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AHHoOTauums. MpencrtaBneHa  Tononorus " paccmaTtpuBaroTcs 3neKTpoANHaAMMYECKME
XapaKTePUCTUKN aHTEHHbI NIUHEWHOW Monsipu3auun B BUAE ABYX NaHapHbIX YacTUYHO MNepeceKkaroLmnxcs
KpyroBbiX OMCKOB. Kaabli M3 Takux OUCKOB UMEET OTBEPCTUE B LEHTpe, a B 0bnactn ux nepeceyeHus
pacnonoxeHa yskasi NpoAorfibHasg MPSMOYronbHasa Liefb, OCb KOTOPOWM OpUEHTUpOBaHa B HarnpasneHun
LeHTpoB oTBepcTui. MNMpuBeaeHbl, 06CYKOaTCa U CpaBHUBAKOTCA pe3ynbTaTbl YACIEHHOrO MOLAENTMPOBAHNS
XapaKTEPUCTUK TaKoW aHTeHHbI. LLIMpoKONonocHble CBONCTBA 3TOM aHTEHHbI OOBACHATCA HanM4nem B ee
KOHCTPYKUMM OBYX LUMPOKUX YACTUYHO CKPELLEHHbIX MMaHapHbIX KOMeL U OTHOCUTENbHO KOPOTKOWM Y3KOW
Lenu, koTopas Bo3byxgaeTcsa B obnactu nx nepecedeHusi. Takas 0cobeHHOCTbL obecrneynBaeT JOCTAaTOYHO
LUMPOKYID Moriocy paboyvMx 4acToT, Kak MO XapakTepUCTUKaM HamnpaBiEHHOCTW, TaKk W MO BXOL4HOMY
nmnegaHcy. NMpu 3TOM aHTEHHa MMeeT 3HayeHue BxopHoro conpotusneHusa 50...60 Om, KoTopoe MOXeT
KOppeKkTnpoBaTbCA MNyTeM W3MEHEHUs1 LWMPWUHBbI Lenu Wn Konew. [ns cpaBHEHUS B [aHHOW cTaTbe
pacCcMOTPEHbI TaKKe aHamnorMyHble XapakTepUCTUKM ManopasMepHbIX craboHanpaBieHHbIX aHTeHH, Takux
Kak BepTMKanbHbIA MOHOMOSb, LUENeBbIE MOMYBOMHOBLIE @aHTEHHbI M 3UraaroobpasHas aHTeHHa (aHTeHHa
XapueHko unu «Z-antennay). lNokasaHo, YTO paccmaTpvMBaeMasi aHTeHHa obnagaeT, B CPaBHEHUU C HUMMW,
YNYYLIEHHbIMX 4aCTOTHbIMU CBOWCTBaAMW, Kak MO COrMacoBaHWKO Ha BXode, Tak U No Ko3(pULMEHTY
HanpaBrieHHOro aenctenda. Hapsagy ¢ LWMPOKONONOCHOCTLIO, NPenMyLLECTBAMIN TaKOW aHTEHHbl SBMSOTCA:
nosblleHHoe 3HadeHne KHI no cpaBHEHWMIO C MOHOMOMBbHBIMM WU  AUMNOSIbHBIMK  MPOBOMOYHBIMU
KOHCTPYKUMSIMU, a Takke HECNOXHasi TeXHOMOrums W3roToBreHus, fawolwas onpedeneHHyo Bbirogy npwu
MaccOBOM NPOUN3BOACTBE.

KnioueBble crnoBa: KOnbLEBbIE aHTEHHbI, LENeBble aHTEHHbl, MNaHapHble aHTEHHbl, YaCTOTHbIE
CBOWCTBA, LUMPOKOMOSIOCHOCTb.

AHoTauif. HagaHa Tonornoris 1 po3rnagarnTbCa enekTpoaMHaMivHI XapakTepUCTUKN aHTEHU MiHINHOT
nondpusadii y Burnsgi ABOX nnaHapHUX YacTKOBO MepecidHUX KONOBUX AUCKIB. KOXHUIM 3 Takux OMCKIB Mae
OTBIp Y LIEHTpi, a B 06nacTi ix nepeciyeHHs po3TalloBaHa By3bka NO3A0BXHS MPSAMOKYTHA LLUiNMHA, BiCb SIKOI
OpieHTOBaHa B HanpsiMKy LEHTpiB OTBOpiB. [lpvBeaeHi, OOroBoOpHOTLCA W MOPIBHAKTLCA pe3ynbTaTtu
YMCENbHOrO0 MOAENOBAHHA XapakTepuCTUK  Takol aHTeHu. LUupokocmyroBi BRacTMBOCTI Uiel aHTEHU

Lanues T. A. 5
AHaJINM3 XapaKTePUCTHK IUVIAHAPHON HIHPOKOIOJIOCHOM IBYXKO/JIbIEBOH AaHTEHHBI




Hayxosi npani OHA3 im. O.C. Ilonosa, 2018, Ne 2

MOSICHIOITLCS HAsIBHICTIO B 11 KOHCTPYKLT ABOX LLUMPOKNX YACTKOBO CXPeLLEHUX NNaHapHUX Kineups i BigHOCHO
KOPOTKOI BY3bKOI LUiNMHK, sika 30yaxyeTbcss B obrnacTti ix nepecivyeHHs. Taka ocobnusicTb 3abesneuye
OOCTaTHbO LUMPOKY CMYry poboymx 4acToT, fK 3a XapakTepuCTMKaMy CNpsSIMOBAHOCTI, TaK i 3a BXigHUM
iMmnegaHcom. lMpu ubOMy aHTeHa Mae 3HayeHHs BxigHoro ornopy 50...60 OM, ske MOXe KOpeKTyBaTuCs
LWASXOM 3MiHU LUMPUHW LWINMHU 1 Kineub. OnNs NOPIBHAHHA B [aHiA CTaTTi PO3rMsHYTI TakOX aHanorivHi
XapaKTEPUCTUKN Masnopo3MipHUX CrabKOCMpAMOBAHUX aHTEH, a came: BEPTUKASNbHUIA MOHOMOMb, LWINIMHHI
HaniBxBUMNbOBI aHTEeHW N 3ursaronogibHa aHTeHa (aHTeHa XapyeHko abo «Z-antennax). lNMokasaHo, Lo
po3rnaHyTa aHTeHa Mae, NOPIBHAHO 3 HUMW, NOMNINLWeHi YaCTOTHI BNACTUBOCTI, SIK 3@ Y3ro»KeHHsIM Ha BXOf,
Tak i 3a koediuieHTOM cnpsimoBaHoi fAii. [opsaad i3 LWMPOKOCMYroOBICTIO, MepeBaramMu Takoi aHTeHW €:
nigeuweHe 3HavyeHHss KC[ NopiBHAHO 3 MOHOMOMBHUMW M UNOSNBHUMW OPOTOBUMW KOHCTPYKLISIMK, a TakoX
HecKrnagHa TEXHOSOriA BUTOTOBIEHHS, WO Aa€ NEBHY BUrOAYy MpU MacoBOMY BUPOOHULITBI.

KniouyoBi cnoBa: KinbueBi aHTEHW, LWiINWHHI aHTEHW, NMNaHapHi aHTEeHW, 4YacTOTHI BrAcTUBOCTI,
LLUMPOKOCMYTOBICTb.

Abstract. The topology is presented and the electrodynamic characteristics of the linear polarization
antenna in the form of two planar partially intersecting circular disks are considered. Each of these discs has
a hole in the centre, and in the area of their intersection there is a narrow longitudinal rectangular slot whose
axis is oriented in the direction of the centres of the holes. Results of numerical simulation of the
characteristics of such an antenna are presented, discussed and compared. Broadband properties of this
antenna are explained by the presence in its design of two broad partially crossed planar rings and a
relatively short narrow slot, which is excited in the region of their intersection. This feature provides a
sufficiently wide band of operating frequencies, both in directivity characteristics and in input impedance. In
this case, the antenna has an input resistance about 50 ... 60 Ohm, which can be adjusted by changing the
width of the slot and rings. For comparison, similar characteristics of small-size low-directional antennas,
such as vertical monopole, slot half-wave antennas and a zigzag antenna (the Kharchenko antenna or the
"Z-antenna") are also considered in this paper. It is shown that the antenna under consideration possesses,
in comparison with them, improved frequency properties, both in matching at the input and in the directivity.
Along with broadband, the advantages of such an antenna are: an increased value of the directivity as
compared to the monopole and dipole wire structures, and also a simple manufacturing technology that gives
a certain benefit in mass production.

Key words: king antennas, slot antennas, planar antennas, frequency properties, broadband.

Habmiogaemoe B mocneaHue ro/ibl pa3BUTHE U BHEAPEHHE HOBBIX MOKOJIEHUN OECIIPOBOTHON
MOOWJIBHOM CBSI3U U CBSI3aHHOE C STHM OCBOCHHE HOBBIX YaCTOTHBIX JHMAala3oHOB Tpelyer
COOTBETCTBYIOILIETO AaIMapaTHOr0 OOECHEeYeHHs, B YAaCTHOCTH, CO3/aHUS AHTEHHBIX SJIEMEHTOB,
o0aaromux 3aIaHHBIMA CBOMCTBAMU B 00JIe€ IIIMPOKOH MOJIOCE YaCTOT.

3a MHOTME ToJpl CYLUIECTBOBAHMS AHTEHHOM HAyKH U TEXHUKU NPEIJIOKEHBI pa3IMuHbIC
KOHCTPYKIMHU cIa0OHAINpaBICHHBIX aHTEHH JMHEHHOW mossgpu3anmu. K aHTEHHAM Takoro THIA
MOTYT OBITh OTHECEHBI: BEPTUKAJIbHBI MOHOIIOJNB, Y3Kas MPsIMOYTojibHAs IIelb, MpOpe3aHHas B
IUIOCKOM TPOBOASINEM dKpaHe [1], aHTeHHBI «UHBEpCHOro» THma [2], o0namarmre HEBHICOKHM
3HaueHuem KH/I.

HMes cpaBHUTENBHO Majble pa3MeEpbl, TAKME AHTEHHBI HCIOJB3YIOTCS B MUKPOBOJHOBBIX
TepMHUHAJIAX CTAaHAAPTOB MOOWMILHOM cBsi3u 2G, 3G (450...1900 MI'm) u 4G (750...2700 MI'), a
taxoke cranaaptoB [EEE 802.11n (2,4 I'Tn), IEEE 802.11ac (5 I'Tu) B anantepax u poyrepax WiFi.
[Tpuyem onHA aHTEHHA CIOCOOHA OOCITY)KMBATh JIMIIb OJUH, PEXE /1B, OTJACIBHO B3STHIX y4acTKa
OTrPaHUYEHHOT0 YaCTOTHOTO JUana3oHa.

W3BecTHBl Takke IUIAHApHBIE PaMOYHBIE AHTEHHBI, B TOM YHCJIE C TPEYTrOJbHBIMH U
KpyroBelMH 3yieMeHTamMH [3]. CylecTByeT HECKOJIBKO KOHCTPYKTHBHBIX BApUAHTOB PAaMOYHBIX
aHTEHH, OOpa30BaHHBIX W3 JBYX KOIUIAaHAPHBIX paMOK, C YIy4IIEHHbIMH (B CpaBHEHHH C
OJMHOYHOH paMKoi) XapaKTepHCTUKAaMHU HAIPaBJICHHOCTH. PeallbHble KOHCTPYKLUU MOTYT OBITH
BBITOJIHEHBI, HATIPUMEp, U3 JIBYX TPEeyroybHBIX («Bowtie») [4] mim OBYX KPYTOBBIX («BOCBMEPKa»)
KOIUIAaHAPHBIX 3JIeMEHTOB. Ha mpakTuke Takke MpUMEHSETCs MPOBOIHAS 3Ur3aroo0pas3Has, HHOT/AA
HasbiBaemas «Bi-Quady, antenna [5].

OpHako Bce MEpEeYUCIICHHBIC BBIIIE TUIBl AHTEHH HE OONAgaroT IIMPOKOMOJIOCHBIMHU
CBOMCTBaMM OJHOBPEMEHHO II0 [ByM IIapaMeTpaM: IO COIVIACOBAHUIO C IMUTAIOLIEH JIMHUEH U 110
KH/I. Kakx mnoka3amo HpuUBOIMMOE Jajle€é CPAaBHEHUE XapaKTEPUCTUK IEPEUMCIECHHBIX THUIIOB
cllabOHaNpaBICHHBIX AaHTEHH, BCE OHU XapaKTEPH3YIOTCS OTHOCHTEIBHO Y3KOW IMOJIOCOM 4YacToT
pabouero n1uamna3oHa, OIpeAeieMoro o Ko3GGUIUeHTy OTpakeHus Ha BXOJE.
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CpaBHHMTENBHO HEJAaBHO aBTOPOM OBLIM TPEAJIOKEHB HHU3KONPO(UIbHBIE KOJBIEBBIC
TUTaHAPHBIE aHTEHHBI [6], KOTOphIe, 001agast He0OOXOAMMOM PaBHOMEPHOCTBIO BXOJHOT'O UMIIEJaHCa
B JIOCTaTOYHO HIMPOKOM IIOJIOCE YacTOT, B CHIYy AaCUMMETPUYHOM TOMOJIOIMM MMEKT MEHBIIYIO
IIMPOKOIOJIOCHOCTh, OmpeAesieMylo 1o ko3 duuuenty HanpasienHoro neiicreus (KH/) B
IJIaBHOM HalpaBJICHUM.

[Ipu BBIOOpPE KOHCTPYKTHUBHBIX OCOOEHHOCTEH AaHTEHHBI, paccCMaTpUBAEMOW B JIaHHOU
CTaThe, HEOOXOOUMO OBUIO HapsAgy C YIy4IIEHHEM CBOWCTB HANpaBICHHOCTH, OO0ECIEeYHUTh
COIVIACOBAHUE BXOJla AHTEHHBI C JIMHMEW NHUTAHHUA M IPUEMIIEMYIO PAaBHOMEPHOCTb 3HAYEHUN
ko3 duurenta Hanpasiennoro neiicrus (KH/I) B 6onee mmpokom nuana3zoHe 4acTorT.

Takast aHnTeHHa oOpa3oBaHa W3 JBYX OJMHAKOBBIX KPYTOBBIX KOIUIAHAPHBIX KOJICI[ C
KPYTrOBBIMH OTBEPCTHUSIMH, BBIIIOJIHEHHBIX U3 TOHKOI'O IIPOBOAsAIIEro Marepuana. OHU pac moJio-
’KEHbl B OJJHON TUIOCKOCTH TaK, YTO 3TH KOJbI[a YACTHMYHO IepecekaroTcs. Pasmep obmactu mepe-
CEueHHUsI 3aBHCUT OT BHIOPAHHOM IIUPUHBI KOJIEI], a TAK)KE UX CMEIIECHHUSI OTHOCUTENIBHO JIPYT Apyra.

B 37011 aHTeHHE caMU KOJIbI]a UIMEIOT JOCTATOUYHYIO IMIUPHHY, YTO 00€CIIEUnBaLT )KECTKOCTh
¥ KOHCTPYKTHUBHYIO BO3MOKHOCTb JIJIsl BBIIOJTHEHUS TIPOIOJILHOMN IIEIH B 007aCTH MX IepeCeUeHHs.
Takast y3kast (M CyIIecTBEHHO 0osiee KOPOTKasi B CPAaBHEHUH C MOJIyBOJIHOBOM IIENBIO) MPOAOIbHAS
IIeJIb OPUEHTUPOBAHA CBOEH OCHIO B HAINPaBJIEHUH LIEHTPOB OTBEPCTUN M COENUHSET ONMMKauIme
Kpasi 3TUX OTBEPCTUH B 00JIACTH NEpeCceueHus! KOJIell.

Takast AByXKOJbIIEBas aHTCHHA, UMeEs IUIAHAPHYIO KOHCTPYKLHMIO, MOXET o0ecredyuTsh (B
3aBHUCHUMOCTH OT COOTHOLIEHMS €€ T€OMETPUUECKHUX I1apaMETPOB) HIMPOKOIMOIOCHBIE CBOMCTBA, KaK
mo kod¢pdunuenty crosuerr BonmHbl (KCB) Ha ee Bxoame, Tak u mo KHJ/I. Ilpu »TOM ThaBHBIMA
JENIECTOK €€ AMarpaMMbl HAaIIPaBJIEHHOCTH OPUEHTHPOBAH B HAIIPABJICHWU HOPMAJIU K IUIOCKOCTH
aHTEHHBI, B OTJIMYME OT IPOBOAHBIX KOIUJIAHAPHBIX JIBYXKOJIBLIEBBIX PaMOK IPOTUBO(A3ZHOTO
nurtanusg [3].

OO6nacTpi0 MPUMEHEHHS 3TOM AaHTEHHBI MOTYT OBITh Pa3HOTO pOJa AHTCHHBIE CHCTEMBI,
IIpelHA3HAUEHHbIE [JI M3JIy4eHHS WIM NpHUEeMa paguoBOIH KaK JEUMETPOBOro, TaK H
CaHTMMETPOBOI'O JUANa30HOB BOJIH, B TOM YHCJI€ OHU MOTYT NIPUMEHSATHCS B KAUECTBE JIEMEHTOB
IUTAHAPHBIX AaHTEHHBIX PEIIETOK, MPEAHA3HAYEHHBIX I N3JTy4YEHHUs WIH [IpUeMa IIUPOKOIOJIOCHBIX
curHazios [7]. K HacrosimeMy BpeMEHH TONOJOTMYECKUE U 3JIEKTPOJUHAMUYECKHE XapaKTEPUCTUKN
TaKMX aHTEHH HE pacCMaTPUBAIINCH, & CPABHEHUE UX C BO3MOYKHBIMH aHAJIOIaMH HE IPOBOAMIIOCH.

AHam3 XapaKTEPUCTHK IUIAHAPHBIX KOJIBLIEBBIX AHTEHH, OCHOBAHHBI HAa CTPOIUX
AQHAJIMTUYECKUX METOJaX, CONPSKEH C ONPEAEIICHHBIMU TPYAHOCTAMH MaTEMaTHYECKOTO XapaKTepa.

[ToaToMy pe3ynbTaThl UCCIEOBAHMSI TAKUX XapPAKTEPUCTUK, IPUBOJIUMBIE /1aJIe€, OCHOBaHbI
HA YMCIEHHOM PEIICHUU MHTETPAJIbHOTO YPAaBHEHUS OTHOCUTENIBHO IUIOTHOCTH MOBEPXHOCTHOIO
TOKa Ha DJIEMEHTaX AaHTEHHBI B IPOIECCE KOMIBIOTEPHOIO MOJEIMPOBAHMS B CPElE KOMIUIEKCA
nporpamm FEKO [8].

Bo MHOrmx HayudHBIX HCCIEJOBAaHMSIX IPH AHAIM3E XApPAKTEPUCTUK AHTEHH ILIHUPOKO
HCIIOJIb3YETCSl YMCJIEHHBIN alrOPUTM DPEIIECHUS MHTETpabHBIX ypaBHEHUil. B kadecTBe 06a30BOro
MeToAa peuieHus AuGPaKIMOHHOM 3amaud B makere mnporpamm FEKO peanusyercs METOX
MOMeHTOB (MeToa byOHOBa-lI'anepkuHa) ¢ MOCIEIYIOIUM PAacueTOM U aHAJIM30M XapaKTEPHCTUK
AHTEHHBIX JIEMEHTOB JIM0O pacceuBaTeNeH.

Iear fmaHHOM cTAaTbH COCTOMT B  OIPENEICHUM  YAaCTOTHBIX  3aBUCUMOCTEHN
JJIEKTPOJAMHAMMUYECKUX XapaKTEPUCTUK IIEJICBOM [BYXKOJBLEBON IUIAHAPHOW aHTEHHBL. B
[IpoLecce  MPOBEACHHBIX  HCCIEAOBAHUM  PAaCCUUTBHIBAIMCh M AHAIU3UPOBAIIUCH  TaKUE
XapaKTEPUCTUKUA JTOM AHTEHHBbI, KAaK YaCTOTHBIE 3aBUCHMOCTHM BXOJHOIO MMIIEAHCa,
koapduurenTa orpakenus Ha Bxoae u KHJI B HanpaBiieHun Hopmaiu.

B npuBogumbIX gaiee pe3yibTaTaX KOMIIBIOTEPHOTO MOJEIMPOBAHUS YACTOTA MCTOYHHKA
BO30Y>KJICHUSI aHTEHH BapbupoBanach B npeaenax ot 1,0 mo 5,0 [T (¢ marom 50 MI'n). [qnuna
BOJHBI A, NPHHATas 3a OCHOBY IIPH pPacyeTe I'eOMETPUYECKUX I1apaMeTpPOB, COOTBETCTBYET

yactore 2,5 I'T.
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B ocHOBe Bcex paCCMOTPEHHBIX KOHCTPYKIUH JICKUT IVIOCKUI XOPOILO NPOBOASIIMN 3KpaH
tommuuoi 0,25 mm. Ilpeanaraemast TOMonOrys IJIAHAPHOW IIEIEBOM JIBYXKOJIBLIEBOH M300paskeHa
Ha puc. 1.

Konbua

2\
)

— paauycC BHEUIHEH OKpPY:KHOCTH Konell Ry = 0,34 ;
— paauyc orBepcTuii Ry = 0,151;
— oOmmit pazmep oTBepctuii co menbo Iy =0,8,;

— TIOTNCPEYHBIN pa3Mep Wenu ¢ = 3..5 MM

< >

Pucynok 1 — Tonosorust Mozienu 1ByXKOJIbLEBON aHTEHHBI

Jlnst Toro, 4roObl BBIIBUTH OCHOBHBIE CBOICTBa W OCOOEHHOCTH XapaKTEPHCTUK TaKOM
AQHTCHHBI, €€ INPEUMYLIECTBA U BO3MOXKHBIC HENOCTATKH TAKXKE OCYIIECTBISIUCH aHAJIOTUYHBIC
pacyeTsl MPUMEHUTENIBHO K IIMPOKO M3BECTHBIM LICJIEBBIM MOJEISAM AHTEHH COOTBETCTBYIOILMX
pa3mepos (Tabi. 1).

Tabmuua 1 — I'eomeTpudeckre napaMeTpbl MOJICNICH IIENEBbIX aHTEHH

Tun mogenu HuameTtp [Tonepeunsrit Oo6mas aqmuua | Pamuyc skpana,
oTBepcTUd, D | pasmep wienn, e, Iy R,
ITonyBonHOBAas 1IEIb - 3,0 MM 0,5, 0,75,
(puc. 2, a)
«["aHTenbHaAs) HIETh 0,0734, 3,0 MM 0,5X, 0,75\,
(puc. 2, 0)

Pucynok 2 — Tomnonorust Mojesne mieeBbIX aHTEHH

[TomuMo HUX /Ui pacyeTOB XapaKTEPUCTHK M CPaBHEHUS TakXKe BHIOpaHBI TakKue
ciiaboHanpaBIeHHbIC AHTEHHBI.

UYeTBepTbBOIHOBBIM MOHONONb (puc. 3): paguyc 3kpana R, =0,75A,; BbicoTa BHOpaTOpa
h=0,25)k,; paguyc BubpaTtopa » =0,5 MM U 3ursarooOpasHasi aHTeHHa (puc. 4): JUIMHA CTOPOHI
kBazgpara [/ =0,375\,; ToBmMHA cTOpoHbI KBajapara f=0,033A,; paccrosHUE B TOYKE HMUTAHUS

3...5 Mmm.
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Pucynok 3 — Tononorus Pucynok 4 — Tononorus moaenu
MO/IENIN BEPTUKAIILHOTO 3Ur3aroo0pa3HoOil aHTEHHBI

MOHOIIOJIA

Hcnons3yeMslil B Ipoliecce YUCISHHOTO aHalk3a METOJ MOMEHTOB IpelyCMaTpuBaeT [Uis
pELIEHUs] UHTETPAIbHOTO YPaBHEHUsS] OTHOCUTENIBHO IIOTHOCTH MOBEPXHOCTHOI'O TOKA pa30OHeHUe
MOBEPXHOCTU AHTEHH HA Majble 10 CPaBHEHUIO C JUIMHOW BOJHBI TPEYTOJIbHBIE CEIMEHTBI,
anIpoKCHUMAIMIO TOKA B Ipe/ieNiaX TAKUX CETMEHTOB U PEIIEHHE IOJyYCHHOW CUCTEMBI IMHEHHBIX
anreOpandeckux ypaBHEHUI.

IIpu sTOM xapakTepHblii pa3mep A/ CTOPOHBI CETMEHTa JJsl MOJYyYCHHs MPUEMIIEMOM
TOYHOCTH JIOJDKEH COOTBETCTBOBATh HepaBeHCTBY Al <A . /10, rae A, — MUHMMalbHas JUIMHA

BOJIHBI B CBOOOTHOM IPOCTPAHCTBE MPUMEHUTEIBHO K UCCIIEAYEMOMY YaCTOTHOMY JMAIa3oHy.

B pesynbraTre YMCIEHHOTO pEIICHUS CHUCTEMBbl JMHEHHBIX anreOpanvyeckux ypaBHEHHM
OTIpeNIeNIACTCSl aMIUTUTYAHO-(Da30Boe pacmpesieseHue IUIOTHOCTH ITOBEPXHOCTHBIX TOKOB Ha
IIOBEPXHOCTU MOJEJIM AHTCHHBI U HAa OTOM OCHOBE J1ajle€ PACCUUTHIBAIOTCS YACTOTHBIE 3aBUCUMOCTH
uMIefiaica U Moxyist ko3dduruenTta orpaxenus |Sjp| Ha ee BXOJeE, a TAKKe XapaKTEPUCTHKH
10JIs1 M3Iy4yeHus B AanbpHel 30He u KH/IL.

OpnHuMu U3 Haubolsiee BaXKHBIX MApPaMETPOB, ONMPEEIISIONINX YaCTOTHBIE CBOICTBA JIHOO0M

AHTECHHBI, SIBIISTIOTCS BXOIHOM MMIIEIAHC, €ro 3aBUCUMOCTh OT YacCTOTHI M CTEIIEHb COTJIACOBAHMUS C
OUTAIOIEN JIMHUEH.

Tak, Ha puc. 5 moOKa3aHbl rpauKy, WUTIOCTPUPYIOLINE 3aBUCUMOCTH MOJYJIS UMIIEAAHCA
Ha BXOJI€ aHTEHH. 3]IeCh, a TAKXKe Ha MOCIEeIYIOIUX PUCYHKaX, HU(ppaMu OTMEUEHBI KpuBbIe: 1 —
NPSAMOYTOJIbHAS IIEJIb; 2 — «TaHTEeIbHAs» IIEINb; 3 — IBYXKOJIbIEBAs aHTEHHA; 4 — MOHOIIONB; 5 —
3Ur3aroo0pasHas aHTEHHa.

N300paskeHHBIE HAa pHC. 5 YaCTOTHBIC 3aBHCHUMOCTH, IMO3BOJISIOT UISi BCEX PACCMOTPEHHBIX
MOJIENEH aHTEHH CPABHUTh M3MEHEHUS, IIPOMCXOIAIIME TP BAPUALIUHU IONEPEYHOrO pasMepa ILEIH.
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PucyHok 5 — 3aBucuMOCTH MOMIYJISI UMITEJIaHCA HA BXOJIE AHTCHHBI:
a) t,=3Mm; 6) 1, =5MM
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W 3neck odeBuaeH TOT (akt, 4tro B mojoce 4actoT oT 1 mo 5 I'Ti MuHMManbHBIC
OCUMJUISIUMM UCIBITBIBAET KpUBas, COOTBETCTBYIOIIAs JBYXKOJIBLIEBOW aHTeHHe. [l Hee
YBEJIIMUYECHUE IIUPHUHBI 1IN NPUBOAUT K HEKOTOPOMY BO3PAaCTaHHUIO BXOJHOTO UMIIEAAHCA.

CrnenoBaTenbHO, paccMaTpyuBaeMasi TOMOJIOTHS TAKUX aHTEHH MO3BOJISIET ITyTEM HEKOTOPOTO
M3MEHEHHUs TOMEePEYHOro pa3Mepa Mield B 00JacTH MepeceueHus: KoJyiell Mmoaduparh Hambosee
MPUEMIIEMOE IS TUTAOIIEH JIMHUU 3HAYEHUE BXOJHOI'O UMIIEJaHCA AHTEHHBI.

MoOXHO OTMETHTH, YTO JJIsS JABYXKOJIBIIEBOM aHTEHHBI MpU ¢ =3..5 MM YCPEIHCHHOE

3HayeHue |Z | nexur B mpengenax 50...75 Om, B TO Bpems Kak s LICIEBBIX AHTCHH

XapakTepHbIM sBistercs 3HaueHue 350...400 Om (B obmacTu pe3oHaHca).

0.0 I 0.0
I 40 40
8.0 -8.0
-12.0 -12.0
-16.0 -16.0
_20.0 '20.0
-24.0 -24.0
-28.0 -28.0
-32.0 -32.0
I_35.0 |-36.0
-40.0 -40.0 Y
a) 0)

Pucynok 6 — Pacnipenenenue GJmKHEro moJst:
@) NpSIMOYTOJIbHAS I1IeJIeBas aHTCHHA; 6) TBYXKOJIbIIEBAs AaHTCHHA

Ha puc. 6 moka3zansl pe3yJabTaThl KOMIBIOTEPHOTO MOJICIMPOBAHUS ISl BCEX 3TUX AHTEHH B
BUJIC paclpe/ie]IeHui HaNpsHDKEHHOCTH 3JIEKTPUUECKOT0 OIS B OMKHEH 30HE Ha paccTOSIHUU | MM
OT TIOBEPXHOCTHM aHTeHH Ha d4acrore 2,5 [Tu. OTu naHHbIE MO3BOJSAIOT PAacCMOTPETh U
MIPOaHATN3UPOBATh OCOOCHHOCTH (POPMHUPOBAHUS TOJISI U3TYUCHHUS STUMU aHTEHHAMH.

3aBuCHUMOCTH MOAyJs KodhdHuLuueHTa oTpaxkeHus |Sj| | Ha BXOJe aHTEHHBI M300pa’keHbI

Ha puc. 7. IlokazaHHble 31€Chb BapUaHThl OTIUYAKOTCS BEJIMYMHON COIPOTUBIICHUsS HArpy3Ku Ha
BXOJIC AaHTCHH:

— i Bcex TUIOB aHTeHH R, = 50 Om, kpome MoHOmnoms uist Hero R, =37 Ow (puc. 7, a);
— st meneBbIx anTeHH R, = 350 Om, i ocTanbHbIX TUHOB R, =75 OM (puc. 7, 0).

PaccmoTpeB rpaduku 3TUX 3aBUCUMOCTEH MOAYNA KO3 QHUIMEHTa OTPAKEHUS 7Sl aHTCHH
BCEX THUIIOB, TaKX€ MOXKHO CJeNlaTh BBIBOJ O IIUPOKOIIOJIOCHBIX CBOWCTBAX JBYXKOJBIEBOU
AQHTEHHBI 110 COTJIACOBAHUIO €€ C IUTAIOIICH JINHUEH.

[S11],nb [S11,nb
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Pucynok 7 — CpaBHEeHME 4aCTOTHBIX 3aBUCUMOCTEH | S} | HA BXOJE aHTCHH:
a) t, =3 MM, 6) t, =5 MM
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[IpencraBnennble rpaduku MOCTPOSHBI IO pe3yJibTaTaM pacyeToB, M OHHM HATJISIHO
WUTIOCTPUPYIOT YACTOTHBIE 3aBUCHMOCTH OCHOBHBIX IIapaMETPOB PACCMOTPEHHBIX aAHTEHH.
Pe3ynbTarhl aHanu3a 3TUX 3aBUCUMOCTEHN MO3BOJISIOT AENaTh KOPPEKTHOE 3aK/IIOUEHUE O JIYUIIUX
LIMPOKOMOJIOCHBIX CBOMCTBAaX JABYXKOJIBLIEBOM AHTEHHBI 110 CPAaBHEHHIO CO BCEMM OCTAJIbHBIMH
PacCMOTPEHHBIMU aHTEHHAMH.

JlaHHBIE O LIMPHHE IOJIOCHI YacTOT, ONpeesieMoil no yposHto | S|, |< —10 nb, cBeneHs! B
Tabn. 2. OTHOCUTENbHAS IIMPHUHA PaboYell MOJOChl YacTOT B JIAHHOM Cllydae OMpeIessiach Mo
dbopmye:
Aij = 2(f‘max - fmin)/(fmax + fmin) 100 (%)
[IpencraBneHHble JaHHBIE MMOKA3bIBAIOT, YTO MyTEM MOAOOpa TEOMETPUUYECKUX MapaMeTpoB
JBYXKOJIBIICBOM AHTEHHBI M LIMPUHBI IIEIH MOXHO JOOUTHCS ONTHUMAJIBHBIX (C TOYKU 3pEHHUs
LIMPOKOIOJIOCHOTO COIJIACOBaHMS) PE3YJIbTATOB.

Tabnuna 2 — [upuna paboueil Moa0ck 4acTOT aHTEHH, ompezaenseMas 1o | S, |.

O603HaueHue KpUBOi Ha puc. 7
[MIupuna eI "

CONPOTHUBIICHUE 1 2 3 4 5

Harpy3Ku

fo=3MM; R, =50 Om | Af=14,7% | Afg=17,1% | Afs=893% | Afy=9,1% | Afs=11%
R, =75 Om - - Afs=67% - Afs=36,4%

Ly =5MM TR "_350 OM| Afy=28.% | Af;=28% - - -

Bupum, 4T0 MpeACTaBIEHHOM TOMOJIOIMH JBYXKOJBIIEBOM AHTEHHBI IpH [, = 3 MM

(kpuBass 3) HaWiydllee COTJacoBaHME M IIUPOKas Iojoca O0ecHeunmBaeTcs MpPU AKTUBHOM
COIIPOTHBIIEHUH HATPY3KH HA BXOJ€ aHTEHHBI, paBHOM 50 OM.

HanpaBienHnble CBOWCTBa HCCIEAYyeMBIX MOJENCH aHTEHH WJUTIOCTPUPYIOT Tpaduku
YaCTOTHBIX 3aBHCUMOCTEH Koadduimenta HanpaieHHoro aevictsus (KHJI) B nHampaBienun
HOpMaJIU K TJIOCKOCTH 9KpaHa, N300paXeHHbIE Ha pUC. 8. AHAIN3UPYS ATU 3aBUCUMOCTH, HETPYTHO
3aMETUTh CPABHUTENILHO IJIABHOE U3MEHEHHE, XapaKTEPHOE AJis KpUBBIX 1...4 U pe3kue U3MEHEHHUs
KHJI nnst kpuBoid 5 B BBICOKOYACTOTHOM YacTH Juamna3oHa. B  HU3KOYACTOTHOM Yy4dacTKe
paccmarpuBaeMoro auanasona KH/[ nByxkomnbiieBoil anteHHbl npesbimaeT KH/I meneBbix aHTeHH,
cosnagas ¢ KH/I 3urzaroo0pasHoii anteHHsl. [lockonbKy tuarpaMMa HarnpaBI€HHOCTH MOHOIIONS B
TOPU30HTAILHON MJIOCKOCTH UMEET KpyroByio ¢opmy, nosromy KH/I MmoHomons 3aMeTHO MeHbIIIe,
4YEeM Y BCEX OCTAJIbHBIX TUIIOB AHTCHH.

Bce paccMoTpeHHBIE TUIBI aHTEHH SIBIISIIOTCS C1a00HANPABICHHBIMH, W TIOATOMY 00JIaAatoT
XOpOIIMMH IIUPOKOTOIOCHBIMH CcBoOMcTBamu, omnpeaensembivu o KH/I. Vckmtouenue cocraBisier
3Ur3aroo0pasHasi aHT€HHa, y KOTOPOW Tojoca pabodux 4acTOT IO 3TOMY MapaMeTpy MOYTH B JIBa
pa3a MEHBbLIE.

D, b B mpomecce  umccienoBaHus — ObLIO
. «{'z oo YCTaHOBJICHO, YTO IIyTEM BapUalUUd pPa3MEpOB
oL KOJIEll, UX LIUPUHBI, JUIMHBI LENH U €€ [UPHUHbI
MOXXHO B JIOCTaTOYHO IIMPOKOM JHaIa3oHe
------------------ MEHATh €€ JJICKTPOJMHAMMYECKUE XapakKTe-
S PHCTHKH, YCTaHABINBAs HEOOXOIMMBIC Pa3MEpHI.
B 3akiodyeHre MOXKHO OTMETHUTh, YTO B
TaHHOW paboTe paccMOTpeHBl OCOOEHHOCTH
MaJIOpa3MEepHbIX CI1a0OHANpPABICHHBIX AHTEHH,
-10 ) fTTu TAKUX KaK BEPTUKAJIBbHBIM MOHOIIOJb, ILIEJIEBBIC
‘ MIOJTyBOJIHOBBIE AHTEHHBI W  3UI3aroodpasHas

Pucynok 8 — 3aBucumoctu KH/I[ oT yacToThI aHTEHHA (aHTEHHA XapueHKO WIN «Z-antennay).
IIpencraBinena TONOJIOTHS IPEMAJIOKECHHOU
KOHCTPYKLIMH  IUIAHAPHOM  IIMPOKOIIOJIOCHOU

——

w
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JIBYXKOJBIICBOM  AaHTEHHbBI W  BIEPBbIE  MNPHUBOJATCS  YaCTOTHBIE  3aBHCHUMOCTH €€
AJIEKTPOAMHAMUYECKUX XapaKTepucTuK. [IpencTaBieHHbIe pe3yiabTaThl OCHOBAHBI Ha KOPPEKTHOM
pelIeHNH U aHaIu3e TU(PPAKIUOHHOMN 3a1a4i IIyTEM KOMIBIOTEPHOTO MOJICIIMPOBAHHUSL.

JlaHHyI0 aHTEHHY MOXKHO OTHECTH K KJIACCy HIMPOKOMNOJOCHBIX. [lomoca paboumx 4acTor,
ompenensemasi, kak no KH/I, Tak 1 mo ko3ppUIMEHTY OTpa’keHHsI Ha BXOJIE, COJIEPKUT B cede
OJIHOBPEMEHHO BC€ YYaCTKH [HAIA30HOB CTAHIApPTOB MoOwibHOW cBs3u 3G, 4G wu
Hameuatomierocsi B nepcnektuse 5G (3600 MI'u, Bo3amoxuo u 6 I'T), a Takxe crangaproB /[EEE
802.11n, IEEE 802.11ac B coBpeMeHHbIX MOOMIIBHBIX TEPMUHANAX U poyTepax WiFi.

IupoKorosoCHbIe CBOMCTBA 3TOW aHTEHHBI OOBACHSAIOTCS HATMYMEM B €€ KOHCTPYKLUH JABYX
IIMPOKUX YACTMYHO CKPELICHHBIX IUIAHAPHBIX KOJEI W OTHOCUTENIFHO KOPOTKOW Y3KOW e,
KOTOpas BO30Yy’>KAaeTcss B LIEHTpe o0JacTu uX rnepecedeHus. Takash 0cOOGHHOCTh OOecIeyrBaeT
JOCTaTOYHO IIMPOKYIO MOJIOCY pabOYUX YacTOT, KaK MO XapaKTEPUCTHUKAM HANpPaBICHHOCTH, TaK U
110 BXOAHOMY uMIenaHcy. [Ipu 3ToM aHTEHHa MMeEET 3Hau€Hue BXOJAHOro comportusiaeHus 50...60
OM, KOTOpOE MOKET KOPPEKTUPOBATHCS ITyTEM U3MEHEHUS! IIMPUHBI IETH U KOJIEI.

Hapsny ¢ mmpoKonogoCHOCTBIO, MPEUMYIIECTBAMU TaKOH aHTEHHBI SBJISIIOTCS: TOBBIIICHHOE
3HayeHne KH/I nmo cpaBHEHHIO ¢ MOHOTIOJBHBIMH U JTUIIOJIBHBIMU MTPOBOJIOYHBIMU KOHCTPYKLHUSMH,
a TaKKe HECJOXHAas TEeXHOJOTHsS M3TOTOBJICHHUS, JAloIas ONpPEICNICHHYIO BBITOAY MPH MacCOBOM
IIPOU3BO/ICTBE.

K panpHedimyM HampaBiIeHUSM HCCIIEIOBAaHUI CBOMCTB TaKUX AHTEHH MOXHO OTHECTH
HCCIIEIOBAaHUE CBOMCTB aHTEHHBIX PEIIETOK Ha UX OCHOBE.
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