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TEOPETUYECKAX U DKCIIEPUMEHTAJIBHAI ®U3UKA

VK 539.143.539.183
E. B. Boaxouckaa, M. A. Hukuwiun

MOJEJIBHBIE MCCIIEJOBAHVIA ITPOLIENYPbI
OHTMMM3ALIVIN KOHCTPYKTVBHBIX IIAPAMETPOB
JIOTOITEPMOAMNYECKOWM AHTEHHDI C-IVAITA3OHA

Wccaedobana npoyedypa onmumusayuy KOHCmpykmuBHvix napamentpo
A02onepuoduveckotl anmennst C-Ouanasona, paspabomannou 6 namenime
Ne 2571607 «Muxponosockobas r0eonepuoduueckas avmenHa». Boinosnena
paspadbomxa 34eKmpoouHaMuueckotl MooeAu A020nepuoOuteckoil aAHmeHHbL
mukponosockoboeo muna o151 C-0uanasoua.

An optimization procedure for constructive parameters of the log-periodic
C-band antenna developed in the patent No. 2571607 “Microstrip logoperio-
dic antenna” is investigated. The electrodynamic model of the log-periodic mi-
crostrip-type antenna for the C-band has been developed.

KoiroueBsbie ci1oBa: Jiororepuoanvieckas aHTeHHa, OIITMU3alls, KOHCTPYKTHB-
Hble ITapaMeTpbl, CUIMMETPUYHbIE BT/I6paTOpr, AviarpaMmMa HalTpaBJIEHHOCTU.

Key words: logoperiodic antenna, optimization, design parameters, symmetrical
vibrators, directional diagram.

Jloronepuomyraeckme agTeHHH! (JIITA) mpencrasiser cobovt JOCTATOUHO
PpacIpocTpaHeHHBIN TUII aHTeHH, hopMa AyarpaMMbl HallpaBJIeHHOCTH KO-
TOPBIX IIOYTM HEM3MEHHA, a XapaKTEPMCTVKM ITIOCTOSIHHBI B IIIMPOKOM dYac-
TOTHOM IMamna3oHe. Jloromepmonydeckuie aHTEHHBI VICIIONIB3YIOTCS IS
IIprieMa TeJIeBU3VIOHHOIO CUTHaIa; B COTOBOVI CBSI3VI — B KadecTBe JJOHOP-
HBIX aHTEHH IIPV CTPOUTEJILCTBE PENMTEPOB M T.II. [IMarpamMma Harpas-
JIEHHOCTV JIOTOIIEPMIOINYECKOV aHTEeHHBI IIPeCTaBIIsIeT COOOVI HEUTO Cpel-
Hee MeX/y IIMPOKOV AMarpaMMOV ITaHeJIbHOW aHTeHHBI ¥ WIOJIbYaTou
IviarpaMMOV apaboIecKor aHTeHHBL. DTO CBOVICTBO II03BOJISIET yCTaHaB-
JIMBaTh CBS3b ¢ HyXXHOU Oasosont cranmuen (BC) Oe3 TOWHOV HaCTpPOVIKM
IIposieTa, Kak 3TO TpeOyeTcs I aHTeHHBI papmoperteviHon g (PPII),
IIpudeM paccTosiHMe A0 cepBupylomert bC MoxeT mocTuraTth HECKOIBKMX
KIJIOMETPOB.

JIITA viMeloT IIMPOKMII pabouMil YaCTOTHEIV OMAara3oH: 3HadeHve MaK-
CVIMaJIBHOV IJIVMHBI BOJIHBI CMTHAJIA ITprieMa MOJXKeT Ha IOPSIOK IIPeBbIIIaTh
MMHVMaJIBHYIO UIMHY BOJIHBL Ha BceM AmariasoHe 94acTOT OTMeYaeTcs XO-
porttiee cornacosanme JIITA ¢ dpumepom, ipu 3TOM KO3(PPUITMEHT YCUIeHVS
ocTaeTcsI ITpaKTIIecK Hem3MeHHBIM [1]. [JaHHOe 11300peTeHe OTHOCUTCS K
AQHTEHHOVI TEXHMKE M MOXKET OBIThb MCIIOJIB30BAaHO B KadyecTBe IIMPOKOIIO-
JIOCHOTO OOJIydaTesIs 3epKaIbHbIX aHTeHH IIPY OpraHM3ali CITy THUKOBO
cBs13u 1 pagyoMoHmTopuHra C-auariasoHa [2].

© Bosnxonckag E. B., Hukumma M. A., 2017
Becmuux basmuiickoeo gpedepasvroeo yHubepcumema um. M. Kanma.
Cep.: Dusuko-mamemamuueckue u mexrudeckue Hayku. 2017. Ne 2. C. 48 —52.



Modeavnvie uccaedoBanus npoyedypst onmumusayuu anmentst C-ouanasona P\

—_
4

BeIITOJIHMM MOJEJIbHBIE VICCITIEOBAHVISL IIPOLIEyPhl OIITHMM3AII KOH-
CTPYKTUBHBIX IIapaMeTPOB JIOTOIIepUOIMIecKoV aHTeHHbI C-IianasoHa.

AHTeHHa COHEPXUT Pl CMMMETPUUYHBIX BUOPaTOpPOB, IIMTAEMBIX OT
CYIMMETPUYHOIO PaCIIpene/IUTe/IbHOIO uepa, SBJISIOMIErocs Harpy3Kom
IUIsL BO3OY KIAIoIero KOakCMaIbHOro prmepa, Ipy 3TOM KaKIbIV IIOCTIey-
IOIINIT CMMMETPVYHBIV BUOpaTop B aHTeHHe 3aIliTaH [IPOTUBOQA3HO IIpef-
IIIECTBYIOIIIEMY, a OTHOIIIEHVIe [UIVH IUIeY COCENHIMX BUOPaTOPOB 1 OTHOIIIe-
HVie pacCTOSHWV MeXy HVIMW BEIOpaHEI II0 COOTHOIIEHMSM OOpa30oBaHMs
OIITVIMAaJILHOV JIOTOTIEPUIOAIECKOVI BUOPaTOPHO CTPYKTYPHI [3].

CrMMeTpuuHBIE BUOPATOPBI W CHMMETPVYHBIV pPacIpenesTnTe/IbHbIN
pr:[ep BBIITIOJIHEHBI B BU€E ITIOJIOCKOBBIX ITPOBOOHWMKOB, PacCIIOJIOKEHHBIX C
IBYX CTOPOH OMJIEKTPIIECKOrO OCHOBAHMS, ITpMYeM OTHOIIIEHVIe BOJIHOBO-
IO COIPOTMBIIEHMS CUMMETPUYHOIO paclpenennTensHoro dumepa W, K
BOJIHOBOMY COIIPOTMBJIEHVIO BO30Y>KIAOIIero KoakcuaipHoro dgpupepa Wy

BbIOpaHo 13 cooTHOomeHn 1,21 < m <1,42 opwu ycrmosum, uto Wy =50 Om,
LY

win 1,33 gm <1,68 nipu ycimosun, uto Wy = 75 OM, a OTHOIIIeHMe [JIMHBI
¢

I, T1eda n-ro CYMMeTpPUYHOro BUOpaTopa JIOrONepPUOaNIecKON CTPYKTYPEI

K 3KBVMBAJIEHTHOMY paluycCy ITOJIOCKOBOIO IIPOBOIHVKaA BuOpaTOopa 4, BBI-

OpaHO yHIOBJIETBOPSIONINM yCiIoBuIo 18,5 <l—” <50, tmen=1, ..., N [4].
a

n

[JaHHOe TexXHMUYECKOe pellleHne VIMeeT OrpaHWYeHNe, 3aK/fovaroleecs B
TOM, 4TO aBTOpaMM IIaTeHTa /i obecriedeHms 3Ha4UeHWUV Ko3duIimeHTa
crosuent BoytHbI (KCB) B Bo3OyxpmarorieM koakcuaibHOM dumepe 1,3—1,7 B
IMara3oHe paboumx 9acToT ¢ K03 PUIIMEHTOM IIepeKpHITHs OoIbIlie 2 IIpu
IOCTVDKeHMN 3HadYeHuI Ko3dduimenTa HarrpasieHHoro gevictsisa (KH/) B
HIDKHeM 1 BepxHeM mpepenax 6—7,5 ob 1 10—11,5 gb coorBercTBeHHO
HpelaraeTcsi BBIOVIpATh CTPOTrO OIpeleleHHble 3HA49eHMs Iapbl HapaMeT-
POB T U G, ONTUMW3MPOBaHHBIE TIOTI IBa M3 BO3MOXKHBIX CTaHAAPTHBIX 3Ha-
YeHUT BOJIHOBOTO COIIPOTMBIIEHNs BO30Y XKIaloIlero KoakCcuaIbHoOro dume-
pa Wy =50 Om Wy =75 Om. Kpome TOro, 3HaueHVs aKTMBHOV 1 peaKTVBHO
COCTaBJIAIONIVX BXOIHOIO CONPOTVBIIEHMS aHTeHHBI He SBJIAIOTCS IIOCTOSH-
HBIMM, a KOJIeOJIFOTCS ¢ TOCTAaTOYHO OOJIBIIOV aMIUIUTYHOV B IIpefeiax pa-
Oodero mmarasoHa 4acTOT. B KadecTBe HemocTaTKa JaHHOIO TEXHUYIECKOTO
pesyibTaTta cjleiyeT OTMETUTh TO, YTO OIITMMM3allMOHHAs IpolleAypa Ha-
IIpasiieHa Jmib Ha cHvokeHne KCB Ges cymectBenHoro ysemmuenvs KH]
aHTEHHBI.

Jlorommepuomyraeckas BuOpaTopHasl aHTeHHa (PWC.) COOEPXUT PSL CUM-
MEeTPUYHBIX BMOpaTOpoB 1, IpricoenMHeHHBIX K CMMMeTPUYHOMY paclipe-
TeJNTeIIbHOMY (pvepy 2, KOTOpBIe BBIIOJIHEHBI B BUe ITOJIOCKOBBIX IIPO-
BOZIHVKOB C IByX CTOPOH IIM3JIeKTPIUIeCcKOro ocHoBaHMs 3. Bo3Oy»xmaarommm
KOaKCHaJIbHBI uziep 4 MPOJIOKeH IO OTHOMY M3 IIPOBOIHMKOB CYIMMET-
pvHHOrO pactpenenurenbHoro dpumepa 2. OmwieTka 5 Bo30y>kHaromero Ko-
aKcyaJIbHOro dumepa 4 viMeeT KOHTAKT C OOHWMM W13 IIPOBOTHVIKOB CHIMMeT-
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PVYHOTO paclpenenTesIbHOro dunepa 2 B MecTe IIOAKIIOUEHNST HaMeHb-
IIIero u3 BUOpaTopoB, a HMeHTpasIbHas XwIa 6 BO30YyKIarollero KoaKcyaslb-
Horo dumepa 4 MMeeT KOHTAKT C HPOTMBOIIOJIOKHBIM IIPOBOIHVIKOM CHM-
MeTPUYHOTO pacrpenemresibHoro duaepa 2. Co cTOpoHbI HaMOOIIBIIIETO 13
BUOPaTOPOB IIPOBOIHMKY CMMMETPVUUYHOIO paclpenenTelIbHoro dumgepa 2
coeIVTHEeHBI MeXTy cO0O0VI KOPOTKO3aMKHYTBIM ITUTeridooM 7 [4].

———————— T
-

Puc. Tpu nmpoeKIum KOHCTPYKIIVIV JIOTOIIepUIOAYECKOVI BUOPaTOpHOVI aHTEHHBI

PacgeT mmpuHbBI CMIMMETPWYHOTO pacIpeeTesIbHOro duaepa Ipo-
M3BOAWIICS B COOTBETCTBUV C BBIpaKeHMEeM [5]

60 ln%+0,25b—° ,b—0<1
h) h

b [ -1
120m (%M 1,393 +0,667 In (%M 1, 4444D . %b 1,

Vo

e+1 e-1 _
rge €, = + — sddekTVBHOE 3HAUEHME OMIIIEKTPUIECKON

>
2 2\/1+12:

0

IIPOHUIIAEMOCTVE; a I — TOJNIIVHA AUIEKTPUYECKON IUIACTUHBL € =2,9 —
OTHOCUTeJIbHAS AUJIeKTprdecKas IIPOHMUIIAeMOCTh (IJIs1 BEIOpaHHOTO B Ka-
JecTBe AMIEKTpUKa MaTeprasia ook OJIAH-2,8).
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B mperyioxkeHHOV aBTOpaMi MeTOIMKe pacueTa KJIeMMHBIX TOKOB BIO-
paTopoB corylacHO MeToy HaseleHHbIX DJ1C KJIIeMMHBIN TOK i-ro BUOpaTo-
Ppa ompemersgeTcs BEIpaskeHeM

. N-1 .
Li=Yz'U;i=0,.., N-1.
j=0

KiteMMHBIe HampsDKeHMsI OIIpeleIsioTcs peKypPpPeHTHBIM COOTHOIIeHW-
eM Bi/Ia

Ui

l;[i - ZBxi Ch(ysifl ) + Wu Sh (’Ysi*‘l) .

BXi.

onwﬂnee B TaHHO€ PEKYPPEHTHOE COOTHOIIEHVIE KOMIUIEKCHOE BXOMI-
HO€ COITPpOTVMBIIEHME OIIPEIEesTsI€TCA BbIpa’keHeEM Braa

Zq: BUO
= mifei o0, ,N-1
BXi ) 56/ 7 s 7
ZBXi +ZBX i

KomriekcHoe BXOImHOe COIIpOTMBIIEHME i-TO BMOpaTopa 3amaHo Cile-
JIYIOIIVIM BBIpakKeHMeM:

N-1 I.
BUG I
Zue =37.-2,i=0,..,N-1,
BX 1 /':0 i Ii

ITe KOMIUIEKCHOE BXOHOE COIPOTHMBIIEHVE CeUeHMS CUMMMETPUIHOTO pac-
IIpefeNUTeIbHOIO uyiepa OIpenersieTcd PeKypPpPeHTHBIM COOTHOIIEHVIEM
BUIA

Zcp _ ZBxi—l +Wﬂth(ysi—1)

e . Wn + ZBxiflth(YSifl) .

MaTtemaTnueckass Mopesib nosst msinydenus JITIBA B masbHenm sonHe
HpencTaBisieT co0OV CyMMy KOMIUIEKCHBIX aMIDINTY[, HaIlpsDKeHHOCTeN
JIEKTPUUIECKOTO IIOJISI OT BCEX JIEMEHTOB aHTEeHHBI B IIPETIOIoXeHMI Oec-
KOHEYHOV MajlocTu pagmyca siemeHta JI[IBA, masoctm 3asopa MeXxuay
KJIEeMMaMM ¥ COOCHOCTM IUIed 37leMeHTa. KoMIUlekcHast aMIDINTyAa Harps-
JKEeHHOCTV 3JIEKTPMYeCKOro II0JI OTAeIbHOro 3r1eMenTa JIIIBA ompenernsert-
Cs1 BBIpa’keHVeM

7

. _ 60jI, cos (Bl, sin(0)sin(¢))—cos(BL,) _exp(=jBR,)
£ (6.0) sin (BI; ) \/1—(sin(6)sin((p))2 R,

a KOMIUIeKCHasl aMIUINTY/ia HallpsDKeHHOCTHU arleKTpudeckoro 1oii JITIBA B

IaJIbHEeM 30He
N

E(O, ¢)= in (6, 9).

i=1

51



52

II. C. Ky3vmenko, A.A. IlInuseBoi, E.C. Sleodxkuna

()

KOSqﬁ)CbVIHVIeHT ycawieHn:d aHT€HHBbI B HaIlpaBJIEHMM MaKCVMaJIbHOT'O
M3JIy4eHms MOXeT OBITH paccunTaH B COOTBETCTBUN C BRIpa’Xe€HVIEM

47113[2nax

G —

max ~ 217

I ”E(O, (p)|2 sin 0d0de /
00

roe Emax — MaKCMaJIbHO€ 3Ha4de€HMe aMIUVINTYAbl HaIIPsDKEeHHOCTM 3JI€K-
TPMYIECKOT'O I10JI51 aHTEeHHBbI.

HOJ'[SIPT/BaL[T/IOHHa}I AvarpaMma m KOB(p(I)VIHVIeHT SJUIUIITUYHOCTU aH-
TEHHBI OIIPENeJIAI0TCA CJIEAYIOIVIMV BbIPpa’KeHVISAMILL

(3

K, = P(g) /P(O).

[aHHas 371eKTpoAVHaMITdecKasl MOellb ObUIa IIOJIOKeHa B OCHOBY MO-
TIeIbHBIX VICCIIENOBaHMI HaIlpaBIeHHBIX ¥ ITOJIIPW3allMOHHBIX CBOVICTB, a
TaKKe JIEKTPUYECKNX XapaKTEPUCTVK 3allaTeHTOBAaHHOV aHTEHHEI B cpefie
MathCAD. B masipHewmx WMCCIeI0BaHMSX IIperoiaraeTcs paspaborars
JITOPUTM ONTVMMW3AIIMOHHBIX IIPOIeAyp W ONTMMW3MPOBATh KOHCTPYK-
TuBHBIe TapameTpsl JITTA.
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