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Annomayus - IIpobnema. CoBpeMeHHBle MOOGHIBHBIE pPOOOTH3MPOBAHHBIE KOMIUIEKCHI BCe ILIMpe IPUMEHSIOTCS B
Pa3IMYHBIX cpepax fesTeTbHOCTH YeoBeka. Bee 6osiee skecTKHe TpeGOBAHUS MPebSBISIOTCS K HUM 110 06eCleYeHHIO BBICOKOM
HPONMYCKHON CIIOCOOHOCTH, IHPOKOIOJIOCHOCTH U HAaJe>KHOCTH KaHAIOB Iepefayy JAaHHbBIX U yIpaBlIeHHUs IPU MaKCUMaIbHOM
YAAIeHHOCTH OT IyHKTA yIpaBieHust. M, 4To X0Tesoch 651 OTMETUTD OTAEIBHO, 3TO TpeGOBaHME 10 MAKCUMAIbHOMY CHUXKEHUIO
ce6eCTOMMOCTH TaKUX KOMIUIEKCOB. [[0aTOMy pa3dpabGoTKa TeXHOTOTHYHBIX, 9KOHOMUYECKH L1e71eCO06Pa3HBIX aHTEHHBIX CHCTEM,
obecreynBaOIUX MOBBILIEHHE HEPreTHYECKOro MOTeHLHaNa pajUOKaHala Ha MHTepBale PoGOTU3MPOBAHHBIM KOMIIEKC —
IYHKT yIpaBeHHUs SIBISETCS ONHUM W3 IyTeH pelleHUsi NaHHOM mpo6remsl. [TocraHoBka 3agaun. Tpebyercs pa3paborarsh

MeXaHHYeCKH MPOYHYIO, TEXHOJIOTHYHYI0 aHTEHHY, IOCTPOEHHYI0 Ha 6ase JIMH30BBIX CTPYKTYP Pas3IMYHOM KOHPUrypauuu us
COBpEMEHHBIX NUAIEKTPUIECKHUX MAaTEPHUAIOB, XaPAKTEPHUIYIOLIYIOCS YMEHbLUIEHHBIMU MaccorabapruTHBIMH XapaKTepUCTHKAMHU
1 ce6eCTOMMOCTBI0, KOTOPAsi TO3BOIUT MOBBICUTh YPOBEHD H3/Ty4aeMOM 37IeKTPOMarHUTHON HEPTUHU B IIHPOKOH [TOJI0CE YaCTOT.

lenb cratbd. [IpencraBuTh pa3pabOTAHHYI MOAENb HECHMMETPUYHOM BUOPATOPHOM aHTEHHBI W Pe3yNbTAThl YUCIEHHOIO
akcrnepuMeHTa. Pedynbrar. KOHCTPYKIMSI aHTEHHB! BBINOJIHEHA HAa METAUIM3MPOBAHHOW KPYIVIOM MOMATIOXKE U NpeACcTaBiseT
co60W LUIUHAP U3 MOJUCTHPOJIA C BOPOHKOOOPA3HBIM OTBEPCTHEM, BHYTPU KOTOPOTO PaCHOIOXEHO IJIeY0 HECUMMETPHUYHOTO
BUOpaTopa KOHNYECKOU GpOPMBI. Pe3ybTaThl pacyeToB I0OKA3aJI1, YTO B [I0OJIOCE YACTOT, KOTOPAs HCIOJb3YeTCsl A1l OpraHU3al UK
NPSIMBIX IIMPOKOTIONOCHBIX KAHAIOB PAJUOCBA3U C PpO6OTH3MPOBAHHBIMU KOMIIIEKCAMU, KOIPULMEHT YCUTTEHUST U3MEHSAETCSI
B mpepenax 5,5-9 nB, 4TO MpeBOCXOAUT MO NAaHHOMY MapaMeTpPy 4YacTO NMpPHUMeEHseMble IUThIpeBble aHTEHHBI. PaccYMTaHHBIN
KO3$PULMEHT CTOSTYEN BOJIIHBI IOATBEPXKAAET PA60TOCIOCO6HOCT pa3paboTaHHOM MO/ aHTEHHBI B IIMPOKOH [10JI0CE YaCTOT.
ViMnepnaHcHasi XapaKTepUCTHKA U fuarpamma Bonbrnepra - CMuTa oKas3anu NpeaBapUTeIbHbIA PACYETHBIN Pa3bpoc BXOJHOIO
conporuieHusi aHteHHel or 30 go 95 Om. IIpakThyeckas 3HAYMMOCTb. [Ipe[yioskeHHAash MOJeNb aHTEHHBI O0eClevYrnBaeT

TEXHOJIOTMYHOCTh, MEXaHUYECKYIO IPOYHOCTb, HU3KYIO ce6ecTOMMOCTD. [10/IHOa3MMyTaNbHbIH PESKUM U3ITydeHU s U IOBBILLIEHHBIH
K03 PULUEHT yCUIIEHUS TTO3BOJISIOT CIIPOrHO3UPOBATh BO3MOXKHOCTb IPUMEHEHHUsI JAHHOW aHTEHHBI B COCTaBe 060PyLOBaHMUSI
KaHaJia [epefiavyd JaHHBIX U YIIpaBieHUs PO6OTH3HPOBAHHBIX KOMIUIEKCOB THIA GECIMIOTHBIX JIETATEIbHBIX AapaToB.

Kniouesvle cnosa - HecMMMeTpHU4YHAsi BUOGpATOpHAasi aHTEHHA; [MAJIEKTPHYECKas JIMH3a; AMarpaMma HanpaBlIeHHOCTH;
nuarpamma Bonenepra - CMuTa; KO9GPUIUEHT CTOAIEH BOTHBIL.

Jlama nocmynnenua 8 anpens 2021
Jlama npunamus 31 mas 2021

BBenenue

[I7sT TMOBBINIEHUS YCTOWYUBOCTH M HAJeXHOCTU
PafuOCBSA3HU B IIHMPOKOH I10JIOCE YAaCTOT AJIs yIpaBsiie-
HUS 1 06MeHa HHGOpMALMeH MeX/Y CleLHalbHBIMU
MasorabapuTHBIMU POGOTH3UPOBAHHBIMHU KOMIITIEK-
camu (HampuMmep, OeCHHJIIOTHBIMH JI€TATEIbHBIMU
anmapatamMi) ¥ NYHKTOM YIIPaBJIeHHs HEOGXOLUMO
M3BICKMBATh BO3MOXXHOCTH IOBbIIIEHHUs] 9HepreTHye-
CKOTO IOTeHIMAaIa Ha HHTepBaje POOOTH3NPOBAaHHOE
YCTPONCTBO - IyHKT yIpaBlleHUs. BapuaHToM Tex-
HUYECKOr'0 pelIeHUs] yBeJIWYeHUs yPOBHs CUTHasa
Ha MHTepBaje MOIYT SBISATbCS pa3paboTka U BHe-
ApeHHe ManorabapuTHBIX, SKOHOMUYHBIX aHTEHHBIX
YCTPONCTB C IOBBIIIEHHBIM YPOBHEM H3ITyd4aeMOoU
3JIEKTPOMATHUTHOW sHepru# [1; 2], mocTpoeHHBIX Ha
6a3e TMH30BBIX CTPYKTYP Pa3IMYHON KOHPUIYPALIHH,

for_registr_only@mail.ru (Anuee Imumpulii Cepzeesuu)

HCIIOJIHEHHBIX W3 COBPEMEHHBIX NUBJIEKTPUYECKUX
MaTepuanoB. B 4aCTHOCTH, /i MOBBIIIEHUs SHEPre-
TUYECKOrO MOTEHI[UAA MTOJTHOA3UMYTAJIbHBIX AHTEHH
HCIOJIB3YIOTCS JIMH3bI pa3inyHoro tumna [3-7].

1. BapuaHT MOJIHOA3MMYTaJIbHON aHTEHHBI

B craThe mpemioXeH BapHaHT MOJIHOA3UMYTAJIb-
HOM aHTEHHBI, KOHCTPYKLMSI KOTOPOM OCHOBaHAa Ha
$a30KOPPEKTHPYIOIEM CBOMCTBE [HUAIEKTPHYECKON
LUTMHIPAYECKON TUH3EI [8].

AHTeHHA TpefCTaBisieT COG0M UWJIMHADP U3 IOJIH-
CTHUPOJIa C BOPOHKOOGPAa3HBIM (rHUIEPEONIUYECKUM)
OTBEPCTHEM, IUIEY0 HECUMMETPHUYHOro BHOpaTopa
KOHUYeCKOH GpOpMBI (OpHEHTHPOBAHHOE BEPTUKAIIb-
HO II0 OCH CHMMETPHH B OTBEPCTHH LIMJIMHAPA), KO-
TOpBle 3aKpeIUIeHbl Ha MeTITIM3UPOBAHHOU KPYTJIOH

© Anues [1.C. u np., 2021
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Puc. 1. Bujj aHTeHHBI: a - CBEPXY; 6 — CHU3Y; 8 — B paspese
Fig. 1. Antenna view: a - from above; b - from below; ¢ - in section

9,00

y

8,00

s

7,00

[,

6,00

5

- - - Ko3¢puuueHm ycuneHus
ps Ko3¢PuuueHm HanpabnenHocmu
Mu
4,00 .
1 15 2 24= 3 4 5 b T 8 9 10 11 12 15 14 15 16 1F¥ 18 19 20 2N

Puc 2. 3aBrcuMocTsb K03dHIMEeHTa HANPABIEHHOCTH U K03 ULINEHTa yCUIEHH S aHTEHHBI OT 4aCTOThI
Fig. 2. The dependence of the directivity and antenna gain on frequency
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Puc. 3. 3aBucumocTs K03 dUIHeHTA CTOSTYelt BOIHBI OT YaCTOTEI
Fig. 3. Standing wave ratio versus frequency
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Puc. 4. Pe3ynpTaThbl YUCII€HHOTO MOJIEJIMPOBAHMUS: @ — KOMIUIEKCHOE CONpOTUBIIeHHe (Z, OM) B HCCIIeAyeMOH TI0JI0Ce YacToT; 6 - Auarpam-
Ma BonenepTa - CmuTa
Fig. 4. Numerical simulation results: a - complex impedance (Z, Ohm) in the investigated frequency band; b - Wolpert-Smith diagram
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Puc. 5. PacuyeTHbI# BUL AMarpaMMbl HAMPABIEHHOCTH Ha paboveii yacrore 5,6 [Ty
Fig. 5. Calculated view of the radiation pattern at the operating frequency of 5,6 GHz

Ta6. luarpaMMbl HanpaBIeHHOCTH 10 YITIy MecTa
Table. [JuarpaMmbl HalIpaBIeHHOCTH I10 YIJTy MECTa
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Oxonuanue Ta6i.

End of the Table
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Puc. 6. [lelicTBYIOLIMI MaKeT aHTEHHBI
Fig. 6. Active antenna layout

MOJIJIOKKE, BBICTYHAIOIIEe B pONM OCHOBAHUS KOH-
CTPYKLMH U 06JaCTH HYJIEBOIO IOTEHLIMAA A BH-
6patopHoi anTeHHBI. Q61K BU U TEOMETPUIECKHE
pasMepsl NpeAcTaBaeHbl Ha puc. 1.

Kpyrnass meraymiudeckasi MOAJIOKKA JUAMETPOM,
PaBHBIM [MAaMeTpPy LUIMHAPA JIUH3bI, BBIIOTHEHA U3
TOHKOJINCTOBOM Mefu.

[luTaHve aHTEeHHBl OPraHU3yeTCs MOAKIIIOYEHHU-
eM QUaepHOI JIMHUU C BOJMHOBBIM CONPOTUBIEHUEM
50 OMm (ueHTpasnbHas XHJIa KOMMYTHPYeTCs K Bep-
IIMHEe KOHyCa, OIUIeTKAa — K IOBEPXHOCTH MeNHOU
[TOJJIOKKH).

Teno nMUH3BI aHTEHHBI BO3MOXKHO HCIIOJHUTH IIPHU
nomomu FDM-texHonoruy, npyu NpPOMBIIIJIEHHOM
NIPOU3BOACTBE — METOAOM JINThSI O[] AaBJIEHUEM.

2. PCSYJIbTaTbI YHCJIEHHOI'0 JKCIIEpUMEHTA

Ha puc. 2-5 npuBefeHbl pe3ynbTaTbl YHUCIEHHOTO
aHanM3a XapaKTepUCTHUK aHTEHHBI, IPOU3BENEHHOI0
B nosioce yactotr oT 1 I'T'y mo 21 I'T'w.

Pacuernsle 3HadeHUst KO3$PULHEHTA YCUIEHHS B
YKa3aHHOM fualnas3oHe BapbupyoTcs oT 4 fo 13 nb.
[TpuueM Ha dactoTax guamasona 24-56 I'To (ko-
TOPBIM B HACTOSILIUHA MOMEHT HCIOJB3YIOT s Op-
raHW3alUu MPSIMBIX LIMPOKOINOJOCHBIX KaHAaJIOB
PafMOCBsA3U C POGOTU3HPOBAHHBIME KOMIUIEKCAMH)
KOOQPULIUEHT YCUIEHHUS] H3MEHSETCS B IMpefenax
5,5-9 nB, uTo B 2-3 pasa NpPeBOCXOAUT MO AAHHOMY
napaMeTpy 4acTo IPUMeHsieMble IIThIPeBble AaHTEHHBI.

KoadurmeHT cTosiueid BONHBI IOYTH BO BCEM HC-
CllefyeMOM [UAaIa3oHe B L|eJIOM HaXONUTCs B Ipene-
nax ot 110 2, 9TO MOATBEpPKAaeT paboTOCMOCOGHOCTD
pa3paboTaHHOU MOME/N aHTEHHBI B IIKPOKOU MOJI0Ce
4acToT.

MMmnenancHass XapakTepUCTHKa M AuarpaMma
Bonpnepra - CmuTa nokaszanud HNpegBapUTeNbHBIN
pacyeTHbIN pa3bpoc BXOLHOIO CONPOTHUBIEHHUS aH-
TeHHBI OT 30 1o 95 OM, 4TO CKakeTCs Ha COIJIACO-
BAHMM AHTEHHBI C MATULECATUOMHBIM uepHBIM
TpakTOoM. IJaHHBIM pa3bpoc, Kak BapUAHT, BO3MOX-
HO KOMIIEHCHPOBATbH MOJK/IIOYEHNEM COIJIACYIOIIETO
Tpancdopmaropa.

Vcronb3oBaHWe IOACTUIAIONIEH MeTaIIU3UPO-
BaHHOW TMOMJIOXKHM B COYeTaHHU C (Ppa3oKOPPEKTH-
pylolled JMH30M NO3BOJIMIM IOJNYyYUTHh IHpeABapu-
TeJbHYI0 pacyeTHYI0 AUarpaMmy HalpaBlIeHHOCTH
KBa3UTOPOUJATBHON pOPMBI, yCEIeHHOH B rOPU30H-
TaJIBHOM IUIOCKOCTH (puc. 5). JluarpaMMbl Hampas-
JIEHHOCTU B YTJIOMECTHOM IUIOCKOCTH 7Sl BCEX pac-
CMOTPEHHBIX Pa6OYHX YACTOT MPUBELEHBI B TAOHIIE.

Jlnst oleHKHM rabapUTHO-MaCCOBBIX [IOKa3aTesel Ha
OCHOBe pa3pabOTaHHOM MOJeENN aHTEHHBI C UCIOTb-
3oBaHMeM TexHOIOruu FDM 6bUT HCIIONHEH [EHCTBY-
IOLIMH MakeT, U306paskeHHBIN Ha puc. 6. Macca aH-
TEHHOT'0 yCTpOoHCcTBa cocTaBmia 126,22 1.

3ak/iouyeHue

1. Tlony4yeHHble rabapUTHO-MACCOBBIE TAPAMETPBI
NpPEeNOCTABNSIOT BOSMOKHOCTb PA3MeCTUTh paspabo-
TaHHYIO AHTEHHY Ha POGOTU3UPOBAHHOM YCTPOMCTBE
CpenHero kjaacca 6e3 OLYyTUMOrO BIUSHUS HA 001IMe
rabapuThl U MacCy KOHCTPYKIIUH.

2. Tlo pacyeTHbIM 3HaueHUsM KoadpduiueHTa
YCUJIEHUS], UMITEIAHCHOW XapaKTEePUCTHKE, 3HAYEHH-
SIM KO3 pPUIIMEHTA CTOAYEN BOJIHBI IPEACTABIEHHAS]
MOJieNib AaHTEHHBI CITOCO6HA KOHKYPUPOBATH CO LITHI-
pPEBBIMU aHTEHHAMH, IPUMEHSIEMBIMU B U3BECTHBIX
o6pasiax po6OTU3UPOBAHHON TeXHUKHU [9], XOTs1 He-
CKOJIBKO TIPOUTIPBIBAET B Macce (4TO, eCTECTBEHHO,
OUKTYETCS HATUYUEM JIUH3BI).

3. Ilony4eHHas AuarpaMma HalpaBIeHHOCTH MO-
3BOJISIET CIPOTHO3WPOBATH BO3MOXKHOCTH [pPUMe-
HEHWsl JAHHOU aHTEHHBI B COCTaBe OGOPYHOBaHUs
KaHajla Nepenavyu AaHHBIX PO6OTHU3UPOBAHHBIX KOM-
[UIEKCOB, TaK KaK PeaJu3yeTcsi PeXUM MOTHOA3H-
MYTQJIBHOTO HW3IyYeHHUS] C OTHOCHUTEIBHO BBICOKUM
YPOBHEM.

[TepcneKTHBY paGoOTHI C BAHHOM MOZENBI0 AHTEHHBI
ABTOPBI BUAAT B YMEHbBIIEHUH rabapUTHO-MACCOBBIX
napaMeTpPOB JIMH30BOTO YCTPOUCTBA W YIyJLIEHUU
YCJIOBHUM COTJIACOBAHUS 34 CYET BHECEHUS CTPYKTYp-
HBIX U3MEHEHUU Ha TIOBEPXHOCTSIX JTMH3BL.
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Abstract - Problem. Modern mobile robotic systems are increasingly used in various fields of human activity. More and more
stringent requirements are imposed on them to ensure high throughput, broadband and reliability of data transmission and
control channels at the maximum distance from the control center. And what I would like to note separately is the requirement
to reduce the cost of such complexes as much as possible. Therefore, the development of technologically advanced, economically
feasible antenna systems that provide an increase in the energy potential of the radio channel in the interval of the robotic
complex - control point is one of the ways to solve this problem. Formulation of the problem. It is required to develop a
mechanically strong, technological antenna, built on the basis of lens structures of various configurations, made of modern
dielectric materials, characterized by reduced weight and size characteristics and cost price, which will increase the level of
radiated electromagnetic energy in a wide frequency band. Purpose of the article. Present the developed model of an asymmetric
dipole antenna and the results of a numerical experiment. Result. The antenna design is made on a metallized round substrate
and is a polystyrene cylinder with a funnel-shaped hole, inside which there is an asymmetrical conical vibrator arm. The results
of calculations showed that in the frequency band, which is used to organize direct broadband radio communication channels
with robotic complexes, the gain varies within 5.5-9 dB, which is superior in this parameter to the commonly used whip antennas.
The calculated standing wave ratio confirms the performance of the developed antenna model in a wide frequency band. The
impedance response and the Smith-Smith diagram showed a preliminary calculated spread of the input impedance of the antenna
from 30 to 95 ohms. Practical significance. The proposed antenna model ensures manufacturability, mechanical strength, and
low cost. The full-azimuth radiation mode and increased gain make it possible to predict the possibility of using this antenna
as part of the equipment for the data transmission channel and control of robotic complexes such as unmanned aerial vehicles.

Keywords - asymmetrical dipole antenna; dielectric lens; directional pattern; Smith diagram; standing wave ratio.
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