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YnpasasaeMblH pa3BeTBHTEIb HAa OCHOBE
NIAaHAPHOIO FHIEPOOIHYECKOro MeTaMarepHaaa

IIpeomem u yenv pabomot. Co30an u UCCIEO06aH PA3EEMEUMENb CEEPXBLICOKOUACIOMHOU BOIHbL HA OCHOBE NIAHAPHOZO 2U-
nepbonUUecKo2o Memamamepuana ¢ 0egpekmom 6 cmpykmype. B nianapuvix eunepbonuteckux Memamamepuaiax co30arnmecs
VCI08UsL, NPU KOMOPYIX pacnpocmpansiouasncs snekmpomazuumuas (OM) eonna kananuzupyemes 6 onpedeieHHoM Hanpagie-
HUU, 3a8UciujeM Om napamempos memamamepuana. Paseemenenue 60wl 603modcHo npu co30anuu oeghekma 8 nepuoouyeckoll
CMpYKmype 6Hympu Memamamepuand, om Komopozo 6y0em Ompaxcamvcs yacms nadaioweli 6onHel. IIpu usmerenuu npo-
CcmpancmeenHoll opuenmayuyu degexma omuocumenvro nadaioweti IM-6onHbl usMeHsemcs HanpasieHue pacnpPoCMpaHeHus
ompagicennoii IM-eonnbl. Takum obpazom 6 paccmampusaemviii pasgemeumen MO*CHO BHEOPUMb YNpasieHue pacnpocmpa-
HeHueM 60/IHbl.

Memoowvt u memooonozus padomst. /[isi Onucanus BOHUKHOBEHUs OegheKma 8 NIAHAPHOM SUNEPOOTULECKOM Memamamepu-
ane npuMeHeHa meopus yeneii, KOmopas Cé:A3vl8aen MamepuaibHvle Napamempbl ¢ IKEUBALEHMHBIMU eMKOCIAMU U UHOYKIMUG-
HOCMAMU 6HYMPU IIeMEHMAPHOU AYelKU, 3A6UCAIUE OM NAPAMEMPO8 MUKPONOLOCKOBOU IUHUU U KOHOeHcamopos. HsmeneHue
J1106020 napamempa yenu SHYmpu NeMeHMapHoll A4eUKY NPUBOOUN K USMEHEHUIO MAMEPUANLHBIX NAPAMEMPO8 SMOU AYeUKU,
Oenas ee deghexmmoil. [egpexm co3daemcs 3a cuem usMeHeHus emMKOCmU KOHOEHCAMOopos8 8 3a0aHHOM psaoe dNeMeHMAPHbIX
AYeeKk NIAHAPHO20 2UNepOOIULECKO20 MEMAMAMeEPUdNa — mem CamblM 0OCMUAemcs YNpasieHue pasmepamu U npoCcmpan-
CMBEHHBIM PACHONONCEHUEM 0epeKma OMHOCUMENLHO PACHPOCIMPAHAIOWENCs 60HbL. [t NOOMEEPHCOEHUS YUCTEHHOU MOOenU
pacnpocmpanenuss IM-601Hbl BHYMPU NIAHAPHO20 2UNEPOOTULECKOZ0 MEMAMAMEPUANA ¢ OeheKMOM MemoooM AKMUEHO20
30HOA NOLYYeHbl pacnpedereHust NoJisi HA0 NOGEPXHOCHbIO Memamamepuaa 0Jisi mpex ciyuaes — 6e30epekmnozo u 08yx oegex-
moe pasnuuroli opuenmayuu. Jia 66edeHus dNeKmMpoHHO20 YNpasienus npeondeaemcs 3aMeHunmb 6 dNeMEeHMAPHbIX AUEUKax
KOHOEHCamopbl 6apaKmopamu.

Pesynvmamur pabomur. Pacnpedenenus nonei nokasanu, Ymo 0eQexm yacmuyHo ompaxcaem naoaowyio na nezo IM-eon-
HY, KAHATUSUPOBAHHYIO 8 NIIAHAPHOM SUnepooIudeckom memamamepuane. Hzmenenue yana pacnonoxcenus oeexma usmersem
V20l OMpadicenHoll 6onHbl. Ymobsl snemenmaphas ssuetka cmana oegpekmuoil, 00cmamouHo usmeHums emkocns 6 el na 20 %,
Umo 8NoHe peanu3yemo 6 COBPEMEHHbIX 8APAKMOPAX.

3axntouenue. Paccmampusaemviitl nianaphulii 2unepboruieckui memamamepuai ¢ 0eghekmom cmpykmypol npumMeHum OJis
coz0anust ynpaeisiemvlx pazeemeumeneti IM-eonnvt. Hn. 3. Bubnuoep.: 9 nass.

Knrwuesvie cnosa: nﬂaHaprn? zunepGOJluquKuzZ memamamepudail, dN1eKMpPOMACHUMHAA 60JHA, MUKPONOJI0CKO6As JIUHUS, PA3-
eemeumeiln.

[Inanapuaple THUMEpPOOTMYECKHE MeTamMarepuaibl B MPOCTPAHCTBE BOJIHOBBIX BeKTOpoB [1, 2]. Oto
UMEIOT Takylo (opMy TEH30pa JUDIIEKTPUUECKOH  MPHUBOIUT K TOMY, UTO pacIpeiesieHHue SJIEKTPo-
WIA MarHUTHOW TNPOHUIIAEMOCTH, YTO TIpadWK  MAarHUTHOTO MOJS B TUIOCKOCTH JAaHHOTO MeTama-
JUCTIEPCUOHHOIO COOTHOILIEHUS KOMIIOHEHT BOJ-  TepHaja JUld OINpPESIEHHOTO IUana3oHa 4acToT
HOBOTO BeKTOpa mpuobperaeT ¢popMmy rumepOoiasl  MMEET pa3pellieHHbIE U 3alpelleHHbIe TPOCTPaH-
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CTBEHHBIE O0JIACTH PaclpOCTpaHEHHS. JTO CBOM-
CTBO JIeNlaeT Mo00HbIe MeTaMaTepHalIbl TePCIIeK-
TUBHBIMH JUISI CO3JJaHHSI HA UX OCHOBE JIEMEHTOB
CHCTEM, TJ€ €CTh HeOOXOIUMOCTh YIPAaBIATh Ha-
MIpaBJI€HUEM PACIIPOCTPAHEHHUS BOJIHBI B IIIOCKOC-
TH. B KauecTBe npuMepa MOXKeT ObITh MPEIIOKEH
BEHTWJIb, B KOTOPOM TIPOXOXKJEHHE 3IEKTPOMAr-
HATHON (OM) BONHBI M €€ WHTEHCHUBHOCTH 00-
paTHO TPONOPHHOHAIBHEI BEIMYHWHE AKTHBHBIX
noreps B MeTamarepuaie [3]. Kpome toro, Ha oc-
HOBE TUIAHAPHOTO TUMEPOOIMYECKOTO MeTamaTe-
puaia Takke MO)KHO CHHTE3HpOBaTh JIEBOCTOPOH-
HIOI0 cpeny [4]. Ha mpaktuke peanu3zaius nomo0-
HOTO MeTaMarephalia B MHKPOBOJHOBOM JHara-
30HE BO3MOKHA Ha OCHOBE MHKPOIIOJIOCKOBBIX
JUHUM W 3J€MEHTOB IOBEPXHOCTHOTO MOHTa)a
[2]. pocrora co3maHusi MOJOOHOTO MeTamare-
puana no3BoJIIeT KOHCTPYHPOBATh HA €T0 OCHOBE
MHOXeCTBO ycTpoicTB CBU-TexHuKH.

OmHAM W3 TaKWX yCTPOWCTB SBISETCS Pa3BeT-
Burens CBY-Bomubr [5]. CoBpeMeHHBIE pa3BeT-
BUTEJIM HM3TOTABIUBAIOT B IUIAHAPHOM HCIIOJIHE-
HUU C LEeIbI0 X MuHHariopuzanuu [6]. C momo-
LIBI0 JJIEMEHTOB JJIEKTPOHHBIX LENEH BO3MOXK-
Ha peau3alys MepeKIIOYCHAS MEXy JTHHHIMA
pasBerBuTena. OOHAKO CYIIECTBYIOIIHE pa3BeT-
BHUTEH HE 00ECTIEYMBAIOT PAa3BETBICHHE BOJHBI C
MIPOM3BOJILHO YIPAaBIsieMbIM HarpaBieHuem. s
CBY-ycTpoiicTB, T/e CYIIeCTBYET MOA00HAs HE00-
XOOUMOCTb, TpeIIaraeTcsi BapHaHT peau3aluu
maHapHoro pasBerBurenss CBUY-BonHbl ¢ mpo-
M3BOJIBHO M3MEHSEMBIM HAaIpaBJIeHHEM Ha OCHO-
B€ IUIAHAPHOTO THUIEPOOTUIECKOTO METaMaTepH-
ana ¢ JeEeKTHBIMU DJIEMEHTAPHBIMU SUYCHKaMU B
CTPYKTYpE.

1. Metonuka s3xcnepumenta. Hamu 6bu1 unc-
JIEHHO CMOJICIIMPOBAH M TEXHUYECKU Peasln30BaH
IJIaHAPHBIH THIEPOOTNICCKHA MeTaMmarepuan B
BHIE CTPYKTYPHl H3 IEPHOAWYECKH ITOBTOPSIO-
IIUXCS DIIEMEHTapHBIX staeek (puc. 1, a). Ha gac-
tote 4,4TT1 pasmep d saeMeHTapHON SUCHKH
pa3pabareIBaeMoOil CTPYKTYphI JOIKEH OBITH MHO-
IO MEHBIIIE JUTHHBI BOJIHBI A, paCIpOCTPaHSIOIICH-
csl B HEW, IUIsl TOTO YTOOBI BCA CTPYKTypa TEpH-
OJIMYECKH PACIIONIOKEHHBIX IEMEHTAPHBIX TUEEK
npuoOpera CBOWCTBa MeTaMarepuaia. MUKpomo-
JIOCKOBBIE IMHUU C KOHAEHCATOPaMH, COTIaCHO Te-
OpHH IIENeH, IPEICTABISAIOT COOO0H COCPEIOTOYCH-
HbIe MHIYKTHBHOCTH W €MKOCTH. B pamkax Teo-
pUHM MeTaMaTepHaioB TEH30PHI AMAIEKTPUIECKOM
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BBox OM-BOHEI

0

Puc. 1. ®ororpaduu maHapHOTO ruNepOOINYECKOTO MeTa-
Marepuaia (@) 1 S9KCIIepUMEHTaIbHON YCTaHOBKH (0)

Y MarHUTHOM POHHUIIAEMOCTH MOT'YT OBITh OTTHCa-
HBI Yepe3 COCPEeNOTOUCHHbBIE 3JIEMEHTHI Lienu [7].
B Hamem ciydae TunepOOTMYIHOCTD JOCTUTAETCS
3a CYET pa3HOCTH 3HAKOB KOMIIOHEHT TSH30pa Mar-
HUTHOW NMPOHULIAEMOCTH.

Ha uccnenyemoit yactore il MOTydCHHs 3HA-
YEHUI KOMIIOHEHT TEH30pa MAarHUTHOW MPOHHUILIA-
eMoctTi U, =1 u Uy = —1,11, cornacHo [4], ObLTH
paccuuTaHbl MapaMmeTphbl dIEMEHTAPHOU SYCHKU.
Slueiika ipencTaBisieT COOO0M IepecedeHne MUKPO-
MOJOCKOBBIX JUHUHN mmpuHOoit 1,26 M. Ilo onHoM
U3 OCed CAeNaHbl Pa3pbIBBl HA TUHUH, B KOTOPHIC
BIIasiHBI KOHZEHCATOphl eMkocThio 0,47 nd. Paz-
Mep EMEHTAPHOU SIYEUKU COCTaBIAET 6 X 6 MM.
IInanapHBIi  THIIEPOOTUICCKUNA MeTaMaTepual
BBITIOJTHEH TIOCPEICTBOM XUMHUIECKOTO TPABJICHHUS
tekcroauta hupmsr Neltec Tommumnoii 0,381 MM ¢
e=2,17.

Wsmepenne pacnpenenenus OM-monst ocy-
LIECTBISIOCH C MCIOJb30BAHUEM METOJA aKTUB-
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Y

0

e

Puc. 2. Pe3ynbrarhl 3KCIIEPUMEHTAIBHOTO HCCIIEOBAHMS (CIIeBa) M YMCICHHOTO MOZICIIMPOBAHN (CIIpaBa) paclpeaesIeH s oIS
B IJTAHAPHOM T'HIIepOOIMIECKOM MeTamarepuaie: a, 6 — 6e3 aedekra; 6, ¢ — ¢ nedeKkToM, napauiesbHbIM ocu X; 0, e — ¢ Aedek-

TOM, MapajieabHbIM och Y

HOTO 30H#a [8]. YcTaHOBKA sl NI3MEPEHUI COCTO-
sTla M3 BEKTOPHOTO aHanusaropa iemneir Agilent-
N52304 u aKTUBHOTO 30HAA (MEIHAs TPOBOJIOKA
tonumHoM 1 MM u anmuHo# 40 MM), Iepemenae-
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MOTO C TIOMOIIBIO JIByXOCEBOTO cKaHaropa [9],

VIIPaBIISIEMOTO Yepe3 KommbioTep (puc. 1, 6).
VYnanuB KOHIEHCATOPHI B PsC SYCCK, MBI Ta-

KM 00pa3oM cosfaem JieekT B cTpykrype. Tak
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KaK B HallpaBJICHUH PaclpoCTPaHEHHS BOIHBI pa3-
Mep Aedekra COCTaBiIsSeT OKOJIO 8 MM, a AJHMHA
pacIpOCTPAHSIONICHCS B TUTAHAPHOM THUIIEPOOITH-
YEeCKOM MeTaMaTepHaje BOJIHBI COCTABISET OKOJIO
24 MM, TO Ie(EKT SBIAETCS CyOBOIHOBBIM.

2. Pe3yabTaThl Hccienopannii. B pesynprare
MIPOBEJICHHBIX YKCIIEPUMEHTOB U YHCIEHHOTO MO-
JeJTUPOBaHUs IIOJIyYeHBl PACHPEACICHUs] IoNel
Ui Tpex cirydaeB. Ha puc. 2, a, 6 moka3aHo Ha-
MpaBJIeHUE PACTIPOCTPAHEHHS TEKTPOMArHUTHON
BOJIHBI B 0e37eeKTHOM IUTaHApHOM THIEpOOIH-
yeckoM Meramarepuane. [ledexr, pacnonoxen-
HBIH Ha MyTH PAaCHpPOCTPAHEHUs! BOJIHBI, IPUBO-
JIUT K 9aCTHIHOMY €€ OTpakeHHIo (puc. 2, 6—e), B
OTIIMYME OT cydas Meramarepuana 06e3 jaedekra.
HaubGonee nokazarenen npumMep ¢ AePeKTOM, pac-
MTOJIOKEHHBIM BJIOJIb ocu Y (puc. 2, 0, e). [lagaro-
11as Ha 1e()eKT BOJIHA OTPAXKAETCsI O[] YIJIOM, PaB-
HBIM YINIy HajieHus B 00J1acTh, IA€ 10 3TOrO BOJI-
Ha HE MOIVIa PacIpoCTpaHAThCs. Takke HabIr0a-
€TCS YYaCTOK C YCHIIGHHOH MHTEHCHBHOCTBIO IO
YIJIOM, PaBHBIM YIIIy aJleHHs, IUIs ciiydast nedek-
Ta BIOJb OCH X, UTO TaK e CBHICTEILCTBYET 00
OTPaXCHUHU YacTH BOJHBI OT Aedekra. OTpaxae-
Masi OT UCCIIeyeMOro Ae(eKkra MOIIHOCTb COCTa-
BuiIa 0koJ0 50 % OT UCXOAHOM.

[MomMumo ynaneHus KOHAEHCATOPa, CO3/1aTh Je-
(EKTHYIO JJIIEMEHTApHYIO SYEHKY MOXKHO IpOC-
TBIM WU3MEHEHHEM HOMHWHAaa KOHIEHCATOpa BHYT-
pu stueiiku. st Toro 4yToObl yNpaBisiTh U3MEHE-
HUEM HOMMHAJa 3JIEKTPOHHBIM 00pa3oM, MOXKHO
HCIIOJIb30BaTh BapakTopbl. Kak mokasano moze-
nupoBaHue, noctarodHo 20 % M3MEeHEeHHs eMKOC-
TH OT HOMUHAJIA JIJIsl TOTO, YTOOBI BOZHUK Paccer-
BAaIOMIMK BOJNHY JE(EKT, YTO BIIOJIHE AOCTHKUMO
IUIsSL COBPEMEHHBIX BapakTopoB. lIpu peanuzaunu
LENH, IJe 3HAYCHUEM Ka)KIOro BapakTopa MOXKHO
YIPaBJIsATh HE3aBUCUMO, BO3MOXHO CO37aTh ILIa-
HapHbI THNEepOONMYECKUIl MeTamarepuai, Tae

BUBJIAOI PAOMYECKHIA CIIMCOK

Pexum 1

Pexum 2

Puc. 3. Cxema nepcrieKTuBHOTO pazerBuTenss CBU-BomHBI

HamnpaBJeHHEM PaCIpOCTPaHEHUS BOJIHBI U TTOJIO-
JKeHUEM Jle(DeKTa OTHOCHUTEIHLHO HEe MOXKHO OyzeT
YIPaBIsATh AIEKTPOHHBIM 0OOpa3zoM. Cxemarude-
CKOe M300paXKeHHe MOJOOHOTO YCTPOWCTBa Mpe-
CTaBJICHO Ha pHC. 3, TJI€ MOKa3aH Pa3BETBUTEIb,
MMEIONIH Ba peKuMa paboThI: Pe:KuM | — BKITFO-
YeH BEPTHKAIBHBIA AE(PEKT, PEKUM 2 — BKIIIOYCH
TOPU30HTANBHBIN Je(EKT.

BeiBoa. Takum o6paszoMm, B paboTe mpemioxe-
Ha KOHCTpykmus pasperButenss CBU-ponHbl Ha
OCHOBE TIAHAPHOTO THIEPOOIMISCKOTO MeTama-
Tepuana ¢ nedekroM. Bapbupys mpocTpaHCTBEH-
HyI0 OpHEHTaluio0 JedeKTa OTHOCHTEIhHO Ta-
naroreii OM-BOJTHBI, MOKHO HM3MEHSATH HAIpaB-
JICHWE pAacCHpOCTPaHEHUS OTPAKEHHON BOJHBI.
Bapmuanus pazmepoB U IpOCTPaHCTBEHHOTO T0JIO-
XKeHHs Jie()eKTa OTHOCHTEIBHO PACIpOCTPAHSIO-
IIe¥ics BOJHBI OCYIIECTBISICTCS U3MEHEHUEM M-
KOCTH KOHJICHCAaTOPOB B 33JJaHHOM DSJie dIIEMEH-
TapHBIX SYEEK IUIAHAPHOTO THUIEPOOIMIECKOTO
MeTamarepuana.
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A TUNABLE SPLITTER UPON
A PLANAR HYPERBOLIC METAMATERIAL

Subject and Purpose. The paper presents the development and testing of a microwave splitter based on a planar hyperbolic
metamaterial with a structural defect. The planar hyperbolic metamaterial is so constructed that a propagating electromagnetic
(EM) wave is channeled in a certain direction depending on the metamaterial parameters. The wave splitting is possible where
a part of the incident wave is reflected from a defect created inside the metamaterial. As the defect spatial orientation relative
to the incident EM wave changes, the propagation direction of the reflected EM wave also changes. By this means the wave
propagation control can be implemented in the considered splitter.

Methods and Methodology. A defect in a planar hyperbolic metamaterial is created using the circuit theory that relates
the material parameters to the equivalent unit-cell capacitances and inductances which, in turn, depend on the parameters
of the microstrip line and capacitors. Thus, a change in any parameter of the circuit inside the unit cell changes its material
parameters and makes a defect cell. In this work, a defect is created by changing the capacitance of the capacitors in a given set
of elementary cells of a planar hyperbolic metamaterial, controlling thereby the size of the defect and its spatial location relative
to the propagating wave. The numerical model of EM wave propagation inside a planar hyperbolic metamaterial with a defect is
validated by experiment. In it, the field distribution over the metamaterial surface is obtained using the active probe method in
the three cases: a defect-free metamaterial and two variants of defect orientation. To insert the electronic control, it is proposed
to replace the elementary cell capacitors with varactors.

Results. The obtained field distributions show that the defect partially reflects the incident EM wave channelized in the planar
hyperbolic metamaterial. As the defect location angle changes, the wave reflection angle also changes. To make a defect unit cell,
it will only suffice to change its capacity by 20% from the original, which is quite feasible in modern varactors.

Conclusion. The performed studies have shown that the considered planar hyperbolic metamaterial with a structural defect is
good for creating tunable electromagnetic wave splitters.

Key words: planar hyperbolic metamaterial, electromagnetic wave, microstrip line, splitter.
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KEPOBAHMIA PO3IAJTYKYBAY HA OCHOBI
[INIAHAPHOI'O I'TIEPBOJIIMHOI'O METAMATEPIAJIY

IIpeamer i meTa podoTu. CTBOPEHO i TOCTIIKEHO PO3ralyKyBad HaJIBHCOKOYACTOTHOI XBIIII HA OCHOBI IJTAHAPHOTO Tinepoo-
JIIYHOTO MeTamaTepiay 3 1e()eKToM y CTPYKTypi. Y IUITaHapHOMY TinepOoTiYHOMY MeTamMaTepiai CTBOPIOIOTHCS YMOBH, 32 SIKHX
nomupeHHs enexrpoMartitHoi (EM) xBuili kaHai3yeThesl B IEBHOMY HANPSMKY, 3JISKHOMY BiJl ITapaMeTpiB MeTaMarepiay.
PosramyskeHHs XBHIII MOXKJIMBE IIPU CTBOPEHHI Je(heKTy ycepeAnHi MeTamMaTepiary, Bijl IKOro 4acTHHA I1aJalodoi XBUII BiOHU-
BatuMeThes. [1pu 3MiHI mpocTopoBoi opieHTanii fedekTy mono nagaodoi EM-XBuiIi 3MIHIOETECSI HANIPSIM ITOLIMPEHHS BiJOUTOL
EM-xBui. TakuM YMHOM y PO3IISIHYTHH pO3raTyKyBad MOXKHA BIIPOBAAUTH KEPyBaHHS ITOIIMPEHHSIM XBHIII.

Metoau i MeTogoJoriss podoru. [y onmcy nosiBH edekTy B IIaHAPHOMY TilepOOoNiTHOMY MeTamaTepiali 3aCTOCOBaHO
TEOpIIo KiJI, sIKa ITOB'A3y€ MaTepiaibHi TapaMeTpH 3 eKBIBaJICHTHUMU €EMHOCTSMH Ta iHIyKTHBHOCTSIMHU BCEPEANHI €JIEMEHTapHOL
KOMIpKH, IO 3aJIeXaTh Bill MapaMeTpiB MiKpOCMY>KKOBOI JIiHii i KOHIeHCcaTopiB. 3MiHA OyIb-SKOTO IMapaMeTpa Kojla BCepennHi
eJIeMEHTapHOI KOMIPKH IMPU3BOJUTH 10 3MiHH MaTepiajlbHUX MapaMeTpiB Ii€i koMipku, pobistau 1 nedekrHoro. [ledexr cTBo-
PIOETHCS 32 PAXYHOK 3MiHH €EMHOCTI KOHJICHCATOPIB y 3aJaHOMY PsiAii €JIEMEHTapHIX KOMIPOK INTaHAPHOTO TiepOoIIiTHOro MeTa-
Marepiaiy — y Takui crocid qocsiraeTbest KepyBaHHS PO3MIpaMH i IPOCTOPOBUM PO3TALIYBAHHAM Ae(EKTy MO0 MOMINPIOBAHOL
xBuI. JI1st miTBEpIKEHHS YUCceNbHOI Mozieni nommpeHHs: EM-XBHIII BcepeanHi IITaHapHOTO TinepOoigHOro MeTaMarepiaiy 3
nedexToM MeTooM aKTHBHOTO 30HJAa OTPUMAaHO PO3IIOALT MOJIS HaJ| IIOBEPXHEI0 MeTaMaTepiaity Ul TpPhOX BHIIAJIKIB — Oe3ne-
(exTHOTO i IBOX JedeKTiB pi3HOI opieHTamil. [l BBEAECHHS €IICKTPOHHOTO KEPyBaHHS IPOIOHYETHCS 3aMiHUTH B €JIEMEHTap-
HUX KOMipKax KOHJICHCAaTOpU Ha BapaKTOPH.

Pe3yabraTn podorn. Po3noninu noiiB mokasaiw, mo AeeKT 4acTKOBO BinOuBae majgaody Ha Hboro EM-XBmTio, KaHai30-
BaHy B IJIaHApHOMY TillepOoIiTHOMY MeTamarepiaii. 3MiHa KyTa po3TalryBaHHs Ae(eKTy 3MiHIOe KyT BinouToi xuui. 11106 ene-
MEHTapHa KOMipKa cTaja 1e(eKTHOIO, JOCUTh 3MIHUTH €MHICTS Y Hiif Ha 20 %, 1110 MOXKHA peai3yBaTH y CydacHHX BapaKToOpax.

BucnoBok. JlocnipkyBanuil IiaHapHAH TinepOoTidYHUE MeTaMarepial 3 1e(eKTOM CTPYKTYPH MOXKHA 3aCTOCOBYBATH JUIS
CTBOPEHHS KePOBaHUX po3raiyKyBadiB EM-xBuiti.

Knrowuoei cnoea: nnanapruii 2inepboniynuti memamamepiai, e1eKmpomMasHimua X6Uuisl, MiKpOCMYIHCKO8A NiHis, PO32aANYIHCY8AY.
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