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HAJIIUPOKOCMYI'OBI AHTEHHI PEIIITKHA HA BUTTPOMIHIOBAYAX
KVIEBIHA

AkTtyajabHicTb. LliIMHAI aHTEHH OTpPHMAJIM MOUIMPEHHS 4Yepe3 rapHi elIeKTPOAWHAMIYHI HapameTpH, MPOCTOTY
30y[UKEHHS, 3py4YHY TeOMETpifo s BOYIOBYBaHHSA y pI3HOMaHITHI NpPUCTpoi. SIK MpaBWiIO, Taki aHTEHH €
BY3bKOCMYTOBHMH Y€pe3 PE30HAHCHI SABHIIA, SKi B HUX HPOTIKAIOTh. AJle BUKOPUCTAHHS CKIQIHOI reoMeTpil IUTHHA
Jla€ 3MOTY 3HA4YHO PO3NIMPHUTH Jiana3oH poOOYMX YaCTOT TaKOro BHIIPOMIHIOBaYa 3a pPaxyHOK 3MiHH
XapaKTePUCTUYHOTO OTOPY B3IOBXK ILIEYa LIUIMHHY, IO HOPOJPKYE YaCTKOBI BIIOWTTS XBWJIb Ha PI3HHX 4acTOTax B
pI3HHMX MICIX pO3pi3y MeTaleBOro ekpaHy. Bmammii 3akoH 3MiHM (OpPMH IIUIMHM BiJ KOOPAWHATH Ja€ 3MOTY
3a0e3MeYnTH BiTHOCHO PiBHOMIpHI BUIIPOMIHIOBAJIbHI XapaKTEPUCTHKU TaKol aHTEHH B Jialla30Hi 4acTOT JEKiTBKOX
okTaB. [loeqHaHHS MIUTMHMA, K BUTPOMiHIOBaYa MarHiTHOTO TUILY 3 BiOpaTopoM, SIK BUTIPOMIHIOBaYEM €JIEKTPHIHOTO
TUIY, AyaJbHUM [0 IIUIMHHA, MOKE CTBOPHTH MOXIIUBICTB JUIs B3a€EMHOI KOMIICHCAMIi HEJOMIKY OJHI€T 3 X aHTEH
Ha MEBHUX YacTOTaX, SIKIIO 1HIIA aHTEHa caMe Ha IMX YacTOTaxX € e(eKTUBHOW. Taka KOHCTPYKIis OTpUMaia Ha3By
HaIIPOKOCMYTOBOi aHTeHH KieBiHa. Ane € HaragbHa HEOOXiTHICTH 30UIBIICHHS BHUIPOMIHEHOI eHeprii
€JISKTPOMArHITHOI XBWJII Ta Kpam[oi KOHIeHTpawii ii eHeprii B 3aqanoMy HanpsMKy. OTHUM 3 pillleHb IUX IPoodieM €
CTBOPEHHsSI Ha OCHOBI ONMCAHWX BHIIE KOMOIHOBaHMX OIMHOYHHMX BHUIIPOMIHIOBAYiB aHTEHHOI PEINITKH, YOMY i
MpUCBSYEHA 1aHa poboTa.

Meta po6oTn. Po3poOuTH KOHCTPYKIIi aHTEHHUX PEIITOK HA OCHOBI OJMHOYHUX KOMOIHOBAaHUX BUIPOMIHIOBAYiB
KneBina 3 ypaxyBaHHSAM iXHBOI B3a€EMOJii Ta MOJMJIIMBICTIO OJHOYACHOTO BHKOPHCTAHHS E€JIEMEHTIB OIHOTO
BUTIPOMIHIOBaYa IS IHIIOTO BUIPOMIHIOBada 3 METOI0 CTBOPEHHs OUTBII KOMIIAKTHHX KOHCTPYKIiil. OcTaHHE
JTO3BOJIUTH HE TUTBKH 3MEHIINTH PO3MIPH, 3a0IIAJUTH PECYPCH, aje 1 3MEHIINTh OiYHE BUIPOMIHIOBaHHS. Takoxk
HEOOXiIHO TPOBECTH PO3PaXyHOK BHUIPOMIHIOBAIBHUX XapaKTEPUCTHK OTPUMAaHUX PEIIiTOK Ta aHali3 IXHIX
napameTpiB HampsiMiieHocTi. J[oaTkoBo Tpeba ONTHMI3yBaTH OJAMHOYHMI BUIIPOMIHIOBAJIGHHH €IEMEHT, 3 METOIO
MOKPAIIUTH HOT0 XapaKTePUCTHUKH y TIOPIBHSHHI 3 HAIIMMU MOTIEpeTHIMI pOOOTaMHU.

Marepiann Ta Meroam. 3ajaua BUIPOMIHIOBAHHS OTPUMAHMX KOHCTPYKLIM aHTEHHHX pEIIITOK pO3B’s3aHa
YHUCIIOBUMH METOIaMH y 4acoBoMy mpoctopi. CaMe Takuil MifXiJ Ja€ MOXJIMBICTH AJIsI TOYHOTO BPaxXyBaHHS BCIiX
KOHCTPYKTHBHUX OCOOJIIMBOCTEN OOYIOBAHUX PEIIiTOK.

PesyabTaTn. [TokpameHo KoediieHT cTOS901 XBUIII HAPYTH OJHHOYHOTO BUIPOMiHIOBaYa B HIMPOKOMY Aiala3oHi
YacTOT 32 PAaXyHOK 3HAXO/DKEHHS OUTBII ONTUMAaJbHUX PO3MIpiB HIUTMHM Ta 11 Gopmu. Po3pobieHo i pozpaxoBaHo
TpH KOH(QIrypalii aHTEeHHOI PElIiTKA Ha OCHOBI HaJIIUPOKOCMYTOBHX aHAJIOTiB BUIIpoMiHIoBada Kiepina. Otpumani
YacoBi 3aJIOKHOCTI aMILUITY]] BUIIPOMIHEHHX XBHJIb B AanbHii 30HI B E- Ta H-rutommHax 3a J0MoMoror mpsMoro
YHCIIOBOTO PO3PaxXyHKY.

BucnoBkn. [lokazana MOXJIMBICTh BUKOPHUCTaHHS HaAIIMPOKOCMYTOBOTO aHajora BHIpoMiHioBauya KieiHa mis
noOyIOBH aHTEHHHX PEIITOK, B TOMY YHCIHi MiJBHIIEHOT KOMITAKTHOCTI 32 PaxyHOK IOJBIHHOTO BHKOPHCTaHHS
OJHOTO HAAMIMPOKOCMYTOBOTO JHIONS ABOMA CyCigHIMH IMUTHHAMH. [IpoimiocTpoBaHM €HEpreTWYHH BUTpAIl y
BUIIPOMIHEHOMY IIOJ 32 PaXyHOK ITOOYZOBH aHTEHHOI penriTku. KyToBa 3a1exHICTh OCHOBHHX BHIIPOMIHIOBAIBHHAX
XapaKTePUCTHK IOKa3ye 3MaTHICTh €(QEKTHBHO HANpaBISITH HAJIIUPOKOCMYTOBI XBHJI O€3 IOTIpIIEHHS IXHBOI
49acoBoi (opmu. Bimemr ciimpHa 3MiHa POPMHU BHITPOMIHIOBAHOTO IMITYJIBCY BiJI KyTa PO3TIITHYTHX aHTCHHUX PEIIiTOK
MOJKe MOKPAIINTH MapaMeTPH CUCTEMH IMITYJIbCHOTO TO3ULIOHYBAHHS.

KJIFOUYOBI CJIOBA: sunpominiosau Knesina, Haowupokocmy208a wintuna, HAOWUPOKOCMY208ull KOMOIHOBAHUIL
BUNPOMIHIOBAY, AHIMEHHA PeuimKa
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BCTYII

HanmmpokocMyroBi TeXHOJIOTIT B OCTaHHI POKM 3HAYHO 3pOCTaroTh. Hampukiaz, iCHYIOTb CUCTEMH 3B'SI3KY
MIMO, siki noTpedyIoTh PO3pOOKH HaAUIMPOKOCMYTOBHUX aHTEHHUX pemtitok [1-3]. Hammmpokocmyrosi (HILIC)
IMITyJIbCHI BUIIPOMIHIOBadi TaKOX € HEB1JI’€MHOIO YaCTHHOIO IMITyJIbCHHUX reopanapis. Po3poOka Ta ontumizais
TaKMX TPHUCTPOIB € CKJIAJHUM 3aBJaHHSIM, OCKUIBKM X OCHOBHE INPU3HAYECHHS — PEECTpallis CHTHATIIB MaJoi
MOTY>KHOCTI, BIIONTHX BiJ MPUXOBaHUX 00’€KTiB. TOMY NPUHHATI CUTHAIM HOBHUHHI MaTH MIiHIMaJbHUH LIyM i
OyTu cCTikuMH 70 30BHIimHIX mnepemkon [4]. Iummmm moxmuBuM 3actocyBanHsM HIIIC-reopanapiB €
JUCTaHIlIHE BUMIpPIOBAaHHS TOBIIMHH INApiB TaKOTO IIApyBaTOTO CEPENOBHINA UL OIIHKH SKOCTI JOPOXKHIX
MOKPUTTIB. [5]. IcHye TakoX Iy)e BaKJIMBE 3aCTOCYBaHHS paiapiB y 3ajJadax I'yMaHITapHOTO PO3MiHYBaHHS, /i€
HaHOCEKYH/IHI IMITyJIbCH JONIOMAraioTh ieHTH(IKYBaTH MPHUXOBaHi BUOyXoHeOe3meuHi 00’ exTH [6].

Takoxx 3'sBHIAcsi OCTaHHS TEHACHINS Yy BHKOPHCTaHHI HaAMIMPOKOCMYTOBOTO CHTHAly JUI IOJATKiB
IaTepreTy peueit. HammmpokocMyroBi BUIIPOMiHIOBaYi 3HANWIIIA 3aCTOCYBaHHS 1 B MeIWIMHI. Tak, po3poOiicHO
AHTEHHI PEIIiTKY JJIsl BUSBJICHHS PAaKOBUX MyXJIMH y TpyIHii kit monunu [7], [8]. Taki cucremu noTpeOyroTh
edpexruBrux HILIC BunpomintoBayis [9].

Buiesasnaueni 3actocyBanHs HIIIC-BunpomiHiOBadiB TakoX HOTPeOYIOTh BHKOPHCTaHHS aHTEHHUX
peuritok. OTxe, po3poOKa Ta ONTUMI3AIlisl HaJIIMPOKOCMYTOBHX AHTEHHHX DPELIITOK € OKPEMHM BaXKITHBUM
HanpsMkom [10-12].

Po3Mipu eneMeHTa aHTEHHOT PEIIiTKH MOYKHA 3MEHIINTH 33 PaXyHOK BUKOPHCTAaHHs CHUIIBHOT B3a€MOJIT MK
BUIIPOMIHIOBadYaMH{ €JIEKTPUYHOTO Ta MarHiTHoro TwmiB. IIpukiamom Takoi aHTeHH € BHnpoMiHioBad KieBiHa,
SKAW CKJIAAAETHCS 3 BY3bKOI MPSIMOKYTHOI IIITHHY Ta TBOX KOPOTKO3aMKHEHHX MOHomoueH [14], [15].

HammmpokocMyToBHiA aHAJIOT Takoro BUIPOMIiHIOBa4a IpeAcTaBieHo B pobortax [16], [17]. B sxocti
MarHiTHOTO BHIIPOMIHIOBa4a BHKOPHCTOBYETHCS HAAIIMpOKocMyroBa IminuHa baprca [13], a nBa imeambHO
NPOBIHNX KOHyca € HAIIIMPOKOCMYTOBHMH MOHOIIOJSIMH. 3aBISKH CHJIBHIM B3aeMoAii KOHYCIB 3 IIUIMHOO
BAAJOCS MOJIMIINTH BHUIPOMIHIOBAaHHS B O0JacTi HM3BKUX YAacTOT 1 30UIBIIMTH CIPSIMOBAaHICTh LHOTO
BUIIPOMIHIOBaya.

Meroto podotu € nodynosa HILIC anrenHux pemitok (AP) 3 AUMONBHO-IIIIMHHAM BUITPOMIHIOBAYEM THITY
KieBiHa Ta moCii/pKeHHS TXHIX XapaKTePHUCTHK.

MOCTAHOBKA 3AJIAUI
[MepexinHe eIEKTPOMATHITHE MOJE BUIPOMIHIOETHCS 3 MIUTHHH, (Gopma sKoi 3amaethesi piBHsSHHAM (1),
npenacraBieHuM B [13]

y(x) _ cos[nx](14-—cos[7tx])7 (1)
ne Y(X) — rpadix KpUBOT B 3asIe:KHOCTI Biji KoopauHatu X. LL{innHy mpopi3aHo B MeTaleBOMY eKpaHi 3 po3Mipamu
540x440x1 mm.

Just pobotn B miamasoni yactot 2-10 T minmaa, mo 300paxena Ha Puc. 1, mae OyTtu po3wmimena y
npaMoKyTHHKY 140x17,6 MM i3 3a30pom 0,5 MM y HEHTpI, e pO3TAIIOBaHMA TEHEpaToOp i3 BHYTPIIIHIM OIIOpOM
70 Om.

Z

Puc. 1. HagmmpokocMmyroBa miinHa Ta KOOPAUHATHA CHCTEMA
Fig. 1. Ultrawideband gap and coordinate system

IMixxix, skuii Tosirae B TOKPAIIEHHI XapaKTEPUCTHK BY3bKOCMYTOBHX IIUTHH MoHomoisiMu [14] - [15],
BUKOPHCTOBYBABCSl B HAIIMX IomepenHix pobortax [16], [17] mis posmmpeHHs pobodoro miama3oHy 4acToT.
Binbm Toune 3actocyBanns Gopmyinu (1) Ta GararonapameTpruuHe eNEKTPOANHAMIYHE MOEITIOBAHHS IIPUBEIIO JIO
3MIiHM ONTHMaJIbHUX T€OMETPUYHUX MapaMeTpiB KOHYCIB Ta 1X MMOJI0KEeHHs IIOPIBHIHO 3 HaBeaeHNMH B [16], [17].
Burmsin BrockoHasIeHOro BUIIPOMiHIOBaYa MpezcTaBieHo Ha Puc. 2.
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Puc. 2. HagmmpokocmyroBuii aHanor BunpomMiHioBada Kiresina
Fig. 2. Ultrawideband analogue of the Clavin radiator

TyT onTEManTbHAMH T€OMETPUYHIMH NTapaMeTpaMy OKPEMOTO BUIIPOMIHIOBAaYa € BUCOTA MPOBITHUX KOHYCIB

55,5 MM, pagiyc ocHOBH 20 MM, BiZCTaHb BiJl TEOMETPUYHOTO HEHTPY IIIJIMHH 10 KPato KOHyca 5 MM, TPUBAIICTh
iMmynbecy 30ymkenas 0,08 He.

YUCJIOBE MOJEJIOBAHHSA
VYci 4uciioBl pO3paxyHKH €JICKTPOAWHAMIYHOI 3a7adi BUKOHYIOThCS 32 JOMOMOTOK) METOIY CKIHYCHHHUX
pisauubs y wacoBomy mnpoctopi (FDTD). PospaxoBanuii koeoimieHt crosuoi xBuii Hampyrn (KCXH)
JEMOHCTPY€E Kpallle y3ro/uKeHHs miiinHu 3 KoHycamu (Puc. 2) y mopiBusiHHI 3 oanieto miymHoo (Puc. 1) y
HIMPOKOMY Jiana3oHi poOoYMX 4acToT, sIK IoKa3aHo Ha Puc. 3. Pe30HaHCHI BIacTMBOCTI KOHYCIB JIO3BOJISIIOTH

Maiie BABIYI 3HU3UTH HIKHIO 4aCTOTY poOOUOro Jiarna3oHy BUIPOMiHIOBaYa.

(]
wh
y

KCXH
ra

Yacrora, [T

Puc. 3. 3anexnicts KCXH Big 9acToTH HAAIIMPOKOCMYTOBOI IIUTHHA (KpHBa 1), HAAITMPOKOCMYTOBOTO aHaJIoTa
punpomiHioBaya Kiesina, mokasanoro Ha Puc. 2 (kpuBa 2)
Fig. 3. Dependence of the VSWR on the frequency of the ultrawideband gap (curve 1), an ultrawideband analog of the Clavin
radiator shown in Fig. 2 (curve 2)

YacoBi 3aJIe)KHOCTI €IeKTPUYHUX KOMIIOHEHT I10JIiB BUIIPOMIHIOBAHHS B3I0BX HOpMalli 0 eKpaHa JUIs IIUX
JIBOX BHUIIPOMIHIOBauiB NMOpPiBHIOIOThCS Ha Puc. 4. HanpyeHICTh eeKTpUYHOro Mojisi po3paxoBaHa Ha BiAcTaHi
0,3 M, mo BifnoBijae nanbHIM 30HI JAHOTO BHUIPOMiHIOBa4ya. 3acCTOCYBaHHS KOHYCIB 30UIBIIye aMILTITYRy
BUIIPOMIHIOBAHOT'O €JIEKTPOMArHiTHOTO IMIYJICY B MIBTOpa pasd 1 BHKJIMKaE 3aTpUMKy Horo mosiBu [17].
Iepexinuuii mporec 06yMOBIEHHH MOSBOIO JOJATKOBOI EMHOCT] Ta IHAYKTUBHOCTI MK KOHyCaMH 1 IIITHHOIO.
YacoBi 3a51e’KHOCTI HAMIPY>KEHOCT1 €IEKTPHUYHOTO MO JUIA PI3HUX KYTiB CHOCTEpEe)KEHHS HaBelIeHO Ha Puc.
5 ta Puc. 6. Jlume Ha Puc. 5 s mWijavHA COOCTEPIraéMo HEBEJIHMKI CIIOTBOPEHHS BUIIPOMIHIOBAHOTO IMITYJIBCY Ta
Majly Pi3HHUIN0 aMIDITyau mia kytamu ¢ = 0° ta ¢ = 90° (kpuBi 1 Ta 3). Po3rismaroun HaAMIUPOKOCMYTOBUN
BapiaHT BuIpoMiHIoBada Kiepina (kpuBi 2 i 4) Ha TOMy X PHUCYHKY, MOXXHa Bi3HAYHTH, IO HANpPYKEHICTH
€JIEKTPUIHOTO TIOJIS Ma€ OB aMIUTITYAN MOPiBHIHO 3 BUIPOMIHIOBAaHUM OJHI€I0 HIiTHMHOIO. OHAK MPH KyTi @
= 90° amrutityna crae MeHmoro. [IpoBinHi KOHYCH, SIKi IEPEKpPHUBAIOTH a00, MOXKHA CKa3aTH, 3aTiHSIIOTH cOOOI0
HarpsMKH, JTaJIeKi BiJl HOpMali, 1 3arajoM 301IbLIyIOTh CIPSIMOBAHICTh BUIIPOMiHIOBaHHs. [IpoTe, B TOM e vac,
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MOMITHa KyTOBa 3aJISKHICTH (OpPMH BHIPOMIHIOBAHOTO IMITYJIBCY MOXE OYyTH BHKOPHCTaHa B CHUCTEMax

IMITyJIbCHOTO To3uIionyBaHHs [18], [19].
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E.B'Mm

2 25 3 35
I He
Puc. 4. YacoBi 3aJIe)KHOCTI aMIUTITYIN €IEKTPHYHOI KOMIIOHEHTH BUIIPOMIHEHOTO TI0JIsI Ha BiJcTaHi croctepexeHHs 1=0.3 M
st 0 =0° Ta ¢ = 0°, ne 1 — miinuna, 2 — BunpominioBay Kiesina Ha Puc. 2 (¢ — KOMIIOHEHTa T10JIs1)
Fig. 4. Time dependences of the amplitude of the electric component of the radiated field at the observation distance r=0.3 m
for 6 =0° and ¢ = 0°, where 1 is the slot, 2 is the Clavin radiator in Fig. 2 (¢ is the field component)
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Puc. 5. YUacoBi 3a51€:KHOCTI aMIUTITYIM €JEKTPUIHOI KOMIIOHEHTH BUIIPOMiIHEHOTO TIOJIS Ha BiicTaHi cnocrepeskeHHs 1=0.3 M,
ne 1 - uinuna, 2 — sunpowminioBad Kiesina (0 = 30° ta ¢ = 0°) (¢ - kommoHenTa), 3 — miinuHa, 4 — BunpomintoBay Kiesina (0
=30° ta @ = 90°) (6 - KOMIIOHEHTA)
Fig. 5. Time dependences of the amplitude of the electric component of the radiated field at the observation distance r=0.3 m,
where 1 is aslot, 2 is a Clavin radiator (6 = 30° and ¢ = 0°) (¢ component), 3 is a slit, 4 is a Clavin radiator ( 6 = 30° and ¢ =
90°) (6 component)
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Puc. 6. YacoBi 3a1€)KHOCTI aMILTITYIH eJIeKTPUYHOT KOMIIOHEHTH BUIIPOMiIHEHOTO TOJIS Ha BijICTaHi criocTepeskeHHs 1=0.3 M,
ne 1 — urinuna, 2 — BunpomintoBad Kiesina (0 = 60° ta ¢ = 0°)(¢ - kommnoHeHTa), 3 — wianHa, 4 — sunpomintosau Kiesina (0
=60° Ta ¢ = 90°)(0 — KomMIIOHEHTA)

Fig. 6. Time dependences of the amplitude of the electric component of the radiated field at the observation distance r=0.3 m,
where 1 is aslot, 2 is a Clavin radiator (6 = 60° and ¢ = 0°) (p component), 3 is a slit, 4 is a Clavin radiator (6 = 60° and ¢ =
90°)(0 is the component)
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OpHak, ko KyT 0 30inpmIyeThest 1o 60 Tpamycis, sk moka3aHo Ha Puc. 6, BunpominioBad KieBina renepye
CHJIBHIINI KOJIMBAHHS B 00J1aCTi XBOCTA IMITYJIBCY, HIXK OJHA IIIUTHHA.

OpuanuHnii  BUmpoMmiHioBad  KieBiHa, ommcaHnii  BuIIe, BHUKOPUCTOBYETHCS I MOOYIOBH
HA/IMMUPOKOCMYTOBUX AHTEHHHUX PpeIniToK. [IpuKiamaMu pO3TISHYTHX aHTEHHHX PEIIiTOK € KOMOiHamis JBOX
BunpomiHtoBauiB Kiesina i3 cminpHOI0 H-mumommiaoio (Puc. 7), koMOiHaIis TBOX BHUIIPOMIHIOBAYIB i3 CIIITHHOIO
wiomuHoo E (Puc. 8) Ta ix xom6inauis as 4 Bunpomintosadis (Puc. 9). Yci po3paxyHKH npoBeJieHi Ha BijcTaHi

crioctepeskeHHs r = 0,6 M.

Puc. 7. Antenna pemiTka 3 1soma HILIC BumpomiHioBayamu 3i ciiibHOI0 H momunaOIO
Fig. 7. Antenna array with two UWB radiators with a common H plane

Puc. 8. Antenna pemitka 3 asoma HIIIC BunpominroBadamu 3i crisieHOO E mtoniuHOIO
Fig. 8. Antenna array with two UWB radiators with a common E plane

Puc. 9. AnTenna pemiTka 3 9otuprox noenHanux HIIC BumpomiHioBadiB
Fig. 9. An antenna array of four connected UWB radiators

[To-nepure, mikaBo NpoaHATI3yBaTH XapakKTep BUIIPOMIHIOBAHOTO EJIEKTPOMArHITHOTO TIOJISI B HANpPSMKY
HOpMaJIi /10 IUIOIIMHHU eKpaHa. YacoBi 3aJIE)KHOCTI ¢ - KOMIIOHEHTH BHIIPOMIHIOBAHOTO IIOJISI IO HOpMAi

HaseneHo Ha Puc. 10.

26 ' —

E,B/Mm

3 3.5 Rl
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Puc. 10. YacoBi 3aJ1e)KHOCTI aMILTITYIH ICKTPIHYHOT KOMIIOHEHTH BUMIPOMIHEHOTO TT0JIS Ha BifcTaHi crioctepexxerHs =0.6 m,
ne 1 — omuHUYHWMIA BUMIpoMiHtoBad, 2 — AP B uommHi H, 3 — AP B mommHi E, 4 —2x2 AP (0 =0°Ta ¢ = 0°)(¢ —
KOMITOHEHTA)
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Fig. 10. Time dependences of the amplitude of the electric component of the radiated field at the observation distance r=0.6 m,
where 1 is a single emitter, 2 is AR in plane H, 3 is AR in plane E, 4 is 2x2 AR (6 = 0° and ¢ = 0 °)(¢ — component)

BuHo, 1110 Iy MOABOEHHI KUIBKOCTI BUIIPOMiHIOBaYiB (KpHBI 2 1 3), aMIUTiTY/1a TOJIst 30UIBLIYETHCS BIBIYI.
VY BHMNAAKy aHTEHHOI PEIITKM 3 YOTUPHOX BUIPOMIHIOBAYiB MOXKHA BiJ3HAUUTU TNPONOPLiiHE 30UIbIIEHHS
aMIUTITYIM BUIIPOMIHIOBAHOTO I10JIS1 B MOPIBHSHHI 3 iHIIMMH BapiaHTaMu. /lo 0coOJIMBOCTEH aHTEHHOI PELIiTKU
2x2 MOXHa BiIHECTH Te, IO 3i 30UIBIIEHHSIM aMIDTTyIH (POHTY IMIYJIbCY, aMIUTITY/Ia HOr0 XBOCTa iCTOTHO HE
30UIBIIYETHCS, XO4Ya TPUBANICTh 3aTyXalOUMX KOJMBAaHb OiJbIIa B MOPIBHAHHI 3 OAWHOYHAM BHUIIPOMIHIOBAdYEeM i
AP, naBenenumu Ha Puc. 7 ta Puc. 8.

BaxnmBoro  XapaKTepHUCTUKOI  HAAIIMPOKOCMYTOBHX BHIIPOMIHIOBAdiB € 3aIEKHICTh BIX KyTa
cnoctepeskeHHs. TakuMm unHOM, Pric. 11-14 neMOHCTPYIOTB Pi3HI BHIIAAKH U PI3HUX KOMIIOHEHT MO Ta KYTiB.
[TomiTHO, O TIpH Pi3HUX KyTaxX CIIOCTEPEKECHHS, BIAMIHHHUX BiJ HOpMaJi, aHTeHHA perriTka 2X2 ailicHo ¢opmye
MaKCHMaJIbHy aMIUNITy1ly B Oynb-sikuii MOMeHT wacy. Hampuknan, Ha Puc. 11 moxaszano, mo mist AP 3 4
eJIEMEHTaMH IMITyJIbC PO30MBAETHCS Ha JIBA, SIKI HIyTh OJUH 32 OAHUM. lle sBHIE TakoX MOXKHA CIIOCTEepiraTu
JUIS MesIKUX KyTiB Ta iHmux AP: Ha Puc. 12 aymsa AP B H-mormmni Ta 2x2 AP, Ha Puc. 13 s Beix AP. 3 inmmmoro
0oky, Ha Puc. 12 1 14 mokazaHo cuibHY 3MiHY (OpMH BHIpOMiHIOBaHOTO iMmynbcy Uit AP. lle Bkasye Ha
MOKpAIIEHy CIIPSIMOBAaHICTh BUIIPOMiHIOBaHHs AP.
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Puc. 11. YacoBi 3aJ1e)KHOCTI aMILTITYIH €JIEKTPHYHOI KOMITIOHECHTH BUIIPOMIHEHOTO TOJI Ha BiICTaHi crocTepexeHHs 1=0.6 M,
ne 1 — omuHnYHMNA BunpoMiHioBad, 2-AP B mmomuHi H, 3 — AP B momuHi E, 4 —2x2 AP (6=30°ta ¢ = 0°) (¢ —
KOMITOHEHTA)

Fig. 11. Time dependences of the amplitude of the electric component of the radiated field at the observation distance r=0.6 m,
where 1 is a single emitter, 2-AP in the H plane, 3 — AP in the E plane, 4 —2x2 AP (6 = 30° and ¢ =0 °) (¢ — component)
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Puc. 12. YacoBi 3aJ1e)KHOCTI aMILTITyIH EICKTPIYHOT KOMITOHEHTH BUIIPOMIHEHOTO TTOJIsl Ha BiJIcTaHi crioctepexxeHHs 1=0.6 M,
ne 1 — omuHnYHMIA BunpoMiHioBad, 2 — AP B monwmHi H, 3 — AP B mommHi E, 4 — 2x2 AP (0 =30° Ta @ = 90°)(0 —
KOMITOHEHTA)

Fig. 12. Time dependences of the amplitude of the electric component of the radiated field at the observation distance r=0.6 m,
where 1 is a single emitter, 2 is an AR in the H plane, 3 is an AR in the E plane, 4 is a 2x2 AR (6 =30° and ¢ =90 °)(6 —
component)
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Puc. 13. YacoBi 3a1eXHOCTI aMILTITY 1 eIeKTPUYHOI KOMIIOHEHTH BUIIPOMIHEHOTO OIS Ha BificTaHi crocrepexerts r=0.6 M,
ne 1 — onuHuyHuMit Bunpominiosay, 2 — AP B rutommni H, 3 — AP B tuiomusi E, 4 — 2x2 AP (6 = 60° ta ¢ = 0°) (¢ —
KOMITOHEHTA)

Fig. 13. Time dependences of the amplitude of the electric component of the radiated field at the observation distance r=0.6 m,
where 1 is a single emitter, 2 is AR in the H plane, 3 is AR in the E plane, 4 is 2x2 AR (8 = 60° and ¢ = 0 °) (¢ — component)
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Puc. 14. YacoBi 3aJIe)KHOCTI aMIUTITYIM €JIeKTPHIHOI KOMIIOHEHTH BUIIPOMIHEHOTO I10JI Ha BiJICTaHi crocrepexeHHs 1=0.6 M,
ne 1 — omuHmyHMi BUunpominioBad, 2 — AP B ruommni H, 3 — AP B mmomuni E, 4 — 2x2 AP (0 = 60° ta ¢ = 90°) (0 —
KOMITOHEHTA)
Fig. 14. Time dependences of the amplitude of the electric component of the radiated field at the observation distance r=0.6 m,
where 1 is a single emitter, 2 is an AR in the H plane, 3 is an AR in the E plane, 4 is a 2x2 AR (6 =60° and ¢ =90 °) (0 —
component)

BUCHOBKHU

IToka3zana MOXIMBICTP BHUKOPHCTaHHA HaJIIMPOKOCMYIOBOTO aHajora BuIpoMiHIOBaua KireBiHa s
MoOYZOBM aHTEHHUX PEIITOK, B TOMY YHCII IiIBUIIEHOI KOMIIAKTHOCTI 32 PaXyHOK ITOJABIHHOTO BUKOPHCTAHHS
OJTHOTO HAJIIIMPOKOCMYT'OBOTO JHIIOJA 3 JBOMA CyCiIHIMHU HIimnHaMu. [IpoimocTpoBaHnii eHepreTHYHUI BUTpall
y BHIPOMIHEHOMY TIOJI 3a paxyHOK TOOyJOBM aHTEHHOI pemniTkn. KyToBa 3aleXHICTh OCHOBHHX
BUIIPOMIHIOBAJIbHUX XapaKTEePUCTHUK IOKa3ye 31aTHICTh e()eKTUBHO HAIIPABISTH HAAMIMPOKOCMYTOBi XBWii 0e3
HOTipmeHHs iXHpOI 4yacoBoi (opmu. binbmr cuiapHa 3MiHa (OPMH BHUIIPOMIHIOBAHOTO IMITYJIBCY Bil KyTa
PO3IIISTHYTHX AaHTCHHUX PELIITOK MOXE MOKPAIIUTH apaMeTPH CUCTEMH IMITYJILCHOTO Ho3uLioHnyBanHs [18].
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ULTRAWIDEBAND ANTENNA ARRAYS ON CLAVIN RADIATORS
P.G. Fomin, O.M. Dumin, V.A. Plakhtii, M.V. Nesterenko
V. N. Karazin Kharkiv National University, 4, Svobody Square, Kharkiv, 61022, Ukraine

Background. Slot antennas have become widespread due to their good electrodynamic parameters, ease of
excitation, and convenient geometry for integration into various devices. As a rule, such antennas are
narrowband due to the resonant phenomena that occur in them. However, the use of a complex slot geometry
makes it possible to significantly extend the operating frequency range of such a radiator by changing the
characteristic impedance along the slot arm, which generates partial reflections of waves at different frequencies
in different places of the metal screen cut. The successful law of change of the slot shape from the coordinate
makes it possible to provide relatively uniform radiation characteristics of such antenna in the frequency range of
several octaves The combination of a slot as a magnetic radiator with a vibrator as an electric radiator dual to the
slot can create an opportunity for mutual compensation of the deficiency of one of these antennas at certain
frequencies, if the other antenna is effective at these frequencies. This design is called an ultra-wideband Clevin
antenna. However, there is an urgent need to increase the radiated energy of the electromagnetic wave and better
concentrate its energy in a given direction. One of the solutions to these problems is to create an antenna array
based on the combined single radiators described above, which is the subject of this paper.
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Obijectives. To develop antenna array designs based on single combined Klevin radiators, taking into account
their interaction and the possibility of simultaneous use of elements of one radiator for another radiator in order
to create more compact designs. The latter will not only reduce the size, save resources, but also reduce side
radiation. It is also necessary to calculate the radiation characteristics of the resulting arrays and analyze their
directivity parameters. Additionally, it is necessary to optimize a single radiating element in order to improve its
characteristics compared to our previous work.

Materials and methods. The problem of radiation of the obtained antenna array structures is solved by
numerical methods in time domain. This approach makes it possible to accurately take into account all the design
features of the constructed arrays.

Results. The voltage standing wave ratio of a single radiator in a wide frequency range is improved by finding
more optimal slot dimensions and its shape. Three antenna array configurations based on ultra-wideband analogs
of the Clavin radiator were designed and calculated. The time dependences of the amplitudes of the radiated
waves in the far-field in the E- and H-planes were obtained by direct numerical calculation.

Conclusion. The possibility of using an ultra-wideband analog of the Clavin emitter for the construction of
antenna arrays, including increased compactness due to the double use of one ultra-wideband dipole by two
adjacent slots, is shown. The energy gain in the radiated field due to the construction of the antenna array is
illustrated. The angular dependence of the main radiation characteristics shows the ability to effectively direct
ultra-wideband waves without deteriorating their time shape. A stronger change in the shape of the radiated pulse
from the angle of the considered antenna arrays can improve the parameters of the pulse positioning system.
KEY WORDS: Clavin radiator, ultrawideband slot, ultrawideband combined radiator, antenna array
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