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AHHomayusi — KIM[ aHTeHHbIX YCTPOWCTB SBMSETCH BaX-
HbIM (PaKTOPOM, KOTOpPbIN onpeaenseT aeKTUBHbIX pearnb-
HbIX KOHCTPYKUMI. MoacTunatoLas noBepxXHOCTb CyLECTBEHHO
BNMsieT Ha nNapameTpbl peLleTok NpU3eMHbIX aHTeHH. B gokna-
Oe paccmatpuBatloTcs usmyeckne MexaHusmbl, 06ycrnoenu-
BalwLye NoTepu MOLYHOCTM M3nyyaemoro nons. Pesynbratbl
UYNCMEHHBIX 3KCMEPMMEHTOB MO3BOMMUMN MPOBECTU CPaBHEHWE
du3nYecknx mMexaHusMoB nornouieHus nons PAP, paboTtato-
LWmx BO6MM3M nornoLyatoLLen NoBEPXHOCTY.

|. BBepgeHue

PacnonoxeHvne AP B6nun3n rpaHnubl pasgena gByx
cpes, B HaCTHOCTU Y NOBEPXHOCTU 3€MIN, BHOCUT CyLLe-
CTBEHHbIE KOPPEKTMBbI B MX napameTpbl. HecmoTpsi Ha
3HaYMTENbHOE YMCIO PaboT, NOCBSALLEHHbIX UCCreaoBa-
HUSIM B 3TOM HanpaseHnn, psg BONPOCOB B HacTosLlee
BpeMsi uccrnenoBaHbl HegocTaTtovHo. MoaTtomy Heobxo-
OMM JanbHenwnin aHanua mn cpasHeHue Kl ckaHu-
PYIOLLMX BEPTMKAlNbHbIX aHTEHHbIX PELUEeTOK, pacroso-
XEHHbIX Haf rpaHuuen nornowawwen cpegbl. Llensto
Joknaga siBnsieTcst 06bsACHEHUsT PU3NYECKUX MEXaHU3-
MOB BO34EeNCTBMS NMPOBOAMMOCTU 3€MM Ha U3MEHEHUe
Kna oAP.

Il. MocTaHOBKA 3agayu

BepTtukanbHble peweTkn gunonen (puc.1) cootseT-
cTByeT pelleTke, BblbpaHHoM B [1]. OnekTpuyeckne u
MarHWTHble OMMONW B peLueTkax OpMeHTUMpOoBaHbl Nnbo
BepTuKanbHo (puc.1a), nnbo ropnsoHTanbHo (puc.1,6).
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Puc. 1. Pewemku dunoned Had 3amnedl.
Fig. 1. Dipole arrays over the ground

HwxHee nonynpoctpaHctBo (z <0) npeacraenser
coboi guccunatuBHylo cpedy 2, Y KOTOPoW [, =L,
ocTarnbHble napameTpbl (€;,0;), MOryT ObiTb Npous-
BONbHble. BepxHee nomnynpoctpaHcTBo (z >0) 3anon-
HEeHO BakyyMoM: &, =€, 1; =Hg U o, =0. Paboyas
YyactoTa f; BblbpaHa paBHoi 6 MIL. PacnpegeneHnve
TOKOB B peLleTkax paBHOMEpHOe Mo aMnnuTyae u npo-
rpeccusHoe no cdase: 1, :Ig’Mej”g, rne & — cosur

dasbl Mexay Tokamu cocegHux aunonen. Ons gans-
HeMwWmnx pacyeToB ObINO BbIOPAHO 3Ha4eHWe OTHOCK-
TENbHOW [AM3NEKTPUYECKOW MpoHULaeMocTu cpebl 2

paBHOE €, =10, a Benn4YnHe G, NpuaaBarnocb Tpu 3Ha-

yenusa: 0,1, 0,01 n 0,001 cum/m. BTO0 cooTBeTCTBYET
3HayeHusM 1gd, pasHbiM: 30, 3 u 0,3. YuuTbiBanach
AencTeuTeNbHas U MHMMasa YacTb KoaddumumeHTa pac-

npocTpaHeHus k, =2m7f \/szsouo(l—jtgéz) .

Mpy yncneHHOM ModenUpPoOBaHUM UCNONb30BaHa Me-
Toauka, paspaboTtaHHas B paboTtax [2, 3] U aganTupo-
BaHHas B pabote [1] Ana pelleHnsa aHanormyHbIX 3agad
PEeLLIEeTOK MarHUTHbIX AUMONEN.

lll. UnTepnpeTauus pe3ynbtTaToB

MameHenne K[ npeactaBneHo B 3aBMCUMMOCTM OT
yrna casnpoBaHus G:arccos(ﬁ/kod), KOTOpbI onpe-
JensieT HanpaBneHne CUHMA3HOro CIOXEHUs Mornen
OTAENbHbIX M3ny4yaTtenen, To ecTb HanpaBrieHWe rnaBs-
HOIO MaKCHMyMa MHOXUTENS PELLETKM.

3aBucumoctn KM peweTkn BepTUKamNbHbIX 3reK-
Tpuyeckux aunonen (B3) nokasaHbl Ha puc.2,a. CooT-
BETCTBYIOLLME 3aBWCMMOCTU [ANA BepTUKarbHbIX Mar-
HWUTHbIX gunonen (BMI) — Ha puc.2.6.
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Puc. 2. Kl pewemok eepmukarnbHbix ournosed.
Fig. 2. Efficiency of vertical dipole arrays

Ha pucyHkax cnnowHon NUHMEN nokasaHbl 3aBUCK-
mMocTM Ana  ©,=0,001cum/m, nyHKTMpHOW — AnA

G, =0,01cum/m 1 Wwtpuxosow Ana G, =0,1cum/m.

Haunbonbwee otnuune rpacdumkn KIO wvmetoT npum
0 ~90°, npnyem nornolieHne aHeprum ans B3 cyuwe-
CTBEHHO Gonblue. MoXHO BbiAENUTE OBa MeEXaHu3ma,
06ycrnoBnMBalLLmMX JaHHOE OTNnYKe.

OnekTpuyeckMe TOKM Ha MOBEPXHOCTU NPOBOASLLEN
cpeabl (X0Y) dhopMUpyIOT TaHreHumanbHyl0 KOMNOHEHTY
anekTpuyeckoro nons E.. B ctpyktype M B3 nme-
eTCsl TOMbKO asvMyTaribHas COCTaBnsilollas BekTopa

H . OHa coBMeCTHO ¢ E‘t co3naeT HopMallbHYH K Mo-
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BEPXHOCTU KOMMOHEHTY BekTopa [MOoMHTUHra, T.e. yxo-
OSILLMIA BHWU3 NOTOK 3Heprun. OH noanuTbiBaeTcs 3Hep-
rmen rmasHoro nenectka AH. Mo mepe yganeHus ot uc-
TOYHMKa M ocnabnexnusa AMI B6nn3m nosepxHoctn OH
aHTeHHbl OyaeT W3MEeHSATbCA, MOoKa OCHOBHOW MOTOK
3HEpruM He orpaHNYMTCS NonynpocTpaHcTeom 6 >90° .

BTopolii mexaHusm o6ycrnoBnvBaeT nocregyolee
ymeHblueHve KM npu 6 >90° , koTopoe MoXHO 06bsic-
HUTb YMEHbLUEeHMeM KoadduuMeHTa OTpaXeHus npu
yrnax 6nmsknx K yrny bproctepa.

3aBucumocTtu Kr[ peleTok ropnsoHTarnbHbIX 3rek-
TPUYECKUX U MarHUTHbIX aunonen (F34) w (TMI) npea-
cTaBneHbl Ha puc.3 a n puc.3 6.
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Puc. 3. K4 pewemok 2opusoHmarbHbix duroned.
Fig. 3. Efficiency of horizontal dipole arrays

MakcumanbHoe 3HadeHne K[ ons scex TMnos pac-
cmaTtpuBaembix PAP pocturaetcss npu 6= 60°. Mpu
3TOM MEPBbIN HYNMb MHOXWUTENS PELLETKN OPUEHTUPOBAH
napannenbHo rpaHvue pasgena. Mpu 6=0° wu
6 =180° KMNO oauHakoB, Tak kak pelleTka npespalla-
eTCcs B aHTeHHy Oerywien BOMHbl, y KOTOPOW Mpu Bbl-
OpaHHbIX MNapameTpax [NnaBHbIl WM 3a4HUA TEenecTKu
O[MHaKOBBI.

PacnpeneneHnne HaBegeHHbIX TOKOB pelwleTkn M3 Ha
nornowatowen nosepxHoctn, X0Y (puc.1) noxoxe Ha
pacrnipegeneHve TokoB pelueTtkn BM[, yto obBycroBuno
aHanormyHoe nosefeHve KM npu 6 <90°. Mpu manom

G, MuHumyMm Kr[ pewetok NS v BM[ HabntoaaeTcsa B

crnyyae, Korga rnaBHbliA FIENecToK MOSIHOCTBI0 Pacnoso-
XeH B cektope 0 >90°. AHanorMyHasi cuTyauusi BO3HW-
kaeT npu cpaBHeHun nosedeHusi KM pewetok MMO u
B3[. 310 Takke obycrnoBneHo Tem, YTO TOKM Ha MOBEPX-
HOCTU B 000X Cry4asix MMEIOT MOXOXYH0 CTPYKTYpPY.

CTpykTypa nonen M TOKOB Npu BO3OyxaeHun npo-
CTpaHCTBa pelueTkaMn ropu3oHTanbHbIX AUMonen B oOT-
nMyvMe OT MOoNsA BepTMKanbHbIX AMNOMEN He sBnseTcs
OCECUMMETPUYHON, NO3TOMY MPW yAaNeHUn OT aHTEHHbI
BCMNEeACTBME HEpPaBHOMEPHOro MOrMOWEeHNS MOLLHOCTH
[H 6yaeTt nsmeHsTbca 6onee crnoxHbIM obpasom, Yem y
peLleToK BepTuKanbHbIX AUNOonen.

IV. 3aknoyeHune

PesynbtaTthl gaHHoW paboTbl no3sonsioT cdopmMu-
poBaTb agekBaTHOe MpeacTaBneHvne OencTens dusmye-
CKMX (paKkTopoB, YTO HABNAETCH MONE3HbIMM Ha CTaauu
npeaBapuTenbHOM OUeHKM K Bblibopa onTMManbHOro
TUMNa NPU3EMHbIX aHTEHH.
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Abstract— An underlying surface affects significantly the
parameters of near-earth antenna arrays. Physical mechanisms
stipulating the power losses of field of the PAA operating near
the absorbing surface are considered in the report.

|. Introduction

Despite a considerable amount of works devoted to investi-
gations into this direction a number of problems are studied
insufficiently.

Il. Setting Up the Problem

Electric and magnetic dipoles in the arrays are aligned ei-
ther vertically or horizontally. The lower half-space (z<0)
represents a dissipative medium. Real and imaginary parts of

the propagation coefficient k, = 27| \/8280/10 (1-jtgoy)
were considered when analyzing the field. The technique, de-
veloped in [2, 3] and adapted in [1] for solution of similar prob-
lems of magnetic dipole arrays, was used in numerical simula-
tion.

lll. Interpretation of Results
The efficiency variation is presented depending on the phas-
ing angle O =arccos(§/kod) , which defines the direction of

separate radiators fields synphase addition, i.e. directions of the
main maximum of the array factor. Dependences of arrays effi-
ciency of the electric and magnetic dipoles, where the dipoles
are arranged both horizontally and vertically (Fig. 1), are shown.
The corresponding dependences of efficiency are shown in Fig.
2 and Fig.3. The efficiency graphs demonstrate the chief dis-
similarity with 0 = 90°, in this case the energy absorption for
the electric dipole are significantly higher.

It is possible to single out two mechanisms determining
the given difference. The first one is associated with the EMF
energy absorption from the boundary layer over the surface.
The second mechanism determines the subsequent decrease
in efficiency with 0 >90°, which is attributable to the reflec-
tion coefficient decrease with the angles close to Brewster
angle.

IV. Conclusion

Results of the given work make it possible to formulate an
adequate representation of the physical factors action; this is
useful on the stage of the preliminary estimation and choice of
the near-earth antenna optimal type.
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