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YucaeHHo METOIOM MOMEHTOB MCCIIEJOBaHA YAaCTOTHAS 3aBUCUMOCTH (Dasbl Ko puiieHTa oTpake-
HUSL MHKPOITOJOCKOBOH MEPUOAMYECKON PEIIeTKH M3 JICHT, UMCIOWMX (HOopMy BOITHOOOPA3HONH JIMHUM.
ITokazaHa BO3MOKHOCTB MCITOJIb30BAHMS TAKOH CTPYKTYPBI B KAUECTBE BHICOKOMMIIEIQHCHOI TOBEPXHO-
cT. Jlyist ciyyast HOpMaJILHOIO MaJCHUs TUIOCKOI 9JIEKTPOMArHUTHOI BOJIHBI TIPOAHATM3UPOBAHO BIIUS-
HHE U3MEHCHHUS (DOPMBI JICHT M MAPAMETPOB JTHAICKTPHUECKON ITO/UIOKKH HA YaCTOTHBIC XaPAKTECPHCTH-
k1 pemetky. [Tokazana BO3MOKHOCTb NEKTPOHHOIO YIPABICHHS XapaKTePHUCTUKAMH PEHICTKH.

MeTo0M MOMEHTIB HHCENIBHO JIOCIIKEHO YacTOTHY 3aleKHICTh (azu koedilienTa BiIOUTTS MIKpOC-
MY’KKOBOI TPAaTKH 3 CTPIYOK, sIKi MaroTh (hopMy XBUICHoiOHOI miHii. [TokazaHO MOXKIIMBICTE BUKOPUCTAHHSA
TaKOi CTPYKTYPH SIK BUCOKOIMITEAHCHOT ToBepXHi. J[J1st BUMa/IKy HOPMAIBHOTO MaiHHS IUI0CKOT eJIeKTpoMar-
HITHOI XBWJII NPOAHAIII30BAHO BIUIMB 3MiHH (DOPMH CTPIYOK Ta MApPaMETpPiB AICTCKTPUYHOI MIIKIIAAKH Ha
YaCTOTHI XapaKTEPUCTHUKHU IPATKH. [T0Ka3aHO MOKIMBICTE €ICKTPOHHOTO YIPABIIIHHS XapaKTepPHCTHKAMMU IPATKH.

1. BBenenue

Kak u3BecTHO, Npu HOPMAILHOM OTPAXKCHUHU
MJI0CKOH 3J1EKTPOMArHUTHON BOJHBI HJICATbHO
NPOBOASAIICH METAIIMYECKOH IMIOCKOCTBIO BEK-
TOPbl HAMPSPKEHHOCTH MAJAIOUICIO U OTPAXKECH-
HOI'0 JICKTPUYECKOTO IMOJII UMEIOT PaBHBIC Be-
JMYKMHBI, HO TPOTUBOTIOJIOKHbBIE HAIIPABICHHUS HA
9TOI TMIIOCKOCTH M3-3a PABEHCTBA HYJIIO HAIpsi-
KEHHOCTH CYMMAPHOTO 3JIEKTPHUECKOTO OIS E
B MaeanabHOM nposofHuke. [Tostomy ko3 duiu-
EHT OTPAKEHUS TAKOH TIOCKOCTH, KOTOPYIO Ha-
3bIBAKOT TAKIKE “IIEKTPUUYECKON CTEHKOM’, paBeH
—1, a mOBEpXHOCTHBII UMIIEJAHC, KAK CIICAYCT U3
‘ero onpenenenus Z =E/H, — nymo. Ecnu 3a-
MEHUTb MJ1€aIbHO IPOBOJSILIYIO MITOCKOCTH “‘Mar-
HUTHOM CTEHKOM ™, KOTOpasi OTIIMYACTCS OT JJICK-
TPUUECKOH TEM, YTO Ha €€ MOBEPXHOCTH paBHA
HYJII0 TAHTEHIMaJIbHAs KOMIIOHEHTA HallpsiKCH-
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HOCTH CYyMMapHOTO MAarHUTHOTO 1osist H,, To Ha
OTpaXKaroIeH MIOCKOCTH BEKTOPBI HANPSIKEHHO-
CTH AJICKTPUYECKOTO OISt MaJatoIeii 1 OTpakeH-
HOM BOJIHBI OKaKyTCs paBHbIMU. Koadduument
OTPaXeHHsI MArHUTHOM CTEHKH IPU HOPMaJIbHOM
MaJICHUK PaBeH +1, a MOBEPXHOCTHBINH UMITEIAHC
OCCKOHEYHO BEJIHK.

Ecau BOJIM3M 2J1EKTPUYECKOM MIIM MATHUTHOM
CTCHKH IIOMECTHUTh H3JTy4areib, Harpumep, mna-
pajIeNbHBIA el ANEKTPUUYECKUN AMIIOINb, I0J1€e
U3ITyUCHHUS SBISICTCS CYMMOI “MEPBUYHOTO” Mo
JUUTIONS (€T MOJIS M3JIyUYEeHUs B CBOOOIHOM IPO-
CTPAHCTBE) U OTpakeHHOro mnojst. OTpaxkeHHOE
M0J¢ MOKHO PAaccMaTpuBaTh Kak I10J€ M3Jyve-
HUSI M300paykeHUsT AUIONs Ha cTeHke. [IpuHiu-
nuajgbHas pazHUia M300pa)KeHUH IHUMONsS Ha
ANEKTPUYCCKON M MAarHUTHOI CTEHKE COCTOUT B
TOM, YTO OHH UMEIOT IPOTHBOIIONOKHYIO OPUEH-
tauuto. [Ipeanonaoxkum, 4To pacCTosTHHE MEXKLY
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JIMIIONEM ¥ CTEHKOH MaJIo MO CPaBHEHUIO C JJTH-
HO# BosHBL Torma mose, OTPaKEHHOE MAarHMT-
HOI CTEHKOM, CYMMUPYETCSl C TEPBUYHBIM I10JICM
JIMIIONS, @ HE TaCUTCs, KaK B CIy4ae H3Tydarers
BO/IM3KM MeTaluIn4eckoi nosepxHocTu. [Toatomy
BBICOKOUMIICAHCHBIC TOBEPXHOCTH MEPCIEKTUB-
HbI B aHTCHHOU TEXHHUKE.

Marepuasnsl co CBOMCTBaMH MI€aIbHOTO Mar-
HEeTHKa B Npupoje He obHapykeHsl [ToaTomy
JIeJIA0TCs MOMBITKU CO3/1aTh HCKYCCTBEHHBIC
CTPYKTYpbl C XapaKTCPHBIMHM CBOMCTBAMHU Mar-
HUTHOW CTEHKHU XOTs ObI B Y3KOM JHMana3oHe 4a-
crot. HanpuMep, cBOICTBA PEIICTKU U3 UACHTHY-
HBIX JMIOJICH, PacIoNOKeHHON BONM3H MeTa-
JTMYECKOro KpaHa, B 00JIbLICH YacTH MUKPOBOJI-
HOBOI'O JIManasoHa HE OTIMYAIOTCA OT OTpaka-
TEJIbHBIX CBOMCTB JIEKTpUYCCKOM cTeHKH. OftHa-
KO B Y3KOM YacCTOTHOM JHMara3oHE, 3aBUCSAIIEM
OT PE30HAHCHBIX XapaKTEPUCTHK JIEMEHTOB pe-
LICTKH, M3-32 B3aUMOICHCTBHS MEKIY PELIETKOM
U METAUTMIECKOH MOBEPXHOCTHIO, Hajl KOTOPOH
OHa pacroioKeHa, Gasza koadduireHTa orpaxke-
HUSI U3MCHSETCS PE30HAHCHBIM 00pas3oM, M Ha
pe30HaHCHOMU yacToTe KOI(DGUIHEHT OTpakeHHs
pasen +1. Takast cTpykTypa U3 JuMoneH, pacno-
JIOKCHHBIX BOJNM3M OT MPOBOASALICH TTOBEPXHOC-
TH, paccmorpeHa B [1]. BeicokonmnenaHcHble
MOBEPXHOCTH, B KOTOPBIX POBOJOYHBIC 2ICMEH-
Thl MetoT (hopmy KpuBoit ['uab0OepTa, npeacras-
geHbl B [2]. Ecau ucnone30Barh B KaYECTBE dJI€-
MEHTOB y3KHE I0JIOCKH CIO0XHOH (OopMmMbI, HX
JUIMHA Ha TIEPUOJIC MOXKET ObITh HAMHOTO 0OJIb-
1Ie, YeM pasMep SYCHKHU MepuoJInIeCcKOi CTPyK-
Typbl. Takum 00pa3om, MOXKHO CHIPOEKTHPOBAThH
MHKPOIIOJIOCKOBBIC OTPAKATCIbHBIE PEUIETKH
(T. e. perIeTKH 13 TOHKMX MPOBOSIINX JICHT, pac-
MOJOKCHHBIX HA CJI0E JINIEKTPHUKA, TIPOTHUBOMO-
JI0%KHAst CTOPOHA KOTOPOTO SKPAHUPOBAHA) C pe-
30HAHCHOI JUTHHOIT BOJIHBI MHOTO OOMbINEH, 4eM
UX 1eproj. YacToTHBIE XapaKTEpUCTUKH OTpa-
JKEHHst HEKOTOPBIX MUKPOIOI0CKOBBIX CTPYKTYP,
B yacTHOCTH M3 C-00pa3sHbIX IEMEHTOB, pac-
CMOTpeHEI B [3].

[Tn0ockast MUKPOIIONIOCKOBAs pemeTka u3 oec-
KOHEYHO JUIMHHBIX HEMPEPBIBHBIX BOJIHOOOpa3-
HBIX JICHT — MPUMeEp PE30HAHCHON BBICOKOMMIIE-
JIaHCHOIT cTpyKTypsbl. Takast perierka y100Ha aist
JMCKPETHOTO M3MEHEHHUS YACTOTHBIX XapaKTepH-
CTHK ITYTEM 3JICKTPOHHOTO yripaByieHus. [lst aTo-

ro Ha KaK[OM IEPHOJC MOMKHO C/e/IaTh Pa3pbiB
MOJIOCKH ¥ BKJIIOYHTH B HETO YIPABIISIOIMIN U0/
[TocTostHHOE HAMPsDKEHUE, MTOJAHHOE HA M0JOC-
Ky, OyIeT MepeBOAMTH AMOJbI U3 COCTOSHHUS C
OOIBIIMM CONPOTHBICHUEM (IKBHBAJICHTHO TOMY,
YTO KakJas IOJIOCKA PEHIETKH COCTOMT U3 OT-
JICIIBHBIX AJICKTPUUCCKH HECOCMHCHHbBIX YIEMEH-
TOB) B COCTOSIHHE C MAJIBIM COMTPOTHUBIICHUEM JUIsl
BBICOKOYACTOTHOIO TOKA (I1OJIOCKA MPECTaBIIs-
eT co00l HEenpepbIBHBIA MTPOBOAHHUK).

B ciyuae, korzma HeoOXoamMMma IUIaBHas repe-
CTPOMKA XapaKTEPUCTHUK, B KAYECTBE IOUIOKKH MO-
KeT OBITH BRIOPAH MaTepuall, AMAJICKTPUICeCKas Hiln
MAarHUTHAasE TIPOHULIAEMOCTh KOTOPOTO M3MEHSETCs
T0J1 ISHCTBHEM TOCTOSTHHOTO HAIPSKCHUS, ITPUIIO-
JKEHHOTO K COCE/THUM JICHTaM PCIICTKH WK B 3aBH-
CHMOCTH OT Pa3HOCTH MOTCHIIMAIOB MEXKTy JICHTa-
MU M 3KPAHOM MHKPOTIOJIOCKOBOI CTPYKTYPBI.

Llesab cTaThit COCTOUT B TOM, YTOOBI HCCIIE/I0-
BaTh PE30HAHCHBIC CBOMCTBA MJIOCKHX MHUKPOTIO-
JIOCKOBBIX PEIICTOK M3 BOJHOOOPA3HBIX JIEHT U
BO3MOYKHOCTb MCIIOJIb30BAHUSI ITUX CTPYKTYp B
Ka4eCTBE MCKYCCTBEHHBIX BHICOKOMMIICAAHCHBIX
IIOBEPXHOCTEH.

2. IlocTaHoBKA 331241
M METO/I YUCJIEHHOTO peleHHusI

PaccMOTpHUM OTpaKeHHE 1EKTPOMArHUTHOM
BOJIHBI OT MEPHOAUYECKOH MHKPOMNOJIOCKOBOM
JIEHTOYHOH peuieTku. Pemerka cocTOUT U3 OAu-
HAKOBBIX TPSIMOYTOJIBHBIX AYECK CO CTOPOHAMMU
d, m d, pa3sMEUICHHBIX, HAIPUMED, TaK, KaK
IOKa3aHo Ha puc. 1. B kauecTse 21EMEHTOB pe-
LIETKH HCIIOIh30BAHBI MIOCKHE MEPHOJANICCKHE
HENpEPHIBHBIC HJICATbHO MPOBOIAAIINE JIEHTBI,
UMEIOIIME Ha MEPHOJIE TTPOU3BONIBHYIO (hopmy M
pacrnonoxeHusie B miockoct 7 =0. ®opma ro-
JIOCKOBOT'O AJIEMEHTA PEIISTKH 3a1aeTCs ypaBHe-
HueM ero “cpenaHeit” nuuum Pp=g(s) (rae
p=¢ x+eé, y), MOoKa3aHHOIl ITPUXOBON KPUBO
Ha puc. 1 (a, 6, B). IIpeanonaraercs, 410 AIMHA
S JICHTBI HA MEPUOJE 3HAUUTEIBLHO OOMIbIIE, YEM
ce mupuHa. llupuHa JEHTHI ONpeenscTcs B
HAINpaBJICHUH HOPMAIH K CPEAHEH JTMHHUH W PaB-
Ha 2w. Jlusnekrpuueckas MOAJIOKKa HMEET TOJI-
UIMHY /i 1 OTHOCHTENILHBIC TUANEKTPUUYECKYIO U
MarHUTHYIO IPOHHIIaeMoCcTH € u L. ITnockocTs
z=—h mnpexacraBaser co0O MEaNbHO MPOBO-
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MHuKpOnon0CKOBast IBYXMEPHOIHYECKAS PEUIETKA W3 HENPEPLIBHBIX KPUBOIHHEIHBIX MCTAIHIECKHX JICHT KaK...

Puc. 1. ITnockas nepuoouueckas 6 0gyx nanpasne-
HUSAX PeuemKa u HeKomopble GapuaHnol 2eomempuu
ee nepuooa

Asuii okpas. [TycTs Ha Takyro peureTky najaer
MJ10CKast 37€KTPOMAarHUTHAsE BOJIHA

E' = Pexp(~ik'F), (1)

rae P — Bextop nonspusauwmi, |P|=1; k' —Box-
HOBOW BEKTOp mMajaromeil BonHbI, k' =k,
k = w\g 1, . s mpocTorsl Oynem paceMarpu-
BaTh TOJBKO Cllyyaill HAKJIOHHOIO MaJeHUs MpU
yenosun ky =0, T.e. k' =&k’ +e,k!. 3nech u
Jlajiee MpeJinoaaraeTcsi 3aBUCUMOCTh OT BpeMe-
HHU BHJa exp(imr).

Bynem uckare 1mose HaJg MHKPOIOJIOCKOBOM
PEIIETKOM B BH/E CYNEpIO3UIUH MO B OTCYT-
CTBHE NOJIOCKOBBIX deMenToB E* 1 paccesHHo-

ro monst E*:

E=E'+E",

rne E! =E'+ Rexp(—ik*F), k' =(0,k;,—k) —
BOJIHOBOM BEKTOP OTPAYKEHHOM IIOCKOH BOJIHBI.
Bektop R HAXOMMTCS M3 IPAHMYHBIX YCJIOBHIA.
Beipakenne a1st R, B cllydae HOPMAIBLHOTO I1a-
AeHus, npuBeaeHo B [3]. CyuiecTBoBaHKE pacce-
SHHOTO 110J1st 00YCJIOBICHO HAJIMYMEM Ha II0BEp-
XHOCTH JAMIIEKTPUUYECKOTO CJI0Sl (B MIIOCKOCTH

z=0) JEHT pemeTKH, Ha KOTOPHIX HABEICH TOK
C HEKOTOPOIf TOBEPXHOCTHOI MITOTHOCTBIO J (P).
Ecnu u3BecTHa MOBEpXHOCTHAs IMJIOTHOCTH
TOKa, JIETKO MOJIYYUTh MPE/ICTABICHNUE ISl TTOJIs
BO BCEM IPOCTPAHCTBE B BUAE CYIEPIO3ULIMH
MPOCTPAHCTBEHHBIX TAPMOHHUK:

<

YACW]]S

roe
Ry =&, 2ng/d, +é, (ki +2nv/d, ),
S ={1§~-\‘j}(k§v)/((1,‘_d\ 0

{E“'J—}(ﬁ) — ONEPATOp, ONPEACICHHBIH CIE/yI0-

muM obpasom [2]:

B = E, +E,EZ,

kZR, (J:, Tcl)
)=
K [i(Yz/H)Cth2/7 = Yl] 3

YIYZZOK(‘_].’E)
ki [iey,ctgy,h -y, ]

ZyYs (.7, E)
kY, —iey,ctgy,h]’

Zy =+Jlo/gy =120m Om;

R, =[RE]) 1R =k2en—|&[,

Imy, <0, Imy, <0.

Tak xax [uTMHA JICHTHI Ha TIEPUOIC 3HAYUTEb-
HO GosiblIe e MUPHUHBI, Oy1eM YUYUTHIBATh TOb-
KO KOMITOHEHTY TOKa BJOJIb JICHTBI H IIpeHeOpe-
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raTh ero COCTABJAIOUIEH onepek JenTsl. [Ipen-
CTaBMM MPOJOJIBHBIN TOK B BUJIE PAA MO KyCOU-
HO-JTMHCHHBIM 0a3UCHBIM (DYHKLHAM, TaK Ha3bl-
BAEMBIM ““(QYHKIHSIM-KPBIIIKAM”, ¢ HEM3BECTHBI-
mMi K03 hUIHEeHTaMH {Cu}év=:- HX 3HayeHus, ¢
TOYHOCTHIO JI0 HEKOTOPOH MTOCTOSTHHOM, COOTBET-
CTBYIOT 3HAQUECHHUSIM TIPOJIOJILHOTO TOKA B PAaBHO-
OTCTOAWMX HA BequuuHy O=S/N TOYKax Ha
JUMHE S JIeHTHI B IIpesiesiax nepuona. Pacmpene-
JIGHHUE IIOTHOCTH TPOOJILHOTO TOKA B IOTNIEpEed-
HOM HalpaBieHHH 3a7aeTcs (QyHKUMeH Buaa

l/wll —(u/w)* (rae u— KOOpAMHATA MOMEPEK I0-

JIOCKH), KOTOpasi y4UThIBACT 0COOCHHOCTH MIIOT-
HOCTH MPOJOJBLHOTO TOKa BOIM3U pedep.

Jlanmee, cnenyst cxeme peuieHus, MogpoOHO
M3JI0KEHHOMU B [3, 4], METO/IOM MOMEHTOB IOy~
YUM CHCTEMY JTHHCHHBIX ajireOpanyecKux ypas-
HEHHH OTHOCHTEJIbHO HEH3BECTHBIX aMIUIUTYH-
HBIX KOd(durenToB ToKa {Cj }g’zlz

N
Y Asen=1,, =k B s )
p=1

rac

5

8 5 % Lo
=W Y Jo(Reyfigw) X

ey L,v=—c0

R s 2 8_ - L 2 6_. -
xJ o (Kp ngw)sine EKC\/I& sinc Engtﬁ X
x(?a,{E,?B}(Tc@,))exp[ikg((}B £ (}a)], (3)
fy = —mwi (P + R)J (ki w, ) exp(=ik'G,),

sinc(x) =sinx/x, Iy =1(sp), fig =r(s3) — emn-
HUYHBIEC BEKTOPhI KACATEILHOM U HOPMAIIH K CPEl-
Heil JIMHMK JIeHTBL, Gy = G(sg), s5 =P8, Jo(x) -
(ynxuus Beccerns nepBoro poaa HyJIeBoro mopsiika.

3. AHAJIM3 YHCIEHHBIX Pe3yJIbTaToB

Jlnst mpocToThl OyzneM paccMaTpuBaTh HOP-
MaJbHOE MajICHUE 3JICKTPOMArHUTHOM BOMIHBI (1)
Ha peuerky. Eciin 06a nepuoaa pemeTku MeHb-

we JUIMHBL BonHbL, d, /A<l u d /A<I, 10 B
otpaxeHHoM E noie B nanbHeil 30He HMEeTCs
TOJIBKO OCHOBHAS, PACIIPOCTPAHSIOLIASCS 10 HOP-
MaJIi K PeleTke, IPOCTPAHCTBEHHAS FapMOHHKA

E" =Fexp(—ikz),

rje aMIUIMTY[a ' OTPa)KEHHOTO MUKPOIOI0CKO-
BOH pEeLICTKOM 1071 OTPEAENACTCSA BhIPAKEHHEM
7 =R+dy. Jlna TOro 4To6bl UMETH BO3MOIK-
HOCTb ONPEIETUTH BEKTOP AMILTHTY/IbI OTpaKeH-
HOTO TOJIS 110 33JAHHOMY BEKTOPY MOJIApU3aLIMHU
a/IaloNIero 110714, yZ00HO BBECTH B PACCMOTpE-
HUE TEH30P OTPAKEHHUS

Ero snemMeHTHI BHE [TIABHOW JIMArOHAIN PaB-
HBI HYJIIO, [TOCKOJBKY PEIICTKA CHMMETPUYHA.
Eciin TeH30p OTpa)KEeHHsI H3BECTEH, BEKTOP amIl-
JHUTYABl OTPAKEHHOTO MOJIsi MOKHO HAiTH 110
dopmyne 7= RP.

3HaueHHs KOYPPHUUUEHTOB OTPAKEHUA 7, H
7,y 3ABUCAT OT (hOPMBI JIEHThI K OT COOTHOLICHHSI
pa3MepoB JICHTHI HA MEPHOJAE M JUIMHBI BOJIHBIL.
BenuuuHbl MOBEPXHOCTHOTO MMIIE/AHCa, C yue-
TOM TOTO, YTO KO3()PHUUUEHTBI OTPAKEHH MHUK-
POTIOIOCKOBOM PEMIETKH — 3TO KOMIUIEKCHbIE Be-
JIMYIUHBL, OTIPEACNAIOTCS BHIPAKEHUAMMU:

Z‘—EJ—=ZO 15677, e
H‘\' = Fex
Zo (1 ~|r [ +i21m7, ),

T 1-2Rer, + Il

F lakers
Z‘, = —= ZO _— =
1 H.\' b Ny
» foussuct (1 |, [ +i2mr, )
I-2Rer, +[r,[ '
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MHKpOl’IOIIOCKOBaﬂ JIBYXTICPHOAUYECKasA peuIeTKa u3

HEIPCPbIBHBIX KpHB()J'IHHeﬁHbXX METAJUJTHYCCKHX JICHT KaK...

Ecau noteps B IM3JIEKTPUKE MTOTOKKH HET,
TO abCOJIIOTHBIC BEIMYNHBI KO3()(PULIHEHTOB OT-
P@XKEHHUA r, W r, PAaBHBI CAMHHIE, H I0TOMY
OTIMYHOM OT HYIA MOKET GBITH TONBKO MHH-
Mas 4acThb MOBEPXHOCTHOTO mMreaanca. Jlys
pasauYHbIX 3HAaYECHUH HOPMHPOBAHHON 4aCTO-
Tol d /A BEAMYMHBI JCHCTBUTEIBHBIX W MHH-
MBIX yacTeil K03 (HUIHMEHTOB OTPaKCHHs MO-
I'yT MEHATHCS, COOTBETCTBEHHO BBI3BIBAS H3ME-
HEHMs 3HAYEHUH MOBEPXHOCTHOrO MMIICJaHCa
pemeTku. [IpUOIMIKEHHO MOXHO ONpEACIUThH

JUIMHY BOJHBI B MHKPOIIOJOCKOBOW JMHUU [10
u3BeCcTHON opmyre [5]:

A =M/ \E, ,

rae €, — 2 QexkTuBHaA AUIEKTPUUECKAs MPO-
HHUI[AEMOCTh

arg rxx

_ e+l

=

T g1
2 2/1+5h/w

r

AprymMeHThl KOMIUICKCHBIX KO3((HUIIHCHTOB
Ax

U r,, U3MEHSIOTCS PE30HAHCHBIM 00pa3om B
OKPECTHOCTH JUIMH BOJIH, KPAaTHBIX pazMepam
JeHTHl Ha nepuozne. Ecnm naparomas BojiHa
E-nonspu3oBaHHas (BEKTOp MOJsSpU3ANUKM Ha-
npaBjiaeH BAoib ocu Ox), pe3oHaHCHas JUIMHA
BOJHBI A, = 2S. Jlnist H-N0JIspru30BaHHOMN BOJIHBI,
KOT71a BEKTOP TOJIIPU3ALINN HAITpaBJICH B0JIb OCH
Oy, pe30HAHCHOM CTAHOBUTCS JUIMHA BOJIHBI
A, =S. Ha puc. 2 nokaszaH apryMeHT KOMILIEKC-
HOro Kod(pHIHEHTA OTPAKCHHS B 3aBUCUMOCTH
OT HOPMHMPOBAHHOM YaCTOTHI U1 Pa3HBIX 3Haye-
HUH aMIUIMTY/bl OTKJIOHEHHUI CPEIHEH JIMHUH 110-
JIOCKH OT npsAMoit mpu E-nonsipusanmu. Ha npen-
CTaBJICHHOM I'pa(HKe ONHUCAHHBIC PE3OHAHCEHI
pacmonoxensl B auanasone 0.5<d, /A <0.82.

/2

s
A
)
.
[
1
.
5
»
b
»
.
»
1
i
.
'
.
.
.
.
.
.
H
.
.
i
H
i
.
*
H

1
0.3

.
.
.
]
.
.
3
T
5,

E 7

0.5

0.6 0.82 dy/A

0.732

Puc. 2. Yacmommuas 3aeucumocms apeymenma KOD(!)(]’)Lll{lleilﬂl(I ompasicenHust peuemKu us 6’0.71!()06‘0(1311171,\' JaeHm

021 PA3AULHBIX ZHAYEHUL AMNAUMYObl OMKAOHeHULl om npamoti aunuu (E-nonapusayua, d, = d 2w/ di=0.05;
hap/dy =01, €=3, p=1, &,=222, a/d, =025)

kpusas 1— A, /d, =0; kpusas 2 — A

w/dy =0.05; kpusasn 3 —

A

wld.=0.15; xpusas 4— A

o ld, =025
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arg ryy

oS e

0 025 03 037041

i
'

0.6 0.71

ol SR
082 dy/\

Puc. 3. Yacmomnasn 3a6ucumocme apaymenma Kosh@uyueHma ompasicenus peuemxy U3 601Ho00pasHblx 1enm
O3 PASIUUHBLY SHAYEHUT GMNAUMYObl OMKAOHEeHUi om npsmoil iunuu (H-nonspusayus, d,=d,, 2 w/d, = 0.05;

hyp/d, =01, =3, n=1, g =222, afd, =0.25):
/d, =0; xpusan 2— A, /d, =0.05; xpusan 3 — A, /ld, =0.15; xpusasn 4 — 4, /d, =025

kpusas 1— A,

m

Taxas ke 3aBUCUMOCTD JUlsl [H-NoNsipu3aiuy 1no-
KazaHa Ha puc. 3. B 9ToM cirydae pe3oHaHChI pac-
nonokenst B mosoce 0.24<d /A<041.

Ha puc. 4 u 5 nokaszaHa 4yaCcTOTHas 3aBUCH-
MOCTh apryMEHTa KOMIUIEKCHOTO K03 pH1meH-
Ta OTPaXEHHUs PEUICTKH U3 BOJHOOOpa3HBIX
JEHT C MaKCHMaJIbHBIM OTKJIOHCHHEM OT Mps-
MOW [PH pa3iInuHbIX 3HAYCHUSIX TUIIEKTPUIEC-
KO MPOHULIAEMOCTH TTOUIOKKH U MOJISAPU3ALUH
najampuieii Boaubl. HopmupoBaHHas yacToTa
PE30HAHCOB YMEHbBIIACTCS TPH YBEIUYCHUHM JIH-
3IEKTPUICCKOW MPOHUIAEMOCTH MOIIOKKH.
JIoGpOTHOCTE PE30HAHCOB TEM BBINIEC, YEM
0osblIe COOTBETCTBYIOIIEE 3HaUeHue €,. Iloa
JN0OPOTHOCTHIO MMOHMMAETCS XapaKTEepUCTHKA
“MmONYyWUpPUHB” pe30HaAHCAa — OTHOUICHHE
f./Af, tme f, — pe30HaHCHas 4YacToTa, IpH
KOTOPO# apryMeHT KOMIUICKCHOTO KO3 GHuIH-
enta orpaxenus (=0, a Af =f, — f,, rae f|
W f, — 4acTOTHI NpH KoTophix §=+*m/2. Ha-
IpUMep, NPU HCIIOIb30BAHUM 3HAYCHUH HOP-
MHPOBAHHOMN YaCTOTHI U3 MPEACTABICHHBIX Ipa-

$uKkoB mpu €=2 MONYyYUM AOOPOTHOCTH
0=22 u Q=12 pusa E- u H-nongpusauuu co-
OTBETCTBEHHO, pu £€=3 — 0 =26 u O =14, a
B cinyyae €=4 — 0=30 u Q=16. Ha MeHb-
UIMX UIHHAX BOJH A, HAUMHAIOT MPOSBIATHCS
pe30HaHCH H0J1ee BEICOKOIO MOPS/IKa, COOTBET-
creyomme A, =4S (d,/A=0.87 nupu e=4,
cM. puc. 4) a1 E-nonsipu3oBaHHON Nanaroumei
BomHbl M A =35 (0.62<d, /A<0.84, cm. puc. 5)
Juis H-110nspu30BaHHON BOJIHBL.

B 3akimroueHHe HEOOXOAMMO OTMETHTb, YTO
MHKPOIIOIOCKOBAsl PEIIeTKa U3 HCNPEPLIBHEIX
JICHT MOXXET UMETh CBOMCTBA BBICOKOMMIICAAHC-
HOI MMOBEPXHOCTH ¥ JUISI MCHBIIUX 3HAYCHMIT OT-
HOCHTE/IBHOH 4acTOTEl d /A, YeM B paccMmor-
PEHHBIX BbILIE IpuMepax. B atom ciyyae popmy
JIEHTHI HYKHO 110100path TaK, 4TOObI yBEIHYHTD
ee JuinHy Ha niepuoze. OfuH U3 MHOKECTBA BO3-
MOKHBIX BApHAHTOB KOH(DUIYPALIMH TOIOCKH pe-
UIETKH MOoKa3aH Ha puc. 1, B. OueBUAHO, 4TO K
CHMIKEHHMIO PE30HAHCHOH YaCTOTHI BEJCT TAKIKE
YBEIHYCHUE € MOUI0KKH.

380 Paunodusuka u pagnoactporomus, 2003, T. 8, Ned



MMK]’)OI’IOJ’IOCKOBEUI JIBYXTICPHO/IHYCCKANA PCIICTKA U3 HCIIPCPBIBHBIX KpHBOHHHCﬁHbIX METAJJIMYCCKHUX JICHT Kak...

arg rxx
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i i
i
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Puc. 4. Yacmomnas 3asucumocms apaymenma kosgpuyuenma ompasicenus, peutemxu U3 GOAH000PA3HbIX 1eHM
npu L, /d, =025 0aa pasauunvix snauenuti € noorodxcxu (E-noaspusayus, d,=d,, 2w/d = 0.05;
hyy/dy =01, afd, =025 p=1)

arg ryy
T
w2
i
e=4 £=2 | ie=4 /&EQ 512\
0 1
2
2 SRR )
s 0.71 0.84
0

dy II )\

Puc. 5. Yacmomnas sasucumocmo apzymenma kosghhuyuenma ompajcenun peuiemu u3 601H00OPA3HbIX 1eHm
npu L,”/d‘_ =0.25 0na pasnuunelx 3navenui € noorodxcku (H-nonspusayus, d.=d,, 2w/d‘. =0.05;
hyp/dy=0.1, a/d, =025, u=1)
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4. 3akjao4yeHue

[TokazaHa BO3MOXKHOCTb PEajM3allii CBOMCTB
BBICOKOMMIIEAHCHOM OBEPXHOCTH Yy TIOCKHX
MHUKpPOIOIOCKOBBIX PEIIETOK M3 HEMPEPBIBHBIX
BOJIHOOOPA3HBIX JICHT B OKPECTHOCTH UX PE30HaH-
CHBIX yacToT. HeoOX0quMble YaCTOTHBIC XapaKTe-
PUCTUKHM MOXKHO MOITYUHTH N0AOHpas Gopmy JIeHT
PELICTKY ¥ 1apaMeTPhl IMIEKTPHIECKON OIO0K-
KH. 3aMETHM, YTO MUKPOIIOJIOCKOBBIE BEICOKOUM-
TeJaHCHBIC CTPYKTYPBl MOTYT MMETh OYEHb He-
GONBIIYIO TOJILMHY IO CPABHEHMIO C pabouei
JUIMHOM BOJHBI M 01arofaps 3TOMy yCHEIIHO HC-
1071b30BaThcst. OHM JOCTATOYHO MPOCTHI B M3r0-
topnenuu. [IpeuIokeHHAss MUKPOIIOJIOCKOBas pe-
LIIETKA IEPCIIEKTHBHA B KAYECTBE BLICOKOUMIIE/IaH-
CHOIl TIOBEPXHOCTHU C YIPABISEMBIMH 3JIEKTPOH-
HBIM CIOCOOOM XapaKTepUCTHKAMU, ECIU €€ UC-
[0/1530BATH C YIIPABIISIOMINUMU JHONAMH, BKIIFOYEH-
HBIMH B Pa3pbIBBI MOJI0COK.
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Microstrip Double-Periodic Grating
of Continuous Curvilinear Metal Strips
as a High-Impedance Surface

P. L. Mladyonov, S. L. Prosvirnin

The frequency dependence of the phase re-
flectance of a microstrip grating of wavy strips
is investigated using the method of moments.
The possibility of utilizing the structure as a
high-impedance surface is demonstrated. The in-
fluence of strip shape and of variation of param-
eters of dielectric substrate on frequency char-
acteristics is analyzed for normal wave inci-
dence. The possibility of electronic control of
grating characteristics is shown.
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