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JIEJIEKTPUYHA PE3OHATOPHA AHTEHA
HA OCHOBI YCIYEHOI'O KOHYCY

Anomauin. B pobomi pozenanymi eapianmu moodeneli keazighpaxmanvhux 3D-
aHmeHn, SIKi CNUPAOMbCL HA BUKOPUCMAHHA 8 IKOCMI 6A308020 eleMenma YCiueH020
KOHYCY. B pobomi posensinymo diazpamu cnpsamo8anocmi ma amniimyoHo-4acmomHi
XapakxmepucmuKky makux aWmeH, d MaKoxic OOCHIONCEHO iX 3anexcHicms 68i0
83AEMHO20 PO3MAULYBAHHSA eleMenmie anmenu. Haseoeni pe3yromamu mMooeno8anus

anmen 6 naxemi Ansys HFSS.

Knrouoei cnoea:. aumena, diacpama cnpsmogarnocmi, ppaxman, Ansys HFSS.

Beryn

B ocranni poku, B mpoiieci MiHiaTIOpu3allii TeIEeKOMYHIKaIllifHOT armapaTypH, B
T. 9., MOOUIBHMX JOAATKiB, MIACHUIMBCA I1HTEPEC JIO AaHTCHHUX CHCTEM, SIKi
3a0e3mneuyroTh 0ararojiana3oHHICTh Ta MUPOKOCMYTOBICTh, a TAKOX, 3MaTHUX JIETKO
pO3MIIIyBaTUCA B KOpmyci Oymb-skoi dhopmu Ta posmipy. [Ipu 1mpomy, HEoOXimHO
3MEHIITYBaTH PO3MIpH aHTEH 0€3 MOTIPHICHHS iX XapaKTepuCcTHK. B manomy ceHci,
JOCUTh TEPCIEKTUBHUMHU € MaJOpPO3MIpHI BUCOKOC(EKTHBHI JiCIEeKTPUYHI
pezonatopui anteHu (/IPA), mo xapakTepu3yloTbCS BEIUKOIO MPOITYCKHOIO
3MIATHICTIO Ta MaJUMU BTpaTaMH B IIUPOKOMY JAiama3oHi 4acTOT. 3 JIEAEKTPUUYHUX

MarepialiB JIeTKO (popMyrOThCsl HamiBchepu, HWIIHIAPHU, Napajieleninean, KOHyCH Ta
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1. [[i xomMnakTHI aHTeHH 3a0€3Meuy0Th JIOCUTh 3pY4YHE Ta JCIIeBE PIIICHHS 3aja4,
IO CTOSITh Mepell PO3POOHHKAMU CHUCTEM 3B’S3Ky, B MEpUIy Yepry KOMEpIIHHUX
0e31pOTOBUX MPHUCTPOIB [2].

TakuM 4YMHOM, aKTyaJbHUM 3aBJaHHAM € pPO3pOOKa aHTEH, L0 MaloTh
OHOYACHO MaJll rabapuTHI XapaKTEepPUCTHKH, BUCOKUU KOE(DILIEHT MOCUJIIEHHS Ta
Oararojiana3zoHH1 BIACTHUBOCTI.

3 Meroro peanmizamii 0ararojiania3oHHOCTI aHTEH, TMpU MPOEKTyBaHHI
BunpoMinioBaua JIPA 3acTocoByIoTh (pakTambHuii miaxin [4]. Moro mepesaroro e
OpOCTUH  anropuT™ (OPMYBaHHS TEeOMETpii aHTeHU. [OJOBHA BIIMIHHICTH
¢pakTanbHUX TEOMETpUYHMX ¢GopM — iX mnoApiOHEHa PO3MIPHICTb, WIO 30BHI
NPOSIBIIIETECA Y PEKYPCHBHOMY TOBTOPEHHI y 3pOCTal0uOMy ab0 3MEHIIYBAHOMY
Macitadax BUXITHUX JIETEPMIHOBAaHUX a00 BUIMAJKOBUX IIa0JIOHIB aHTEH.

Ha panwii dwac, [OCHITHUKM HAMaralOThCS BUKOPHUCTOBYBATH  BiOMi
reoMeTpuyHi (pakTamid B aHTEHHHX pimeHHsAX [5]. B pesymprati imiTtariitHoro
MOJIEJIIOBAHHS Ta €KCIIEPUMEHTIB BCTAHOBIIEHO, IO ()paKTaibHI aHTEHU J03BOJISIOTH
OTpPUMATH TPAKTHYHO TOW K€ KoediliEHT MiJCUJICHHs, IO 1 3BHYAHI, aje MpH

MEHIIUX radapuTax, 110 BaXIJIMBO /I MOOUIBHHX JH0AaTKiB [1].
OcHoBHaA YacTHHA

SIx BIIOMO, KOKHA aHTEHA IONIMPIOE BUMPOMIHIOBAHY HEIO €HEPTii0 B PI3HI
CTOPOHH. 300pakeHHS OCOOJUBOCTEH MOMIMPEHHS AHTEHOI EJIEKTPOMArHiTHOI
eHeprii Ha3uBaeTbes Aiarpamoro crpsmoBanocti (J1C). 3azsuuait, IC — 1ie rpadivne
NIPEJICTABJICHHS KYTOBOI 3aJIe)KHOCTI IHTCHCUBHOCTI BUIIPOMIHIOBaHHS aHTEHU [6].

AHATITHYHUA OMHMC TIApaMeTpiB aHTEH HEEBKIIIIOBOI TEOMETpii € JIOCUTh
CKIagHUM. SIK HACHIiTOK, pO3paxyHOK ()paKTaTbHUX aHTEH MPOBOJIUTHCS METOJIAMU
YUCEeNbHOTO MojemoBanHsA. lle oOymMoBIeHO THUM, IO X XapaKTEPUCTUKH
BU3HAYAIOTHCS, BUXOMASYM 31 3MIHM T€OMETPUYHOI (POpMHU aHTEHU ab0 KILIBKOCTI
€JIEMEHTIB, 3 3a3JaJierilb BaXXKO MPOTHO30BAaHUMH pe3yibTaTaMu. B xoxi

MPOBEICHUX  JOCTIIKEHh 3pOOJEHMM BHCHOBOK TIpO T, IO JIOLUIBHO
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BUKOPUCTOBYBATH MPUKJIATHUN MAKET €JIEKTPOJUHAMIYHOTO MOJENIOBaHHA — ANSYS
HFSS [3].
Hapani naBegeHo pesynapTatd MozemoBaHHsA J[PA 3 0a30BUM eneMeHTOM Yy

dbopmu yciueHoro konycy (puc 1).
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B)
Puc. 1. bazosuii enemenm J{PA na ocrnogi 00Ho20 yciueno2o Konyca:
a) cxema scusnenus; 6) 3D JIC 3 gioobpadicennsam eeomempii aHmenu,
8) amnaimyono-yacmomua xapakmepucmuxa (A4X) anmenu

[Ipu nmpOoMy aHami3yBaBCS BIUIMB HA MPOCTOPOBO-YACTOTHI MapaMeTpPH aHTCHH
KiTbKkocTi mepudepiiiHnx 0a30BHUX €JIEMEHTIB Ta iX B3a€EMHOTO pPO3TallyBaHHS

BiI[HOCHO OCHTPAJIBbHOI'O CIICMCHTY.
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@ view / Edit Material X

Material Name
|Matena|2

Properties of the Matenal View/Edit Matenal for

MHame Type Value Units * Active Design
Relative Permittivity Simple |50
o - " This Product
Relative Permeability Simple

Bulk Conductivity Simple siemens/m " All Products

Dielectric Loss Tangent | Simple

[} Magnolic Losa Tangent | Simplo View/Edit Modifier for

Lande G Factor Simple I Thernal Modifier

Delta H Simple &_per_meter

4e+003 Hz
ka/m™3

- Measured Frequency  Simple

1
0
i
i]
Magnetic Saturation Simple i} tesla
] 2
i
9.
1]

Mass Density Simple

Puc. 2. Xapaxmepucmuxu dienekmpuka

B sxocTi npumnymieHb BUCYHYT1 HACTYIHI OJIOKEHHS:

— nepudepiiiHl Ta UEHTPaJbHUNA €JIEeMEHTH BHUIOTOBJIEHI 3 OJHOTO MaTepiany
(puc. 2);

—rabaputu ycix eneMenTiB JJPA kBa3zidpakTaabHOT CTPYKTYpH OJHAKOBI;

— €NIEMEHTH HE TIEPEKPUBAIOTHCS Y MIPOCTODI;

— KOXeH rnepudepiiHull eNeMEeHT Ma€ JMIIe OAHY TOYKY JOTHKY 3
[EHTPAJIbHUM;

— JKUBJICHHS MIJBOJUTHCS JIMIIE JO HUKHBOI OCHOBU LEHTPAJIBHOIO 0a30BOT0
eneMmeHTa JIPA,

— pesynbrytoua J[C aHTeHM MOBMHHA MaTH MIHIMaJIbHUWA PIBEHb MEIIOCTOK
3BOPOTHOT'O BUIIPOMIHIOBAHHS.

IIpoBenenuii anamiz cBimuuth mpo Te, mo JIC omHoro 6a30BOro eiemMeHTa B
niana3zoHi dactoT 2+4,5 I'Tii mae 3Ha4YHUN PIBEHH 3BOPOTHOTO BUIIPOMIHIOBAHHS.
Kpim Toro, 3rigno puc. 1.8, B miama3zoni actoT 2+4,5 I'T HepiBHOMIpHICTE AUX
nepeuiye 10 nb.

Ha ocHoBi BBefeHUX AOMyIIeHb Oyn0 CPOPMOBAHO KilbKa BapiaHTIB MOJENI
JPA. Tlepmriii 3 HUX Tepeadadae CHHTE3 aHTEHU HAa OCHOBI 3-0X YCIUYEHUX KOHYCIB,
OJIMH 3 SIKUX € IEHTPAJLHUM €JIEMEHTOM, a JIBa 1HIIUX PO3MIIICHI HaJ OCHOBHUM M
KOHTaKTYIOTh 3 HHM YCIYE€HOIO CTOpOHOIO KoHyca (puc. 3,a). B manomy Bumajaxy,
oOnacth 3 HepiBHOMIpHUM xapaktepoM AUX 3By3unack (3+4 I'Tu), oqHak BelnyrHa

cruiecky nepesumnye 20 nb.
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Jpyruii BapiaHT MICTUTh 5 €JIE€MEHTIB 31 B3a€EMHUM pO3TAIIyBaHHIM, IIO
BinmoBimae puc. 4,a. JlochaiykeHHS pe3yJabTaTiB PO3PAXyHKY TMOKa3ylOTh, IO
MaKCUMaJIbHE 3HAUEHHS BTpAT 3MEHILINJIOCH B MOPIBHSAHHI 3 MOMEPEIHIM BapiaHTOM
aHTeHHU, oJHaK, 3aramoMm, AUX crana OUIBII HEPIBHOMIPHOI — KUIBKICTh CIUIECKIB
30uTbIIUIach. 3 rpadiky BUIHO, 110 MAaKCUMaJlbHE 3HAYEHHS CIUIECKY 3MEHIIUIIOCH 1
csirae menie 20 nb. B ninomy, nana peanizaiii [I[PA Tex € HeonTuManbHOIO.

Tpertiii BapiaHT cHUpaeTbCcsl HA PO3MILICHHS D-TH E€JIEMEHTIB Y BEPTUKAJbHIM
IJIOMMHI (BIAMOBIIHO, OJAMH 3 €JEMEHTIB € IICHTPAJIBHOK OCHOBOIO aHTeHH, a 4

THIIMX PO3MILIEHI 3BepXY Ta 3HU3Y OCHOBHOTO (pHC. 5,a).
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Puc. 3. Ilepwuii sapianm xeazigppaxmanvroi /[PA (3 enemenma):
a) — ceomempisn anmenu, 6) — 3D JIC; 8) — AYX anmenu
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Puc. 4. 5-enemenmna keazigppaxmanvroi [[PA: a) ceomempisn anmenu;
6) 3D JIC; ) AYX anmenu
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6)
Puc. 5. Keazigppaxmanvrna J{PA 3 éepmuxanvrum po3smauty8aHuam 5-mu e1emeHmis:
a) eeomempis aumenu; 6) 3D JIC; 8) AYX anmenu

Take po3MmileHHS €JIeMEHTIB aHTEHU JO3BOJISIE M€ JIeN0 3MEHIIUTH
MaKkcuMalibHe 3HaueHHs HepiBHOMipHOCcTI AUX (mo 13 ab), mpote, Ak 1 pawimie,
BKa3aHa HEPIBHOMIPHICTh O3HAYa€ JOCHTh BEJIMKI BTpaTH. KpiM TOro, pe3ynbTyroua
JC MicTUTB SCKPaBO BUPAXKEHI METIOCTKH O1YHOTO BUIIPOMIHIOBAHHS.

[IpoananizyBaBmm BCi BHINE HaBEAEHI MOJENI MOKHA 3pOOUTH BHCHOBOK, IO
B3a€EMHE PO3TalllyBaHHS €JIEMEHTIB aHTEHHW Ma€ JOCUTh 3HayHui BB Ha JIC 1
AUX. Po3ramoByrouu €JIE€MEHTH Ha pI3HUX PIBHAX BEPTUKAJIBHOI IUIONIMHH,

HEOJMIHHO OTPUMYEMO MENIOCTKU O1YHOTO a00 3BOPOTHOTO BUIMPOMIHIOBAHHS Pi3HOI,
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MPOTE JOCUTh CYTTEBOI IHTEHCUBHOCTI. SIK HAC/IIIOK, JIOT1YHUM € MPUITYIIEHHS 111010
JOIUTLHOCT1 PO3TalllyBaHHS YCIX €JIEMEHTIB Y TOpPU30HTAJIbHIM IUIOIIUHI, SIKE MOXKE
BUIPABUTH 3a3HAYEHI HEOJIKH.

TakuM yuHOM, YeTBEPTUH BaplaHT MOJEIl AHTEHU NMPOEKTYETHCSI HA OCHOBI 5-TH
YCIYEeHUX KOHYCIB, IO PO3MILIEH] Y TOPU30HTAIbHIN TUIOMMHI (BIAMOBIIHO, OJUH 3
€JIEMEHTIB € IEHTPAJIbHOI0O OCHOBOIO aHTECHHM, a 4 IHIIMX PO3MIIEHI HAaBKOJO

OCHOBHOTO (puc. 6,a).
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Puc. 6. Keazigppaxmanvrua JIPA 3 copuzonmanvuum po3smauty8auHam 5-mu
enemenmia: a) ceomempis aumenu, 6) 3D JIC; 8) AYX anmenu

B minomy, orpuMaHi pe3yiabTaTH MiATBEPIKYIOTh CIIPABEIIIMBICTh aJIEKBATHICTD
MONepeAHLO0  3pO0JICHOr0  mpunymeHHs. Po3mimienHs enementiB  JIPA B
TOPU3OHTANBHIN TIIOMKUHI J03BOJIIE TO30yTHCS HeO0a)aHOi TETIOCTKH 3BOPOTHOTO
unpomintoBanss B J[C. [Ipu npomy, MakcumanbHe 3Ha4eHHs HepiBHOMiIpHOCTI AUX

ckianae gunie 0,7 nb B miana3odi gactot 3,5+4,5 I'T'1.
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BucHoBku

Takum uymHOM, HaBeneHi B poOoTi BapianTh 3D-moxmem JIPA Ha OCHOBI
¢pakTanbHOr0 MIAXOAY 3a0€3MeuyloTh IMOKpPAUIEHHS MPOCTOPOBO-YACTOTHHUX
napaMeTpiB  aHTeHd. llojganbini JOCHIIKEHHS CHOpPSIMOBAaHI Ha  BHU3HAYCHHS
3aJIEKHOCT1 MapaMeTpiB aHTEH BiJ BapiaHTIB KOMOIHaLIi 3 iHIIMMHU (pakaTaJIbHUMU
CTPYKTYpamH, IO PO3IJISIAI0ThCS B TEOPIi aHTEH HEEBKJI0BOI reoMeTpii, a TaKoX

3MIHU XapaKTEPUCTUK MaTepiany JieJIeKTpUKa.
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THE DIELECTRIC RESONATOR ANTENNA BASED ON A TRUNCATED CONE

Abstract. The purpose of this study is to examine configurations of quasi-fractal 3D-antennas,
which are based on using a truncated cone as the basic element. As part of the research, the
directivity patterns and the amplitude frequency responses were investigated, as well as their
dependence on mutual arrangement of the elements. This paper provides the results of antenna
simulations performed with Ansys HFSS.
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JUDIJIEKTPUYECKASA PE3OHATOPHASA AHTEHHA HA OCHOBE YCEYEHHOI'O
KOHYCA

AnHoTauusi. B pabote mpemiokeHsl BapwaHThl Mojenedl kBasuppaxrtampHbix 3D-anteH, B
KOTOPBIX B KauecTBE 0a30BOTO dJEMEHTa HCIOJIb30BaH YCEUEHHBIH KOHyc. B paborte ObuIO
paccMOTPEHO AuarpamMMbl HalpaBJICHHOCTU U aMIUIMTYAHO-YaCTOTHBIE XapaKTEPUCTUKHU aHTEHH, a
TAaK)K€ MCCIEN0BAHbl HX 3aBHCHUMOCTHM OT B3aMMHOIO pACIOJIOKEHHUS DIIEMEHTOB aHTEHHBI.
[IpuBeneHo pe3ynbTaThl MOJCINPOBaHUS aHTeHH B akeTe Ansys HFSS.

KuioueBble ciioBa: anTeHHa, qUarpaMMa HarpaBlieHHOCTH, ¢pakTan, Ansys HFSS.



