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AHHOmauuss — [ns pelieHns 3agady Bo3byxaeHus v pac-
CesHMs1 TOHKOMPOBOSOYHLIX aHTEHH U paccevBaTernei, noKpbl-
ThIX CMOEM MarHUTOAMINEKTPUKA MPEeOrioXeHo MOaAMMULIMPO-
BaHHOE WHTerpansHoe ypasHeHue MoknuHIToHa. MccnepgosaHo
BnuAHWe Mogo6HON 06OMOYKM Ha XapaKTepUCTUKU paccesHUs
BMBPATOPHBLIX AHTEHH.

|l. BBepgeHue

MarHutogmanekTpuyeckoe NOKpbITUE 4YacTo MCMOSb-
3yeTcs AN U30MAUMM NPOBOJSIOYHBIX aHTEeHH, Moandu-
Kaumm ux wusnyyawolux Wnm pacceunBalonx CBOWCTB.
Mpy aHanM3e MUKPOMOMOCKOBBLIX UMW MEYaTHbIX aHTEHH
MM B COOTBETCTBME MOXHO CTaBWUTb 3KBMBANEHTHbIE
aHTEHHbI U3 LUMMUHAPUYECKOro NPOBOAHMKa B 060Moyke
N3 MarHUTOAN3MNEKTPMKa.

OaHMM 13 MeToAoB aHanmsa Takux CTPYKTYp SBnsS-
€TCA WCNOMb30BaHWE WHTerpanbHbIX WNN  WHTErpo-
anddepeHumnanbHbIX YpaBHEHUA AN Toka B NpoBOA-
Hukax. K npumepy, B [1] npeanoxeHo uMHTerpanbHoe
ypaBHeHue (UY), nossonsiowee AN NpoBOAHUKA C
060MoYKo M3 OMdMEeKTpuka MpOoBOAWUTL aHanus ero
3MeKTpoANHaMNYECKUX CBOWCTB B YacTOTHOW obnacTw,
B [2] paccmaTtpuBaeTtcs UNY Bo BpemeHHoOW obnactu
ANst TOHKMX MPOBOAHMKOB, MOKPbITHIX COEM naeanbHo-
ro MarHeTuka.

Llene pgaHHon paboTbl — oueHUTb BNMsiHNE 060moy-
KM B BUAE naeanbHOro MarHeTuka Ha aneKkTpoaMHamm-
YecKne XapakTepUCTMKM MPOBOSIOYHBLIX aHTEHH W pac-
ceuBaTernen Ha OCHOBe npeafniaraemMoro MHTerpanbHOro
ypaBHEHMS B YacTOTHOM obracTtu aHanoruyHoro MY lMo-
KMWUHITOHA.

Il. OcHOoBHasA yacTb

PaccmoTpum pelueHne gaHHOW 3agavv Anst TOHKMX
NPOBOAHMKOB C MITABHO MEHSOLENCA KPUBOJTMHEHON
reomMeTpuen B pamkax KBas3ucTaTU4eckoro npubnumxe-
Hus. KpMBOMMHENHBIN NPOBOAHMK paguyca a , AnvHon L

MOKPLIT crioeM MarHeTuka TonwmHoin d =b—a ¢ otHo-
CUTENbHON MarHUTHOWM NMPOHMLAEMOCTBIO LL, . 3aMeHUM
MarHeTVK 3KBMBaneHTHbIMW MarHUTHbIMW TOKaMu Nons-
pusaumm J . = Ia)(,ua —,uO)H , KoTopble paccMaTpu-
BalOTCH Kak CTOPOHHME TOKM B CBOOOAHOM MPOCTPaHCT-
Be B MpeAenax obbema, 3aHMMaeMoro MarHeTMKOM.

B sTOM criydae HanpshkeHHOCTb 31EKTPUYECKOro Mo-
nsa, cos3gaBaemMoro NpoBOAHUKOM W obonouykow, Gyget
onpenensaTbCsa N3BECTHbIM BblpaxkeHnem [3]:

i ] L L . S 2
E=—iau, A +(1/iwé,) graddiv A’ —rot A';
I — paccTosiHMe Mexay TOYKOW WUCTOYHMKA W TOYKOMW
! ’ !
Habmogenus, X, Y,Z,X, Y, Z — ux koopanHartbl.

MepBble gBa cnaraemble NpeacTaBnsaloT COOON BbI-
pakeHne AN nons El, onpefensiemMoro NoBepxHOCT-
HbIMW TOKamMu 1 3apsdaMu NPpoBOAHUKA, TPeTbe crarae-

MO€e onucbiBaeT none EZ s o6ycnosneHHoe MarHMTHbIMU

NONsAPU3aLIMOHHLIMK TOKaMM.

B pamkax TOHKOMPOBOMOYHOrO MPUBIMKEHUS, Koraa
a<<A, rned — gnuHa BomHbLI 3NEKTPOMArHUTHOMO
nons, MOXHO npeHebpeyb asuMyTanbHOW COCTaBNsio-
el NoBepXHOCTHOrO TOKa, cyuTast ero pacrnpegeneH-
HbIM MO OCM NMPOBOAHMKA. BblpaxeHue kacaTenbHoW Cco-
cTaBnsawoLwen nons El Ha MOBEPXHOCTM MNPOBOAHMKA

umeet Bug [4]:
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’
roe |,I" — enuHnuHble BekTOpbl TOuYEK MCTOYHMKA W

HabnoaeHus.

BelpaxeHne ans E2 B npeHebpexeHun oObeMHbI-
MW MONEKYNAPHbLIMU TOKaMW, cyuTas, YTo HamarHm4mea-
HVWEe NpVBOAWUT K MOSIBMEHWIO TOMbKO MOBEPXHOCTHbIX
MOIEKyNSApPHbIX TOKOB Ha rpaHuuax I'=awu = b,s
KBa3ncTaTuyeckoM NpubnmKeHnm MoxHO NpeacTaBuTb B
Buae

E, =io(u, — 1) 'L[I(I)PGadI —f TOIReX:!

G, =e " /arr, , G, =™ [4zr,
r, = \/(x— XY +(y-y) +(z-2)" +a*,
= \/(x— X +(y-y) +(z-2")* +b’.

B wTore, ncnonb3ya rpaHM4Hoe ycrnosue Ona Kaca-
TENbHON COCTaBSIOLWEN INEKTPUYECKOrO MOMs Ha no-

i
BepXHOCTU naearbHoro nposoatuka E_+ E_ =0,

i
roe ET — aMnnmTyga HanpsAXeHHOCTU 3N1EeKTPUYeCcKoro

nona UCToYHUKa BOSGy)KﬂeHVIﬂ, nony4vynm unHterpanbHoe
ypaBHeHMe OnA TOoKa C y4YeTOM BITUAHUA obornoykn ns
MarHeTuka:
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PesynbtaThl peweHusa (1) cpaBHMBanMCb C aHano-
MYHBIMKM aHHbIMK 13 [2]. Ha puc. 1 nokasaHa 4acToT-
Hasi 3aBUCUMOCTb akTUBHOM G M peakTUBHOW B vacTemn
BXOQHOW NPOBOAUMOCTU Ansi BUGpaTopa co CreayroLLm-
MW napameTpamu: AnvHa nneya /=125 mm, pagnyc BuG-
patopa a= 3,92 MM, paguyc nokpbITUst b =5 MM, OTHOCK-
TenbHble AMANEeKTpuYeckass M MarHuTHash NpPOoHULaemo-

I (1)

cm &g =1, y, =2,1, puebie 1 n 3 cootsetcTBytOT G

n B n3 [2] , kpuBble 2 n 4 — pesynbTaT peLleHns nony-
YEHHOro MHTErpanbHOro ypaBHEHMS.
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[Ins oueHKM BNUSHWUS NapaMeTpoB MOKPbLITUSI HA Xa-
PaKTEPUCTMKM MPOBOJSIOYHLIX WU3MydaTenen wuccnegosa-
nacb 3aBUCUMOCTb 3PEKTUBHON NOBEPXHOCTU pacces-
Husa Bnbpartopa (JMNP) oT TonwmHbl 060noYkn 1 ee mar-
HUTHOW MPOHULAEMOCTW, AnvHa Bubpatopa — 40 MM,
anameTp npoBoAHuka 0,2 Mm.
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Puc. 1. 3asucumocmb 8xo0HoU rposodumocmu
subpamopa om Yacmomeil.

Fig. 1. Dependence of vibrator input conductivity vs.
frequency

3aBucumoctb OINP oT 4acToTbl HOCUT SIpKO Bbipa-
XKEHHbIA PE30HAHCHbIW XapakTep, LMPWHA MONIOChl pe-
30HaHCa yMeHbLUaeTCsl C POCTOM TOSLUMHbI 060M0YKN 1
MPOHNLI@EMOCTM, PE30HAHCHas e YacToTa cmellaeTcs
B HM3KOYACTOTHYI0 obnacTb.
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Puc. 2. 3asucumocmb pe3oHaHCHOU Yacmomsl
subpamopa om napamempos 060ST0UKU.

Fig. 2. Dependence of vibrator resonant frequency vs.
coating parameters

Puc. 2 no3BonsieT oueHWUTb 3aBUCUMOCTb BEJTUYUHDI
CMELLEHNs1 PEe30HAHCHOW 4YacToTbl OT MarHUTHOW Npo-
HULAeMOCTM 000noYkM 1 ee TonwuHbl. CpaBHEHWE MNo-
MNyYeHHbIX pe3ynbTatoB C AaHHbiMu B [4] nossonser
coenatb BbiBoA O 6ornee adeKTMBHOM BRUSHUW Mar-
HUTHOrO MOKPbITUSt Ha JIMP Yem AManeKTpUYeckoro, YTo
Takke oTMevaeTcs B [2].

Ill. 3akno4yeHue

MonyyeHo WY pana onpegeneHvs amnnuTygHo-
ha3oBoro pacnpegeneHnss Toka B TOHKMX NMPOBOAHMKAX
NpOM3BONbHOM reoMeTpun ¢ 060noYKoN B BUAe naeanb-
HOro marHeTuka. [ins TonwuHbl 060MoYKkN, CPaBHUMOM C
paguMycom MpoBOAHMKA, M OTHOCUTENbBHOW MarHWTHON
NpoOHMLAEMOCTbl0 MaTepvana He Gornblie gecAtn pe-

3ynbTaTbl pacyeToB COBMNAagaloT C U3BECTHbIMU nUTepa-
TYpPHbIMU AaHHbIMK. OueHeHO BnMsSHME O00OMOYKM Ha
Or1P BubpaTtopa.

MpeonoxeHHoe MY nos3sonsdeT npoBOAWTb 3MEKTPO-
OVHaMUYeCcKuUin aHanu3 NpPOBOSTOYHBLIX aHTEHH U paccen-
BaTenen Mpou3BOSIbHOW reOMeTPUM, MOKPLITHIX CrOeM
MarHUTOAN3NeKTpyrKa.
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Abstract — A modified version of Pocklington integral equa-
tion is proposed for solving the tasks of excitation and scatter-
ing of thin-wire antennas coated with a layer of magnetodielec-
tric. The influence of such a coating on the scattering character-
istics of dipole antennas is investigated.

I. Introduction

Magnetodielectric coating is frequently used for thin-wire
antennas isolation, for modification of their radiating or scatter-
ing properties.

The scope of this work is to estimate the influence of the
coating in the form of ideal magnetic on the electrodynamic
properties of wire antennas and scatterers in the frequency
domain using the proposed equation.

Il. Main Part

The solution of this problem for thin conductors with
smoothly varying curvilinear geometry can be found on the ba-
sis of Pocklington’s integral equation within the frames of quasi-
static approximation. The influence of magnetic is limited to the
consideration of an additional field due to magnetization. The
consideration of this influence is realized using the method of
equivalent sources, thus replacing the magnetic by magnetical
polarization currents that are considered as exterior currents in
free space within the volume, filled with magnetic.

Using the obtained integral equation the influence of coat-
ing parameters on the value of vibrator effective cross-section
(ECS) was investigated taking into consideration the coating
thickness and its permeability.

lll. Conclusion

The obtained IE allows estimating phased-amplitude cur-
rent distribution in thin conductors of arbitrary geometry coated
by ideal magnetic. In case when coating thickness is compara-
ble to conductor radius and material permeability is no more
than 10, the calculation results coincide with known published
data. The influence of coating on vibrator ECS was estimated.

The proposed IE allows carrying out electrodynamic analy-
sis of wire antennas and scatterers of arbitrary geometry coated
with a layer of magnetodielectric.
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