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[Ana pacueTa nepefaTtoyHbIX XapakKTepPUCTUK MeTaIMYECKUX PeLleTOK C NPSAMOYro/ibHbIMU MepemMblyKamm
npeasiokeHbl ABe aHa/IMTUYEeCKe MOAENN, 6asnpyoLLMecs Ha TeopuKn pacnpocTpaHeHns 31eKTPOMarHUTHbIX BOSH
B MUKPOBOJIHOBbLIX MHOIOMOJIIOCHUKAaX C HEOAHOPOAHOCTAMWN. Pe3ynbTaTbl TEOPETUYECKMX PACYETOB B AMarnasoHe
110...170 T, cpaBHUBAKTCSA C A@HHbLIMW 3KCMEPUMEHTaSIbHBIX UCCNeA0BaHUIA CTalbHOW peLleTKu ¢ neprogom 100 MKM.

KOSCb(bVIU'VIGHT nepenayn, ogHomMmepHasa nepnognyeckas CTPpykKtypa, naockasa annieKTpoMardHntHasa BOJIHA,

nonAapunsaumna

dneKTpoanHaMmnyeckne XapakTepucTukKuM OJHO-
MEpPHbIX MepuoAnNYecKUX CTPYKTYp, K KOTOpbIM, B
YacTHOCTH, peleTKkn
(MP), npumeHsemble B npmbopax
yrnpaeneHuns napameTpamm afIeKTPOMarHuUTHbIX (M)

OTHOCATCA MeTanindyeckme

pPas3/INYHbIX

CUrHanNoB, BO MHOIOM 3aBUCAT OT TEXHONOIMNU NX N3-
rotoeneHunsa. K npumepy, MP ¢ Kpyrnbimn nepemMblyka-
MW, NpeacTaBnsAloL e coO60M CUCTEMY MPOBOIOYHBIX
3/IEMEHTOB, pasmellaemMblX B OAHOW MJOCKOCTU U
HaTAHYTbIX Ha MeTa/l/IMYecKyl pamKy,
yXe [aBHO U A58 UX pacyeTa NCNOb3YTCA XOPOLLO

N3BECTHbI

3apeKoMeHJ0BaBLUVEe cebs aHaMTUYeckue noaxoap [1].

MP c npsAMoOyrosibHelM1U NepeMbliikamMmu opmu-
pyloTCa 60 Ha AW31EKTPUYECKO OCHOBe MO Tex-
Honormnm otonutorpadum, NM60 AUHaAMUYECKNM
TpaBneHMEeM TOHKUX MeTal/IMYecKUxX MnacTuH. Pe-
WeTKN BTOPOro Tuna Hambonee BoOCTpebOBaHbI B
HacTosiiee BpeMms, U A1 UX pacyeTa paspaboTaHbl
camMble pa3Hble MeToapbl.

Mpu NpeHe6pexnmMo Masnoi ToNWuMHe MeTanau-
3auunmM Takux CTPYKTYp 418 UX pacyeTta B psge cny-
YaeB MOTYT ObITb MPUBEYEHbI aHaNIUTUYeCcKne co-
Ha OCHOBe MOAUPULUPO-
BaHHbIX popmyn Jlamb6a [2]. OgHako Yauie BCEro MO-

OTHOLWEeHUs, Hanpumep,
LenupoBaHMe nepefaTovHbIX XapaKTepucTuK u pac-
npegeneHnihi AM-nona B 6/MKHEN W AanbHeln 30Hax
MP ocyuiecTBniseTc MeTO0M KOHEUYHbIX 3/1IEMEHTOB
(M K3) n metogom KOHeuHbIX pasHocTeii (M KP) Bo
BpemMeHHoW ob6nactu [3].
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O4HUM N3 OCHOBHbIX NpUMeHeHUn MP ABNAOT-
CSl CeTOYHble NoApM3aToOpbl, BXOAALLME B COCTaB aH-
TEHHbIX MepeknyaTenern pagnonoKaLoHHbIX CTaH-
LM MUKPOBOJIHOBOIO U TeparepLieBoro AmManasoHoB.
KoathdpmumeHT kavyecTsa Nnonspmusaunm B HAX OLEHU-
BaeTCA KaK OTHOLWeHUe KOoaph(hULMEHTOB nepenayn
3M-BO/H ¢ E- n H-nonapwunsauvein.

B [4] npeonoxeHa ABymMepHas 4mcneHHas Mo-
Jenb NokanbHoro yyactka MP ¢ nepnogmnmyecknmm
ycnosuamu ®noke Ha rpaHmuax o6s1actu onpeneneHns.
Takas mMofenb MOXeT 6blTb MOCTPOEHA C MOMOLLbIO
M K3 wn nos3songer nonyyatb [OCTATOYHO TOYHbIE
pesynbTaTbl aHanM3a NpoLeccos paccesHUs 3M-BOIH
¢ E -nonapusaymeii. NMpu NoBOpOTe BEKTOpa Hanps-
XXEHHOCTWN 3aneKTpuyeckoro nonsa Ha 90° (npwu H-no-
napusaynmn), Takaa Mmogesnb, Kak rnokasaam uccnepno-
BaHMS aBTOPOB, OKa3blBaeTCsA MaionpurogHoi. bonee
TO4YHble pe3ynbTaTtbl pacyeta MP gna cnydada H -no-
NApU30BaHHbIX M -BOJIH MOJIyYeHbl C NMPUBIEYEHUEM
TpeXMepHOW uYncneHHow mogenu Ha MKP Bo Bpe-
MEHHOMN ob6nacTtu, KoTopas npeacTaBnseT cobow oT-
pe30K CBepxXpasMepHOro KesagpaTHOro BOSIHOBOAA C
ON3NEKTPUYECKMMM BCTaBKaMWM Ha MeTaNINnyeckKux
CTEHKax, B KOTOPOM pasmellaeTca ofHOMepHas rne-
punoaunyeckas cTpyktypa [5]. JaHHas Moaesnb yUYnUThbl-
Basnia Bce pasmepbl MP u uncno nepembiyek N. O6-
Liee KO/IMY4eCTBO 3N1EMEHTOB TPEXMEPHOW KOHEeYHO-

pPa3HOCTHOW ceTKu cocTaBuno 6onee 1.5 <106, a Bpems
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cyeTa COCTaBWM/IO HECKOJIbKO 4acoB. CTO/b BbICOKME
BblYNC/INTE/IbHbIE 3aTpaTbl HE MNO3BOJIAT MCMO/b30-
BaTb 3Ty MOAe/b A1 peLeHns 3aga4m onTuMmnsaLmnn.

Taknm o6pa3omM, 418 NoBblWeHNs 3thHeKTUBHOCTHU
MaTteMaTnyeckoro MoAenmMpoBaHUs MNPOLEeccoB pac-
ceaHna SM-BOMH Ha MP C NpsAMOYroJsibHbIMU Mepe-
MblYKaMU Heo6XoAnMbl NGO aHanuTuyeckme, Mo
KOMOWHMPOBaHHbIE YMCNIEHHO-aHaTIMTUYECKNE NOAXOAb,
obecneuyvBaloLLMe [0CTATOYHYKO AN NPaKTUKN TOu-
HOCTb aHanusa NpPU MUHUMaNbHbIX BbIYUNC/IUTENbHBIX
3aTparax. Npumepamu Takmx rnoaxonos MOryT CNYXUTb
aHanMTuyeckme mogenu, ofHa 13 KOTOpbIX 6a3vpy-
eTCcsl Ha MeToAge 3KBUBAJIEHTHbIX cxeM [6], a BTopas -
Ha MeToAe cornacoBaHWst Mof, B NMPUGIMKEHUN KBa3u-
T-BoNH [7]. OgHako obe Moaenn MMEeKT CyL,eCTBEH-
Hble OorpaHuyeHus. B cBfA3n ¢ aTUM nouck 6onee ag-
(heKTUBHbIX NOAXOA0B K PELEeHNI0 3a4a4m paccesHus
#-nonspusoBaHHbIX 3M-BO/IH Ha MP c nepemblyKa-
MW  pasnMYHON  POPMbI aKTyaslbHbIM
HarnpasfieHNeM nccnegoBaHNi B 3To obnactu.

Ha puc. 1 npeacrtaBneHa KoHgurypayma MP c
NPSMOYro/fibHbIMU MepeMblYKamMn, Ha KOTOpyl naga-

ABNdAeTcA

eT nnockaa O3M-BOJIHA, BEKTOP HaMNpPsXXeHHOCTU
91EKTPUYECKOro NOA KOTOPOW Hanpas/ieH BAOMb OCU X
("-nonapusaymns). lMepepaToyHble XapaKTepPUCTUKU
MP onpegensioTca ee pasmepamMmu:
weTkn d, WUPUHOA W M BLICOTOW L Mepembluku, a

Takke TOMILLMHON MeTasim3auumn t. AHanms npouec-

nepuoaom pe-

COB paccesHUa NpoBeAeH ANA cryyas HyneBoro yrna
nageHus NI0CKON BOJTHbl M KOHEYHOM NPOBOANMOCTH
MeTan/IM4YecKnX 3NeMeHTOB KOHCTPYKL WU, U3roToB-
NEHHbIX N3 cTaNbHOro cnsiasa 47HXP.

Mpu pacnpocTpaHeHUU BAOMIb OCU z MJIOCKas
9M-BO/IHA 4YacTU4YHO oOcnabnseTca pelweTkonW, Mo-
3TOMY HanpsXXeHHOCTb 3/1IEKTPUYECKOro MNoss Heno-
CpeLCTBEHHO Nepep, peLleTKOM HECKONbKO Bbille, YeM
3a Hel. [1na yyeTa 3TOr0 M3MeHeHUs Nonsa B 6NKHeEN
30He BBeEM B PacCMOTPEHME NOKaNbHYI0 aveiiky M P
B nsiiockocTtn X0z ¢ yueToM ANNHBI NepeMblYeK BAOSb

ocny (puc. 2). 3TOT AYeliKe MOXHO MOCTaBUTb B CO-
OTBETCTBME MOZESb, OMUCHIBAIOLLYIO pacnpocTpaHeHue
3M-BO/IH B OAHOCTyNeH4YaToM TpaHcgopmaTope [8].
B kauyecTBe BOJIHOBeAyLUMX CTPYKTYp TpaHcihopma-
Topa Bbl6epeM MAOCKO-MapannenbHble BOSIHOBOAbI
(MNB) c pasmepamu Mexay MmetTaninyecKMmMmn cTeH-
kamun: q (MMNB1), S = d —w (MNB2) nd (MNB3).
VIX BO/THOBblIE COMPOTUBEHMS:

Z1=120%(qg/L); Z2 =120%(s/L); Z3 =120%(d/L).

Pasmepbl Bcex Tpex MIMB BAONb ocu X Bbibepem
Tak, 4To6bl BbINOMHANOCL ycrioBMe s/d <qg/s <1.

Haiigem KoappuUMEHTbI OTPAXEHUs OT CTbIKOB
BO/IHOBO/10B:

R =722—71. R =2723—-22
1 z2+v 2 Z3+272
Torga o6WMiA  KO3I(PEPULUMEHT OTPaXKEHUA B

TpaHcgopmatope [8]:

R = R1+R2exP (2I'fy (D
1+RIR2 exp (—2jfy )

raoe Q =2nt/X - afnekTpuyeckas ANMHA CTYMEHbKU

TpaHchopMaTopa, npuyem X - AMHA BOJHbI Najako-
uero Ha M P nanyyeHus.

[anee, ucnonb3ys gonyuieHne U3 Teopun Masnblix
oTpaxeHuii [8], MoxHo ynpocTtuts (1):

R =R1+R2exp(—2j%).

Moaynb KoahuumeHTa nepegaqn onpenensercs
cnepyrLwM o6pasom:

\N\=V1—R]2 . )

JloKanbHY fYeWKy Ha puUC. 2 MOXHO TakKxe
npeactaBuTb Kak nuHuio nepegayun (J1IM) c asyms
HeogHopoAHOCTAMU B BMAe CTbikoB [1T1B, paccmoT-

peHHbIX paHee. Ecnn 0603HAYNTL MNafalollylo Ha

BXO[, fiYeiKM MOLLHOCTb KakK P\, a MOLLHOCTb, Mpo-
weawy B 0651acTb LWENU, KakK P2, Koah@uuMeHT

nepegavynm Takoro ynpouweHHOro 4yetblpexnosrnCcHMKa

cocTtaBnseT |% | =n/PyP] .



Janee 3M-BO/IHa, pacnpocTpaHsasack BAOMb OCU Z,
YyacTUYHO 3aTyxaeT B 061acTn 2 (pUc. 2) No 3aKOHY:

p =P2exP(-2at),

rge a - KOapuymeHT 3atyxaHus.

HakoHel, Ha Bbixogde W3 A4Yelku (puc. 2) IM-
MOLLLHOCTb [OMNOMHUTENIbHO CHMXaeTcsa 3a cyeT OT-
paxeHusa oT cTbika MMNB2 n MMB3:

P3 =p exp(-2a?)|

MonyyeHHOE COOTHOLIEHNE 3KBMBAJIEHTHO Bbl-
paxeHUo Ans pacuyeta 3MPEKTUBHOCTM Mepeaaqn
MOLLHOCTW B Harpysky B /1M, npuesegeHHomMy B [9].

BHOBb MCMOMNb3ys TEOPUID MaslbiX OTPAKEHWUIA,
3anueM WTOroBOe ypaBHeHMe AN pacyeTa Koad-
hmumneHTa nepegaqn:

T =|S212exp(-at), (3)

roe

120%(d - w)’

npuvyem Rs =yj%fuo/cr - NoBepxHOCTHOE COMPOTUB-

neHmne (LI.O - MarHmtHas noCTOoAHHasA, O - 3JIEKTPO-

NPoOBOAHOCTbL MaTepuasna peLeTkm).
[Ana NpoBepkKn TOYHOCTU aHaNUTUYECKUX Mopae-
neii (2) wn (3) 6biNa

n3roToesieHa wu3 crTaaum

(ct=1.1<106 CmM/M) MP c pasmepamn: d = 100 MKM,

w =20 MKM, t=50MKM 1 L =21 MM U1 C MOMOLLbIO

110 120 130 140 150 160 f Ty

f =110..170Ty. W3mepeHna nposoauanucbL Npu

pasmelieHn M P Ha cneumansHOM AepXaTesie B CBO-
604HOM MPOCTPaHCTBe. Pe3ynbTaTbl TEOPETUYECKUX U
3KCMEepPUMEHTasNbHbIX WUCCNeA0BaHUIM MNOKasaHbl Ha
puc. 3. KpnBasa 1 oTob6paxaeT pe3ynbTaTbl 3KCMepu-
MEHTa/IbHOTrO MccnefoBaHUsl, MapKepaMmy 2 MoKasaHbl
pesynbTathl pacyeToB no (2), Mapkepamu 3 - pesysib-
TaTbl pacyeTtoB no (3).
BUAHO, YTO Mogenb (2) onpeaenseT HUXHIOW, a Mo-

M3 nonyyYyeHHbIX OaHHbIX

aenb (3) - BEpXHIOK rpaHuuy 3asmcumocTtn T (f ).

B HacTosel cTaTbe C MpPUBAEYEHMEM Teopuun
CBY-ueneli NOCTpPOEHbl ABe aHa/IMTUYECKME MOAENUN
ONA OUEHOYHbIX pacyeToB 4aCTOTHbIX 3aBMCUMOCTEN
koahuumeHTa nepegadm MP ¢ NpAMOYrosibHbIMUK ne-
pemblykamMy, rnokasasllve XOopoLlee CoBMafeHue C 3Kc-
nepvMeHTasIbHbIMU AaHHbIMW. O6e mMoaenu 6a3npyroT-
CA Ha AOMNYLLEHUN O MasiblX OTPaXEHUAX B MUKPOBOJI-
HOBOM MHOTFOMOJ/IIOCHUKE N SABNAKOTCA NPUGIVKEHHbI-

Mu. Bnarogaps NPocToli peannsaumm OHU MOTYT GbITb

BEKTOPHOTO aHanusatopa uenei hrpMBI YCMELWHO MCMOo/b30BaHbl A1 PEEHNA He TOJIbKO 3a-

"Rohde&Schwarz" npoBsefeHbl U3MepeHns ee nepe- haun aHa/IM3a, HO 1 3a4a4v oNTUMU3aLnn O4HOMEPHbIX

[aTOYHbIX CBOWCTB B  4acTOTHOM  AManasoHe rnepnoanyecknx CTpyktyp B guanasoHe 100...200 I'Tu,.
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Experimental and Analytical Evaluation of Transmission Properties of Millimeter Wave Range

Metal Grating

Abstract. Metal gratings (MGs) with rectangular lamels based on the technology ofjet etching of thin metal plates are
widely used in different polarization devices of microwave and terahertz engineering. Numerical methods of mathematical
modeling or direct measurements are employed for their analysis. Sometimes in case of H-polarization, analytical ap-
proachesfor evaluation of transmission characteristics of such gratings can be taken. However, the accuracy of the most of
proposed similar models depends essentially upon sizes andfrequency ranges.

The present article provides both theoretical and experimental research of transmission characteristics of MG with
fixed size illuminated by plane electromagnetic wave with H-polarization. Two analytical models are utilizedfor preliminary
evaluation of MG parameters. One of them determines the top limit of T(f) variations, where T is transmittance andf isfre-
quency. The other model determines the bottom limit. The given models were implemented in assumption of small reflec-
tions in microwave network. MG size defines one of the restrictions on their application.

Key words: Transmission Coefficient, 1D Periodic Structure, Plane Electromagnetic Wave, Polarization
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