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MpesenbHble XapakTepUCTUKI COrNacoBaHNA NPUEMHbIX
PAMOUHbIX aHTEHH C MOMOLLbIO HehOoCTepoBCKuX Lienei’

AHHOmMayusA. Vicciedyromesa npeodesibHele XOpakmepucmuKku Co2A0C08AHUS 31eKmpuvecku ManopasmepHol pa-
MOYHOU aHMeHHbI ¢ noMowbro npocmeliweli Hepocmepoeackoli yenu - ompuyamensHol UHAykmusHocmu. Paccmom-
PeHbl PasuYHble 8OPUAHMbI BKIOYEHUS ompuyamensHol UHOYKMUBHOCMU 8 CMpPYyKmypy paMoYHOU aHmeHHsI. [1o-
/Iy4eHo aHaaumuyeckoe npedesbHoe COOMHouleHue 0/ paboyeli NoA0Cs! Yacmom paMOYHOU QHMeHHbI NPU 8K/K0Ye-
HUU ompuyamesnsHol UHOYKMUBHOCMU 8 pa3psl8 NPOBOOHUKA pamku. [ToKa3aHo, Ymo 045 hpakmu4veckol peanu3a-
yuu Haubonee y0obHoL siea5emcs cxeMa C 8KIr04eHUeM ompuyamensHoli UHOyKMUBHOCMU Mexdy npogodsujeli naoc-
KOCMbH0 U CBOBOOHBIM 8618000M PaMKU. [IpU MAKOM BKAKYEHUU HEPOCMeposcko2o 3neMeHma cyujecmsyem He6ob-
woll npouzpeiw 8 WuUpUHe paboyeli N00CsI YACMOM No CPABHEHUIO C 8K/KOYeHUEM 3MOol UHOYKMUBHOCMU 8 pa3psIe
npoeodsauweli n10ckocmu pamku, 00HAKO 8 2 pa3a ebiwe Hasodumas & pamke 3/C. loay4eHo UHMezpaabHOE 8blpadice-
Hue 01 MaKCUMa/1bHOU NOAOCkI CO210COBAHUS PAMOYHOU QHMEHHbI NPU 8KAKOYEHUU 0mpuyamenbHol UHOYKMUBHO-
CMU y 3G3eMIeHHO20 8bI800a, UHME2PAs 8 KOMOPOM 8bIYUCAS/CA YUCIEHHO 0/11 Pa3AUYHbLIX dobpomHocmeli pamoy-
HOU OHMeHHbI U COOMHOWeHUL Mex0y pe30HaHCHOU Yacmomoli pamku u paboyum ouanasoHom yacmom. [lony4eH-
Hele pe3y/iemamel N0006Hb6! 02paHUYeHUr0 PaHO-H0AbI 0718 NACCUBHbIX COAACYHOWUX yened.
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Limiting Characteristics for Receiving Small Size Frame Antenna Matching Using Converter
Negative Impedance

Abstract. The limiting characteristics of electrically small-sized loop antenna matching by means of non-Foster's nega-
tive inductance are studied. Various options for including negative inductance in frame antenna structure are considered.
The analytical limit expression for the operating frequency band of the small-sized loop antenna with the inclusion of nega-
tive inductance in the gap of the conductor frame is obtained. It is shown that for practical implementation the most con-
venient is the scheme with the inclusion of negative inductance between the conducting plane and the free output of the
frame. Such inclusion of negative inductance causes small loss in width of the working frequency band compared with the
inclusion of this inductance in the gap of the frame conductive plane, but EMF induced in the frame is twice as large. An in-
tegral expression is obtained for the maximum band matching of the small-sized loop antenna with the inclusion of nega-
tive inductance in grounded output, the integral in which is calculated numerically for various small-sized loop antenna
quality factor and ratios between resonant frequency of the frame and operating frequency range. The results obtained are
similar to Fano-Yula restriction for passive matching chains.
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Beenenue. HedocrepoBckue cormacyromue me- — Ha OCHOBE KOHBEPTOPOB OTPUIATENILHOTO UMIIEIaHCa
U C OTPUIATEIBHBIMU peakTHBHBIMHU demeHTamu  (KOM) mmpoko HCHONB3YIOTCS UISL  COIVIACOBAHUS
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o
Puc. 1

LITBIPEBBIX DJIEKTPUYECKH Majopa3sMepHbIX aHTEHH
(BMA) [1]-[4] MOHOTIONBEHOTO WJIHM TUTIOIBHOTO TH-
na (TMIO mode). B [3], [4] HalineHBI COOTHOIIICHUS
JUIL TIPEAETBHBIX TIOJIOC TPOIYCKaHMS IITHIPEBOH
OMA, commacoBaHHEIX ¢ ToMompio KOU, nogoOHEIe
cooTtHonreHussM Dano—lOnbl A7 cornmacoBaHus aH-
TEHH 3TOTO THUIA C MOMOIIBIO ITACCHBHBIX PEAKTUB-
HBIX (ocTepoBckux) mementoB [5]. [Ipencrapnser
WHTEepEeC HAWTH MOJOOHBIE COOTHOILICHHUS U JUIS CO-
[TacOBaHMUA HE(OCTECPOBCKUMH ILCISIMH AaHTECHH pa-
mounoro tuna (TE;y mode).

TunuyHas CTpyKTypa NPUEMHON PAMOYHOUN aHTEH-
HBI TIOKa3aHa Ha puc. 1, a, a SKBUBAJICHTHAs CXeMa ee
BXOZIHOTO HMMITCJIAHCA Ha YacTOTax [0 IEPBOTO Iapa-
JIENBFHOTO pe3oHaHca [5] — Ha puc. 1, 6, tne PITY — pa-

JMOIIpUEMHOE yCTpolicTBo; FE, —OJIC B aHTeHHE; R,,
L,, C, — SKBMBAJICHTHBIC aKTUBHOE COIPOTUBIICHME,

UHIYKTHBHOCTb M €MKOCTb PaMOYHOH aHTEHHBI COOT-
BETCTBEHHO; R;, — BXo#HOE conporusienue PITY.

BelecTBeHHasT 4aCTh BXOJHOTO COMPOTUBIICHUS
pamouHoit DMA ormpenensercss COOTHOLEHHEM [5]:

4
R z—VMO/SO(z—n) (nS,)* (1)

a 67 A

rae Mo, 80 — MarHvuTHasg U JUDJICKTPUYECCKaA Ipo-

HUIIAEMOCTH CBOOOJIHOTO MPOCTPAHCTBA (, /o / € ~
~367.7 OM); A — IIMHA BOJHBI, /1 — YUCIIO BHUTKOB
pamKu; Sp — IUIOIA/Ib PAMKH.

Ho6poTHOCTh MMIlenaHca pamouHoii DMA Ha

JacCcTOTE NapauICJIbHOI'O p€30HaHCa (Dp
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-1
O~wpL, [Ry = (praRa)
OOBIYHO JIOCTATOYHO BEIMKA (Q > 10).

Bo3MoOXXHBIE CXeMBI COTJIACOBAHUSI PAMOYHBIX
IMA ¢ nomombo KOM. Knaccuueckas cxema co-
IJJaCOBaHMUS PAMOYHOM AaHTEHHBI BKIIIOYaeT 2 Kac-
kamHo BKIoueHHBIX KOW, peanmsyronmux oTpuiia-
TEJBHBIM MapaJlIeIbHO BKIIIOYEHHBIH KOHJEHCATOP U
MOCJIEIOBATEIbHO  BKJIIOUEHHYIO  OTPHUIATENHHYIO
WHAYKTUBHOCTh, a TaKke TpaHc(opMarop compo-
THBJICHUS UL NIPeoOpa3oBaHUs CONPOTHBIEHUS R,

K BXOAHOMY COHOPOTUBJICHUIO IIPUCMHHKA Ril’l'

[IpakTuyeckass peanu3amysi 3TOM CXeMbl 3aTPYIHU-
TelbHA M KakK IPaBWIJIO MPUBOAUT K CaMOBO30YyKIe-
HUIO u3-3a HeycroitumBocth KOW c mnaBaromum
MOTEHIMAJIOM U K YBEJIMUYEHHIO YPOBH LIIyMOB Ha BXO-
Jie IPUEMHOTO YCTPONCTBA. AJBTEPHATUBOM SABJISETCS
WCTIONIb30BaHUE EIMHCTBEHHOTo OoJiee yCTOWYHMBOTO
3azemsieHHoT0 KOU, peanusyromero (GyHKIMIO OTPH-
[aTeIbHOW WHIYKTHBHOCTH, W TpaHC(opmaTopa co-
nporusieHud. [lpu ucnonszoBanuu ykazanaoro KOU
OTpUIIaTeNbHAs MHIYKTUBHOCTE MOXKET OBITH BKIIO-
YeHa JM00 B Pa3phiB MPOBOJHUKA paMKH (pHC. 2, a),
60 y 3a3eMIJICHHOTO €€ KOHIIa (puc. 2, 8).
XapakTepUCTUKN COTVIAaCOBaHMS aHTEHH Ooiee
yI00HO HCCIEOBaTh B peXHMe rmepenadu [S], mo-
9TOMY, MCHOJB3Ysl MPHHIMUI B3aMMHOCTH TIepeiaro-
mell W TPUEeMHON aHTEeHH B HW30TPOITHOM cperne,
ONpeNeIUM IpeJesIbHbIE XapaKTEPUCTHKHU COINIACO-
BaHUs aHTeHHHI ¢ nomomio KOU B pexxume mepe-
Jlauy paJiMOCUTHajla OT BBICOKOYACTOTHOTO TI'€Hepa-

TOopa E. C BHYTPCHHHM COIPOTHUBICHHEM R; = Rjj.

IIpenejbHbIEe COOTHOLIEHUS /IS MOJTOBUHHOM
PAMKH C OTPMIATEJIbLHOH MHIYKTHBHOCTBIO. [lep-
BB Cy4Yall BKIJIFOUECHHS OTPHUIATEIIBHOW UHIYKTHB-
Hoctu B OMA wuccnenoas B [6]. [Tockomsky KOU ¢
TUTABAIOIIUM ITIOTEHIMATIOM OOBIYHO HECTaOHMICH, TO
paMKy pasfelsioT IO IUaMeTpy MPOBOAALIEH IIOC-
KOCTBIO M BKJIIOYAIOT OTPULATEIbHYI0 HHIYKTHB-
HOCTb MEXJIY 3TOM IUIOCKOCTBIO M IIOJIOBUHHBIM
MIPOBOJTHUKOM paMKH, Mpeodpa3ysi CUCTEMY K cXeMe
Ha puc. 2, 6. B 3ToM ciydae B IIMPOKOM JHana3oHe
4acTOT JUarpaMMa HarmpaBIeHHOCTH COOTBETCTBYET
JuarpaMMe HampaBlIEHHOCTH TIIOJIHOM OJMHOYHOMN
paMKu, B TO BpeMsl Kak IpU OTCYTCTBUH OTpHULA-
TEJIbHOW MHAYKTHBHOCTH (pOpMa JHarpamMMBbl MOJO-
BUHHOW paMKHU HaJ NPOBOSILIEH IIOCKOCTBIO CyIle-
CTBEHHO HcKaxkaercs [6]. B [6] mokaszano, uTo oTpH-
LareybHasi MHIYKTUBHOCTb 3HAUUTENIBHO pacIIUpseT
paboumii Juama3oH 4acToT pamodHod DMA, ompee-
JICHHBIH TI0 33JaHHOMY 3HAYEHHIO BXOIHOTO Kod(du-
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Puc. 2

IueHTa otpakeHus. OmHako npu noctpoeHnd OMA ¢
OTPHIATENBHOM HHIYKTHBHOCTBIO T10 pHC. 2, 6 B 2 pasa
YMEHBIIACTCS IUIOMIAh PAMKA M HABOIMMAsi B PaMKe
OJIC, a 3HauwmT, B 4 paza cHkaeTcs 3HadeHue R, (1).

Kpome Toro npu pabote paMOYHON aHTEHHBI Ha YacTo-
Tax KOPOTKOBOJHOBOTO JMaria3oHa pa3Mepbl MPOBOJIS-
11ei TIOCKOCTH TOJDKHEI OBITh TOCTATOYHO BEJIHMKH.
OKBHUBaJIEHTHAs CXEMa COINIACOBAHUS BXOJHOIO
uMmnenaHca pamoyHoi anteHHbl ¢ KOW, BbITIOTHEH-
HOW o pHcC. 2, 6, IpeJCTaBlieHa Ha pUC. 3, a, TIe
R, — BeIXOOHOE

COITPOTHUBIICHHE TCHEparopa,

K =\/R//R, — xosbdunuent tpanchopmarmu co-
NPOTUBIEHUH; Z, — KOMIUIEKCHOE COIpPOTHBIICHUE

pamku ¢ KOU; L — abcomoTHOE 3HaUYCHHE MHTyKTHBHO-
ctu KOW. Tpu uneansnom KOW MHAYKTUBHOCTH TOJIO-
BHHHOM paMKi L, /2 GyieT HOIHOCTBIO CKOMIICHCHPO-

BaHa OTpHULATEe]bHON MHAyKTHBHOCTRIO KOW —L B
IIMPOKOH TIOJIOCE YacTOT M SKBUBAJICHTHASI paMKe I11eTb
MOXeT OBITh TIPUBEZICHa K cXeMe Ha puc. 3, 6. J{jst atoro
cilyyas TpeleibHble XapaKTePUCTUKU COIVIACOBAHHSA
paMOYHOW aHTEHHBI OMPEEIIAIOTCS U3BECTHON (hopMy-

K:1 —Zil

34

noit @anHo [7] ans mapaiienbHOro COSAWHEHUs KOH-
nencaropa C, /2 u pesucropa R, /4:
AoCy R,

[S11]in 26705 0= =0

e Ao — paboyas mojioca 4acToT aHTCHHBI.

IIpenejbHbIE COOTHOLIEHU IS MOJHON paMm-
KM C OTpULATEeJbHOH MHAYKTUBHOCTHIO. Ha mpak-
THKe OoJiee yI00HO UCTIOIH30BaTh BKITIOUEHHE COTIIa-
CYIOLIEH OTpULATENbHON MHAYKTUBHOCTU Y 3a3€M-
JIEHHOTO KOHIIA TIOJMHOW paMKH, KaK TOKa3aHO Ha
puc. 2, 6. DKBUBaJIEHTHAs! CX€Ma BXOJAHOTO UMIIEAaH-
ca TakoW paMKH MOKa3aHa Ha puc. 4.

Puc. 4

Bripakenue misi BXOJHOTO COIMPOTHBIICHUS aH-
TeHHBI ¢ HHIYKTUBHBIM KOU y 3a3eMiieHHOTO KOHIIA
HMEET BHU]T

Z, (@ =R, 1-jo| L1+ L -
0 a
—oli—a?)1- L2 L)L,
a La
-1
2 2
=] +G-02) |, 2)

rac Q= (D/(,l)p — OTHOCHUTCJIbHAasA 4acToTa,



-1
O=0pL, [Ry =(0pCaRy )
— MOOpPOTHOCTh PAMOYHOM aHTCHHBI Ha YacTOTE Ia-
-2
pajljIeIbHOrO pe30HaHCa (wp = (Laca) — JacToTa

HapaIeIbHOIO PE30HAHCA PAMKU).

B cityyae BiiIroYeHHs OTPULATEIILHON UHAYKTHBHO-
CTH Yy 3a3eMJICHHOTO KOHI[a PaMKH MOJTHAs! KOMIICHCAIHSA
PEaKTUBHOTO COIPOTHBIIEHUS TIOCNIEAHEH MOXeT OBITh

JIOCTUTHYTA JIMILb Ha OIHON Yactore Q0 = / ®p <

Yacrore QO COOTBETCTBYET a0COIIIOTHOE 3HAYEHHE OT-

punarensHoit uaaykrusHocty KOU L, xotopoe onpene-
nsieTcs u3 (2) pelleHneM ypaBHEHUST

(1—93){1—%(1—93)}?(1+93 Li] =0. 3)

PemuB (3), monmyynM 3HaYE€HWUE WHIYKTUBHOCTH
KOMU, xomrmeHcupyromeli peakTUBHOCTh PaMOYHOMN
aHTEHHBI HA YacToTe ) :

R U
L 1-0} 0*(1-9}) 1-93

(4)

C yderom (2) u (4) momydnM BBIpaKEHHUE TSI
KBazpara MoOAYAsS Koddduimenta oTpaxkeHHs Ha
BXOJIe TeHeparopa:
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+02/0%;

B(Q,0.0)=(0? -0} )(1-0?)-1/0%.

3anuIieM HHTErpajJbHOE COOTHOIICHHE, OIpejie-
JISTIOIIee  TPEAENbHBINA KOI(P(UIMEHT OTpaXeHHs BO
BXOJHOH II€NH MPUEMHHKA C PAMOYHON aHTEHHOM, CO-
IJTACOBaHHOM ¢ moMoIIIbio 3a3emiieaHoro KOU, peanu-
3yroIIero (DyHKIMIO OTPUIATeIbHOW HHITyKTHUBHOCTH:

npen 4, 0)=(1-02)°

«© 1 0 1

| ln—zdoo:2fln—2doo=
|511(CO)| |Sll(0))|
_203j1n ! 7dQ=20,J(r,0,Q), (5)
0 |8y
o0
me  J(r,0,Q0)= ln—dQ MOXET ObITh
o |si (@)

HaliJIeH YMCIICHHO JUIS Pa3/M4HbIX 3HaueHuit 7, O, €.

Ha mpakTtuke 0OBIMHO TpeOyeTcsl MOCTOSHHOE H
MHHHUMAJIbHOE 3HA4Y€HHE |S11| B paboueil moioce
9acTOT aHTEHHbl ®©y...(M,; ¥ PaBEHCTBO |Sll(co)| =1

Ha BCEX OCTANbHBIX dacToTax. C y4eToM 3THX orpa-
Hu4eHu# (5) npeoOpasyeTcs K BULY

(DB
4 [ In|S}|do = 20,7 (r, 0, Q)

Z,—R; Q, Qq, 7,
|S11(Q)| | | 0. Q)a Oy
a+Ri| (Q,Qo,l",Q)
e i (0 — oy )In[Sy| =~ (o, /2)J (r, 0,Q).
5 3anumeM MOCIENHEE BHIPAKEHUE B OOJEE IIPHU-
N (Q, Q, 7, Q) = [1 - I’A(Q, Q)] + BBIYHOM IS IPAKTHYECKOTO IPUMEHEHHS (popMe:
2
+[Q0/(1-99)]” B? (2.9, 0); J(r,0.9)
2(Q,-Q,
D(Q,Qg, 7 0)=[1+r4(2, 0)] + R (6)
+[QQ/(1 -Q )]2 B? (9,99, 0); e Qp =y /oy @y /®, — OTHOCHTEIbHBIC
r=Ri/Ry, BEPXHAA M HIDKHSS 4acTOThl PabOd¥ero auama3oHa
AHTEHHBI COOTBETCTBEHHO.
|1, 2B i 28 0=50
0.8
0.4
0.6
0.4
0.2]
0.2
| | | |
0 Q 0 02 04 06 08 Q
Puc. 5
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|S11|,I[B
r=10 Q=02
0.3
0.2
0.1
0 | | |
10 20 30 40 0

0 I I I
10 20 30 40 0

Puc. 6

Bripaxenue (6) mpencraBiseT co0OW HCKOMOE
HpenesbHOe COOTHOIIEHHE, CBsi3bIBatollee padounii
JHAINa30H YacTOT ®g...My W MOAYJIb KodhdHuImeHTa

OTPaXKECHUS |S11| Ui pamouHoit OMA, cornacoBaH-
HOW C TOMOIIBIO OTPHIATENFHOW WHIAYKTUBHOCTH,
MOJIKJIFOYEHHON MEXAy BBIBOJOM paMK{d U 3emiied
(cwm. puc. 2, g).

Pesynbrarsl pacyetoB 1o (6) B paboyeM Auana3zoHe
yactor f,; =100 MI'u u f; =130 MI'n npexncrasie-
HbI Ha puc. 5 u 6. Ha puc. 5 moka3aHbsl 4acTOTHbBIE
3aBHCUMOCTH |Sll|: f(Q) npu pasnuyHBIX 3Hade-

Husax r, Q. Ha puc. 6 mpeacraBieHbl 3aBUCHUMOCTH
Moyl ko3 duimeHTa oTpaxkeHus: OT T0OPOTHOCTH

|S11| =f (Q) MIpU Pa3NUYHBIX 3HAYCHHUSX F Ha He-

CKOJIBKHX YacTOTaX BHYTpHU pabodero Auamna3oHa.

3akiioueHue. B HacTosmiel crarbe mpHUBEIECHBI
pE3yNBTaThl MCCICAOBAHUS COIVIACOBAHUS PaMOYHOIL
OMA HehocTepOBCKON HHAYKTHBHOCTBIO, BKIJIIOUCH-
HOHIl y 3a3eMJICHHOIO BBIBOAA PaMKH (CM. pHC. 2, 8).
IIpoananu3npoBaHbl YacTOTHBIE 3aBUCHMOCTH KO3(-
¢uIeHTa OTpaKeHUsI PAMOYHOH aHTEHHBI W TIOJY-
YEHO MpPEJEIbHOE OrPaHUYEHHE AN IOJIOCHI MpO-
IyCKaHHMs, CBS3BIBAIOILEE MAapaMETPbl PAMOYHON aH-
TEHHBI, COITIACOBAHHOH C IOMOIIBI0 HHIYKTHBHOTO
KOHU, ¢ pabounm auamna3oHOM 4acTOT U Kod(duim-
€HTOM OTpPAXKEHUsI Ha BXOJE.
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