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IuauHApUYecKas aHTEHHA C HeoTpakaoLei
PE3MCTHUBHON HArpPy3KOi.

T.T. By u P.B.IL. Kunr, aiens! IEEE.

(IEEE Transactions on Antennas and Propagation. May 1965, Vo-
lume AP-13, Number 3. P. 369-373.)

Annomayus. Ilonyueno pacnpedenenue moka 60016 YUNUHOPU-
Yeckoll GHMEHHbL C YEHMPANbHbIM 8030YJICOeHUEM, KOMOPAs U3-
2omoeénena u3 pesucmusHo2o mamepuana. Paccmompen uacm-
Hblli Cyyall, K020a NOZOHHBIU  UMNEOAHC AaHMEHHbL 3A8UCUM
uwb om paccmosHus 60oab ee. Pewenue nonyueno ons moka,
coomeemcmeyowe20 HAanpaeleHHou MoNbKo 6 O0OHY CMOPOHY
gonne, 6e3 nmpucymcmeus ompasxcenHol. Onpedenena 6x00Has
npoe0duUMOCmb AHMeHHbl U NPUMEPbL NOAA 6 OanbHel 30He. 1Ipu-
Mepbl npugedenst Ons 6onbui020 ouanaszona onun. OHu xapakme-
PU3YIOMCst eOUHCMBEHHbIM 21A6HLIM IENECKOM U OYeHb HUSKUM
YPO8HeM BOKOBbIX N1ENECMKO8.

BBEJEHHE

B psge cinydaeB TpebyeTcs HAlpaBIEHHOCTh M LIMPOKO-
NOJIOCHOCTh aHTEHHBI TAKOrO K€ MOps/Ka, Kak y aHTeHH Oery-
weil BoMHBL. IIpHMEpOM MOXET CIY)KMTh V-aHTEHHa Oeryuiei
ponHbl. IlepBoii sBiseTcsa paboTa AnbTiIyJiepa, OMHCHIBAIOIIAA
JMMoaL Oeryuieii BONHBI, B KOTOPBIH COCPEHOTOYCHHBIE PE3H-
CTOpBl Pa3sMEIIEHBI Ha YETBEPTH JUIMHEI BOJHBI OT KOHIA. XOT4
MECTOIOJIOKEHHE PE3HCTOPOB HE KPHTHYHO, CBOHMCTBO TOKa Oe-
rylIeii BOJHBl yXy[IIAeTCs IPH H3MEHEHHH 4acTOTEl, 9TO Tpeby-
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€T pacnoyiaraTb COCPEJOTOHEHHBIE PE3UCTOPEI BOIM3H MaKCHMY-
Ma TOKa. :

B HenmaBueit pabote (2) ObUIO paCCYHTAHO pacnpelesiCHHe
TOKA M TIOJHOW NMPOBOAMMOCTH JUISA LMJIMHIPHUYECKOH aHTEHHBI
C HENpEpHIBHO PACNpeaeNeHHbIM OJHOPOAHBIM TMOTOHHBIM CO-
MPOTHBJICHHEM BIOJbL €€ mmHbL B 31Ol pabore mpennaraercs
HCCIIEOBaHHE MHIMHAPUYECKOH aHTEHHBl C M3MEHSACMBIM CO-
HOpPOTHBIIEHHEM MO €€ JUIHHE. B 4acTHOCTH, MBI XOTHM oOIpene-
JIMTH TIPOAOJIBHOE pacnpe/ieNICeHUe CONPOTHBIICHHS, IIPH KOTOPOM
B aHTEHHE KOHEYHBIX pa3MEpoB CYHIECTBYET BOJIHA, pacnpocTpa-
HAIOILIAACS TOJBKO B OIHY CTOPOHY.

JTUDPEPEHIIMAJIBHOE YPABHEHME U EI'O PELLIEHUE

PaccMOTPHM OCEBYI0 KOMIIOHEHTY BEKTOPHOTO NOTEHILiHA-
Ja A4.(z) HA TIOBEPXHOCTH LHJIMHIPHYECKOH aHTEHHEI, UMEKOLIEH
MMOrOHHBINA HUMIIENAHC z'(z), MO KOTOPOMY IIPOTEKAeT TOK /.(z)
OT reHepaTopa Ha OCH : C OIC Vi B BHIE NENbTa-QyHKIHH,

YIOBJIETBOPSIOLLYIO OJHOMEPHOMY BOJHOBOMY YPaBHEHHIO

: 2 .k(? i e
( o K JA: ) =22 [ ()1 (2)- ¥ 8(2)] €))
ox w

H BpPEMEHHOH 3aBHCHMOCTBIO ¢ .
[ToroHHOE COMpPOTHBJIEHHE z'(z) BBIpaKaeTca (QyHKIHEH
oceBoil koopanHaThl = OHO 3amaercs GopMyon

N 1
7= 2mad(z)o(z) (2)

IUIA KpyT/ioi TpyOKH C MOCTOSHHEIM paamycoM a. [lis Toro,

yTOOBI 00ECIIEYHTh U3IMECHEHHE CONIPOTHUBJICHHUA 1O IJIHHC, 6y,ueM
npeanoiarate, 4To NpOBOAUMOCTE o H TOJIIUMHA CTEHOK d MO-
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ryr ObiThb QyHKUMEH KOOPAHHATHI BIOJH AHTCHHBI. BeKTOpHBIH
MOTEHIIHA Ha [TOBEPXHOCTH aHTEHHBI BBIPaXKaeTcs Kak

A.(2)= %‘:? fhl:(z’) K(z,2)dz' 3)

rac
—jkor

4)

K(z2)=5%

r=\[(z—z')2 +a’ (5)

HOCKOHLKY OTHONICHHE BCKTOPHOI0 IIOTEHHHANIa K TOKY
BIOJIb aHTCHHBI HpHﬁJII/ISHTCJIBHO MOCTOsAHHO, MOXKHO 3aMucaTb

[ LEKGE = 1LY (6)
rac Y - 3Hau€HHE MaKCHMYMa TOKa 1.(2).

U3 (3) - (6) cnenyer, uTo

2

drk, 1
(-ax—z k2 )4;:;4(;‘/1: (2) = ’Cﬂ[z' (D.(2)-V{8() (7)

MOXeET OBITh afnrpoKCHMHPOBAHO

' (:X—Z +k2 Jl__(z) = Jz’”;" [ (2)1.(2) - Vo)) 8)
O06o3Hayan
1@ =2 2(z) )
A
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THE ¢, =it/ & =120x OM, ypaBHEHHE IIPHOOPETET BUJL

al 2 _ - _.j4ﬂk0 e
[ ks jkof(z)]l; (')___:sv Vsd(2) (10)

Hckmouas HCTOYHHMK B TOYKE = =0, TOK JOJDKEH YIAOBJIETBOPATDH
nuddepeHIHATEHOMY YPaBHEHHIO

[gz'—ﬁké —./kof(z)}lr(zho (1

Jlerko y6enuThes, yto noactaHoBka B (11) ¢yHkumu

2
UShir (12)
MIepPEeBOASILEN €TI0 B
O S |
{6:2 + k¢ h_lzl}__(_)_o ; (13)
JlaeT peleHHe
1.() = C(h—zhe " (14)

3aMeTHM, B YaCTHOCTH, UTO pelieHHe B popMe ™ He ynoBie-
TBOpSAET YPABHEHHIO.

‘BripaxkeHue (14) ONMCBIBAacT BOJIHY PacHpOCTPaHAIOMIETO-
Csl TOKa B CTOPOHY BO3pacTaHus ||, T.e. OT reHepaTopa kK 06oum

xoHuam. OTpaxkeHHasi BOTHa B 0OpaTHOM HalpaBJieHHH OTCYTCT-
BYET.
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UMIIEOAHC U ITAPAMETPBI PACITPOCTPAHEHHSI

Ecnu Tok umeer popMy  (14), To BEKTOpHBIH MOTEHIHAN 3a]a-
eTcA Kak

Amp;' A.(2) = Y1 (2) = ¥C(h~|zpe’V (15)
CkaJispHBIH HOTEHIHAJ YIOBJIETBOPSIET ycnoBuio Jlopenna

_ 2 04.(9)
¢(z)_,k: = (16)

B CuITy CHMMETPHH, ¢(~z) = —4(z) . JIaz20

#2) = L% e [ 1 - jhy (k)] (17)

47k,
ja)/‘o . "j :
+0) = YC(+ jk,h) = YC (1+ jkoh 18
$10) = WO+ jhoh) = W (L ko) (18)

Eciu HanpsbkeHue BO30YXKACHHUS ONpenesseTcs Kak

Vg = ¢(+0) - ¢(-0) = 24(+0) (19)
U3 atoro cneayer
| ¢ = J2renls 20)
Y+ jkoh)
CrnenoBaTeiasHO,
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ITonnas BXoHas MpOBOAUMOCTD €CTh

L2 ]
Yo T AV - jlkh (22)

[ToHBIH UMITEDAHC ONpENeNSeTCs OMUYECKHM COTIPOTHRACHHEM
[OCJIEAOBATENLHO C EMKOCTHBIM

- Z,=Ry—jlaC, (23)
rae
R, =—%2 _ 60w ohms 24
2z
H
C, = &£,h (25)

OTMETHM, YTO 3TO CHPABEIIINBO NIPH k,h>> 1, Ry »» 1/ @C,.

[apametp ¥ onpenensercsa GyHKIHEH

J‘(:’(h - z’)e'ﬂr:'[e —fm + e_jhl, }4 2
Y(z) = ho B4 (26)

(h-2)e™ ™

rae

[TockonbKy /(z) U A.(z) 00€ UMEIOT MAKCHMYM @MIUIMTYIHI TIPH
==0, TO MOXKHO 3anucath ¥ = ¥(0). ClezoBaTeNBHo,

o2 e e 27
\P_zjo(l h)e ro,.d; 27
riac
r=vzta®
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TTOCKONEKY k,a<<1 W a<<h, He OymeT cepre3HOH OHO-
KH, €CJH NPHHATH k' =kr, B SKCIIOHEHTE MEPBOrO HHTErpana M
r, =z' BO BTOPOM HHTErpare.

=j2kny -2k’
Y= ZIh—e—dz'—zjhe ar (28)
LI A h

0
s A=ka cnenyer

W= 2[sinh ah_ C(24,2kh) - jS(2A,2kh)J + ﬁ(l — gy (29)
a

Hampumep, ecnu
kh=1r12, hia=75, Q=10, ka=1.57/75=0.021, 2ka=0.042,

Y= 2[5.70—L66-—jl.85]+j3(1 +1)=8.08— j2.43
V4

AHaNOru4Ho, A TOHKOH aHTEHHBI C A/a=11.013 HIH
Q=20,ka=157/11.013=141x10""

¥ =2[10.69 - 1.65-1.85]+ jiz 18.08 - j2.43
Vi3
B (29) C(a.x) ¥ S(a,x) 00QOIIECHHBIE HHTErPajbHEIE CHHYCHI U
KOCHHYCBI

x1—cosW x sin W
Cla,x) = Iu W-r—r—du S(a,x) = L ——W——du

rac
W = (u? +a?)”?
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PACIIPEAEJIEHHASA PEBUCTUBHASI HATPY3KA

HenpepelBHO H3MEHSIOIIAsACA PE3UCTHBHAA Harpyska aH-
TeHHsl onpeaensercs (9) u (12). Takum obpazom

2(2)= &Y 1 15 (30)

87 h-| h-[

rae kodbduuueHt 15 B OMmax. [Ipy u3MeHEHHH OT Q=10 10 20,
ko3pduuueHT 15¢ OM MeHseTcs oT 121-,36 OM 10 272- /36
OM. JIng 41=288m M Q=20,h=T2m

272- j36

Z(0)=15¥/h= =3.9— j0.5 ohms/m

€CThb TOTOHHBIN HMIENaHC B TOYKe BO3OyXaeHHA. 31ech
a=6.54 mm.

HpH z' =0.5rado, z' =0.66, 6.6, 660hms/m IJIA AJTFOMHHHA TOJILIHHA
COCTaBUT d=10", 107, 10%m, a g yriaepoaa npu
2/ =855, 855, 8550hms/m TOJIMHHA OyHmeT d=10", 10°, 10%m.
Takum 00pa3oM, TOHKMI ClOi aMIOMHHHA HIH YTiiepoaa MpH
3HaueHHAX Hxe 3.9 OM/M B Touke =0, HOpH :—h MOTpedyer
O4eHb OONBINNX 3HAYCHHH PU KOHCTPYUPOBAaHHH.

OODPEKTUBHOCTD

D¢ (eKTHBHOCTS PE3UCTHBHO-HArpYXXEHHOH AHTEHHBI ole-
HHUBAETCA MPOCTO, MQCKOIBKY

&Y, 2
1
4z | 0'

: 1
P =={IO)'R, =

2
TOrJAa KakK pacCesiHHas B TCIJIO MOLIHOCTD

P = [N = @)de = 2=]100)
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Orcrona cnenyer, 4rto 3¢ (heKTHBHOCTh aHTEHHBI cocTaBisgeT 50
MPOLICHTOB.

SJEKTPOMATHUTHOE TTIOJIE

SHCKTpH'-IGCKoe T0JIC B JaJbHEH 30HE OnpeacaacTCs Kak

E, = josin®4, 31
rue
— e—jk»’“ h ", jkoz'cos® g 1
= ar [ 1.che dz (32)
Jlia
1(z") = C(h=|ze ! (33)

3TO BBIpaXeHHe mnpeobpasyercs

Ce - kato

2wVt

r (h-z")e ™ cos(k,z' cos @)dz’ (34)

0

HMHTerpan Jerko OLEHUBAETCS MO CNEAYIOMMM (popMyaam

ax

° (acosbx + bsin bx) (35a)

’ Ie‘“ cosbxdx =

3

a+

ax g2
Ixe“"cosbxdx= ze ax—a2 bz cosbx+[bx— fab,]sinbx (35b)
+b a’ +b°

a’ +b*
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Takum obpa3zom

a

I" (h—z"e" cosbz'dz' = _.L ath-z")+ i _bi cosbz'+[b(h—z')+ 2ab sinbz’
o a +b° a’ +b’ a’+b’

- (—Z—:F)T{[(az _ b*)cosbh + 2absin bh™ [ah(a® +b?)+a? b7} (36)
a -

st a=—jk,,b=kycos®,a’ +b° = —kZsin?©,a* —b? =—k*(1-cos’ ©) CICIOY-
€T

j’: (h==")e™™ cos(k=")d="

l— (1+ cos® ®) cos(k hcos @) — j2 cos@sin(k,,hcos@k"""" ~ jkyhsin? © +(1—cos’ ©) (7)
k,sin*©

2n EKTPHUYECKOC 3a1a€TCA KaK

: - Jhor
£, =25MC pin@) (38a)
@ 2xr
TIae MHOXXHUTCIIb BEPTHKAJIBHOI'O noJiA OHPCIICJI}ICTCH
_ e 2 2
Flkyh,0) = Jkyhsin ®'+ gl +cos” ©)
kohsin® ©

. l_i2 cos @sin(kyhcos©) +(1+ cos? ©)cos(k,hcos @)]e""‘"'

38b
kohsin’ @ (38b)
Ora (byHKuHH Hcye3aeT BOOJbL OCH ©=0 U UMECT 3HA4YCHHUC
F(kgh»ﬁj _ = Jlkoh —sin koh)+(1—coskyh) (39)
2 koh
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B 3KBaTOPHAJILHOM IIOCKOCTH ©=7/2. Korzma kh* <<1 ,
F(koh,©) = kyhsin® (40)

YTO M JUI EKTPHYECKH KOPOTKOH aHTEHHBL. JleicTBUTENbHAA U
MHHMas 4YacTh pPaBHBI '

(1+ cos? ®)[1 - cos kyhcos(k,h cos ®) | — 2 cos Osin kyh sin(k,hcos ©)
0 0 (41a)

Felkoh.©) = ko hsin® ©
0

— kyhsin® @ — 2 cos © cos k,hisin(kyh cos ©) + (1 — cos’ ©)sin ko cos(kyh cos ©) (41b)

Fi(koh,©) = k hsin’ ©
0
Korna
T
k0h=3
2 (7
1+cos @—ZCosesm(Ecose)
FR(§,9)= _ (42a)
Zsin*0
2
. - %sin2 O + (1 +cos? G))cos(%cos@)
F,(£,®)= (42b)
2 7 in’ @
2
4 T 2 T 2
A O==, FRl==|==, Flz=|=—"1.
An 2 ”(2 2) z ’(2 2) x

Korga kh>>1 F(kh,0) > F,(kh,0)—>—cscO, ©%0.
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Cpaduku QyHKUHH F,(kh,0), F,(kh0), H |F(k,h,©)| TIpHBe-
NeHbl Ha puc. 1-3 [uIs IMana3’oHa 3HAYEHHH kb OT 7/2 JIO 507.
BuaHo, 4To |F(k,h,©) NIMEET ITIaBHBIA MAKCHMYM I © =90° NPH
kh<z W JIBIKETCA K ©=0 NPH YBEIHUEHHH kh. s koh = 507

MaKCHMYM HaxonuTtcs Ha © =11". VIHTepeceH ¢akT, 4to GoKoBEIE
JeNecTKH 3HAYMTENBHO MEHBIIE HEOONBINMX KOoneOGaHuH LINpO-
KO#t Y4aCTH TJIABHOTO JIENIECTKA Ul BCEX 3HAUEHUH k> 7.
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3AKJIIOYEHUE

HUccnenoBaHbl CBONCTBa aHTEHHBI C LEHTPAJIbHBIM BO30Y kK-
IeHHeM, o0ecrneqyHBalOmMUi TOJBKO Oeryurylo BOJHY Toka. B
Jpyroii paGoTe MBI pacCCMOTPHM KOMOHHALMIO JBYX TaKHX aH-
TEHH B V-aHTeHHaX Oeryimeil BOJHEIL.

590
45
40
53

30
‘28

20

1

Fa(Q, kh)
30w -1
0.251 30w
/ \ 0 \ Vi W NN
/,/\\2‘”’ 025t _ 20w
/ ‘\ o ‘J‘\.,\-J‘\,-’\./—.."\.-w
| i 1 %t yow
’ L‘\\'o,’. 0 LY 48 -.-d' T
/,/ r" \. \\ 0.2§ B e .
I I, ‘ \ oI \_../ .\'-‘__,./":

Puc. 1. [leticmeumenbrnasn yacme oanbHezo noas

Heompaalcaiou;eﬁ AaHMEeHHbl.
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-i.0

-5 ,
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Puc. 2. Muumas yacmb 0anbHe20 noas Heompaicaioujeti aHmen-
Hbl.
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' ! | J T T T !
e 4
ss}- i
IF] = | Fal©®, kh) + F; (0, khi}
5.0} i
45t 115 . .
30
-
40 e h\v'\
- 125 N
) b ha Y —— s s
29w :
- 0+ 40w ~ ]
or l.zsf RN .
L\ !oo “-~~~“‘M
By 1o, 125F N3 -
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0
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Puc. 3. Benuuuna oanvnezo nons neompasicaroweii anmeHHbl.
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10.

OraasJieHue.

Beegnennue.

Teopanap BO3AYLIHOTO Ga3MPOBAaHHS.
AHTEHHBI reopajapa.

AHTEHHBI aBHareopajapa.

CurHaisl aBHareopajapa.

OKCEpPUMEHTEHL.

TlepBBii NPBIKOK.

Bonusapuanckas PecnyGnuka Benecyoana.
3akmo4YeHue.

[Ipunoxenue.
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