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38 COBMNOASHNEM 33K0HO0ATE NECTES

B Chapes MACTOBRIX KOMMYHHKALHA W aXpaHe
KNI ETYRHOMND HAENEOMA.

MHeHH A SETOROE HE BLEMNA COBNANAKT C
TOUKOH SPEHMA PE0aKUHH. 38 CONEpKaHHE
PEKNAMHEX MATEDHANOR PeNAKLIWA OTBET-
CTBEHHOCTH HE HECET.

Marepnans, omGnHROBIHHEE B XypHNS —
cobcteerHocTe OO0 <M Meawa
Nadnmwepo. MNe pensiates, WA THROBRHWE,
OyENHPOBAHHE HA CAMTAX N0 MCKAKITEA
TONBKD € PAIPELLEHNA W3 TN,

NNATA C ACTHPAHTOB 34 IMYBNHKALIMED
PYKONWCK HE BIMMAETCA

Boem BETORAM, XENOWMM BESMECTHTE
HAYH Hy$0 CTATEAD B 3y PHANE, HEo a0 MO
adOpMATE &2 COMACHO T peSoBaHWAM W Ha-
NPAEH T MATERHAME HA INEKTROHHYI0 NOTY!
HT-ESResearchv@yandexru
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HEES Resesrch - 0mH i3 BE Iy PEUSHIMPYEMBIX HBWHBE XyDHANOE, B $0TOR0M MyfnusaT ol OoH0 EHbE
HEYHHBIS PEIYNETATE OMCOCEPTALMM HA COWCKAHWE YWEHAN CTENSHH DOKTOPA W KAHAWAATA Hayk HypHan ocse-
WALT AOCTHHEHAA W NPOENeMbl POOCHACKAY MHGOROMMYHAKBLMIA, BHEARESHWE NOCHSAHME ADCTMHEHA OT pac-
NH B SETOMATHIHPOBAHHEIX CHOTEMAX YNPAENSHAA, PASEHTHE TEXHONOMHA B HHGOPMALHOHHOR De30nacHocTH,
WOENEA0ESHMA KOCMOCA, PAIBHTHE CIYTHHKOR OMO TENSEWIEHHA W HABWIALIWKH, HOCNe A0BaHKE ApKTiod. Ocoboe
MECTO B HAAAHWA YOS NEHO PE3yNBTATAM HAY HEK HOCNSNGEAHWA MO0 YEHsX B 0DNACTH C0308HWA HOBSIX
CPEACTE W TEXHONOMNA KOCMIEOKMY WCCNEO0BAHNA 3EMnM.

Hayuno-rexmyecsmin xoypHan HEES Research npegHazvadied npexpe Bosro AN cneuvanvoros g obnacm
COBPEMEHHED HHAOKOMMYHMKALMOHHER TEXHONOTHA M BETOMATHIMPOEAHHED CHCTEM YTIRAENEHHA, CRENCTE
KOCMMISCKMN HOCNEA0BAHMI 32MNH M HHBOPMALMoHHOM GesonacHocTi. B syprane mySnmeyioTon HOBOCTH O
CODBITHAK B BbILEYWASAHHED OONACTAN, PENOPTANM M MHTERERK BE MYWHK KOMMBHMA, MHEHUA CNELWANHCTOE,
HOBLIE TEXHQNOMMH, WHHOBALUWOHHE & paspaboTs, 0DOpYAOBAHNE M PLWEHMA, SHANHTHIECKHE CTATEH, MBpKe-
THHIOESI HOCEOOBAHHA M Op.

)KypHan H&ES Research BXOOWT B nepﬂlleHb BAK we CHCTE MY POCCHACKOND MHOSKCA Hayi-
Horo udmdposadda (PMHLLY, & Taiske sxnicvied &8 MesayHaponHeil knacokdivdaTap Nep aik«e ooy M3 0aHHiH
(155N 2412-1363 (Online ), 2409-5419 (Print).

TemaTvea MyENMKyEMBlx CTATER B COOTESTCTEMM € NEPEYHEM MPYNN CNEUMansHOSTER Hay-HEX paboTHHKOE
no HomeHenatype cneumansHocTei:
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* PA3EHTHE AETOMATHI HPOBAHHBD! CHOTE M YT PAENEHH A TEXHANOTHIE O0HM NPOLECaM

= Bonpocs MOCNenosaHMa koCmoca

® Te NEXOMMYHH KAUMOHHEIE TEXHONOMHA M TEXHHYECKHE HOEHHKM CHOTEM NOABHXHON CEAZM

® MNepCNeEkTH Bl PASEWTHA SAHHOMD WHGOKIMMYHHKALMOHHOMD NPOCTPAHCTES

* HonanesoBaHne paaROHACTATHOTO CONEKTRA B CHCTEMEN NOABHMHON CEASH

* AnteHno-dunepHos ofiopynosanne

s CryTHHROBOS TENSEMOSHHE, CACTEME CIyTHMKOBOR Hasrraurd, GLOMASS, nocTpoeHHe HABMFBLMOHHEIX
creTen GPS

* BONpocs PASEWTHA NEOASSHH H KBPTOrpadMK

s MnhopmaumonHan M o1 e phesonacHocTs

* Bonpocsl MECNERoBaHHA ADKTHEN

* BanoRoHHC-ONTHY on0e oG0py O0BAHHE M TEXHONOMH

s MaTtpanariyecune ofeonedsHne
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* PafoTa ome e CTBEHHBIX SCCOUN UM, PEMMOHANEHEIX H KOO ROMHH PO ONS RaTOROE

*» MpaBoBoe PeryNMpOBEaHHE HHBOKOMMYHHEALWA, 2 3K0HOATENECTEG B OONACTH CEASH

= ZHOHOMMKS CEASM, KOHES [ HUWA CETEl, YHHBEPCANEHLIS KOMMyHHKALIMK

® Buctagen, $OpyMs, KOHPSPEHUWH, CEMMHIPL, HMHTERELID (OPMIMHANGHBIE M HOBGE NPOSKT, MTOMM
DEATENEHOCTH, NPOGNEM B! OTRACIM M MyTH WX PEWEeHMA W T.A.)

PEAAKLIMOHH ARl KON ErAs

BOBPOBCK A B.W., poxrop mexnne oo Hays, gousHr

BOPWCOB B.B., poxvop rexnmie oo Haye, npadeceap, NeRcranrensHei 4NeH Skagemmm eoenHsx Haye PO
BYKO MA. goxrap réxrmecsnx naye, npadectop

EYOHWKOB C. A, qorrop rexqimesc e Hayk, oy eHT, Fefcrammens HeineH ARsgemnn medopmamsagn ob pasoesHmn
BEPXOBA LB, pacrop rexnmuammnx Hays, npadeccop

FMOHUYAPEBCK WA B.C.. gosrap rexmiscsn niy s, npodecon i, 3500 ywenHain f8 iTens Hayn W Texrmkn PO
KOMALMHEKWA BMW., goxrap rexnmecki Hays, npodeccap

KMPRAHEB ALB., goxrop resqiecnig Hays, QousHs

KYPHOCOB BM., poxvop rexduvsscsm saye, npoheccop, acafesme ADeTiuecson  Sesgesmun Haye,
uneH-roppecnongent Mexgyrapogron aragemnn nodopmansagny, akagemne MekgyHapogHan akagemmnm
afapoHel, GesonacHocn n npasanapages, DeRcren rensreii wned FoconRcron Sxafsmmn SCTECTEEHHRIX HEYE
MAHYHNOB KO.C. norrap rexHmecsin Haye, npodeccap

MOPO30B AB, aoxrap texnmseoxnx naye, npode ceop, Jehcrsnrensnai snen Axagesm soennss nays PO
MOLLAK HH., gosrop e e nays, G0 i

MPOPOK BA., poxrap rexHusetoms Hays, npadeccop

CEMEHOB C.C., qosrap TéxH SO Hays, [0 usHT

CHUHWLbIH E A, goxtap fexnmuacsnx Hays, npodeceop

LUATPAKOB KOS, garrap rexnnyacens Hays, Npodectop, Sacimy ReHH i genrens Hayrn PO

Orrgen pasesmin W pexnase Oners Oopowkesiy, avdBmedizpublsherru, ren: 89 18] 951-55-34.




HIGH TECHNOLOGIES IN EARTH SFACE RESEARCH

HE&ES Rese arch - one of leading reviewed scientific joumal inwhaom the main scientific results of the dissenation
an competition of 8 sdentfic degree of the dodor and the candidate of science are published. The journal
covers achievements and problems of the Russian infocommunication, introduction of the last achievement of
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of space researches of Earth.
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AHHOTALLA

CoBpeMEHHBIH 3TaN Pa3BUTHA MHKPOBONHOBOH TEXHHKH CBA3GH C MCNOJMb30Ba-
HHEM POMMYHBIX BHAOE METAMATEPHANOE — KOMIO 3MTHLLX MOTE@PHANOB, HE CY-
WECTBYIOWMX B MPHPOAE M OTAMYCIOLMXCA OTPHLGTENBHEIMA 3HOYEHHAMM L3~
NEKTPHYECKON M MArHUTHO M NPOHULGEMOCTH, kak no orgensHocTk (SN G - single
negative), Tak 1 ogHospemerno (DNG —double negative). B nocnegnem cnyyae
Takaa cpepa npuobpeTaeTr HOBbe HeoDkIYHEIE CBOWCTBA, O 88 NPUMEHBHHME No-
3BONAET YNPOABAATE 3AKOHOMM LUCNIEPCHM, NPENOMIEHHA W OTPOMEHMA 3NEKTPO-
MOTHHTHBIX BOMH B M3BECTHBIX 3NEKTP OAMHAMHYECKHX CTPYKTYPaX.
AHH3OTPONHLIE CBOMCTBA METAMATEPHANIA OKO3LIBAIOT PA3NMHYHOE BIMAHHE HO XO-
POKTE PHCTHKH M N PAMETPbI CHCTEM B 30 BUCHMMOCTH OT OP MEHTALMM OTHOCHTENBHO
nagaoler Bonkel. Tak WisecTed 3ddbekT oBPATHOTD PACNPOCTPOHEHHA BOMHE B
BOMHOBOAHLIX CTPYKTYPOX, KOTOPBIH NP OMCXOAMT, KOTAA NPOKOALHOA MOTHHTHOR
NPOHMLLOBMOCTE NONOKMHTENBHA, O NonepeyHas oTpuuatensHa. Mpu 3tom Ha pe-
IOHOHCHOM YOCTOTE 3NEMEHTOPHOH AYEHKHM METOMOTEPHANG BOMHOBOL MOLNEP-
MHBOET PACNPOCTPOHEHME OBPOTHBIX BOMH HHME IPOHMYHON YOCTOTH OCHOBHOM
mopel H, . B TOKOM CyuGe HHIWOA YOCTOTG POCTPOCTPOHEHMA BOMHL B BOMHO-
BOME, O, CNEN0BATENEHO, BOSMOKHOCTE YMEHBLIEHHA 8ro rabapHTHEIX PaO3MEpPOB,
ONpegenaoTed BO3MOKHOCTEIO CO3AAHMA OAHOOCHOND METAMATEPHONG C OTPHLG-
TENBHOH MOTHMTHOH NPOHHLLGEMOCTRIO B 3QAAHHOM AHANO30HE YOCTOT.

B pabore npueegeHsl pesynsTaTsl KOMMBIOTEPHOIC MOGENMPOBOHMA PACpPO-
CTPOHEHHA 3NBKTPOMArHMTHELX KONeBaHMA B CTAHAAPTHOM MPAMO YTONBHO M BON-
nosoge Tvna R32 c nonepeuneiM cevenrem 72,14 x 34,04 mm, ogHa Wa wrpo-
KMX CTEHOK KOTOPOIO BBIMOJHEHO B BUOE MOTHMTHOW CTEHKW W3 rpubosugHoro
metamatepuana. C nomowsio nporpammusx cpegers Ansoft HFSS ver.13 no-
Ny4eHB! 30BHCHMOCTH POCNPEAENEHHA NOMA NPH BO3BYKAEHHH OCHOBHOM MO
H,, xapakrepuctiks komnnexcHsix koadduumenTos oTpakenms 5 | 1 nepeao-
4M S| OT 4GETOTB M LUOrPOMMEI HONPABAGHHOCTH MIYYEHUS W3 KOHLO BONHO-
BOAA B BNHKHEN 30HE,



INFORMATICS, COMPUTER ENGINEERING AND CONTROL

38 TI0CT & gETE f&CATE I &T ITIOARETI O Ch & OB O MECIT O ITYaITH-
KAIECL, [I0CEAIEHHBE TE&OPETHUECKOMY AHAIMIY, KOMIBHOTEp-
HOMy MO &TTH OESEHEO H SECTIEPHMEHT AMBHOMY HCCT & OBAHTED
HCEYCCTESHHBIX MEPHOREME CEI0 CTPVETYD — MET AMATEPHATOE,
HA I[T0BEPXHOCTH KOTOPEI EBOINHAKTCA SKEHEATEHTHbBIE [8-
HEMHBIE YCIOEH, COOTEET CTEYIOLUHE MATEHMTHON CT EHKE.

HpeamsHOM MarHMTHOM CTEHEOH HASBIEASTCH TAKAA CTEH-
K8, HA KOTOPOH ECE TAHTeHIHANBHIE KOMIIOHeHTBI MATHHTHOIO
TIOUIA M HOPMATEHBIE KOMIOHEHTE] SEET JHME CKOTO TIONA VT a-
HAEITHE 80T ¢4 JAEHBINL HWLO.

TTpHIVE HEIT SITEHO K [P AMOYTOUIBHOMY B OTHOE Oy, B EOTO[ OM
MOTYT [ACIIP0CT{) SELATh CA B OB IS EKT P E CROTO H MATHHTHOTO
THITA, M 1A KOTOPOCO X 8pakTepHA JHCIepcid (asoBoi cRopo-
CTH, HAMMUME MATHHTHBI CTEHOK CSHAUAET, UTO EF0 SIEETPH-
e KD & 100 & MEPIIEHAHKWIAPHO TOpE: OHTATBHEIM CTEHKAM H He
3ABMCHT OT KOOPGHHAT B IDUI0 CKOCTH IIDIep euHoro cedetre. Oc-
HOBHOH BOTHOH THKOTO EOJHOBOLA, KOTOpbEl HaseEaoT TEM-
EOJIHOE Of O, AEMAeTcA T-EOmHa.

Imapmoit npofnemoit cosgeers Texoro TEM-eomsoe oga
ABMALTCA EOHCTPYRTHEHAA AT SITHA MaCHHTHOR cTermH. Ha
TI{ AETHE & MATHHTH&T CTEHNA MOKET ObITE EBIIQTHEHA HA 0 CHOES
rpeb OBMIHOIO MET SMAT B{HATS, BEOIWIHEHHOrO B BHe [IEpHO-
AEME CKHE THEEE, ©OQERUHAINEN HTEHTHMHBIE MET AILTHME CHHE
SIEMEHTBI B EMJ & PACIIPE]ENeHHBI Kle DAT &MBHBE KOHTYQOE,
CEASAHHBI EMEOCTHBIME 5830DAME, M HIMEFOI[HK I'eOMET[HIE-
CEEHE Pa3MEQBL MHOr0 MEHBIIHE {18801 HT AIIHHE] B OJIEEL.

Pacrmpegenesspl: Kaledar abHBIE KOHIYEBI METaNMAT EPHE-
JI8 €O «LTAIIE M TPHO 0B, HMEEOIEME ¢ OpRIy, TI0KOEYED HA
MATET HECERE Kpe CT, [TOKAT MBI Ha e, 1 a. KoBTrypeiMoryr 6sre
II[ B/ CT AEJI 6HBI 5K EHE ATIEHTHOH ¢X 6 MO, [T0KA3 AHHOM Ha pc. 16,
H ¢ Off epAcar[efl METVETHE HOCTE, 060 #30E AHEBIE MET ATTIEME CHH-
M HOKEAMEL ©O6AHHEHHEIME ¢ SKPAHOM, K eMEOCTH, ¢ 0 opnm-
POBBHHBIE MEEQY COCETHIME KOHTYPAME. TAKAA KOHCTPYIIHE
TPELCTARTALT ©0D O IMHMEC TIEPEads ¢ OTPHITAT eBHOH gHc-
mep e, 0BTALAKLIVEC OTPRIIATENEHON $as0E0H CROPOCTEEY B
TIOIICUEET eTbHOH MPYIIIcEof cEopocTeio. [ pH HMsMeHeHEH reo-
METPHMECEHE PRIMEDOE K EABIT M3 KOe 0 AT eNMbHBE KOHTYQOE,
00PaTVECLIED MATHHTHYE CTEHEY 3 LIET AMAT ¢[HAT A, 0 GIagaeT

Pue. 1. Tpufionsgras copyRTypa oo SUDUMIRANe rpii oy
B dopne et e Koro kpect a (A) M 00p AT ORATE e SN AT CHTHLE
HEAYET HBHOCTH H eMEOCTH MeELY t6 ¢ OCeIHMME KomnTypans (3),
rabapHTHbIe PATMEpLE OTARTSHOTO KOHTYDA (Tpuie) d = 3 o,
e=5nme g=f= 1 nmd neicora momes rpuba 6wt

cofcTEeHEOE AofporHocTEie 0> 100 M MO#ET MIMETE P &% OHAHC-
HyIC MACTOTY OT JecATBE goneif go corer T

3aneEIM paccMOT ERHOE Tprb 0B IO cTRYETYROH oty
3 LMPOKEE CTEHOK OT{ESKa CTEHTAPTHOCD IPAMOYTOIBHOTD
BONHOEofa TEa B3 2 ¢ monepespem ceverment 72,14 © 34,04 paa
M EpHTEEE choft wacToTof 2,079 I'Toy. Ha prc.2 mokas aea Mof b
TAKOH MACHKTHOH cTeHKH B Oporpanme Ansoft HFSS ver13.

Puc. 2. Mogens marppers ol cfeHEM IPAMOYT LHOT0 BOMHOBOgA

HA OCHOBE TPHOORMAHOE CTPYRTYPLI DPOTpARDE
Ansoft HFES ver 13

PesybTaTEl MOJ STHPOEAHIA KOMIIEKCHBE Ko3ch hEOmeH-
ToB orpaeHma 5 M Mepefad S, o KOBH or wacrorer mpm
EO30VAEHHH 0CHOBHOH Mogel H| B BOTHOBORHOR CIPYETYRE
© TITHY) OKOH MATHITHON CT &HEOH ) 67 CT AET MBI Ha prc. 3 (8 ).

AHATE TOTyHEHMBE Ha pee. 3 (8, §) saEHcHMOcTeH Ho-
EA3BIERET, HT0 MACTOTA OTCEMEH TAKOTD BOIHOEOLA 3AEHCHT OT
PESOHAHCHBIN CEOMCTE METAMATEDHATA M HAXOTHTCE BOITHIE
4 I'Tr, roe pACCMATPHE aEMad = eKTPORHEAMETIE CKad CTEYETY-
Pa MOEET BERIIOIEATE GVHIITHH BOTHOEOAHOTD {)&#ERTOPHOTD
(romTpa, obecnemEaronero saryrarne 21-24 gF mpm nepeee
TIoITo Bl 3arpasg ek He xysce 500 M

[T 0SATHIHYEM Oames MIOTYHEHEDRIE TARICKE B [T OCP aMIE
Ansoft HFSS verl3 u noxasaremie prc. 4 (a, 8) — 6 (a, 6, E),
3D-3aBHMCHMOCTH PACIIPEf T eHHA [I07IE M JHACDAMMEL HAIDAE-
JIEHHOCTH FMTYHEHHT H3 KOMITA PAcCMATRMEASMOTD EOTHOE D/,
TIOTYEHHBIE B OImceded soHe Ha wactorax 4,0 —4,6 [T

PesgIsT aTBI KOMITBIOT EPHOTD MOFemHpoE e 30 -xapakrte-
PHCTHE PACTIPEENeHMT [IOME HADIATHO AeMOHCTEHMPYIOT MH-
HEMATLHOE 3ATYX aHMe Eomebarrot Ha wmerore 40 IT o ero
BRICTIBIE POCT ¢ VEEMECEHIEN SACTOTEL "STOT (ECIHTE CRMET Ipo-
Lece MONTEEPAACTCE TARKE SETATESOM [MATPANM HAPARTIEH-
HoeTH. Tak Ha uwactore 4,0 1 HafiEegacT 4 OME JETECTOK ©
MAKCHMATBHOMN HETeHCHEHO CTBE FIWTY S ELL, HawacTore 4,3 [Ty
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Abstract

The current stage of development a technology is assodated
with the use of different types of metamaterials — composite
materials that do not exist in nature and charaderized by neg-
ative valves of permittivity and magnetic permeability, both
separately [SNG - single negative) and simulianeously [DNG
doublenegative). In the latter case, such an environment media
new unusual properties, and its ap plication allows you to con-
trol the laws of dispersion, refraction and reflection of eleciro-
magnetic waves in elecirodynamic structures known.

The anisotropic properties of a metamaterial have a different
impact on the characieristics and parameters of systems
depending on orientation relative to the inddentwave. As well
known, the reverse effedt of wave propagation inawaveguide
structure, which occurs when a longitudinal magnetic permea-
bility-positive, and transverse magnetic permeability- nega-
tive. Thus at the resonant frequency of the unit cell of the meta-
material waveguide supporis propagation of backward waves
below the cutoff frequency of fundamental mode H10. In this
case, the lowest frequency wave propagation in the wave-
guide and, consequently, the possibility of redudng its overall
dimensions are determined by the possibility of creating a uni-
axial metamaterial with negative magnetic permeability in a
given frequency range.

The paper presents the results of computer simulation of elec-
iromagnetic wave propagatfion in a standard rectangular
waveguide R3 2 type with the cross-section72,14x3 4,04 mm,
one of the wide walls of which are made in the form of the
mushroom-shaped metamaterial magnetic wall. Using soft-
ware Ansoft HFSS ver.13 the dependences of the field distri-
bution during simulation of the fundamental mode H10, the
characteristics of the complex reflection coefficient S11 of the
frequency and the directional diagram from the end of the
waveguide in the near zone are obtained.

Keywords: rectangular waveguide; mushroom-shaped
metamaterial; magnetic wall; dispersion.

References
1. Engheta M., Ziolkowsky R.W. Metamaterials - physics and

For citation:

engineering exploration. Danvers, John Wiley & Sons Inc,
2006.414p.

2. Baosharin AA, Balobukha NP, Semenenko V.N.,
Menshikh N.L., Petrin A. (Ed). Metamaterial waveguides and
antennas, in “Wave propagation” . InTech. 201 1. Pp. 241-266.
3. Balobukha M.P, Basharin A.A ., Semenenko V.M. The effect
of backward radiation of eleciromagnetic waves from the
waveguide siructure of the metamaterial. JETP Letters. 2009.
Vol. 89. No. 10. Pp. 593-5%8. (In Russian).

4. Hrabar 5., Bartolic J., Sipus Z. Waveguide miniaturization
using uniaxial ne gative permeability metamaterial. IEEE Trans.on
Antennas and Propagation. 2005. Vol. 53. Mo. 11. {In Russian).
5. Kukharenko 5.A., Yelizarov A.A. Analysis of the physical
features of metamaterials and frequency-selective microwave
devices based on them. T-Comm. 2015. Vol. 9. No. 5.
Pp. 36-41. (In Russian).

6. Kukharenko S.A., Yelizarov A.A. Methods for Extension of
the Rejection Band of Microwave Devices on the Basis of
Planar Modified Mushroom-Shaped Metamaterial. Journal
of Communications Technology and Electronics. 2014.
Vol.61. No. 2. Pp. 204-210. (In Russian).

7. Patent RF 257 1385 C1. Decoupling filler on metamaterial.
Yelizarov A.A., Kukharenko S.A. Declared 29.08.2014.
Published 20.12.2015. Bulletin No. 35 p. {In Russian).

8. Boyko S.M., Yelizarov A.A., Zakirova E.A., Kukharenko
A.S5. Aktual'nye problemy elekironnogo priborostroeniya
APEP - 201 4: materialy Mezhdunarodnoy nauchno-tekh-
nicheskoy konferentsii [Proceedings APEDE-2014 confer-
ense]. Saratov, 2014. Vol. 1. Pp. 218-225. (In Russian).

9. Yelizarov A.A,, Kukharenko S.A. SWCh-tekhnika i tele-
kommunikatsionnye tekhnologii (KryMiKe 2015): materi-
aly 25-y Mezhdunarodnoy Krymsk oy konferentsii [Crimean
conference "Microwave and telecommunication technalogy
(CriMiCo 2015)"]. Sevastopol, 2015. Vol. 1. Pp. 586-587.
{In Russian).

10. Yelizarov A.A, Kukharenke S.A. Problemy SVCh-
elekironiki MIEM NIU ¥ShE - "Innovatsionnye resheniya"
Keysight Technologies: trudy Il Vserossiyskoy nauchnoy kon-
ferentsii. [Proceedings Il Russian scientific conference
"Problems of Microwave Elecironics" MIEM HSE -
"Innovative solutions” Keysight Technologies]. Moscow,
2015.Pp. 45-48. (In Russian).

Information about authors:

Yelizarov A.A., Ph.D., professor, National Research
University “Higher School of Economics”;

Mazarov V., Ph.D., associate professor, National Research
University “Higher School of Economics”;

Kukharenko A.5., Ph.D., head researcher, Branch of “United
Rocket and Space Corporation” “Institute of Space Device
Engineering”.

Yelizarov A.A., Mazarov L.V, Kukharenko A.S. Rectangular waveguide with a magnetic wall of the mushroom-shaped met-
amaterial investigation. H&ES Research. 2014. Vol. 8. No. 5. Pp. 50-56.

56 FOEMEME T




