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YnpaBasieMblH pa3BeTBHTEIb Ha OCHOBE
IIAHAPHOIO FHIEPOOIHYECKOro MeTaMaTepHaaa

ITpeomem u yenv padomot. Co30aH u UCCILEO0BAH PA3BEMEUMENb CBEPXBLICOKOUACIOMHOU BOIHbL HA OCHOBE NIAHAPHO20 2Ul-
nepoonUUecKo20 Memamamepuana ¢ 0egpekmom 6 Cmpykmype. B nianapHuix eunepooiuueckux Memamamepudaiax co30arnmes
VCI08USL, NPU KOMOPBIX PACRPOCMPAHAWAACS d1eKkmpomachumuasn (OM) 601HA KAHATUZUPYEMCs 8 ONpedelleHHOM Hanpagie-
HUU, 3A8UCAUeM OM Napamempos memamvamepuand. Pazeemenenue 60nbl 603M0CHO npu co30anuu oeghekma 8 nepuoouyeckoll
CMpPYKmMype 6HYympu Memamamepuaid, om Komopozo 6y0em Ompaxcamvcs yacms nadarowell 6onHul. IIpu usmerenuu npo-
CMpancmeenHoll opuenmayuu dedexma omuocumenvHo nadaroweti IM-6onHvl usMeHsemcs: HaNpasieHue PacnPoOCMpPaAHeHUs
ompadgicennotl DM-eonnvl. Takum obpazom 6 paccmampusaemvlil pazgemeumens MOJCHO BHEOPUMb YNPAGLeHUe PACnpoCmpa-
HeHUeM BOJIHbI.

Memoowt u memooonozus padomsl. /st ONUCAHUS BOSHUKHOBEHUS OeheKma 8 NIAHAPHOM SUNEPOOIULECKOM Memamamepu-
ane npuUMeHeHa meopus yeneti, Komopas C6s3vl8aent MamepuaibHvle NapaMempbl ¢ SKEUBALEHNHbIMU eMKOCIAMU U UHOVKIMUG-
HOCMAMU 6HYMPU SIeMEHMAPHOU SYElKU, 3d6UCALUEe OM NAPAMEMPO8 MUKPONOLOCKOBOU IUHUU U KOHOeHCamopos. HameHeHue
J1106020 napamempa yenu GHympu S1eMeHMAPHOU AYEUKY NPUBOOUIN K USMEHEHUIO MAMEPUATbHBIX NAPAMEMPO8 SMO AUEUKU,
Odenas ee deghexmmotl. [egpexm cozdaemcs 3a cuem uUsMeHeHUs eMKOCMU KOHOEHCAMOpos8 8 3a0aHHOM psaoe 3NeMeHMAPHbIX
AYeeKk NIAHAPHO2O 2UNepOOIULECKO20 MEMAMAMePUdna — mem CamblM 0OCMUSAencs YNPAesieHue pasmepamu u npoCcmpan-
CMBEHHBIM PACNONIOMNCEHUEM OepeKma OMHOCUMENbHO PACRPOCIPAHAIWENCS 80HbL. [T NOOMEEPICOEHUS YUCTEHHOU MOOenU
pacnpocmpanenust DM-601HbL BHYMPU NIAHAPHO2O 2UNEPOOTULECKO20 MEMAMAMEPUANA ¢ OehEeKNMOM MemoooM AKMUEHO20
30HOA NOMYYeHbL pacnpedesenus Nos HA0 NOBEPXHOCMbIO MeMamMamepuana oisi mpex ciyuaes — 0e30eghekmuozo u 08yx oeghex-
Mo pasnuuHoll opuenmayuu. J{is 66e0eHus: SNeKMpOHHO20 YNPAGIeHUs. NPedadeaemcs 3aMeHUNb 6 SNeMEHMAPHBIX AUEUKaX
KOHOEHCAMopbl 6apaKmopamu.

Pesynvmamur pabomot. Pacnpedenenus noneil nokazanu, 4mo 0epexm 4acmuynHo ompasxcaem nadaouyio na eeo OM-eon-
HY, KAHAIUZUPOBAHHYIO 8 NIIAHAPHOM SUnepooIudeckom memamamepuaie. FHzsmenenue y2na pacnonoxcenus oepexma usmersem
yeon ompasicentoll onnbvl. Ymobwl snemenmapnas auelka cmana oeghpekmuoil, 00cmamouHo usmeHums emkocms 6 neti na 20 %,
UMo BNOIHE peanu3yemo 6 COBPEMEHHbIX 6APAKMOPAX.

3aknwuenue. Paccmampugaemvlil NIAHAPHBIL SUNEPOOTUYECKUTE MEMAMAMEPUANL ¢ 0eQeKmom CmpyKmypbl RPUMEHUM O
co30aHus ynpasnsemvix pazeemsumeneti IM-eonnvl. Un. 3. bubauoep.: 9 Hass.

Knrwuesvie cnosa: I’l/laHaprld 2unep60ﬂultec;<m? Memamamepuai, dNeKmpoMacHUmMHHaAs 60JHA, MUKPONOJIOCKO8As JTUHUA, pA3-
eemeumeilsb.

[Inanapnple TUNIEpPOOTMYECKHE MeTamMarepuaibl B MPOCTPAHCTBE BOJIHOBBIX BEKTOpoB [1, 2]. Dto
UMEIOT Takylo (OpMy TEH30pa AMUAICKTPUUECKOH  NPHUBOAUT K TOMY, YTO PACIPEACTICHUE 3JIEKTPO-
WIA MarHUTHOW TPOHUIIAEMOCTH, YTO IpadMK  MAarHUTHOTO MOJS B TUIOCKOCTH JIaHHOTO MeTaMa-
JMCIIEPCUOHHOIO COOTHOLLIECHUSI KOMIIOHEHT BOJ-  Tepuaja Jjsl OLpPEAEICHHOrO JUala3oHa 4acToT
HOBOTO BeKTOpa npuobperaeT GopMmy rumepOoiIbl  MMEET pa3pelleHHbIe W 3alpelleHHbIe MPOCTPaH-
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CTBEHHBIC 00JaCTH paclpoCTpaHeHUs. DTO CBOM-
CTBO JIeNIaeT IMOI00HbIE MeTaMaTepPHaIIbl TePCIIeK-
TUBHBIMH TSI CO3JJAaHHS HA KX OCHOBE AJIEMEHTOB
CHUCTEM, TJI€ €CTh HEOOXOAMMOCTh YIIPaBIATH Ha-
IIPaBICHUEM PACIIPOCTPAHEHUS BOIHBI B IIJIOCKOC-
Tu. B KauecTBe nmpuMepa MOXKeT ObITh IPEIIOKEH
BEHTWJIb, B KOTOPOM IIPOXOXKJCHHE 3JIEKTpOMATr-
HUTHOH (DM) BOJHBI M €€ WHTEHCHBHOCTH 00-
paTHO TPOTOPIHOHANBHEI BEIUYWHE AKTHBHBIX
otepb B Metamarepuaie [3]. Kpome Toro, Ha oc-
HOBE TUIAHAPHOTO TUMEPOOTHMUECKOTO MeTamare-
pHana TakKe MOXXHO CHHTE3UPOBATh JIEBOCTOPOH-
HIO0 cpeny [4]. Ha npaktuke peanu3saius nompo0-
HOTO MeTaMarephalia B MHKPOBOJHOBOM JHara-
30HE BO3MOKHA Ha OCHOBE MHKPOIIOJIOCKOBBIX
JUHUA W DJEMEHTOB IOBEPXHOCTHOTO MOHTa)Xa
[2]. TIpocrora cozmaHusi MOMOOHOTO MeTamare-
pHana no3BoJisieT KOHCTPYHUPOBATh HA €ro OCHOBE
MHOXeCTBO ycTpoicTB CBU-TexHuku.

OmHUM W3 TaKWX yCTPOWCTB SIBISIETCS pa3BeT-
Burenb CBY-Bomubl [5]. CoBpeMeHHBIE pa3BeT-
BHUTEHM W3TOTABIMBAIOT B TUTAHAPHOM HCIIOJHE-
HUU C TEIbI0 X MuHHariopu3anuu [6]. C momo-
LIBI0 2JIEMEHTOB 3JICKTPOHHBIX LENel BO3MOXK-
Ha peaju3alys MepPeKIIFOYCHUS MKy JTUHHIMHU
pasBerBuTessl. OIHAKO CYIIECTBYIOIME Pa3BeT-
BHTEH HE 00ECTICYMBAIOT Pa3BETBICHHE BOJHBI C
MIPOM3BOJIGHO YIPABIsieMbIM HarpaBieHuem. s
CBY-ycTpoiicTB, I7ie CYIIECTBYET MOA00HAsT HE00-
XOJUMOCTb, TpeIUIaraeTcsi BapHaHT pealu3alun
mwaHapuoro passerButenss CBUY-BonnHbl ¢ mpo-
M3BOJIBHO M3MEHSIEMBIM HAIPaBICHHEM Ha OCHO-
B€ TIAHAPHOTO THUIEPOOIUIECKOTO MeTaMaTepH-
ana ¢ ne(peKTHBIMH dIIEMEHTapHBIMH SYEHKAMH B
CTPYKTYpE.

1. MeTonuka sxcniepumenta. Hamu Obut ymc-
JICHHO CMOJICTTMPOBAaH M TEXHUYECKU PEaTn30BaH
IUIaHAPHBIA TUIIEpPOOIMYEeCKU MeTamarepuall B
BHJIE CTPYKTYPHl H3 IEPHOAUYECKH ITOBTOPSIO-
IUXCS DIIEMEHTapHBIX saeek (puc. 1, a). Ha gac-
tore 4,4 1T pasmep d 31eMEHTApPHOH SUYCHKH
pa3pabaTbiBaeMON CTPYKTYPBI JOJKEH OBITh MHO-
r'0 MEHbIIIE JUTHHBI BOJIHBI A, paCpoCTPaHAIOIICH-
Csl B HEW, IUIsl TOTO YTOOBI BCS CTPYKTypa IEpH-
OJTMYECKH PACIIONIOKEHHBIX AJIEMEHTAPHBIX TUEEK
npuoOpea cBoiicTBa MeTaMarepuana. MuKpoIo-
JIOCKOBBIE JIMHHUY C KOHJICHCATOPaMH, COTIIAcHO Te-
OpHH LIETICH, MPECTABISIFOT cO00I COCPETOTOYCH-
HbIC MHJIYKTHBHOCTH U €MKOCTH. B pamkax Teo-
pUU MeTaMaTepHalioB TEH30PhI AMIEKTPUICCKOM
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BBojx DM-BoHEI

Puc. 1. Dororpaduu MIaHAPHOTO TUMEPOOTHISCKOr0 MeTa-
Marepuana (@) 1 9KCIIEpUMEHTAIbHON YCTaHOBKH (0)

Y MarHUTHOM MPOHUIIAEMOCTH MOT'YT OBITh OIHCa-
HBI 4epe3 COCPEOTOUEHHBIE AIEMEHTHI 1enu [7].
B namewm ciyyae runepOOIHYHOCTb AOCTHTACTCs
3a CYET Pa3sHOCTH 3HAKOB KOMIIOHEHT TEH30Pa Mar-
HUTHOHN NPOHULAEMOCTH.

Ha uccnenyemoit yacrore ajid nojayyeHus 3Ha-
YEHUI KOMIIOHEHT TE€H30Pa MATHUTHOW IPOHULA-
emocty i, =1 u u, =-1,11, cormacuo [4], 6bum
paccuMTaHbl MapaMeTphbl JIEMEHTAPHON SUEHKH.
Sldeiika pencrapiseT coO0l nepecedeHne MUKpO-
TTOJIOCKOBBIX TMHUN mpuHOH 1,26 M. [1o onHo
13 Ocell clelaHbl Pa3pbiBbl HA JIMHUU, B KOTOpbIE
BIIAsIHBI KOHAeHcaTopbl emkocTbio 0,47 nd. Paz-
Mep ANMEMEHTAPHOU SIYEUKH COCTaBIACT 6 X 6 MM.
[Inanapuelii  runepOOIMYECKU MeTamarepua
BBINOJIHEH OCPEICTBOM XHMHUYECKOTO TPABICHUS
TekcTonuta pupmel Neltec Tommunuoi 0,381 MM ¢
e=2,17.

W3mepenne pacnpenenenuss OM-mons ocy-
LIECTBIISAJIOCH C HMCIIOIb30BaHUEM METO/a aKTHB-
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Y

Puc. 2. Pe3ynbTaThl 5KCIEPIMEHTAIBFHOTO HCCIIEAOBAHNUS (ClIEBa) H YUCICHHOTO MOJICTTMPOBAHHS (CIpaBa) pacrpeeNeHUs MO
B IUIAHAPHOM THIIEPOOIIMIECKOM MeTaMarepuane: a, 6 — 0e3 nedekra; 6, & — ¢ NeeKToM, mapaiebHBIM OCH X; 0, e — ¢ nedek-

TOM, TIapaJIeIbHBIM OCH Y

HOTO 30H[a [8]. YcTaHOBKa 11l U3BMEPEHUN COCTO-
sJjla U3 BEKTOPHOTO aHanm3aropa Iernen Agilent-
N52304 M aKTHBHOTO 30HJa (MEIHAsI MPOBOJIOKA
tomuHOW 1 MM m mamuHON 40 MM), TIepemerae-

82

MOI0 C IMOMOUIBIO JIByXOCEBOTO cKaHaTtopa [9],

YIPaBIISIEMOro Yepe3 KoMIbioTep (puc. 1, 6).
VYrnanuB KOHIEHCATOPHI B psf€ SUEeK, MBI Ta-

KM 00pa3oM coszfaeM JedekT B cTpykrype. Tak
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KaK B HalpaBJIEHUHU paclpOCTPAHEHMsI BOJIHBI pa3-
Mep Aedekra cocTaBiIsieT OKOJIO 8 MM, a JJHMHA
pacrpocTpaHsIoIeiics B IUIaHApHOM TUIepOosIu-
YECKOM MeTaMaTepHase BOJIHbI COCTABIIAET OKOJIO
24 MM, TO IeEKT SIBISICTCS CyOBOIHOBBIM.

2. Pe3yabTaTrhl uccjaenopannii. B pesynerare
MIPOBEACHHBIX dKCIEPUMEHTOB M YMCIEHHOIO MO-
JeTUPOBAHUS TIOIyYEHBl PACHpPEACICHUs] TONeH
UL Tpex cirydaeB. Ha puc. 2, a, 6 moka3aHo Ha-
IIPaBJICHUE PACIPOCTPAHEHUSI JIEKTPOMArHUTHON
BOJIHBI B 0e371e)eKTHOM IUTaHAPHOM T'HITEpPOOIH-
yeckoM MeTamarepuane. Jledext, pacnonoxkeH-
HBI Ha MyTH paclpOCTPAHEHHs BOJHBI, IPUBO-
JUT K YaCTUYHOMY €€ OTpa)keHHIo (puc. 2, 6—¢), B
OTIIMYME OT CciTydasi MeTamarepuaina 0e3 nedexra.
Hawnbomee mokazarenen nmpumep ¢ 1eeKTom, pac-
TIOJIOKEHHBIM BIOJNb ocu Y (puc. 2, 9, e). [lagato-
11as Ha 1e(heKT BOJIHA OTPAXKAETCsI O] YIJIOM, PaB-
HBIM YINIy TaieHus B 00J1acTh, TA€ 10 ATOrO BOJI-
Ha HE MOIVIa pacipocTpaHaThes. Takke HabIrOa-
€TCsl Y4aCTOK C YCHJIIEHHOH MHTEHCUBHOCTBIO 0]
YIJIOM, PaBHBIM YIUIy IAJAEHUs, 7S Cilydasi Jedex-
Ta BJIOJIb OCH X, UTO TakK K€ CBHJIETEIBCTBYET 00
OTpPaKCHUM YaCTH BOJHBI OT Jedekra. OTpaxae-
Masi OT UCCIIeyeMOoro aedekra MOIIHOCTb COCTa-
Bria okoso 50 % OT UCXOIHOM.

[TomMumo ynaneHust KOHAEHCATOPa, CO3AaTh Je-
(DEeKTHYIO JIEMEHTapHYI0 S4YEHKy MOXKHO IIpoOC-
THIM M3MEHEHHEM HOMHWHAJIa KOHJIEHCATOpa BHYT-
pu sueriku. [y Toro 4ToOB! yNpaBiATh W3MEHe-
HUEM HOMMHAJA 3JIEKTPOHHBIM 00pa3oM, MOYKHO
HCTIOJIb30BaTh BapakTopbl. Kak mokaszano moze-
nupoBaHue, 10cTato4Ho 20 % U3MEHEHNs eMKOC-
TH OT HOMUHAJIa JIJIsl TOTO, YTOObI BO3HUK pacceu-
BaIOMIMK BOJIHY JNE(EKT, YTO BIIOJTHE JAOCTHKUMO
JUIsL COBPEMEHHBIX BapakTopoB. [Ipu peanuzanmu
LIEMH, TA€ 3HaYeHHEM Ka)kJIOT0 BapaKkTopa MOYKHO
yIpaBisATh HE3aBUCHMO, BO3MOXKHO CO3/1aTh ILIa-
HapHBI THIEPOONMYECKUI MeTamarepuai, TJe

BUBJIMOT PAOMYECKHIA CITMCOK

Pexum 1

. Pexxum 2

Puc. 3. Cxema nepcrektuBHOro paspersurens CBYU-BomHb

HaIpaBJICHUEM PacIpOCTPAaHEHUS! BOJIHBI U MOJO-
KeHHeM Jle(heKTa OTHOCUTEIILHO Hee MOKHO OyIeT
YHOPaBIATh AJIEKTPOHHBIM 00Opa3oM. Cxemarnde-
CKO€ M300pa’keHre TOJOOHOTO YCTPONUCTBA TIpeI-
CTaBJICHO Ha PHUC. 3, TAe MOKa3aH Pa3BETBUTEID,
HUMEIOIIHI JIBa peKUMa PabOThI: PeKUM | — BKITFO-
YeH BEPTHKAIBHBIA AC(PEKT, PSKUM 2 — BKIIIOUYCH
TOPHU30HTAIBHEIN JIe(heKT.

BwiBoa. Takum oOpazoMm, B paboTe mpemioxe-
Ha KOHCTpyKIusi paszBeTBuTest CBU-BomHBI Ha
OCHOBE TUIAHAPHOTO THUIEPOOTUIESCKOTO MeTama-
Tepuana ¢ aedexroM. Bapbupys IpocTpaHCTBEH-
HYI0 OpHCHTalUI0 JedeKTa OTHOCHUTEIBHO Ta-
Jaromeid OM-BOJIHBL, MOKHO H3MEHSTh HAaIpaB-
JICHWE pAacIpOCTPAHEHUS OTPAKEHHON BOJHBI.
Bapwuanus pazMepoB U IpOCTPAHCTBEHHOTO TOJI0-
KeHHs Jie)eKTa OTHOCHTEIBHO PACIPOCTPAHSIO-
IIEHCST BOJHBI OCYIIECTBIISICTCS U3MEHEHUEM EM-
KOCTU KOHJICHCATOPOB B 3aJaHHOM PSIC 3JIEMEH-
TapHBIX SYEEK IIAHAPHOTO THUIEPOOIUIECKOTO
MeTamarepuara.
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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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4, . CBobonu, Xapkis, 61022, Ykpaina

3 XapkiBchbKHil HaIliOHATBHUH YHIBEPCUTET Pa/liOCIeKTPOHIKH
14, mpocn. Hayxwu, Xapkis, 61166, Ykpaina

KEPOBAHMIA PO3IAJTYKYBAY HA OCHOBI
ITIJIAHAPHOTI'O I'TIEPBOJIIMHOI'O METAMATEPIAJTY

Ipenmet i meTa podoTn. CTBOPEHO i IOCIIPKEHO PO3raiy’KyBad HaIBUCOKOYACTOTHOT XBIIII HA OCHOBI IIJIAaHAPHOTO Tinepoo-
JIIYHOTO MeTaMarepiaiy 3 1e(heKTOM Y CTPYKTypi. Y IIaHapHOMY TinepOolivHOMY MeTamaTepialli CTBOPIOIOTHCSI YMOBH, 38 SKUX
nommpenHs enexrpoMartitHoi (EM) XBuiti KaHaii3yeThesi B IEBHOMY HAIPSIMKY, 3JISKHOMY BiJI ITapaMeTpiB MeTaMarepiaiy.
PosramysxeHHsI XBHJII MOKJIMBE IIPU CTBOPEHHI JIeheKTy ycepeinHi MeTamMaTepiay, BiJl IKOro 4acTHHA I1aalou0i XBUJII BiIOU-
BaTuMeThes. [Ipu 3MiHI MPOCTOPOBOT OpieHTAITT IeeKTy 11010 Maaarodol EM-XBUITI 3MIHIOE€THCS HAITPSM MMOMIUPEHHS BiIOUTOT
EM-xBuuti. TakuMm YMHOM y PO3IISIHYTHI pO3Trajy’KyBad MOJKHA BIIPOBAANTH KePyBaHHS ITOMIMPEHHSIM XBHIII.

MeTtoam i MeTomosoriss po6oru. [[ist onucy mosiBu Ae)eKTy B IUIAHAPHOMY TilepOOIiuHOMY MeTamarepialli 3aCTOCOBaHO
TEOPIIO KiJl, sIKa MOB'sI3ye MaTepiaibHi HapaMeTpy 3 eKBiBAJICHTHUMH €MHOCTSIMH Ta IHAYKTUBHOCTSIMU BCEPEIHHI elleMeHTapHOT
KOMIpKH, III0 3aJIeXaTh BiJl MapaMeTpiB MIKpPOCMY>KKOBOT JIiHiT 1 KOHAeHcaTopiB. 3MiHa Oy/b-SIKOTO MapaMeTpa Koja BCepeanHi
eJIeMEHTapHOT KOMIPKH MPU3BOJUTH JI0 3MiHH MarepiajbHUX HMapaMeTpiB wiei koMipku, pobisiuu 11 nedekrHoro. [ledexr cTBo-
PIOEThCS 32 PAXyHOK 3MiHM €EMHOCTI KOHJICHCATOPIB y 3aJJaHOMY Psi/ii €JIEMEHTapHUX KOMIPOK IUIAHAPHOTO TinepOoIivHOro MeTa-
Marepiajiy — y Takui croci0 JocsiraeTbest KepyBaHHS PO3MIpaMH i IIPOCTOPOBUM PO3TALIYBaHHAM Ae(EKTY MO0 MOLIINPIOBAHOT
xBHII. JI71s MiATBEp/KEHHS YUCEIbHOT MozIesi ommpeHHss EM-XBUITi BcepeinHi TIaHAPHOTO TilepOoIiYHOTO MeTamaTepiainy 3
ne(exToM MeTo/IOM aKTHBHOT'O 30HJa OTPUMAHO PO3IIOALT MOJIS HaJl IIOBEPXHEI0 MeTamaTepiaty Juls TPhOX BHIIAJIKIB — Oe3ne-
(exTHOTO i ABOX JiedekTiB pi3HOT opieHTanil. [yl BBEACHHS €JIICKTPOHHOTO KEPYBaHHS IPOIIOHYETHCS 3aMIHUTH B €JIEMEHTap-
HUX KOMipKax KOHJICHCAaTOPU Ha BapaKTOPH.

PesyabTaTu podoTn. Po3noainy nmosmis nokasany, mo gedekT 4acTKoBO BijOHBac maady Ha Hboro EM-xBuito, kaHaizo-
BaHy B IJIaHAPHOMY TilepOoiuHOMy MeTamarepiaii. 3MiHa KyTa po3TalryBaHHs Ae(eKTy 3MiHIoe KyT BinouToi xBuii. 11106 ere-
MEHTapHa KOMipKa ctajia 1e()eKTHOI0, JOCHTh 3MIHUTH €MHICTB Y Hiif Ha 20 %, 1110 MOXKHA peaizyBaTH y Cy4acHHX BapaKkTopax.

BucnoBok. JlociipKyBaHuii miiaHapHui rinepOoTidYHUE MeTaMarepial 3 1e(eKTOM CTPYKTYPU MOYKHA 3aCTOCOBYBATH JUIS
CTBOPEHHSI KEPOBaHUX po3raiyKyBauiB EM-xBuiti.

Knrwuosi cnosa: nianapruii 2inepboniynuii memamamepiai, eleKmpomMacHimHua X6Uuis, MiKpOCMYIHCKOBA NIHIs, PO32ATLYAHCYBAY.
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