeHre. OYeBUIHO, UTO ISt
CUCTEMBbI HeNoTJolIalIIuX cped ¢ TeH3opamu (1)
cooTHoleHue (2) BbimoJHseTcs. OTMETUM, 4YTO B
JUTepaType, Kak MpaBWIO, paccMmaTpuBaiorcs PT-
CUMMETPUYHBIE CTPYKTYpPBI, BKJIIOUAMOIIUEe B ceOs
OMHOBPEMEHHO TIOMIONIAIOIINE W YCWIMBAKOIIUE
M30TPOMHBIE HETUPOTPOIHBIE CPEIbl, ITOMUMHSIIO-
1Mecs ycjaoBuio (2) Ijisl CKaIsSIpHOM KOMILIEKCHOM
IM3JIEKTpUYEeCKOM ImpoHunaemoctu. B [18] ycio-
Bue (2) momojiHseTcsT ycaoBueM K(—r)= —K*(r) misa
mapamMeTpa KUPaIbHOCTH K, KOTOPBIi MTPEIOCTABIISIET
JIOTIOJTHUTEIbHYIO CTeIeHb CBOOOABI IJs1 yIpaBie-
HUS paccenBaOIIMMU cBoicTBamMu PT-cummMeTpra-
HO# CUCTEeMBbI, B TOM 4YHUCJIe IJIsI JETEKTUPOBAHUS
sHaHTHUOMepPOB [19]. [ToBepXHOCTHBIE TIA3MOH-ITO-
JIIPUTOHBI HE MOTYT BO3HUKHYTB Ha TpaHUIIE pas3ie-
na PT-cuMMeTpuyHOI CHUCTEMBI IMOJTyOECKOHEUHBIX
HETMPOTPOIHBIX cpel B cuiy (2), HO MOTYT BO3HUK-
HYTH B MHOTOCJIOHBIX CTPYKTYpax M Ha METaIllOBEpX-
Hoctu [20]. MccaemoBaHusl TTOBEPXHOCTHBIX 3JIEK-
TPOMArHUTHBIX BOJIH Ha IpaHUIAX pasaeiia aHU30-
TPOITHBLIX cpen, obOpasyoimux PT-cuMMmerpuuHyio
CHUCTEMY, B JIUTEepaType He MPeACTABICHBI.

OceBasi cUMMETpUsI PacIpPOCTPaHECHUs ITOBEPX-
HOCTHBIX 3JIEKTPOMATHUTHBIX BOJIH HAPYIIAETCS, €C-
JIU BEKTOP € He MepIeHINKYJISIpEeH IpaHulle pasaeiia
cpen. 3mech McclenyeM ciydaii, Korga 3TOT BEKTOp
JIEXXUT B TIOCKOCTU pasieiia IMOTrpaHUYHBIX TUPO-
TPONHBIX cped. BBoasg 0a3nc m3 eIMHUYIHBIX BEKTO-
poB b, q u a = [bq], cBI3aHHBII C MTOBEPXHOCTHOM
BOJIHOI1, MOXHO 3aCaTh

¢ =bcosa +asinaq, (3)

IIe KBaJapaTHble CKOOKM 0O0O3HA4yalOT BEKTOPHOE
Mpou3BeaecHUE, BeKTOp b ompenesnsieT HanpaBlieHUE
pacrnpocTpaHeHUs] TTOBEPXHOCTHOM BOJIHBI,  — BEK-
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TOP HOPMAJIM K IJIOCKOCTH pas3aeiia, a o) — yrojl MeX-
ny b u ¢c. OnHUM M3 TIPOCTEHIINX SIBJISIETCS Cy4ai,
Korga oo = *1/2 (¢ = +a unu b = *[qc], T.e. moBepx-
HOCTHasI BOJIHA PACIIPOCTPAHSIETCS IePIICHINKYISP-
HO ¢, KaK 1mokazaHo Ha puc. 1). Ha npumepe atoro
cllydyasl B JaHHOIT paboOTe yCTaHaBJIMBAETCS BaXKHOE
CBOIICTBO ITOBEPXHOCTHBIX BOJH B CIBOCHHBIX PT-
CUMMETPUYHBIX TUPOTPOITHBIX CTPYKTYypax — OIHO-
HaIlpaBJICHHOCTb UX PacHpOCTpaHEHUsI. A UMEHHO,
€CJIM IIOBEPXHOCTHasl BOJIHA MOXKET pacrpocTpa-
HSThCSI B HEKOTOPOM HampaBJIEHUWM, 3aJaBacMOM
BEKTOPOM b, TO B IIpOTUBOITIOJIOXKHOM HaIlpaBJICHUU
—b oHa pacnipocTpaHITHCSI He MOXeT. TakM o6pa-
30M, TUPOTPOIIHasl CTPYKTypa BBICTYIIAeT OITHYE-
CKMM BEHTWJIEM B OTHOIIEHMU IIOBEPXHOCTHBIX
BOJIH. JlaHHEBI 3D eKT ABIISIETCS CIIEICTBUEM HEB3a-
MMHBIX CBOMCTB TUPOTPONHELIX cpell. PaHee BEeHTUIb-
HBII1 3(GEKT I ITOBEPXHOCTHBIX JIEKTPOMArHUT -
HBIX BOJTH o0cyxnaicd B [21] B cimydae papameeBCKoOM
cpelbl, TpaHnyYalleil ¢ U30TponHoit cpenoii. B [22] ¢
HUCIIOJIb30BaHUEM (hopMair3Ma MaTpUL UMITeTaHCa
oOcyxxnajiach mpobiieMa CyIIeCTBOBAaHUSI ITOBEpX-
HOCTHBIX 2JIEKTPOMAarHUTHBIX BOJIH Ha TUIOCKUX Irpa-
HULIAX OMaHU3OTPOITHBIX OUKPUCTAILIOB. bbUT pac-
CMOTPEH IIpUMeEP C ABYMS ITOBEPXHOCTHHIMM BOJIHA-
MM B MarHUTOONTUYECKH AKTMBHOM OUKpUCTaJIE,
pacIpoCTpaHSIOIIMMUCS B 3aJaHHOM HaIlpaBJICHUMU,
IPpY HEBO3MOXHOCTH PACIIPOCTPaHEHMS TAKUX BOJTH
B IPOTUBOIIOJIOXKHOM HarpapjieHuu. B [23] monpo6-
HO aHaJIU3UPOBaIaCh BO3MOXHOCTD CyIlIECTBOBAaHMUS
B MarHUTOONITUYECKUX CTPYKTYypaX HECKOJBbKUX I10-
BEPXHOCTHBIX BOJH C OJWHAKOBBIMU 3HAYCHUSIMU
TaHT€HIIMAJILHOTI'O BOJIHOBOIO YMCJIA.

B paboTte BBIBeAeHO MUCIEPCUOHHOE YpaBHEHUE
JIJISI TIOBEPXHOCTHBIX BOJIH, M3 KOTOPOTO CJIeAyeT yKa-
3aHHAag BbIlIe OMHOHANPABJICHHOCTh UX PaCIIpPOCTpa-
HeHus. IlokasaHo, yto g ciaydas o = +n/2 (b =
= +[qc]) moBepXHOCTHAasi BOJHA OKa3bIBACTCS JIM-
HEMHO MOoISIPU30BaHHOI, a ee XapaKTepHasl NyOruHa
MPOHUKHOBEHUST B KaXXAYIO U3 TMOTPAHUYHBIX CpPEl
IpY MaJIbIX 3HAYEHUSIX ITapaMeTpa rupanuu G odpar-
HO TIPOMOPIHMOHAIbLHA 3TOMY ITapaMeTpy. B To Xke
Bpewmst ipu o, = —1t/2 (b = —[qc]) BostHa pacrpocTpa-
HSITBCSI HE MOXKET.

TPAHNUYHBIE YCIIOBUA
U TUCITEPCMOHHOE YPABHEHUE.
IMOJIAPU3ALIMA ITOBEPXHOCTHOW BOJIHbI

ITycTb oCh z IeKapTOBOiT CUCTEMBI KOOPIUHAT Ha-
npasJieHa BAOJb ¢AMHUYHOIO BEKTOpa ( HOpMaIu K
rpaHuUlIe pasaeiia TUPOTPOITHBIX CPell, a Havyallo OT-
cyeTa JeXXUT Ha rpaHulie. [IpennonaraeM, 4To cpeabl
¢ TeH3opamu € u €' (1) pacrojararotcsi B moaymnpo-
crpaHcTBax z < 0 1 7 > 0 COOTBETCTBEHHO (manee Bce
BEJIMYMHBI, OTHOCSILIMECS K cpe/ie B MOJIYIIPOCTpaH-
ctBe z > 0, 0603HAYMM ILITPUXaMU). YIOOHO BMECTO
IVBJIEKTPUYECKUX TEH30POB € U €' MCII0JIb30BaTh 00-
paTHbIE K HUM TEH30PbI
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e =a+(b-ak®c+igc
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e =a+(b-ae®c—ige", qc=0,

rIe MaTepuaibHble MapamMeTphbl @, b U g HECTOXHBIM
00pa3oM BbIpaxalrorcs uepes €,, €, u G. CunuraeM, 4To
BEJIMUMHBI @ U b TIPpU 3aIaHHOM YacTOTe dJIeKTpoMar-
HUTHOTO TOJISI (O MOJIOXKUTEIbHBI. 3HAK TapaMeTpa
rupainmu g B 00IIEM ClIydae MOXKET OBbITh KaK OTpHlIa-
TeJIbHBIM, TaK U MOJIOXUTEIbHBIM. He Tepsist 001IHO-
cTH, BbiOMpaeM g > 0, mockoibKy Tpu g < 0 MOXHO
BOCIOJIb30BaThCsl MPEOOpPa30BAHUAMU & — —g, € —>
— —¢, He U3MEHSIOIIMMY BUI TEH30pOB (4).

PaccmatpuBaemass 3mech PT-cuMmMmerpuyHast
CTPYKTYpa NoJydaeTcs U3 o0pas3ia OMHOPOTHOIO -
POTPOMHOro MaTepuaja Mpu ero pa3pe3aHuu II0C-
KOCTbIO, coliepXallleil BEKTOp €, U MOCeayllleM
pa3Bopote Ha 180° ogHOI M3 MOJYYMBILIUXCS I10JIO-
BUH BOKPYT HaIlpaBJeHUS (, TIePIEeHANKYISIPHOTO C.

DIEeKTPOMarHUTHOE MoJjie TMMOBEPXHOCTHON 3JieK-
TPOMArHUTHOW BOJIHBI SIBJISIETCSI CYIEPIIO3ULIUENA
TOJIei IBYX MaplMaJbHbIX BOJIH:

2
H(r,7) = Y C.H, explik(b +n,q)r —io],
; 5)
E(r,7) = Y C.E, exp[ik(b +n,q)r — io],
s=1

rIe eIMHUYHBINA BeKTOp b omnpenensier HalpaBlieHUe
pacrnpocTpaHeHus BOJIHbI, kK — BOJIHOBOE uucio, C, —
BecoBble KO3(hGUIIMEHTH MapIuaabHbIX BOH, H, 1
E, — ux BekTOpHBIE aMTITUTYObl. KOMITIIEKCHBIE T1a-
paMeTpHI 1), XapaKTepU3YIOT JIOKATU3AIIHIO TTOJIST He-
OIHOPOIHBIX MapUHaTbHBIX BOJIH BOJIMU3U TPaHMIIBI
paszaena, U st TOTO, YTOOKI IIpu 7 — —o° (z < 0)
SJIEKTPOMATHUTHOE TI0JIe Mcue3aio, HeoOXoaruMa OT-
PHULATETLHOCTD MHUMBIX YaCTeil 3TUX MapaMeTPOB —

Imn, <0.

B momynpoctpaHcTBe z > 0 2JIeKTpOMarHUTHOE
mojie oIuMchiBaeTcs HarpsokeHHocTtsmu H'(r, /) u
E'(r, f), BeIpaxXeHUs IS KOTOPBIX TaKUe Ke, KaK 1
(5), c 3ameHoii BenmnuuH C,, M, H; n E; Ha mTpuxo-

BaHHBIE, ITpK 3ToM Im ) > 0.

YpaBHeHus (5) MOTYT OBITh 3aIIMCAaHBL C UCTIOJIb-
30BaHUEM KOMITJIEKCHBIX BEKTOPOB pedpakumm [11]:

2
mr
H(r,7) = » CH,exp|io| ———1 ||,
= im0~
2
E(r,)) =Y CE exp [iw(mfr - tﬂ
s=1

4

(6

XapaKTepU3YIOIIMX MapluaJlbHbIe BOJTHBI U MIPUHU-
MAaloIINX BUI,

m,=Lb+ng, s=1 2. )
A%

31ech BBelleHa 6e3pasMepHast (pazoBast CKOPOCTh MO~
BEPXHOCTHOM BOJHBI V = ®/(ck) (T.e. (pa3oBasi cko-
POCTb B €IMHMIIAX CKOPOCTU CBETA B BAKYYME C).

VpaBHenust MaxkcBeiuia Ojisl BOJHBI C BEKTOPOM
pedpakiuy m 3aIMChIBAlOTCS B BUAE

mE=H mH = —<E, ®)
mH =0, meE =0,
otkyna [11]:
me'm*+DH =0, E=-¢'[mH]. 9)

IToncragisisi B nepBoe U3 ypaBHeHU (9) oOpaTHBIM
TeH3op €' (4), a TakXKe YyYUTHIBasgA COOTHOLIEHUS

2
mm =m®m-m, mc =c®m-cm umH =0,
MOJTYyYUM

(1—am’ — (b — a)[me] ® [me] —
— ig(me)m™H = 0.

B nanHoii paboTe pacCMOTPUM TOJIBKO OTACIbHBIC
B3aMMHO ITPOTUBOITOJIOXKHBIE HATTPABJICHUS PACIIPO-
ctpaHeHusT BOMH. OHU TIepIIeHANKYJISIPHBI BEKTODPY C,
JiexalieMy B IMJIOCKOCTHU pasiesia Cpel, U XapakTe-
pusytoTcs yriaamu o = +1/2 u o = —m/2 (cm. (3)).
Torma ¢ = +a = £[bq]. Tak kak corinacHo (7) mc =
= tma = 0, ypaBHeHue (10) ynpouaercs:

(10)

(1 — am® — (b — a)[ma] ® [ma)H = 0.

Ero PEIICHMA JICTKO OTBICKMBAIOTCA U OTBEYAIOT CJIC-

OYIOIIMM HaIIpAXKECHHOCTAM MAarHMTHOIO ITOJIA IIap-

HOMYaJIbHbIX BOJIH!
Hl =a,

H, =[m,a] = -(n,b —q), (11)

1
\Y
Ipu yCJIoOBHHM, YTO COOTBETCTBCHHO 1- aml2 =0 u
1—am; —(b—a)imal’ =0 (wm 1 —bm; = 0). C yue-
ToM (7) umeeM 1 — a(l + T]12)/V2 =0mu 1—b(1+n§)/v2 =

= O, OTKYyIJa HaXOoauM ImapaMeETphbl JIOKaJIU3alluu, Bbl-
61/1pa;1 MX MHUMBIC HaCTHU OTPpHUUATC/IbHBIMUA

2 2
a—vV . b—v
X =—z,/ .
a M b

HMcrionb3yst BTopoe u3 ypaBHeHU (9), paccuuThiBa-
€M HAIIPSKEHHOCTU JJIEKTPUYECKOTO MOJIS TTapIiv-
aJIbHBIX BOJTH:

n =-i (12)

E, = - [mH,] = =((-an, F ig)b + (a F ign)q),

< |=—

13
E - e _b+my) . )
» =—€ [mH,] = 2 a=a

Bepxnaue n HyxkHME 3HAKK B (13) COOTBETCTBYIOT B3a-
WMHO NPOTUBONOJOXHBIM HalpaBieHUsIM pacnpo-
CTpaHEHUs TTOBEPXHOCTHOM BOMHBI b = +[qc] u b =
= —[qc], oTBevarouM yriam o = +n/2 u o = —7m/2
B (3).
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[lepexonst K pacCMOTPEHUIO BOJH B TIOJIYIIPO-
cTpaHcTBe Z > 0, B ITOJIy4EHHBIX BBILLIE COOTHOLLIEHU -

1
SIX CJIeAyeT 3aMEHUTh g Ha —g, ITOCKOJIbKY TEH30p €
-1
OTJIMYaeTCs OT € JIMILIb 3HaKoM nepen g. [Tapamer-
pbl Jokanu3auuu (12) oT g He 3aBUCSIT, OHAKO 1) U

T, IOJKHBI OBITb BBIOPAHBI C MOJIOXUTEIBHBIMU
MHUMBIMH YaCTSIMU:

2 2
-V ' . |b—v
a 5 n2:_n2:l b .

m o= = (14)

IMonygaem cnemyioniye pe3yiabTaThl IJIST HATIPSKEH-
HOCTEe! TTOoJIe:

1 1 1
H,=a, H,=-(-mb-q),
| M (15)
E = ;((fm] tigh+@F igﬂl)Q), E, =a
JlucniepcoHHOE YpaBHEHWE HaXOOUTCS M3 Tpa-
HUYHBIX yCﬂOBVlﬁ, COCTOMALINX B TOM, YTO TAHI'€HLI U -

AJIbHBIC COCTABJIAIOIINE DJICKTPUYCCKOTO U MarHuT -
HOTIO noJiei HEIIPEPBIBHLI HA 'paHUIIC pa3acia. NHbI-

mu ciaosamu, H (r, t)|z:0 =H.(r, t)|z:0 u E (r, t)|z:0 =
=E(r, t)|z:0, WU B pa3BEPHYTOM BUJIE C yueToM (5)

u (6):
CH,, + GH,, = CH}, + CH),,

ClElt +GE,y, = Cl'Eir + CZ'E'21

TaHreHIMaMBLHBIE COCTABJISIIOUINE TTOJIEH TTapuraib-
HBIX BOJTH JIETKO OMPENEIISIIOTCS U3 COOTHOIeHu  (11),
(13) u (15):

(16)

H, =a, Hm%b, En=\—1/<—am¢ig>b,

E,=a Hj,=a H)=-12p (17)
A%

A 1 . Al
E, = ;(‘ml tig)h, E) =a

IMoncraBnsst (17) B (16), moaydynM cCHCTEMY ypaBHe-
HUI IS BECOBBIX KO3(h(UIIMEHTOB MNaplidalbHBIX
BOJIH:

Cl = C]', C2 = _Cz', C2 = Cz',
(an; £ig)(C, + C) = 0.

W3 uee cnenyert, uto C, = C, = 0, a K03 PuimeHTsI
C, u C| cOBMAaaaOT U OTJIMYHBI OT HYJISI IPU YCIOBUU
an, t ig = 0, koTopoe c yyeToM (12) 3anuckiBaeTCs B

BUIE
Ja(a —v?) = tg. (18)

VpaBHenue (18) sBasgeTcs AUCIEPCUOHHBIM U
UMeeT pellieHUe TOJILKO TOIIa, KOTrJaa B MpaBoil YacTu
BBIOMpAETCS TIOJIOKUTEIBHBIN 3HAK. DTO O3HAYaer,
4yTO B HampasyieHuu b = +[qc] Bo3MOKHO BO30YyXKIIe-
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HYi€ TOBEPXHOCTHOM 2JIEKTPOMAarHUTHOI BOJIHBI, a B
IIPOTUBOIIOJIOXKHOM HampasjieHuu b = —[qc] oHa
pacmpoCcTpaHsTbCSI He MOXeT. Takum obpazom, PT-
CUMMETpUYHAsl TUPOTPOIIHAs CTPYKTypa, XapakTe-
pusyemast 0OpaTHbIMU TEH30paMU ANINEKTPUUECKOM
MPOHUIIAEMOCTHU (4), TIPOSIBJISIET BEHTUJIbHbIE CBOi-
CTBa MO OTHOIIEHMUIO K MOBEPXHOCTHBIM 3JIEKTPO-
MarHUTHBIM BOJIHAM.

Pemenuem ypaBHeHus (18), ompenensionmm
KBaapat (pa3oBOii CKOPOCTHU IMTOBEPXHOCTHOM BOJIHBI,
SIBIISIETCS

2 2 2
v =v5=a—g—. (19)
a
Iockoneky C, = C, = 0, BoJIHA SBJISIETCSI OOHOIAP-
LAJIbHOM, Mpu4yeM B cooTBeTcTBUU C (14) 1 (19) na-
paMeTpHI TOKATU3AIUK PABHBI

e I8
MNis = Mis = ——- (20)
a
PacrnipenenieHrie HaNpsXKEHHOCTER 3J1€KTPOMArHuUT-

Horo 1o (5) ¢ yuetom (19) u (20), a takxke (11), (13)
u (15) mpuHUMaeT BuUL

H(r,r) = aH, exp(—gk |z|) exp(ikbr —imt),
a

[ 2
E(r,?) = qH|a - g—exp(—§k|z|)><
a a

X exp(ikbr — iw?)

(21)

U151 7 € (—o0,400). 31eCh BeCOBbIe KO3 PuLneHThI C,
u C| paBHBI HalpPSKEHHOCTM MAarHUTHOIO TMOJISI Ha
rpaHulie pasaena cpen H,, KoTopast MOXeT ObITb ITPO-
U3BOJIbHOIA.

XapakTepUCTUKU paccMaTpuBaeMoOil  MOBEPX-
HOCTHOM 3JIEKTPOMAarHUTHOW BOJIHBI HE 3aBUCST OT
MaTepuajibHOTO MapameTrpa b — 3TOT mapameTp He
BXonuT B BbipaxeHus (19)—(21). Ona sBasieTcs
TEM-mopoii (T.€. TorepeuyHoit BOIHOI ), MOCKOJIbKY
bH(r,7) = bE(r,¢) = 0. [Tonsipu3saiysi BOJIHBI SIBJISICT-
csl IMHEHOI Ha JIIDOOM PacCTOSIHUM OT FPaHUIIbI pa3-
nena, tak Kak [H(r,7),H*(r,7)] = [E(r,?),E*(r,/)] = 0
[11]. OuyeBUAHO, YTO TJIOTHOCTH SHEPTUU BJIEKTpOMAr-
HHUTHOTO TIOJIS TIPOIOPLMOHATBHA exp (—2gk |z| /a),
MO3TOMY XapaKTepHasi TIyOMHa NPOHUKHOBEHUS
BOJIHBI, HA KOTOPOIi €€ MHTEHCUBHOCTD OcJIabeBaeT B

€ pas 110 CpaBHEHHNIO C MTHTCHCUBHOCTbLIO Ha I'PaHULIC
pasaciia, OKa3bIBa€TCA paBHOfI

[—a _Vsca _c| _ga
2¢k ®2g © alg

I'nybuHa TIPOHMKHOBEHUST OOpPATHO ITPOMNOPIIMO-
HaJibHa TTapaMeTpy TUpaLU g TIPU YCIOBUHU, UTO g <K
< a. Takum oOpa3om, 4YeM MEHBbIIIE TapaMeTp rupa-
LMK, TeM cjabee JIOKaJIM30BaHA TMOBEPXHOCTHAS
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3JIEKTPOMAarHUTHAsl BOJIHA BOJIM3U IpaHULIbI pa3aesa
CIBOCHHOU T'MPOTPOITHOM CTPYKTYDHI.

CUMMETPUIMHBINA AHAJIU3
BOJIHOBBIX YPABHEHUI

KpaTko o6cyauM Npru4ImMHbI BEHTUJIBHBIX CBOMCTB
COBOCHHBIX TUPOTPOITHBIX CTPYKTYP HA OCHOBE aHa-
JIn3a CUMMETpUI BOJHOBBIX YpaBHeHUU. [Ipu aTOM
MpearoaaraeM, 4To HampaBJIEeHUE pacOpOCTPAHEHUS
BOJIH T10 OTHOIIEHMIO K BEKTOPY C JItoOoe, T.€. YroJi ol
B COOTHOIIIEHUH (3) IIPONU3BOJIbHBII.

CornacHo (8) BEKTOpHBIE aMILIMTYIOBI Iapliu-
AJIBHBIX BOJIH IMOAYMHSIOTCS CICIYIOIIUM COOTHO-
LICHUSIM:

mH, = —<E, mE,=H,

m'H, =—<¢E, s=1 2.

Ecnu cyiiectByeT pellieHMe TUCIIEPCUOHHOIO ypaB-
HeHMs, cienyouiero u3 (22), To ¢popMaibHO CyIle-
CTBYeT aHAJOTMYHOE pelIeHME, IoJIydalolleecs: 13
KOMIUIEKCHO COIIPSDKEHHBIX COOTHOIIECHMI (22):

X
mSES = HS’

(22)

L2 nE N & £
ms Es _Hs’

VX '
m,*E'* = H'*,

N N

m*H* = —¢'E¥,

[ ' [
m,*H,* = —¢E.*.

(23)

3aeck yuteHo To, uto €* = €' (cM. (1)). Ilpu sTom B
cootBeTcTBUU C (7)
mi =S+, mr= b, Q4
PaccMotpuM onepanuio moBopota Ha 180° BoKpyT
BEKTOpa eIMHUYHON HOpMaJIM K TpaHMIIe pas3aena (.

DTta onepauus MPUBOINT K CICAYIOIINM ITpeodpa3o-
BaHUSIM BEKTOPOB:

b—-b, q—aq (25)

a Il TEH30POB IU3JIEKTPUYECKOM MPOHULIAEMOCTH
nMeeM € 2 €'. [IpuMeHsIst TaHHYI0 OIepallnio K ypaB-
HeHMsIM (23) 1 o0o3Havas1 mpeoOpa3oBaHHBIE BEKTO-
PbI HUIATIKAMH, ITOJTYYUM

A Xy i A XvY -
mE =H, mH,=-—<¢E,

IfI\IvXEv — Hv nf\l'XH; — _E'E;,

N s 5 N

a—>-a ¢— =

(26)

npuyeM u3 (24) u (25) cienyer, 4To

A

ﬁns=$<—b+n;"q>, m;=$<—b+n;*q>. Q7)

W3 cpaBHeHMs ypaBHeHUIT (22) 1 (26) BUIHO, YTO
CABOEHHAS TUPOTPOINHAsl CTPYKTypa CUMMETpUYHA
OTHOCUTEILHO KOMOMHHUPOBAHHOM OIlepallii CO-
MpsDKeHMST 1 ToBopoTa Ha 180° BoKpyr q (T.e. € — €,
€' — ¢'). IIpeobpazoBaHHbIE BEKTOPHI pedpaKIvu
(27) onmvChHIBAIOT MTapliMaIbHbIE BOJTHBI, pacipocTpa-
HSIIOIMECST B HAIMpaBJIEHWH, MPOTUBOMOJIOXHOM
BekTopy b. OnHaKo, NOCKOJBKY B (27) BXOIAT KOM-

TUIEKCHO COMPSIKEHHBIE MapaMeTPHl JIOKAJIU3AINHA,
aMIUIATYIbl 3TUX BOJH 9KCIOHEHIIUAJIbHO BO3pacTa-
IOT MIPU yOaJIEHWU OT TpaHuUllbl pasaena. [ToHsATHO,
YTO TaKWe BOJHBI (pr3ndecku Hepeanusyembl. Dop-
MaJIbHO TUCNEPCUOHHOE ypaBHEHUE LISl Heusnue-
CKOM MOBEPXHOCTHOM BOJIHBI, PACTIPOCTPAHAIOLIEN -
csl B HampaBieHuu —b, umeeTt Takoe ke pelieHue v =
= Vg, UTO U JJIs1 OOBIYHONW MOBEPXHOCTHOI BOJIHBI,
pacrpocTpaHstolleiics B HalIpaBJieHUU b.

Takum 00Opa3zom, NpUXOAUM K CIEAYIOLIEMY 00-
1IeMy 3aKJII0UEHHIO (TTPU TOTOJTHUTETBHOM YCJIOBUU
€AVUHCTBEHHOCTHU pEeIIeHUl TUCIEPCUOHHOTO ypaB-
HEHUS): €CJI1 B CIBOEHHO TMPOTPOITHOM CTPYKTYpE,
OIMUCbhIBaEMOI1 OOpATHBIMU JUIJIEKTPUYECKUMU TEH-
3opamu (4), B HEKOTOpOM HampasjieHuu b B1ojb rpa-
HUILIbI pa3liesia BO3MOXHO paclpoCTpaHEHUE ITO-
BEPXHOCTHOU 3JIEKTPOMArHUTHOUW BOJIHBI, TO B IPO-
TUBOIOJIOXKHOM HarpaBIeHUU —b MoBepXHOCTHas
BOJIHA PACIIPOCTPAHIThCI HE MOXET. B mpenbinyinemM
pasznese 3TOT BBIBOI MPOJEMOHCTPAPOBAH JJIsI 4acCT-
HOTO cCjy4yasi TOBEPXHOCTHBIX 3JEKTPOMAarHUTHBIX
BOJIH, PAaCOPOCTPAHSIONINXCS B HAMPABJIICHUU, MIEP-
MEHAUKYJISIPHOM C.

OO6paTtuMcs K ornepaluu rmoBopota Ha 180° Bokpyr
€IWHWYHOTO BeKTopa b B HarpaBiIieHNM pacpocTpaHe-
HUSI TOBEPXHOCTHOM BOJTHBI. [1pn ee BBINMOIIHEHUN MO~
TPAaHUYHBIE CPENBI MEHSIOTCS MECTAMMU C 3AMEHOI BEK-
TopacB(4)Hac = bcoso —asino (em. (3)). Torma

e =a+(b-a)e®e—igt
e =a+(b-a)k®¢+igt”

NI
e =a+(b-a)(—¢)®(—¢)+ig(-¢)",
e7'=a+(b—a)(—¢) ® (&) —ig(—¢)",

rne —C = —bcos o + asin 0. O4YeBUIHO, YTO BEKTOP
—C T1oay4yaercs u3 ¢ (3) mpu 3aMeHe yIria oL Ha T — O.
OTtcroaa 3aKJII04aeM, 4To eI BO3MOXHO BO30YXKe-
HUE MOBEPXHOCTHOM BOJIHBI, HAITPABJIEHHOM IO/ yI-
JIOM O, TIO OTHOIIIEHUIO K BEKTOPY €, TO TaKXe BO3-
MOXHO pacIpoCTpaHEeHUE MOBEPXHOCTHOW BOJIHBI
TOJI YTJIOM TT — O, IO OTHOIIIEHUIO K 3TOMY BEKTODY.
MubIMU cTOBaMU, pa3pellieHHbIe HAlIpaBJIEHUS pac-
MpPOCTpaHEHUs TTOBEPXHOCTHBIX BOJH PACIOJIOXKEHbI
3epKajlbHO CUMMETPUYHO OTHOCUTEIBHO TJIOCKOCTH
C BEKTOPOM HOPMAJIU €, TIePIEeHANKYISIPHON IpaHu -
11e pasjiesna TMPOTPOMHbBIX Cpel.

g>0,

3AKJIIOYEHHME

YcraHOBIEHO BaXXHOE CBOWMCTBO CIBOEHHBIX PT-
CUMMETPUYIHBIX TUPOTPOITHBIX CTPYKTYP C OGpaTHBI-
MU OJUBJIEKTPUISCKIMHU TeH30paMu (4), cocTosiee B
OMIHOHATIPABJIIEHHOCTHU PACIIPOCTPAHEHUS B HUX TTO-
BEPXHOCTHBIX 3JIEKTPOMArHUTHBIX BOJH. A UMEHHO,
€CJTU B HEKOTOPOM HarpaBjieHH! b BIOIb TpaHUITHI
pasnena MOTPaHUYHBIX KOMIUJIEMEHTApHBIX THUPO-
Nel 2023
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TPOMHBIX CpPel BO3MOXHO pacnpoCTpaHEeHUEe II0-
BEPXHOCTHOM 3JIEKTPOMarHUTHOM BOJIHBI, TO B IPO-
TUBOIIOJIOXKHOM HarpaBjieHu —b ToBepxHOCTHas
BOJIHA pacpOCTPAHSTHCS HE MOXKET. 31eCh MOAPOO-
HO paccMaTpuBaJICs TOJBKO CIy4yail pacrpocTpaHe-
HUS BOJIH MEPIEHIUKYJISIPHO K OCU ¢ TUPOTPOIHBIX
cpell. YCTaHOBJIEHO, UTO pa3pellleHHbIM HarlpaBjie-
HUEM pacnpocTpaHeHus ssisietcss b = Hqc], a 3a-
MpEIEHHBIM — b = —{qc¢], rae q — BEKTOp HOpMaJu K
rpaHuiie pasnena cped (mpu yciioBsuu, uro g > 0). [1pu
MaJIbIX 3HAYECHUSIX MapaMeTrpa rupaluu g MOBEpX-
HOCTHBIE BOJIHBI SIBJISIFOTCS C1a00 JOKaJIU30BaHHbI-
MU, a UX XapaKTepHasl iyOrHa MPOHUKHOBEHUS 00-
paTHO MpomnoplLMOHabHA g. AHAJIU3 OOIIEro ciayJdas
MPOM3BOJIbHBIX HaMpaBieHUil pacnpocTpaHEeHUs
BOJIH BAOJIb TPAHUIIBI pa3iiesia MaTeMaTUUeCcKu boiee
CJIOXKEH M OyIIeT MMpoBeAeH B OTACIBLHOM padoTe.

ITonyyeHHbIEe pe3yabTaThl MOTYT OKa3aTbCsl BaK-
HBIMU JIJ1s1 GOTOHMKM Ha YUIIE U HATIPABJIEHHOTO pe-
30HAHCHOTO TIePeHOCa DHEPTUU MEXIY yaaJeHHbBIMU
JIOHOPHOI Y aKIIENTOPHOU MoJieKyJaMu, pacroyo-
JKEHHBIMU BOJIM3U IpaHULIbI pa3ielia IByX TMPOTPOI-
HBIX Cpefl.

Pabota BeIToiHeHa Tpy (DMHAHCOBOM MOIIEPXKKE
benopycckoro pecnybamkaHckoro ¢doHma ¢dyHOa-
MEHTaJbHBIX UccaeaoBaHuii, rpaHT @211 3P-003.
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