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AHHOmMauusa - B KBasucTaTuyeckom npubnuxeHun nonyye-
Hbl YaCTOTHbIE 3aBUCMMOCTH KO3(PPMLNEHTOB CBA3N ABYX OAM-
HaKOBLIX MapannenbHbIX MUKPONONOCKOBBIX PE30HATOPOB CO
CTyNEeHYaTbiM M3MEHEHMEM LLMPKUHBI NpoBoAHMKa. Wccneposa-
HO noBeaexue koadduuvenTos ceasu u AYX npu Bapbuposa-
HUU KOHCTPYKTUBHBIX NapamMeTpoB ABYX3BEHHOW CEKUUM, KOH-
BYKTUBHO MOAKITIOYEHHOA K NUHUAM nepepayi.

|. BBepgexnue

MukpononockoBble (OUMbTPbI NOMYYUNM  LUMPOKOE
pacnpocTtpaHeHue, bnarofapsi HEKOTOpPbIM CBOUM J0C-
TOMHCTBAM TaKWM, HanpuMep, Kak MUHUATIOPHOCTb, Ka-
AEXHOCTb, TEXHONOMMYHOCTL B NnpoussogcTee. K gocro-
MHCTBaM crniegyeT OTHECTU U XOpOLLEE Cornacue Ksasu-
CTaTUMECKOro aHanmsa MUKPOMNONMOCKOBBIX CTPYKTYp C
3KCMEPVMEHTOM, KOTOpPOE MNO3BONSET co3aaBath 3g-
(hEKTUBHBIE CUCTEMBI AFIA aBTOMAaTU3MPOBAHHOMO Mpo-
extupoBannss CBY cunbTpos. NoaTomy ¢ MOMeHTa no-
ABNEHUS NEPBbLIX MUKPONOMOCKOBLIX (OUMBLTPOB BAXKHOW
W aKTyanbHOMW OCTaeTCsl 3a7a4a ONTUMU3aLmmn UxX KOHCT-
PyKUUA, C UENbI NOMyYEHUs NPefenbHO BbICOKMX Xa-
paKTEPUCTUK YCTPONCTB.

bonbwon uHTepec npeacrasnsieT 3apgava uccneno-
BaHUS YaCTOTHbIX 3aBUCUMOCTEN KOI(PULIMEHTOB CBR-
31 MUKPONONOCKOBLIX peaoHaTtopos (MMP) co crynenya-
TbIM U3MEHEHMEM LLUMPWHEI MOJNIOCKOBOrO NPOBOAHMKA B
dopme ravTenu [1]. Takue pesoHaTopbl NpUBMEKaIOT
BHUMaHWE KOHCTpykTtopoB CBY yCTpowcTe csoerd mMu-
HUaTIOPHOCTBLIO N NOBBLILEHHOW COBCTBEHHON [0OPOTHO-
CTbl0 MO CpaBHEHUIO C perynsipHbiMW pe3oHaTopamu.
Kpome TOro, cunbHoe BMUSIHUE HEPErynsipHOCTEW no-
NOCKOBOro NpOBOAHMKA Ha cOBCTBEHHbIE YacToTbt MIP,
NMo3BONSIeT CPABHUTENBLHO NPOCTO KOHCTPYWpOBaTb pe-
30HATOPbI C 334aHHbLIM CMEKTPOM COBCTBEHHbIX koneba-
HWA [2].

Il. OcHOBHas YacTb

B HacTosiwen paboTe npoBOgUTCA CpaBHEHWE Yac-
TOTHbIX 3aBUCUMOCTEN KO3(hPULMEHTOB CBA3M U 4Yac-
TOTHO-CENEKTUBHBIX CBOWCTB [ABYX3BEHHOW Cexuun u3
HeperynsapHbix MNP, umelowux dopmy rantenen (pwc.
1). Takoe cpaBHeHue, B NepByD ovepedb, Heobxoaumo
ANS  BLIAICHEHWS MPUYMH, NPUBOASALLMX K WU3MEHEHMIO
KPYTU3HbI CKITOHOB aMNAUTYAHO-4aCTOTHOW Xapakrepu-
cTuku (AYX) cekuuu nNpu BapbMpPOBAHUW €€ KOHCTPYK-
TUBHBIX NTAapameTpoB.

Puc. 1. MukpononockoBaa KOHCTPYKUUS.
Fig. 1 Microstrip structure.

PesoHaTopbl Ha noanoxke M3 nonukopa (€=9.8) pac-
NONOXeHb! HANPOTUB Apyr Apyra C 3a30poM S Mexay
NPOBOAHVMKAMW W KOHOYKTMBHO NoAkmodYeHe! Kk 50-

OMHBbIM FIMHMAM Nepedayn. YUCNEHHBIR aHannu3 KOHCT-
PYKUMM MPOBOAMIICA Ha OQHOMEPHOW MOAEnK, cCocTaBs-
NEeHHOW U3 nocneaoBaTenbHO COeAWHEHHBIX Tpex pery-
NAPHbLIX OTPE3KOB CBA3AHHLIX MUKPOMOMOCKOBLIX NTMKUA,
OTNUMAIOLLMXCA LUMPUHON MOAOCKOBbLIX NPOBOAHWKOB.
MapameTpbl CBA3AHHbLIX NUHWUIA, HeobXxoauMbIE AnNsA pac-
yeta AYUX n pacnpegeneHuss TOKOB W HanpskeHuni B
NpOBOAHWUKAX, BLIMUCNANUCL B KBA3UCTATU4ECKOM Npu-
6GnuXeHUN C y4eTOM KOHUEBbIX eMKocTen [3].

M3BECTHO, YTO E€MKOCTHOE ¥ UHAYKTMBHOE B3auMO-
LEeNCTBUS pe30HATOPOB C MakcuUmanbHoW AnuHon 06-
nacTu CBs3u npoTuBodasHel [4]. KpoMe TOro, eMKOCTHOE
B3aUMOAENCTBUE 3aBUCUT OT BETUMUHLI 3a30pa Mexay
nposogHukamy MMNP ropaspo cunbHee UHAYKTMBHOFO. B
CBSI3N C 3TUM UHTEPECHO OTMETUTL, YTO NPU HEKOTOPbIX
KOHCTPYKTUBHbLIX napameTpax HeperynsipHsix MMP 3a-
AaHHYI0 NOJIOCY NPONYCKaHWs CTPYKTYPbl MOXHO peanu-
30BaTh MpU Tpex CyLLEeCTBEHHO Pas3HbiX 3a30pax Mexay
pesoHaTopamun. Haubonbluemy 3a30py COOTBETCTBYET
nHaykTMBHAasA cBA3b MIMP npu oueHb cnabon eMKOCTHOMN.
CpeaHeMy 3a3opy OTBEYAET NPEenMyLLECTBEHHO MHAYK-
TUBHaA CBA3b, HO MPY EMKOCTHOW TOroO Xe nopsaka. A
HaumeHbLUEMY 3a30py — €MKOCTHas CBfA3b, HO NPU WH-
OYKTUBHOW TOTO Xe nopsaka.

Ha puc. 2 ansa tpex obpasyoB pacCMOTPEHHOW KOH-
CTpyKunn npu 1/1=0.33, oTAnYaloWwmxcs ToNbKO BENUYK-
HOW 3a30pa Mexay NPOBOAHWKaAMK S, NPUBEAEHbI am-
NAUTYAHO-4YACTOTHbIE XapakTepUCTUKKW, LUeHTpanbHas
YyacToTa MepBON NOMOCLI NPONycKaHWs KoTopbix fo=1
fTu, a oTHOCKTENbHas WupKHa No ypoBHIO 3 Ab Afyf=3
%. Y nepsoro obpasua (a) s=3.90 mm, y BTOoporo (b)
s=0.27 mMm, a y Tpetbero (¢) s=0.068 mm. [pu atom B
MOAENU WCMOMb30BaNUCh CrNEeayloWne KOHCTPYKTUBHBIE
napameTpbi: OfvHA MOMOCKOBbIX MPOBOAHWKOB /=45.5
MM, LUMPUHA Y4aCTKOB C HWU3KUM BOJTHOBLIM CONpPOTUB-
NEHNEM We=2 MM, LIMPVHA BbICOKOOMHbLIX Y4acTKOB
wF~0.5 mm. MoTepn MouHOCTM Npun pacyeTe AYX yunTbi-
Banucb BBeaeHnem cobcTBeHHON AoBpoTHOCTH pe3oHa-
TopoB Qp=400, B3ATOM U3 3KCrEpUMeHTa. BHewHue nu-
HUM nepenauv NOAKMIYEHb! K MPOBOAHUKAM B TOYKaX
1=20.5 MMm. B1OHO, 4TO U3aMeHeHWe TWNa CBA3W Mexay
MIMP npuBoAWT K CYLLECTBEHHOMY M3MEHEHUI0 HOPMBbI
AUX BHE NONOCkI NPONYCKaHus.
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Puc. 2. AUX 1ByX3BEHHOH CEKLIMH MPH TPEX 3a30pax.
Fig. 2. FR.
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Ha puc. 3 ana atux xe o6pasuoB npeacraBneHbl
YaCTOTHbIE 3aBMCUMOCTH MOAYNS kO3 ULIMEHTA CBA3N,
paccunTaHHble U3 3HepreTuueckoro noaxoga [5]. Koag-
(ULMEHTLI CBA3W paBHbl HYMIO Ha 4acToTax NomnKCcoB
3aTyxaHus, Habniogaemblx Ha AYX, raoe npoucxoauT
B3aMMHasi KOMMEHCAUUst WHAYKTMBHOFO W €MKOCTHOro
B3aumopenctema MMP. Ha yactoTax HWXe TOYKM KOM-
neHcauun CBA3b Pe30HATOPOB NPENMYLLIECTBEHHO EMKO-
CTHas, a Bblle — UHAyKTUBHaA. Kak v cnegoeano oxwu-
OaTb, Ha LEHTPanbHOW 4YacToTe MONOCHLI NpOonycKaHus
ceKkumin ko3 dUUMEHTbI CBA3KM OAUHAKOBBI.
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Puc. 3. HacTtoTHoe noBegeHne Ko3hULINEHTOB CBA3MN.
Fig. 3.

OTMeTUM, 4TO B CTPYKTYpE (@) C NpPeumMyLecTBEHHO
MHAYKTUBHOM cBA3bi0 MIMP, kpyTuaHa cknoxHos AYX noy-
Tv oauHakoBa. Hanbonbwasa KpyTudHa BbICOKOMaCTOTHO-
ro CkItoHa HabniopgaeTcn y cekunm (b), a HU3KOYaCTOTHO-
ro — y cekuum (), xoTa Ans cekuum (C) KpyTusHa BbICO-
KOYACTOTHOTO CKIIOHa BCe paBHO ocTaeTcst Dorble HU3-
KO4aCTOTHOTO.

Hamu nokasaHo, 4To B UCCNEAOBAHHOW CeKuuu 4nA
mobow 3agaHHON NONOCb! MPOMNYCKAHUA W3MEHEHWEM
AnuHbl cpepHero yyactka MNP moxkHO chopmuposath
HECKOIbKO MONIOCOB 3aTyxaHusi cnpaBa U cnesa OT Mo-
nocel nponyckanus. Mpu 3ToM 3Ha4NTENBLHO BO3pacTalT
YaCTOTHO-CEMeKTUBHbIE CBOWCTBA MWUKPONONOCKOBOW
CTPYKTYpbl. M3yuyeHHOEe noBeaeHME MOMKOCOB 3aTyXaHUs
OT KOHCTPYKTMBHbIX NApameTPOB CEKLMMW MOKasbiBaeT,
YTO OHA BMOMHE MOXET NPUMEHSITLCA B Pa3nuyHbIX gaT-
4YUKax, YYBCTBUTENbHLIX K AWUSMEKTPUHECKUM U MarHuT-
HbiM NPOHULIZEMOCTAM MaTepuanos.

lli. 3aknoueHue

WccneporanHas MUKPONOMOCKOBAsA CTPyKTypa nep-
CNEeKTMBHA Ans KOHCTpynposanns CBY dunbTpos, 6na-
rogaps BO3MOXHOCTM UereHanpaBneHHoro perynnpo-
BaHWUA B LUMPOKUX Mpedenax KpyTU3Hbl CKNoHoe AYX un
BENUYUHBI 3aTyXaHUs B NONOCAX 3arpaxaeHus npu He-
M3MEHHOW LUMPKHE NOMOCHI NPOMNYCKaHWS.

IV. Cnucok nutepatypbl
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Abstract - In quasi-static approximation the frequency-
dependent factor of coupling of two identical parallel microstrip
resonators with a step of strip width is obtained.

|. Introduction

Microstrip filters are widespread, due to some of their ad-
vantages, such as small sizes, reliability, adaptability to manu-
facture. Therefore problem of design optimization, aimed to
obtain the extremely high performances, is important and ac-
tual.

The task of researching the frequency-dependent factors of
coupling between microstrip resonators with a step change of
strip conductor width, having a dumb-bell form, is of the great
interest [1]. Strong influence of irregularities of a strip conductor
upon the natural frequencies of microstrip resonators (MSR)
allows constructing resonators with a specified spectrum of
natural oscillations rather simply [2].

Il. Basic part

In the present work the comparison between frequency de-
pendencies of coupling coefficients and frequency-selective
properties of two-pole section based on irregular MSR, heaving
a dumb-bell form (Fig. 1), is made. Resonators having substrate
from polycor (¢ = 9.8) are located against each other with a
value of gap between conductors s, and are in conductive cou-
pling with 50 Ohm transmission lines. Coupled lines parame-
ters, being necessary in calculating the frequency responses
(FR) and distribution of currents and voltages in conductors,
were calculated in a quasi-static approximation with account of
end capacity [3].

It is well known that capacity and inductive interactions
between resonators with maximum length of coupling are anti-
phase [4]. Besides, the capacity interaction depends on value of
space between MSR conductors much more strong than induc-
tive one. Due to this fact it is interesting to note, that with some
design data of irregular MSR, a given bandwidth of structure
can be realized with three essentially different spacing between
resonators. The greatest spacing corresponds to the inductive
coupling between MSR, when the capacity coupling is very
weak. The intermediate spacing is reduced mainly to the induc-
tive coupling, but the capacity coupling is the same order of
value at that time. And the least spacing corresponds to the
mainly capacity coupling, but the inductive coupling is the same
order of value at that time.

In Fig. 2 FR for three samples of the considered microstrip
structure with I/l, = 0.33, distinguishing only by value of the
spacing between conductors s, are shown; center frequency of
the first passband f=1 GHz, and fractional bandwidth at the
level 3 dB Afy/fy=3 %. In the first microstrip structure (a) s =3.90
mm, in the second (b) 5=0.27 mm, and in the third (c) s=0.068
mm.

In Fig. 3 frequency dependencies of the modulus of cou-
pling factor calculated using energetic approach [5] are shown
for the same microstrip structures.

We have shown, that in the investigated section it is possi-
ble to form several poles of damping on the right and on the left
of passband by changing the length of MSR middle part for any
specified passband. That leads to considerable increase in
selectivity of microstrip structure.

lll. Conclusion

The investigated microstrip structure is promising for MW
filters design, due to a possibility of purposeful regulation of FR
slopes steepness and damping magnitude in stop-bands over a
wide range, with its bandwidth being constant at that time.
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