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JociitkeHo BIUIMB MapaMeTpiB MJIa3My HA MPOCTOPOBHUI PO3NOALT MOJS MJIA3MOBHX
anTeH. Po3po0seHo ynciaoBy Mojelib MJIA3MOBOI peOpHCTO-CTEP:KHEBOI AaHTEHH 3aBI0BKKHU 4\
3 MOmepeYyHHM Ppo3moaiioM mojs 3a 3Hadenb di/A = 0,62 ta di/A = 0,63. AxexkBaTHicTh
yHCceJIbHOI Mo/Ielli MI1a3MOBOI pedpHCTO-CTEP:KHEBOI AHTEHU TepeBipeHo eKCNePUMEHTAIBHO.
Hageneno agiarpamMm cnpsAMOBaHOCTI MJIa3MOBOI pe0pHCTO-CTepP:KHEBOI AaHTEHHM, OTPUMAaHi B
Pe3yJIbTaTi YHCETbHOT0 Ta eKCHEPUMEHTAIBLHOT0 MO/IETIOBAHHS .
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This paper regards modern state of plasma antennas and the main modeling methods of
electrodynamic parameters of radiative means based on plasma discharge. The author gives
several references on the works which have been dedicated comparison analysis of metal and
plasma antennas, where it is shown the main advantages and disadvantages of such antennas,
basic usage ways and softwar e tools for automatic calculation of eectrodynamic parameters of
plasma antennas such as radiation patterns and return losses. As aresult of the done theor etical
resear ch the author have proposed to use surface wave antennas for creation of principally new
plasma antenna construction. As a prototype of surface wave antenna it has been taken
traditional metal corrugated-rod antenna. To achieve this goal it is necessary to change the
central metal rod by plasma discharge. HFSS technology has been used for numerical modeling
of the investigated plasma antenna. The main constr uctive parameters of plasma corrugated-rod
antenna are width and period of radial inhomogeneouses. As a result of numerical modeling, the
plasma corrugated-rod antenna of relative length 4i with a transverse field distribution at
relative constructive parameters d,/A = 0.62 and d./A = 0.63 has been developed. The plasma
parameter influence on the spatial field distribution of the plasma antenna was investigated. The
author has used Drude theory for development of new material that has electrical parameters
like plasma. If plasma discharge is missing in the antenna structure the transverse field
distribution will disappear, but the radiation level of side lobe will increase by 30°. The
numerical modd adequacy of the plasma corrugated-rod antenna was verified experimentally.
Amplitude nor malized radiation patterns of the plasma corrugated-rod antenna, obtained as a
result of numerical and experimental modeling, are presented in the paper.

Key words: plasma, corrugated-rod antenna, radiation pattern.

Beryn

OCTaHHIM YacoOM CIIOCTEPIra€ThbCs 3HAYHE MIABHINEHHS IHTEpEeCY [0 3aaad, IIOB'sA3aHUX 3
JOCITI/DKEHHSM TIPOCTOPOBOTO PO3IMOALTY €IeKTPOMArHiTHOTO Tois TuiazMoBux auTeH (ITA), meromiB ix
aHaJIi3y Ta MOJEIIOBAHHS XBHJIBOBHX TIPOIECiB, 110 30ymKytoThes ITA [1-4]. Ha BimMminy Bix 3BHUaiiHuX
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MeTaneBuX aHTteH, y [1A 3aMicTh MeTalieBUX APOTIB 200 MOBEPXOHb BUKOPUCTOBYETHCS 10HI30BAHHH T'a3 K
MPOBIZIHE CEPEIOBUILIE /TSI BUITPOMIHIOBaHHS Ta MpuiiMaHHs curHaiiB [5-6]. BucokoioHizoBaHa mia3ma €
XOpOIIUM TPOBITHUKOM, TOMY ii MOJKHa BUKOPHCTATH SIK JIHIIO Mepeaadi Jjisl TOMUPEHHS eeKTpoMar-
HITHHX XBWJIb. BHKOpHCTaHHS TUIa3MH 3aMICTh TBEPAOTr0 METaly 3yMOBJIEHE iCTOTHUMHU MOXIUBOCTSIMH
JUTS PI3HMX 3aCTOCYBaHb y AOCIIAHUIBKAX, IHKEHEPHUX Ta BiicbKoBHX 3amadax [1, 8-10]. B zaramsHOMY
Bunaaky [TA ckmamaerbes 31 CKISHOI TpyOKH, 3allOBHEHOI iHEPTHHMM Ta3oMm abo mapamu pryTi. B ITA
BHKOPHCTOBYIOTh JIBa THIIM CHUTHAJIIB. CHTHAJ XHMBJICHHS, SKUW 10HI3y€ ra3 y TpyOlli, NMPUBOIIYH IO
yTBOpeHHs miasmu, Ta HBU curnan mis nepeaaBanus indopmariii [6].

[lopiBHAIBHUI aHaAI3 METajJeBHUX Ta IUIa3MOBUX AaHTEH, IXHI IepeBard, HEOOMIKH Ta ILISXU
BUKOPUCTaHHS BUKIaaeHO B poooti [9]. Konu ra3 B [TA He € i0HI30BaHUM, 3MEHILYIOThCS PO3CIFOBAHE HEIO
eJICKTPOMArHITHE TI0JIe Ta HAaBEIeH1 HEero 3aBay Ha iHII Onn3bKko posramoBani anTeHu [10]. Taka antena
CTa€ EICKTPUYHO HEBUAMMOKO IS pajapiB Ta iHmmMX 3aco0iB PEB. BrmiuB HacuYeHOCTI IUTa3Mu Ha
elekTponuHaMiuHi ocobnuBocti [TA mocmimkeno B po6oti [2]. Omxke, ITA MOXyTh OyTH JHHAMIYHO
HAJIANITOBAaHI Ta MepeKoHpIrypoBaHi, TOMy MOXKYTh 3aMiHUTH BUKOPUCTAHHS JICKITbKOX 3BUYaHUX aHTEH.
[oxoninus [TA 31aTHE 3a0€3MEUUTH BEIUKY IIBUAKICTH NEpeaaBaHHS JaHMX, a TAKOXK, Ha BIAMIHY Bin
3BHYAMHNX METAJeBUX aHTEH, JJIS HUX XapaKTepHuil Habarato meHmuii termoBuii mym [10]. 3rigmo 3
pe3yabTaTaMu TEOPETUYHHX JOCITIDKEHb, MPOBEACHUX B poOoTi [9], ocHoBHI Hemomiku [TA crnipudnHeHi
BHCOKOIO BapTICTIO Ta CKJIJIHICTIO BUTOTOBJICHHSI.

VY poborax [2, 5, 7] HaBeneHO pe3ynbTaTH po3paxyHkiB miarpam crpsimoBanocti (JIC) TTA. s
quceIbHOr0 MojentoBaHHs [IA aBropu Bukopuctamu nporpamuuii kogx KAPAT (MeTox CKiHYEHHHX
pi3HHIb y 4acoBiit obmacrti) [2], cucremu aBTOMaTH30BaHOro mpoextyBanHs EMpro ta Ansoft HFSS
(Meron ckiHYEHHUX efeMeHTiB) [2, 5, 7]. Y pobori [6] mocmimkeHo BILTUB TOBKUHH Ia30pO3pIHOT TPyOKH
Ha e(ekTUBHICTh poboTu [TA. Bu3HaueHO ONTHUMAaNbHY MPOBIIHICTh MJIA3MH, KA 3aJIOKHUTh BiJ BIJCTaHI
MDK efeKTpoaamMu. Pe3ynbraTé OTpUMAaHO 3a JOMOMOTOK YHcelbHOro MojeaoBanHs B CST Microwave
Studio. 3a m0MOMOro IBOro X MPOrPAMHOrO MPOAYKTY OOYMCICHO BTpPATH MOTY)KHOCTI CHUTHAITY Ta
HaBEJCHO CXEMY JOCIIIKYBaHOT0 B3ipIls Ha 0a3i 12 JFOMIHECIEHTHHX JIaMII, 3alIOBHEHUX CYMIILIIIIO TapiB
pTyTi Ta aprouy [9]. Pe3yapTaTH YHCETBHOrO MOAETIOBAHHS, SKi 3alIPOMOHOBaHI B pobdorax [2, 57, 9],
MiATBEPPKEHO eKCTIEPUMEHTAIIBHO.

Bigomi [11-13] anTeHu mnoBepxHeBux xBwib (AIIX), siki npu3HadyeHi sl TepedaBaHHs Ta
NpUAMaHHS PaJliOCHTHAIIB JEUMETPOBOTO Ta CAHTUMETPOBOTO Jiarma3oHy XBHIb. KOHCTPYKINiST Takux
AQHTEH CKJIAJIA€ThCS 3 METAlICBOrO CTEPXKHS, MOJYJIHOBAHOTO JICICKTPHYHOTO MOKPHUTTS Ta METAJEBHX
HEOAHOpiAHOCTeH. JlieneKkTpruyHe OKPUTTS BUKOPHUCTOBYIOTH SIK CIIOBUILHIOBAIBHY CTPYKTYPY TOBEpPX-
HeBoi enekrpomarHiTHOl xBwii ([TEX). CnoBinbHroBanbHUiT epekr B AIIX MOXHA OTpHUMATH, SKIIO
3aMiCTh JIie/IeKTPHKa BUKOPHCTATH CHCTEMY 3 MeTaneBux Kineib [12]. AITX, B SkuX IieTeKTPUK 3aMiHEHO
METaJIeBUMH KUTbIISIMHU, HA3UBaIOTh pedpucTo-cTepskHeBuMu anTeHamu (PCA). BpaxoByroun akTyasbHICTh
BHUKOPHUCTaHHS TUIA3MOBOTO PO3PSNY B CYYacCHHUX aHTCHHO-(DIIEPHUX MPUCTPOSX Ta TpaauIliiiHE BUKO-
puctanas AIIX ta PCA sk KOMIOHEHTIB iH(GOKOMYHIKAI[IHHOI TEXHIKH, Yy Iiii poOOTI po3po0JieHO Ta
nociimkeno miazmMoBy PCA —PCA, B sikiii MeTajieBHii CTEpKEHb 3aMIHEHO IJIa3MOI0.

MeTta Ta 3aBIaHHA TOCTIIKeHHSA

Y po0oTi MOCTaBJIEHO 3aBIaHHS JOCTIKEHHS BIUIMBY KOHCTPYKTHUBHHUX IapaMeTpiB ILJIa3MOBOI
PCA na ¢popmy JIC. IlocraBneHe 3aBiaHHs BUPINIYETHCS JBOMA NUISIXaMU: B TIEPIIOMY PO3iiIi HABEICHO
pe3ynabTaTi po3pobieHHs Mozerni mazmoBoi PCA 3a gomomoroto Ansoft HFSS. B apyromy posminmi
MOJIAHO PE3YJIBTATH EKCIIEPUMEHTAIBHUX MOCTIKEHb 1a3MoBoi PCA, sKi MiATBEPIKYIOTh aJeKBaTHICTh
YUCEIBHOI MOJIENI. 3 METOI0 BHSBICHHS ocoOnuBocTi [TA, 3a SKOi BOHA CTa€ CICKTPUYHO HEBHIUMOLO,
aBTOP MPOBOJMB JOCIIPKEHHS B pexuMi poooTu mazMoBoi PCA Ta 3a BiICyTHOCTI TTa3MH.

VY wmiif poboti 00’ ekToM nmocmimkenHs € asMoBa PCA, npeamerom pochimxenns — JIC, yTBopeHi
30y KeHHSIM 11a3MoBoi PCA.

YuceabHe MoaeaoBanuga miaimMosoi PCA

B npoMy po3nini HaBeZeHO pe3yabTaTH YHCETBLHOr0 MOeTIoBaHH ma3MoBoi PCA, BUKOHaHOTO 32
nomomororo Ansoft HFSS; 6ymno cteoperio 3D mozens miasmoBoi PCA 3aBmosxku 4. [lnasma B Momeni
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3aJaHa SK CEPEIOBHIIE, IO OMMCYEThCs 3a Teopicro pyae [1-2, 5, 14], 3riaHo 3 AKOIO IieIeKTpUYHA
MPOHUKHICTh TJIA3MU BU3HAYAETHCSA 3a (POPMYIIOIO:

W=1-—————, ey

(2)

&) — IMKJIIYHA Y4acTOTa PaJioCUTHaNy; ¥ — ysBHa OMUHHISL. [IpOBIMHICTh IIa3MH G 3MIIHCHEHO 332 TaKO
dopmymoro [15]:
n, * e?
c=— 3)
me * Ve
VY tabmuii HaBemeno Bimomi [1, 5, 9] mapamerpu mmasMu, 3a SKHX 3TIHCHEHO MOETIOBAHHS
mia3MoBoi PCA.

IMapameTpu miaazmm

Hasga Ilo3nauenns Benuunna
. 1 -
Kontenrpariis mia3mMu Ne 4 %1033
Yacrora 31TKHEHD €JIEKTPOHIB
JICKTP Ve 1087y
y m1asmi
BizHocHa MarHiTHa MPOHUKHICTH
P L 1 HIA
J1a3Mu
ieJIeKTpUYHA IPOHUKHICTH _
Jlieneicrpuriia p ¢ 8,85 * 10712 O /m
BaKyyMy
Maca enekTpoHa me 9% 1031 e
—19
3apsy enekTpoHa g 1,6 * 107" Ka

Ha puc. 1 300pakeHo cTpykrypy 1miasmoBoi PCA, sika CKlIaJaeThes 13 TAKMX €IeMEHTIB: 1 — CKIIsHa
TpyOKa, 3allOBHEHA MapaMu PTYTi; 2 — METaJIeBi KuUIblld; 3 — BUIPOMIHIOBAJIBbHI METaJICBI pajiaibHi
HeopHopinHocTi. OCHOBHMMH KOHCTPYKTHBHHUMH Mapamerpamu 1ia3MoBoi PCA € mepiog MeTayieBHX
HeopHopianocre# d; Ta ix mupuHa A [13]. OCKiIBKY 1i TTapaMeTpH JIETKO 3MIHIOBATH i 9ac JOCIIKEHb,
B po0OOTI JOCIIIKEHO BIUIMB pi3HUX 3HaueHb Ch/A Ha ¢dopmy JC mmazmoBoi PCA. Tlapamerpu mia3mu,
HaBesleH1 B TaOn. 1, 3ayMmmanucs HE3MIHHUMH YIIPOAOBXK JOCTiDKeHHs. JlieneKTpruuHy MPOHUKHICTh Ta
MPOBIIHICTD MTa3Mu 00uuciieHo 3a popmyaamu (1) Ta (3).

AL
ClcAc @7
A al\/\m/

Puc. 1. [Tnazmosa pebpucmo-cmepoichesa anmena

JIC mmasmoBoi PCA orpumano 3a 3uauens /A = 0,62 ta di/A = 0,63 B pexkumi poboTn Ta 3a
BiJICYTHOCTI TUTa3MH. Pe3ynbTaTi 4nceTbHOTO MOJICNTIOBaHHS HABEIEHO Ha pHC. 2.
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Puc. 2. liaepama cnpsimosanocmi niazmosoi PCA

Sk BUIHO 3 pHC. 2, HAITPSIM OCHOBHOT'O BUIIPOMIHIOBaHHSI KOIMBA€EThCs Bia 75° 10 112° Ha pieni 0,7.
PiBHi OIYHMX MENIOCTKIB 3HAYHO MEHIII 3a PIBEHb FOJIOBHOT'O IMEITIOCTKA. 3@ BIACYTHOCTI IIa3MH 3HUKAE
norepevHe BUIPOMIHIOBAaHHS. B TakoMy pexumi crocrepiraeTbcs 3HaYHEe OiYHE BHUITPOMIHIOBAHHS i
kyrom 30°. Ha puc. 2 Buamo, mo ¢opma JIC maasmoBoi PCA 3anexuth Bin criBBigHOmeHHs di/A, a
TOJIOBHUH TETIOCTOK PO3ABOIOEThCS. Taki ocobmuBocTi mma3mMoBoi PCA Mo)kHA BHKOPHCTATH MijJ Yac
BHUTOTOBJICHHS €IEMEHTIB iH(OKOMYHIKAIII{HOT TeXHIKH, HAIPHUKIaJ, iHTephepoMeTpiB a00 KOMYTaTOPiB.
IMoxibui ehexTr omucano B podori [13], 1e orprMano MatematnuHy mMojaenb meraneBoi PCA. TTopiBHAHO
3 JIC, orpuMaHMMH B 3rajiaHili poOOTi, TOJOBHUH METIOCTOK Mmia3MoBoi PCA mmpInuii, a 014Hi METIOCTKH
MaroTh BHIII piBHi. Lle 3yMOBIeHO THM, 1110 B poboTi [13] MaTematuuHa Mojenb onucye meranesi AITX ta
PCA oOGesmexnux posmipiB. [ling wac mommpennas pyxomoi [TEX B3moexk crpykrypu AIIX Ta PCA
0e3MexxHux posMipiB eHeprisi [IEX MOBHICTIO BUIIPOMIHIOETBCSI Y BUIBHUE TpoOCTip 1 He qudparye Ha
BHUIIPOMIHIOBAJIbHUX METAJICBHX paiaibHUX HEOMHOpimHOCTAX, sikuMu € kpai AIIX ta PCA. B monmeni,
OTpUMaHii B mill poboTi, BpaxoBaHo edekt BinouTTs pyxomoi [IEX Bin KiHIS CTPYKTYpH Ta MOIMIMPEHHS B
Hili 3BoporHoi [IEX. Takoxk Oyno 3abe3rneueHO BUITPOMIHIOBAHHS PIBHOI KUTBKOCTI €HEprii BHUIIPO-
MIHIOBaJIbLHUMH METAJICBUMH PaJliaIbHUMHU HEOIHOPITHOCTSIMH.

Pe3yabraTn ekcnnepuMeHTAIbHOT0 MOAETHBAHHSA

o0 miaTBepaAuTH aACKBATHICTh PE3yJbTaTiB, OTPUMAHMX IIiJ] 4aC YUCEIBLHOI'0 MOJCIIOBAHHS,
aBTOp MPOBIB eKCIIEpUMEHTAIbHE JOCHiKeHHS. Po3pobieHo ekcriepuMeHTaIbHuid MakeT miasMoBoi PCA
JOBXKUHOI 4A, cxeMa sSKOro HaBeaeHa Ha puc. 1. JlocmipkeHHsS BUKOHAHO B €KpaHOBaHIM Kamepi, CTIHU
SIKOT TIOKPHUTI PajioNorIMHAIBHUM MaTepialioM 33Ul 3MEHIICHHS BIUIMBY 30BHIIIHIX 3aBaj Ta iHTepde-
peHIIil, sSika BUHHMKA€E Yepe3 BIAOUTTS Bij CTIH eeKTpoMarHiTHuX xBWb. [ImasmoBa PCA 30ymkyBanacs
CICKTPOMAarHiTHUM CHUHYCOINAJbHMM CHTHaJIOM 3 Bigomowo A. Big mmasmoBoi PCA HaBenene
CJICKTPOMArHiTHE IMoJIe uepe3 KoakcianbHuii kabenb momapanocs Ha ALl JIC orpumaHo 3a 3Ha4eHb
di/A = 0,62 ta dy/A = 0,63 B pexxumi podotu 1miasmoBoi PCA Ta 3a BiACYTHOCTI TUTa3MH.

Ha puc. 3 Buano, mo as mia3moBoi PCA xapakrepHe ronepeyHe BUIIPOMIHIOBaHHS, K€ 3HUKAE, 5K
1y pa3i YuCebHOr0 MOJICITIOBaHHS, 3a BIACYTHOCTI yia3Mu. [lIuprHa rolnoBHUX METIOCTKIB 3MIHIOETHCS BiJT
85° mo 95° ma pieui 0,7. Ilig Yac eKCIEPUMEHTAILHOIO JOCTIKEHHS e(EKT PO3IBOEHHS T'OJOBHHMX
METIOCTKIB HE MPOSABISIETHCS 3a 3a1aHuX BigHOMmIEHb Oi/A. PiBeHb OOKOBHX MEMIOCTKIB 3HAYHO MEHIIHH Bij
TOJIOBHOTO TemocTka. PicT 6okoBux menrocTkiB mix Kytom 30°, MK i y YHCEIbHOMY MOJCITIOBAHHI, ITPOSIB-
JISIETHCS 32 BIIICYTHOCTI TU1a3MU. biuHe BHIIPOMIHIOBaHHS BUHUKAE depe3 siBuile inTepdepentii qeox [MTEX:
Ti€l, IO PYXaeThCsl B3OBXK CTPYKTYpH, Ta 3BOPOTHOI, BIAOMTOT BiJl KiHIS CTPYKTYpH, BHACIIIOK Tepe-
BHITPOMIHIOBAHHS BUIIPOMIHIOBaJIbHUMH METAJICBUMHM paliaJbHUMH HEOJHOPiMHOCTSIMH I11a3MoBo1 PCA.
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Puc. 3. Jliaepama cnpsimosanocmi niazmosoi PCA

Bucnosok
VY poboTi mpoaeMOHCTpOBaHA MOMKIIHMBICTh BHUKOPUCTAHHS IUIA3MOBOTO PO3pPSANY SK OIHOTO 3
komrioHeHTiB cTpykrypu PCA. Ha oCHOBI mpoBeseHOro Onsiy JIiTepaTypHHX JDKEeped po3poOieHO Yu-
cenbHy Mozenb miaazmMoBoi PCA moxkuHOW0 4A. JlociipkeHO mapaMerpd IUIa3MH Ta BIUITHB KOHCTPYK-
TuBHUX NapamerpiB Ha ¢opmy JIC mmasmoBoi PCA. Bussneno, mo JC pospobienoi miazmosoi PCA 3a
KOHCTPYKTHBHHX Tapamerpis dy/A = 0,62 Ta di/A = 0,63 mae popMy morepeuHoro BUIPOMIHIOBAHHS 0 OCi
aHTEHH, sSKE 3HUKAE 3a BiJICyTHOCTI TuIa3Mu. [1masmy B 4McenbHIM MOJENi 3a/1aBaid K CEPEIOBHILE, 10

OIUCYEThCS Teopieto pyae. AACKBATHICTh Pe3Y/IbTaTiB, OTPUMAHMX IILISIXOM YHCEIBHOTO MOJICITIOBAHHS,
MIATBEPKEHA EKCIIEPUMEHTAIBHUMH JOCTIHKCHHAMHU.
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