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BbICOKOJIOBPOTHBIN IMCKOBbIN DKPAHUPOBAHHBIN
TUDIEKTPUYECKNIT PE3OHATOP C MOJAMMU IIEITYYIIIEN TAJIEPEN

PACS number: 41.20.-q

[Ipenmert u nenb paboTel: Hccrnedosanue IKpanuposanHo2o OUCK08020 ousekmpuieckozo pezonamopa (/[P), obradarowezo
8bICOKOU OOOPOMHOCIBIO U YIYHUUEHHLIMU CHEKMPATLHUIMU XAPAKMEPUCUKAMU.
MeTo/1bl U METOJONIOTUS: DKCNEepUMeHmanbHvle UCCIe008AHUA IHEPLEMULECKUX XAPAKMEPUCUK PACCMAMPUBAEMO20 IKPAHU-
POBAHHO20 pe30Hamopa nposeodeHvl ¢ NOMOowbio usmepumenvhozo xomniexca PNA—L Network Analyzer N5230a
10 MHz +40 GHz Agilent Technologies. Cnexmpaibhbie Xapakmepucmurku pe3oHAHCHOU CUCIEMbL AHATUZUPOBAIUCH HA RAHO-
pamHom usmepumene KodQppuyuenma cmosyeti 01wl N Hanpadxcenuto P2-65. Moowl, 6036yscdaemvie 6 sxpanuposannom /P,
UOEHMUPUYUPOBATUCH NYMeEM UZVHEHUSI PACTPeOeleHUs INEeKMPULECKOU KOMNOHEHMbL Pe30HAHCHO20 N0/ 600Jib PAOUATbHOU
KoopouHamwl. /[ 6b1cmpo2o U MOYHO20 YUCTEHHO20 MOOETUPOSAHUS PACCMAMPUBAEMOU PE3OHAHCHOU CUCTEMbL UCNONb306A1-
cs naxem npozpamm CST Microwave Studio 2013.
Pesynbrarsl: Paccmompenvt ocobennocmu 6030yacoenus nuswel paouanvoi HE;, ,, M0oObl wenyyweli 2anrepeu 6 IKpanupo-
B8AHHOM OUCKOB80M [P ¢ nOMOWbI0 80IHOB0OHO20 dNlemenma ceasu. Ilokasano, umo 6 ooracmu epanuybl pazoena cped Oudiex-
MPUK—B030YX PE30OHAHCHOE NOJle XapaKmepu3yemcs Hauboavuiell uHmeHncueHocmoio. Maxcumanvnas s¢hpexmuernocms 8030yxc-
Oenus MoO wenuyujetl eanepeu 6 /[P oocmueaemcs npu pacnonodcenuy d1eMenma Ce:a3u Ha Kpaw OUNIeKmpuiecko2o OucKa.
Yemanoeneno, umo none moowl wenyyweil eanrepeu 6 OmMKpvimom Ouckogom P cocpedomoueno 8 0CHO8HOM 6 mamepuaJe,
U3 KOMoOPo2o U32omosien pe3onamop. B sxkpanuposannom /[P pezonancrnoe none cmewjaemes 6 001acms 6030yuH020 3a30pa.
IIpu smom omuyeckue nomepu 6 CmeHKax 3KPana HegeiuKu, NOCKOIbKY UHMEHCUBHOCMb PE30HAHCHO20 NOS HA 2PAHUYe Pas-
dena cped 6030yX—Meman Hecyujecmeenna. bnasooaps smomy HazpyxceHHas 00OPOMHOCHb SKPAHUPOBAHHO20 PE30OHAMOPA
bonee wem 6 1.9 pasa eviwe nacpysicennou 0obpomuocmu omrpsimozo J[P.
3akmrouenue: IxpaHupoganubiil Ouckoswiil /[P npu onpedenenHuix ycaosuax 8030yacoeHuss obnaoaem blCOKUM 3HAYCHUEM
HA2pYHCEHHOU 00OPOMHOCMU U PA3PEHCEHHBIM CREKMPOM KOLebanuu. Imo denaem e20 nepCheKmusHbIM 015 UCNOb3068AHUS
6 CXemax cmadunu3ayuu Yacmomsl meepoomenbHbIX UCIOYHUKOS MULTUMEMPOBO20 OUANA3OHA.

KittoueBslie C10Ba: 9KPAHUPOBAHHbIL OUINEKMPULECKULL PE3OHAMOP, MOObL ulenuyujell 2anepeu, HaspyriceHHas 00OPOMHOCHY,
Paspesicenbvlii Cnekmp

1. BBenenmue HaJIbHBIMH BO3MOXKHOCTSIMH. Ocob0€e MeCTO B UX psiLy
3aHUMAIOT 33/1a9H CEJIEKIIH CIIEKTpa KoJieOaHwi. IT0
0COOCHHO BaYKHO TPH CTAOMIIM3AITIH YaCTOTHI HCTOY-
HHMKOB BHEIIHHUM PE30HATOpOM. B MHILITUMETpOBOM
IUaTia3oHe I dTUX IeNIel mesrecoo0pa3Ho mpuMe-
HATH JUAJIEKTprUYecKue pe3oHaTopsl (P) ¢ mumuHz-
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C. O. Hocarwoxk, E. A. Ulynsra, Xe [xaouan, 2017 MMOBCPXHOCTH. B takux pe30HaTopax BO36y>K,E[aIOTC}I

WnTepec k 3amadam 3JIEKTPOAMHAMHKHA MUJTUMET-
POBOTO AMANa30Ha CBsI3aH C HEOOXOAUMOCTBIO CO3/1a-
HUS TPHOOPOB U YCTPOMCTB C YAYUILICHHBIMU BBIXO/I-
HBIMH XapaKTEPUCTUKAMHU JTHO0 C HOBBIMH (PYHKIIHO-
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cnabo3aTyxalomue MOJbBI IIeNUylled rajepeu
(1) [1, 2]. ITpu 3TOM 0c0OOE BHUMAHUE YAETISAETCS
3NIEKTPOANHAMUYECKHM XapPaKTEPUCTUKAM HCIIOJb-
3yEMBIX PE30HAHCHBIX CHCTEM, CPEIU KOTOPBIX IO
CBOEH 3HAYUMOCTH BBIIENSAIOTCS JOOPOTHOCTH U Of1-
HOYACTOTHBIM OTKIIMK B monoce dactot. JIP oGma-
JaI0T OTHOCUTENILHO Pa3peKEHHBIM CIIEKTPOM U BBI-
cokoit toopotHocThI0 Mox LT, 3HaUeHHE KOTOpPOii B
OCHOBHOM OIIpeZeIisieTCs MOTEPSIMU B MaTepHae
JMRJIEKTPUKA U MAJIBIMH PaJlalliOHHBIMHU ITIOTEPSIMH.
OpnHako, Hapsoy C OYEBUAHBIMH JOCTOMHCTBAMH,
oTKpbITHIE [IP 0071a1a10T CyIeCTBEHHBIM HEIOCTaT-
KOM, 3aTPyIHSIOIINM HX IPAKTUYECKOE IPUMEHEHUE.
OTO HU3Kast TOMEXO03aIMIIEHHOCT OT COBMELIEHHBIX
C HUMH U3JTYHarOLINX MOIYIEH.

Pemnth manHyo npo0ieMy mo3BoJIsieT SKPaHUupo-
BaHUE IUAJIEKTPUUYECKUX PE30HAHCHBIX CTPYKTYP.
Kak moxasanu pe3yibTaThl paHee NpOBeICHHbBIX HC-
CJIEIOBAHUH, SKpaHupoBaHue J{P npoBoIAIIMH 1O-
BEPXHOCTSIMHU IPUBOJUT K CHHKEHHIO JOOPOTHOCTH
[0 IPUYUHE OMHYECKHUX MOTEPh B CTEHKaX METaJUIU-
YECKOI'0 3KpaHa U K CTYLICHHUIO CIIEKTpa KoJieOaHUH.
[locnennee cBsizaHO C BO30YXIEHUEM B 3KpaHHPO-
BaHHbBIX [IP, Hapsay ¢ Momamu camoro /[P, koneba-
HUI METAJUIMYECKOT0 3KpaHa, KOTOPbI B OOJIbIINH-
CTBE cilyyaeB 00JiagaeT COOCTBEHHBIMH PE30HAHC-
HBIMU CcBoiicTBamu [3, 4].

ObecneunTh BBICOKYIO TOOPOTHOCTH MO3BOJISIET
npumenenue /[P co chepuaeckuM THITIOM KPHUBOJIH-
HEHHOW NMOBEPXHOCTH C BO3AYIIHBIM 3a30pPOM MEX-
Iy Pe30HATOPOM M 3KpaHOM. Takas cuctema IpHu
OIpEAEIEHHBIX COOTHOIIEHUAX Pa3MEpPOB AUDIIEKT-
pUYECKOro 3JIeMEHTa U METAJINYECKOro 3KpaHa
MTO3BOJISIET TIONYYaTh 3HAUYEHUS COOCTBEHHOH M100-
POTHOCTH, MPEBOCXOJAIINE MOPOTOBOE 3HAUEHHUE,
00yCIIOBIIEHHOE TIOTEPSAMH B MaTepHae TUIIEKTPH-
ka u metaiuie [5]. IlpuuuHON 3TOrO SBIAETCS Yac-
THYHOE CMEIIEHHE pe3oHaHcHoro nossg Mox LT u3
JRJIEKTPHUUYECKOTO 3JIEMEHTa PE30HATOPa B BO3YIII-
HBIN 3a30p TaKUM 00pa3oM, 4TO OMUYECKHE ITOTEPH B
CTeHKaX METAIUIMYECKOTO JKpaHa HECYIIECTBEHHEI.
JoOpoTHOCTE SKpaHUPOBAHHBIX TAKMM 00pazom /P
CTaHOBHTCS BBIIIE JOOPOTHOCTH MOTOOHBIX OTKPHI-
TBHIX pe30HaTopoB. OJHAKO MPOOIEMHBIM BOIIPOCOM
OCTaeTcsl MOJIOBBIN COCTaB CIEKTpa KoieGaHHi K-
PaHUPOBAHHBIX PE30HATOPOB CO CHEPUIECKUM TUTIOM
KpHBOJIMHEHHO# moBepxHocTH. Hanbosee vacto pa-
6oune moxel III" B Takux pe3oHaTOpax BO30YXK-
JAIOTCS JIOKAJIBHBIMHU 3JIEMEHTaMHU B BHJIE OTKPBI-
TOTO KOHIIa MIPSIMOYTOJIFHOTO BosHOBOAA. [1pu aToM
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ToJIs1 KoJieOaHWi Ha TOBEPXHOCTH AUIIEKTPUIECKO-
ro mapa (mojymiapa) pa3aelisTIoTCs Ha ceMelcTBa
BOJIHOBEYTIINX KAHAJIOB, IMEIOIINX BUJI TIOSICKOB [6].
Kax1p1it 13 HUX COOTBETCTBYET BO30YKICHHIO MOJIBI
C COOCTBEHHOH PEe30HAHCHOH 4acToToi. Paznmmuune
B PE30HAHCHBIX YaCTOTaX COCEIHUX MOJ MOXXET Ba-
PBUPOBAThCA OT E€IMHUIl IO AECITKOB Merarepi.
Ha mpakTuke 3T0 IpUBOIUT K CTYIICHUIO CIIEKTPa
COOCTBEHHBIX YacTOT TaKOH PE30HAHCHOI CHUCTEMBI
Y, KaK CJEICTBHUE, K HEOMHO3HAYHOMY OTKJIMKY pe-
30HaHCHOMW CHCTEMBbI PU U3MEHEHUU YaCTOTHI 3aa-
o1ero reueparopa. Ilo3ToMy UCHOIB30BAHKE IKpa-
HUpOoBaHHBIX JIP co cheprueckum THITOM KPHUBOJIH-
HEWHOH MOBEPXHOCTH JJISI CTAOMIN3AIMHA YaCTOTHI
3aTPYAHEHO.

Takum oOpa3om, IeNIbI0 HACTOSINEH paOOTHI SIB-
JIIeTCA UCCeOBaHUe 3KpaHUpoBaHHBIX [P ¢ 1u-
JUHAPUYECKUM TUIIOM KPUBOJUHEHHOM MOBEPXHOC-
TH, KOTOPBIE 00JIaIal0T BRICOKOH HOOPOTHOCTHIO M
VITy4IIEHHBIMU CIIEKTPATEHBIME XapaKTePUCTHKAMHU.

2. O0BbeKT U METOAUKA MCCJIeI0BAHMIA

B cooTBeTcTBHM C MOCTaBAECHHOMN LIETBIO U PE3Yiib-
TaTaMH paHee NPOBEACHHBIX UCCIIEOBAHNH ITpeIa-
raeTcsi NCIOJIb30BaTh 3KpaHUpoBaHHbIN [P Ha ocHO-
B€ IOUAJIEKTpUYECcKoro nucka. Ilo cpaBHeHHUIO ¢ OT-
KPBITBIMH TNDJIEKTPUIECKUMH PE30HAHCHBIMHU CTPYK-
Typamu JApYyrux reoMerpudeckux ¢opm takue JIP
UMEIOT Hambojee pa3peXeHHBIH CHEKTp Koyeba-
Hu# [2]. Bo3Oyxnaemble B HUX TuOpuaHble EH,
win HE,,, monsl L' npu cOOTBETCTBYIOIIMX Pas3-
Mepax JUAIEKTPUIECKOTO AUCKA OTIMYAIOTCS TOJNb-
KO 3HAUE€HUEM a3UMyTalIbHOTO HHeKca 7. [Ipu aTom
3HauEHMA PaJUaTIbHOTO U aKCHATIBHOTO HHAEKCOB MO
IIT onunakoBel (m =1 u [ =1). PaccTosiaue mo mka-
JIe 4aCTOT MEXKIY COCEOHUMH PE30HAHCAMH MOYKET
COCTaBIIATh OT COTEH MErarepl 0 €UHHIL TUTrarepil.
Heo0xonumMo OTMETUTh, YTO KOMIIJIEKCHBIE HCCIIE-
JIOBaHMS SKpaHUpOBaHHbIX /[P Ha OCHOBE AMCKOBBIX
PE30HAHCHBIX CTPYKTYP paHee MPOBEACHbI HEe ObLITH.

Ha puc. 1 mokazan 00bEKT dKCIIEPUMEHTAIBHBIX
WCCIIEIOBAaHUN, TPEACTABIAIONINN OO0 TUIIIEKT-
pUYeCKHii TUCK 1, KOTOPBIH pacIoioxkeH B moycde-
PUUIECKOM METAJNINYECKOM 3KpaHe 2 TakuM 00-
pa3oM, 4TO OJHO M3 OCHOBAHHWI IMCKA HAXOIUTCS
B IJIOCKOCTH CEYEHUs MeTaJuIn4eckoi cepsl, pas-
JIETSIONIEH €€ Ha JIB€ PAaBHBIE YACTH.

Juck musrotoenex u3 ¢gropomnacra-4 ¢ IUIIEKT-
pUYECKO TPOHULIAEMOCThIO € = 2.08 W TaHT€HCOM
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A. E. Koeym u op.

Puc. 1. OObEKT IKCIEPUMEHTATBHBIX HCCIISIOBAHU I

yIia IoTeph B AudneKTprKe tgd =1.7-107*, Tommuna
Hunpagnyc R, IU2NEKTPUYECKOIO AUCKA PaBHBI 7.2
1 39 MM COOTBETCTBEHHO. DKPaH U3 AITFOMUHHUSI UMe-
eT panuyc noiychepruieckoii monoctu R, =42 M.
CrnenyeT oXXuaaTh, YTO paziiM4Me B KJIaccax CHM-
METPUU AUIIEKTPUIECKOTO TUCKA I METAITHIECKO-
ro 9KpaHa HE OKa)KeT CYIIECTBEHHOrO BIIMSHUS Ha
OCHOBHBIE 3JIEKTPOAUHAMUYECKUE XapaKTEPUCTUKU
pe3oHaropa B 1ejoM. B To ke BpeMs CHeKTp Koie-
OaHuit TakOW PE30HAHCHOW CHCTEMBI TOJDKEH OBITH
Oosee paspexxeHHBIM. PaHee mpoBeneHHBIE HCCIIe-
JIOBaHUs SKPAHUPOBAHHBIX MOJYyIIApOBhIX [P ¢ 3k-
paHaMu, UMeIMMH cheprueckyto GopMmy moBepx-
HOCTH, OTPEJISITUIIN BEIOOD PaIuyCOB AUIICKTPUYEC-
KOTO 3JIeMEeHTa pe3oHaropa 1, paccMaTpuBaeMoro B
HacTosmel padore, u ero ’kpana 2 [3].
Bo36yxneane mox L' B sxpanuposarHoMm [P
peaIM30BBIBAJIOCH C TIOMOILBIO METO/1a, TPEIIOKEH-
HOTO B padote [7]. [1Jis 3TOro UCIIOJIb30BaICS MOJIBIH
METAIIMYECKUM MPSAMOYTOJIbHBIN BOJIHOBOJ 3 C MO-
NepeYHbIMU pazMepaMu 7.2x3.4 MM, CY>KEHHBII
BIONb Y3KOW CTEHKHM OO0 cedeHus 7.2x0.5 MMm.
Cornacuo puc. 1 Bo30yxaeuue Moz LIIN B axpaHu-
poBaHHOM /[P OCyLIECTBIISUIOCH CO CTOPOHBI ILIOC-
KOTO OCHOBAHHS JUAIEKTPHUIECKOTo Iucka. [Ipu satom
JUTS TIOBBITIEHMS 2P PEKTHBHOCTH BO30YKICHHS, KaK
I0Ka3aHo B pabote [7], mpoAoiapHas OCh MOIBOJIS-
LIEr0 BOJIHOBOJIA paclojarajiach NepHeHIUKYIIPHO
IJIOCKOMY OCHOBaHHIO AHcKa. OCh CHMMETPHUH INCKa
JieKana B TIOCKOCTH, MTPOXOIAIIECH Yepe3 cepearHbI
Y3KHX CTEHOK BOJIHOBOJAOB. PaccTrosiHue ot ocu Bpa-
LIEHUs JUCKa 10 HEHTPOB U3JIyYaOlero U MpueM-
HOTO BOJIHOBOJIOB COCTaBJISIO @ = R|, T. €. LIEHTPHI
000X BOJIHOBOJIOB PACIIONAaraliiCh HaJ Kpaem Oc-
HOBaHUA JUAJIEKTpUUYECKOro nucka. [lpu takux yc-
JIOBHSIX B PE30HATOPE MPHUOPUTETHO BO30YKIAIOTCS
rubpugasie Monbl HE-monspusanuu. Paccmarpu-
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BaeMbIil B pabote criocod Bo3Oyxnenus mox 1II" B
IUCKOBBIX JIP oTimuyaeTcst oT paHee U3BECTHBIX [2].
Bo-nepBbix, pe3oHaTOp BKIIIOYAJICS MO CXEME “Ha
npoxox’”’. g 3TOro ouHAKOBBIE IO T€OMETPUYEC-
KHM pa3MepaM 3JIEMEHTHI BO30YKIeHMsI 3 ¥ BBIBOJA
sHeprun 4 ceyeHueM 7.2x0.5 MM pacmoiarajiuch
B TUIOCKMX METAJTMYECKHX 3epKajiax 5 u 6 mpsmo-
yroiapHOH (opmsl (cM. puc. 1). Takas cxema BO3-
Oy’KIeHISI MHOTOMOJIOBOTO SKPaHUPOBAHHOTO pe30-
HaTOpa MO3BOJISIA OCYHIECTBISITh CENEKIIUI0O MOJ
IIT" 3a cueTr U3MEHEHUS IIOJIOKEHHUS BOJIHOBOJIA
OTHOCHUTEIFHO Kpas TUIIEKTPHIECKOTO aucka [8].
Hcnonp3oBaHne B 3KCIEPUMEHTE IUIOCKHX 3€p-
KaJl JaBaJio0 BO3MOXKHOCTH C BBICOKOW TOYHOCTHIO
OPHUEHTHPOBATH OCH BOJTHOBOOB MEPICHANKYIISIPHO
IIJIOCKOMY OCHOBAHHIO AMAJIEKTPUYECKOTO JHCKA.
PasMepsrl mockux 3epkait cocTaBisid 55x50 M.
Wx monoxeHne BHIOMpAIOCh TakuM 00pa3oMm, 4To-
OBl YMEHBIIUTH paANaIlMOHHBIC MOTEpPH paboueit
moasl LI auckoBoro pezonHaropa. Moasl apyrux
THUTIOB, TIOJISI KOTOPBIX JIOKAJTM30BAaHBI OJIMKE K OCH
pe3oHaropa, He BO30YKIaIiCh, MMOCKOIBKY 3 dek-
TUBHOCTH MX BO30YK/IeHUs ObLTa Majia 1o MpHIuHe
BBICOKHX PaJUAIlOHHBIX MOTEPh. Peub uaeT o Tak
Ha3BIBAEMBIX “JIy4eBBIX KojeOaHusax” [9].

Bo-BTOpHBIX, 21M€MEHTHI BO30YXIEHHUS W BBIBOAA
SHEPTUU OBLIH MOBUKHBI BIIOJIb PAIIYCa ITOCKOTO
OCHOBaHUS A¥CKa. DTO MO3BOJIAIIO, C OJTHOW CTOPO-
HBI, PETYIHPOBATh BEIMYNHY CBS3H, a C IPYTOH CTO-
POHBI, MOSBUIACH BO3MOXHOCTH UCCJIEIOBATh €€
BIIMSHHUE HA CHEKTPAJIbHBIC U SHEPTeTUYECKHUE Xa-
pakTepucTHUKN pe3oHartopa. Panee ObuI0 TOKa-
3aHO, YTO BEJIMYMHA CBSI3U MOXKET OKa3bIBaTh CY-
LIECTBEHHOE BIMSHUE Ha 3JIEKTPOJUHAMUYECKHUE
XapaKTEepPUCTUKH PE30HATOpA B PEXUMeE BO3OYXKe-
Hus mox LT [7].

HccnenoBanust IpoOBOAMINCH B TIOJIOCE YaCTOT
27.5+37.5 I'Tu. U3mepsanuck pe30HaHCHBIE 9acTO-
Thl BO30yk1aeMbIX HE, , MOI U 0ClableHne CUrHa-
JIa Ha BBIXOZIEe pe3oHaropa. [1o m3MepeHHbIM TaHHBIM
OTIPENEIISUTNCH 3HAUYSHNS] Harpy>KeHHOH JOOPOTHOCTH
o ypoBHIO —3 1B OTHOCHUTENBHO LEHTPaIbHOUI
4acTOTHI pe3oHaHca W Ko3(duimeHTa nepenadu B
OTHOCHUTENFHBIX equHHIax. i ero omnpeneneHus
OTHOILIEHNE U3MEPEHHON aMILTUTYAbl A, BBIXOZHOTO
cUrHaja B Jenubernax Ha pe30HaHCHOH 4acToTe HOp-
MHPOBAJIOCh HA MAKCHMAJIbHYIO aMIUTUTYRy A,
TIOJTyYeHHYIO IIPH ITEPEMEIIICHUH BO30YKAAFOIIET0 A1e-
MEHTa CBS3M BIOJIb PaJMadbHON KOOPAMHATHI 7.
B pabote maHHast 3aBUCMOCTD TPE/ICTaBJICHA B OT-
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HOCHTEIBHBIX CAMHUIAX B BUIAC A/ A, =Y(1;/R,).
[Tonoxxenne cepearHBI MONMEPEYHOTO CEYCHUS DIIe-
MEHTa BBIBOJIA DHEPTUU (PUKCHPOBAIOCH HA KpPalo
IJIOCKOTO OCHOBAHUS JHCKa B TOUKE C OTHOCUTEIb-
HOM paJHaIbHOI KOOPAHHATOM 1, /R, ~ 0.93. DKcre-
PUMEHTAJIbHBIC UCCIIEAOBAHMS SHEPIeTUIECKHUX Xa-
PaKTEepUCTHK JBYXCIOHHOIO 3KPAHUPOBAHHOTO PE30-
HATOpa OBUIM TPOBEJICHBI C TOMOIILI0 H3MEPUTEIh-
Horo komruiekca PNA—L Network Analyzer N5230a
10 MHz+40 GHz Agilent Technologies. Cnexr-
paNbHbBIE XapaKTEPUCTUKH paccMaTpHUBAaEMOM pe3o-
HAHCHOM CHCTEMbI aHAIM3UPOBAIMCH HAa ITaHOpaM-
HOM m3MepuTenie KodpdunuenTa crosdei BOTHBI
mo HampsibkeHuto P2-65. Monpl, BO30yKImaecMbie
B OKpaHUPOBaHHOM /[P, uIeHTU(HIIMPOBAITUCE ITyTEM
W3y4YEeHHUs PaCHpeeeHus NEKTPUIECKON KOMIIOHEH-
Thl PE30HAHCHOIO MOJIA BAOJIb PagUaJbHON KOOp-
OuHATHL. J{71s1 3TOro OBUTM MPOBEACHBI SKCIIEPUMEH-
TaJIbHbIE MCCIEAOBAHUS U KOMIIBIOTEPHOE MOJe-
JIUPOBAHUE, BHIMTOJIHEHHOE HA OCHOBE CTAHIAPTHOTO
nporpammHoro oodecniedenust CST Microwave Studio
2013. IlakeTr mporpamm Obul mpenocTaBieH Boc-
toyHo-Kuraiickum H1U “@otoanexkTponnka” B xone
COBMECTHBIX HccieqoBaHui. B skcniepumenTe npen-
CTaBJICHHE O PaJlMaJIbHOM paclpeeleHuH Pe30HaH-
CHOTO TOJIT BO30YXZaeMbIX MO TO3BOJIIIO TO-
JyYNUTh 3aBHCHUMOCTH OTHOCHTENBHON aMIUIUTYAbI
A, / A, BBIXOIHOIO CUTHAja Ha PE30HAHCHOM Yac-
TOTE€ OT OTHOCHUTEIBHOW paguasbHON KOOPAWHATHI
1,/R, CepeInHBI OTKPHITOrO KOHIA BOJIHOBO/A BBI-
BOJIa DHEPTHH TpH (DUKCHUPOBAHHOU pamuaibHOM
KOOpJMHATE dJIeMeHTa BO30yxaeHus r;/R, ~0.93
(Ha Kpar TUAIEKTPUUECKOTO JUCKA).

3. DKcnepuMeHTaJIbHbIE Pe3yJbTaTbl
U UX 00bsSICHEHHE

CBHUIETETHECTBOM Pa3PEKEHHOCTH CIIEKTpa Kojieba-
HUI HCCleyeMOro 3KpaHUPOBAHHOTO PE30HATOpa 10
CPaBHEHHIO CO CIIEKTPOM pe30HaTOpa Ha OCHOBE JTH-
AIIEKTPUYECKOTO MOJTyIIIapa SBISIOTCS CIIEKTPOTpaM-
MBI, TIpecTaBleHHbIe Ha puc 2. /luck u momymrap
MMeI OJIMHAKOBHIN TUaMETp OCHOBAaHUS W OBLITH
BBITIOJIHEHBI U3 OJHOr0 Marepuana. BumgHo, 4To
CHEKTp PKPaHUPOBAHHOTO PE30HATOPA HA OCHOBE JTH-
ANEKTPUUECKOTO JicKa OoJiee pa3pexeH. DTO roBO-
PUT O IPABOMEPHOCTH CAENAHHOTO BHIIIIE MTPEAION0-
JKeHHS, 4TO TUCKOBHIHA /P B monychepuueckom me-
TaJUIMYECKOM DKpaHe JOJDKEH MMeTh Oosee paspe-
JKEHHBIH CIIEKTp KoseOannii. Kak yIIOMHHAIIOCE BBIIIIE,
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A4, b
A ..1“" a I
28.40 30.08
6 f; ITo

Puc. 2. Y4acTK CIIEKTPOB KoJeOaHUIl TBYXCIOWHBIX Kpa-
HHUPOBaHHBIX /[P Ha OCHOBE AMDICKTPUYSCKHX IHCKa (@)
noymiapa (6)

B CIIEKTpE NoJIymapoBoro JIP nmpucyTcTByoT MoJbl,
T0JIS1 KOTOPBIX IIPOCTPAHCTBEHHO pa3/iesIeHbl Ha cde-
PUYECKOM NOBEPXHOCTH AUIIEKTPUUECKON PE30HAH-
CHOM CTPYKTYpBI U UMEIOT (POPMY HEOTHOPOHBIX 10
mupuHe nosickoB. OOImuUM Ui CIIEKTPOB 000UX pe-
30HATOPOB SBJIIETCS IPUCYTCTBUE MOJ CaMOI0O 3K-
paHa, KOTOPbIH, KaK YIIOMHHAJIOCh BbIIIE, 00Ia1aeT
COOCTBEHHBIMU PE30HAHCHBIMH CBOMCTBAMH.

Ha puc. 3 mpexacraBieHo pacipeneieHue Io-
11 HM3WIEHR paauansHOod HE;, - monsl LI, momy-
YEHHOE IYTEM KOMIIBIOTEPHOTO MOJEINPOBAaHUS
(mByxMepHoe (@) u TpexMepHoe (6) u300pakeHue).
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Puc. 3. Pactipenenenue nons HE;, - moast HII' B sxpanupo-
BaHHOM JIMCKOBOM /[P

OO0pamiaer Ha cebst BHUMaHHE 00JaCTh PaCIOIOkKe-
HUS OTPaHUYEHHBIX METAJUTMYCCKUX 3epKall. BUaHO,
YTO MX Kpas BO3MYILIAIOT PE30HAHCHOE IoJie. DTO
MPOSIBJIICTCS B MCKAKEHUU (HOPMBI IMSATCH MOJICH.
Kpowme toro, nose pe3oHaTopa NpOHUKAET B 00JIaCTh
MEXIy TDIOCKHUM OCHOBAaHHEM METAJUIMYECKOTO JK-
paHa ¥ METaUTMYECKUMH 3epKajiaMu, o0pa3ys B
9TOM 3a30pe WHTEp(PEepEeHIINOHHYI0 KapTHHY. Panee
motoOHBIH A eKT Habmomancs mpu BO30YKIEHUU
MOJTYIIAPOBBIX U ITOYIUCKOBBIX SKPaHUPOBAHHBIX /[P
IJIaHApHBIMU BOIHOBOoJamu [8, 10].

B pabGorax [7, 11] ObuTO TOKa3aHO, YTO CIEKT-
paibHBIC U SHEPTETHICCKIE XapaKTEPUCTUKN OTKPBI-
TeIX JIP 3aBUCAT OT ycnoBuii M crmoco0OB BO30YX-
JeHNs B HUX pabounx Moj konebOanuii. [IpuamHoit
3TOTO SIBJISIETCS. BO3MYIICHUE PE30OHAHCHOTO TOJIS JIO-
KaJIbHBIM 3JIEMEHTOM BO30YkIIeHus. B cBsi3H ¢ 3TM

314

MIPENCTaBISAET IPAKTUUECKUN HHTEPEC PACCMOTPETh
BJIMSHUE BO30Y>KAAIOLIETO 3JIEMEHTa CBSI3H Ha OC-
HOBHBIE XapaKTEPUCTUKH 3KPaHUPOBAHHOTO JTUCKO-
Boro JIP. B otkpeiThix amckoBbix [IP, Bo30Oyx)mae-
MbIX Ha MoAax III" OTKpBITEIM KOHIIOM MeTaIn4ec-
KOTO BOJIHOBOJA, M3MEHEHHE YCIOBHH BO30YyXIe-
HUS JTOCTUTANOCh ITyTE€M MEPEMELICHUs OTKPBITOrO
KOHLIA BOJIHOBOZIA BJIOJIb AKCHAJIBHOM KOOPIMHATHI.
B Hamewm ciydae, kKak IMOKa3aHO BBILIE, BOJIHOBOJI-
HBIM 3JIEMEHT CBS3H MEPEMEIAETCS BJIOJIb paanyca
JUCKA.

Ha puc. 4, 5 u 6 npexacraBieHbl 3aBUCHMOCTH
U3MEHEHUs PE30HAaHCHOW 4acTOTHl Af, 114
HE, - mogp! LI, HopmupoBaHHOTO KO3 dUIMEH-
ta nepegaqn A,/ A,,, ¥ HarpyKeHHO JOOPOTHOCTH
(Q, OT OTHOCUTENBHOW paguanbHOU KOOPIAWHATHI
1;/R, SneMeHTa BO30YKICHHSL

Kak ormeuanocek Bblllle, TOJIOKEHNUE CEPENUHBI
MIOTIEPEYHOT0 CEYEHHUsI DJIEMEHTa BBIBOJA CUTHAJa
(pUKCHPOBAJIOCH HA KPalo INIOCKOTO OCHOBAHUS U3~
JIeKTpHYeCcKoro aucka (7, /R, ~0.93). 3HaueHHIO
BeJIM4UHbI Af,; =0 COOTBETCTBYET MOJOKEHUE DIIe-
MeHTa BO30Y>KAECHHUS Ha Kparo ANCKA.

Bunno, 4To pe3oHaHCHas 4acToTa 3aBUCHUT OT
MOJIOKEHHMS AJIEMEHTa BO30Y K ICHUS BAOJIb Parallb-
HOM koopauHatel. Ee 3HaueHne MOXeT U3MEHATHCS
Ha 20 MI'n. Ilpu sToM HamOombllee BIWSHUE Ha
W3MEHEHUE PE30HAHCHOM YacTOTBI 3JIEMEHT BO30YXK-
JIEHUs OKa3bIBAET Ha KpParo AUAIEKTPUIECKOTO JTUCKA.
N3 3Toro MoXHO caenath BBIBOJA, YTO HMEHHO B
00acTH TpaHULBl pa3zeia cpel OUIIEKTPUK—BO3-
IyX PE30HAHCHOE I0JIE XapaKTepU3yeTcsl HauOob-
1€l HHTEHCUBHOCTBIO.

C ToukHM 3peHusl PU3NUECKUX MPOLECCOB 3HAYE-
HUe Kod(duuueHTa nepegadyd MHOOPMATUBHO IS
orieHKH 3()(heKTHBHOCTU BO30YKICHHS PaOOUHX MO

Af, T
UBIEKTPHK BO3IAYX MeTaIn
0 -/-'_/
—0.014
_0.02 T ] T T T T T T T
0.82 0.86 0.90 0.94 098 /R,

Puc. 4. 3aBUCHUMOCTb M3MEHEHUS PE30HAHCHOW 4YacCTOTHI
HE;,,,-mons! II' oT paguanbsHON KOOPIUHATHI 37IEMEHTA BO3-
OyKIeHMst
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AylA 0
1.0

0.8

0.6

0.4+
0.82

JTI3NIEKTPUK BO3IYX MeTaJlT

0.86 094 098 r/R,

Puc. 5. 3aBICHMOCTE OTHOCHTEIIBHOTO KO3 (HIMEHTa Tepenadn
OT paZuaIbHOM KOOPIHHATHI SIEMEHTa BO30YKICHUS

e}
194
4500+

3500

2500+

L -
- -
T e o 4
‘.“'-I"

0.925

1500

0.775 0825 0.875 0975  r/R,

Puc. 6. 3aBUCIMOCTb HArpyKeHHON JOOPOTHOCTH SKPAaHUPOBAH-
HOTO (CIUIOLIHAS JINHUSA) U OTKPBITOrO (ITyHKTUPHAS! JTUHUST) TUC-
koBbIX JIP OT paguanbHOM KOOpAUHATHI JIEMEHTA BO30YKICHUS

konebaHuii B pe3oHarope. M3 puc. 5 BUAHO, 4TO
HauOobIas 3 GHEKTUBHOCTH B30y ) meHust Moy LT
B JIP nmocturaercs mpu pacnojiOXKEHUH CEpEeIUHBI
OTKPBITOTO KOHIIa BOJIHOBOJIAa Ha Kparo JAUAIEKTPH-
YECKOT'0 JUCKa, YTO XOPOUIO COMIACYETCs C IaHHBI-
MU 0 Bo30ykaeHun Mo LIIT" B OTKPBITHIX TUCKOBBIX
[P [7]. Pe3koe yMeHblIEHUE aMILTUTYAbl MPOILIE-
LIETO CHUTHAJa 10 Mepe yIaleHUs] BO30YKAAI0IIEero
3JIIEMEHTA CBS3M OT Kpas IUAIEKTPUUYECKOrO TUCKA
(;/R, = 0.93) cBsi3aHO ¢ yMeHbLIeHHEM (B beKTuB-
HOCTH BO3Oyxaenus monsl LII" B pe3oHarope.

Jl71s OLIeHKM NOBEIEHUS SHEPreTUYECKUX Xapak-
TEPUCTUK NPU M3MEHEHHH YCJIOBUH BO3OYXICHHS
pabounx mon L' B sKpaHUPOBAaHHOM PE30HATOPE
HanOoJsee MHOOPMATUBHOM SIBJISICTCS 3aBUCHMOCTh
€ro TOOPOTHOCTH OT palualibHOW KOOPAMHATHI dJIe-
MeHTa BO30OyxnmeHus. Ha puc. 6 3HaueHuUs Harpy-
XKEHHOW IOOPOTHOCTH (J; MCCIEAYEeMOI0 AUCKOBO-
ro 3KpaHupoBaHHoro /[P npencraBieHbl CIUIOMIHON
JnuHUed. [ cpaBHEHUS 3[€Ch )K€ MMOKa3aHO MOBe-
JIeHHE Harpy>KeHHOH JOOPOTHOCTH LIS OTKPBITOTO
nuckoBoro J[P Takux ke reoMeTpuyecKhx pasme-
POB (ITlyHKTHpHAS JINHYIS).
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U3 pucyHka BUIHO, 4TO JOOPOTHOCTB SKPaHUPO-
BaHHOTO AuckoBoro JIP mpeBocxoaut 1oOpOTHOCTH
MoJJ0OOHOTO OTKPBITOrO pe3oHaropa. IIpu 3Tom ee
3HAYEHHUE 3aBUCHUT OT MECTA PACIIOJIOKEHHS HIIEMEHTa
BO30Yy’KAE€HUSI OTHOCUTEIBHO Kpas aucka. HeoOxo-
MO OTMETHTD, YTO IIPH PACTION0KEHUH IIEIH CBSI-
3 B 00JIaCTH AMCKA 3HAUYCHUS KOA(PPUIINSHTOB I1e-
penayu SKpaHUPOBAHHOTO U OTKpbITOro AP Obuim
6mu3ku. HanGonbiero 3Hauenus Q, = 4530 Harpy-
KEHHasi IOOPOTHOCTH JIOCTHUTAET MPH PACIIONONKE-
HUM OTKPBITOTO KOHIIA BOJIHOBOJIA BOJIM3M METaJLTH-
Yyeckoro 3kpaHa. Ero cepennHa pu 35ToM HaXOIUTCS
B BO3/YIIHOM 3a30p€ MEXJY PE30HATOPOM U IK-
pasoM. MunruMyMm nobpotHoct O, = 2520 Habmo-
JlaeTcs P PacIIONOKEHUH JIEMEHTa BO30Y K ICHHS
B OOJIACTH AMAJIEKTPUYECKOTO OUCKA HENAJIeKO OT
ero kpast (r;/R, ~0.88). MimenHo sta obmacts Xxa-
paxkTepu3yeTcsi HauOOIBIIMMH 3HAYEHUSIMH UHTCH-
CHUBHOCTHU pe3oHaHcHOro noiist Moasl I TToatomy
MOTEpH 3a cYeT AUQPaKIUX PE30OHAHCHOTO OISl Ha
3IIEMEHTE CBSI3M B 9TOM ciydae OyayT MakCHMallb-
HBIMU. DTO CKOKETCS HA 3HAYCHUH HArPy>KESHHOU 7100~
POTHOCTH pPE30HATOPA, YTO XOPOIIO BUAHO Ha pHC. 6.
Jlyis 00bsicCHEHUsT POcTa JOOPOTHOCTH MPHU CMEIIIe-
HUM OTKPBITOTO KOHIIA BOJIHOBOJIA B BO3AYILIHBIN 3a-
30p pe3oHaTopa ObUIM MPOBEACHBI HCCIIEIOBAHUS
pacripeieNieHns] ”HTEHCUBHOCTH PE30HAHCHOTO MOJISI
paboueit monsl HE,, |, BIONb paJuaabHON KOOPIH-
HaTHI (CIUIONIHAS KprBas Ha puc. 7). Bugno, 9To B
HEIMOCPEICTBEHHOM OJM30CTH K CTEHKaM 3KpaHa
OTHOCHTEJIbHAS HHTEHCUBHOCTD ITOJISI PE3KO IOHMKa-
eTCsl 10 MUHMMAIbHBIX 3HaYCHUI A,/ A, ~0.14.
3TO TOBOPHUT O TOM, YTO YMEHBIIAETCS] BEIMYHHA
CBSI3U pe30HATOpa C BOJHOBOJIOM. B 3ToM ciyuae
yBEJIWYUBAETCS JOOPOTHOCTH CBSI3M M, KakK Clel-
CTBHE, HarpyXeHHasi JOOpOTHOCTh, KOTOpas B Ipe-

AO /Amax
JIMBIICKTPHK BO3IyX MeTaJLT
0.8
0.4
1 3
0 T 1
1.0 ry/R,

Puc. 7. Pactipenenenre OTHOCUTENbHON UHTEHCUBHOCTH pe-
3oHaHcHOrO nona mMox LII' B skpaHMpoBaHHOM (CIUIONIHAS
JIMHUS) ¥ OTKPBHITOM (ITyHKTHPHAst IMHUSA) TUCKOBBIX [P
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Jerie T0JDKHA CTPEMHTHCS K COOCTBEHHOH 100pOT-
HOCTH PE30HATOpa.

Pesynbrarel uccienoBanus paguaibHOTO pacipe-
JICJIEHNS] THTEHCUBHOCTH PE30HAHCHOTO OIS MOJIBI
I 00BsgcHSIOT U OOJIEE BBICOKME 3HAYEHUS J100-
POTHOCTH IMCKOBOTO 3KpaHupoBaHHOro /[P 1o cpas-
HEHHIO € TOOPOTHOCTHIO MOJOOHOTO OTKPBITOTO pe-
3oHatopa. Pacnpenenenue nons moxasl LI B oT-
KpbITOM auckoBoMm JIP mpeacTtaBieHO Ha puc. 7
B BUJI€ ITYHKTUPHOHN KPUBOIL.

BunHo, 4TO B OTIINYME OT 3KPaHUPOBAHHOT'O PE30-
HaTopa B OTKpBITOM AuckoBoM JIP mone moxer LT
B OCHOBHOM COCPEIOTOYEHO B JUAIEKTPHUYECKOM
Matepuane. CylecTBEHHOE BIUSHUE Ha 3HAUCHUE
JOOPOTHOCTH B 3TOM Clly4yae OKa3bIBaIOT MOTEPH B
nuanekTpuke. B skpanuposanHoMm P pezoHaHcHOE
moJjie cMmemaercs B 00JacTb BO3AYLIHOTO 3a30pa.
[Ipu aToM moTepu B MaTepuane AUIEKTPUKA CHH-
*atoTcsl. B To ke BpeMs OMHUYECKHE TIOTEPH B CTEH-
Kax JKpaHa HEBEJMKH, MOCKOJIBKY, KaKk OTMEYaJIOCh
BBIIIE, HHTEHCUBHOCTH PE30HAHCHOTO MOJIS Ha FPaHu-
L€ pa3liena cpell BO3AYX—METAJUI HECYLIECTBEHHA.
[TomgoOHBIi pocT TOOPOTHOCTH B ABYXCIIOMHBIX dKpa-
HUPOBaHHBIX JIP OB yCcTaHOBIICH 15 HOTYLIAPOBBIX
JUDIIEKTPUUYECKUX SKPaHUPOBAHHBIX CTPYKTYp [S].
MO>HO NPeAIoN0KUTh, 4TO ATOT IPPEKT SIBIAETCS
BTOPBIM (HaKTOPOM, IPUBOASIINM K OoJiee BBICOKO-
My 3Ha4€HUI0 (), SKPaHUPOBAHHOI'O JHCKOBOIO pe-
30HaTOpa, 4eM (J; OTKPHITOro (cM. puc. 6).

4. BoiBoapl

W3y4eHbl 37€KTPOANHAMUYECKUE XaPaKTEPUCTUKH
SKpaHUpoBaHHOTO /[P Ha OCHOBE IUAIEKTPUUECKOTO
IMCKa B pexume Bo3Oyxmenus mox LI Ycranos-
JICHO, YTO NIPH ONPEEICHHBIX YCIOBUAX BO30YyXe-
HUS TOOPOTHOCTH TAKOTO PE30HATOPA CYILIECTBEHHO
MIPEBBITIAET JOOPOTHOCTH MOJOOHOTO OTKPHITOTO J[P.
[TokazaHo, 4TO MCCIIeyeMBbIii pe30HaTOp 00JIamaeT
Ppa3peKeHHBIM CIIEKTPOM KosieOaHui. JTO JeNaeT ero
MIEPCHEKTUBHBIM /715l HCIIOIb30BAaHMS B Psizie IACCUB-
HBIX Y aKTUBHBIX YCTPOICTB MIJUIMMETPOBOTO Ua-
na3oHa AUl BosH. Hanbosee nHTepecHbIM prume-
HEHHEM BBICOKOIOOPOTHBIX dKpaHUPOBaHHBIX JIP ¢
momamu LI aBnsItOTCSA CXEMBI CTa0MIIM3alN Jac-
TOTBI TBEPIOTEJILHBIX NCTOYHUKOB JIEKTPOMATrHUT-
HOTO U3JTy4€HHUs] MWIIIMETPOBOI0 AUAIIa30Ha.

ABTOpEI CTaThU BeIpaxatoT onarogapaocts C. . Ta-
pamnoBy u C. B. Henyxy 3a TEXHUYECKYIO TOAACPKKY
[IpY OpraHU3aIUH SKCIIEPUMEHTA.
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HIGH-Q SHIELDED DIELECTRIC DISK RESONATOR
WITH WHISPERING GALLERY MODES

Purpose: Investigation of a shielded disk dielectric resonator (DR)

having a high Q-factor and improved spectral characteristics.

Design/methodology/approach: The experimental study of
energy characteristics of the investigated shielded resonator was
carried out by using the PNA-L Network Analyzer N5230a
10 MHz + 40 GHz Agilent Technologies. Spectral characteris-
tics of the resonance system were analyzed using the panoramic
voltage standing wave ratio meter R2-65. The modes excited in
the shielded DR were identified by investigating the distribution
of'the electric component of the resonant field along the radial
coordinate. For rapid and accurate numerical simulation of the
investigated resonance system, the CST Microwave Studio 2013
software package was used.

Findings: The peculiarities of excitation of the lowest radial
HE}, |, whispering gallery mode in the shielded disk DR with
the help of a waveguide coupling element are considered. It is
shown that in the region of the dielectric—air interface, the reso-
nant field is characterized by the greatest intensity. The maxi-
mum excitation efficiency of the whispering gallery modes in the
DR is achieved when the coupling element is located on the
border of the dielectric disk. It is established that the field of
the whispering gallery mode in an open disk DR is concentrated
mainly in the material the resonator is made of. In a shielded DR,
the resonant field shifts to the air gap region. In this case,
the ohmic losses in the metal shield walls are small, since the
intensity of the resonance field at the air—metal interface is insig-
nificant. Due to this, the loaded Q-factor of the shielded DR in-
creases by more than 1.9 times in comparison with the open DR.
Conclusions: A shielded disk DR under certain excitation condi-
tions has a high value of the loaded Q-factor and the rarefied
oscillation spectrum. This makes it promising for the use in
frequency stabilization schemes for millimeter wave solid-state
sources.

Key words: shielded dielectric resonator, whispering gallery
modes, Q-loaded, rarefied spectrum
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BHUCOKOJOBPOTHUM INCKOBUI EKPAHOBAHUI
JIEJEKTPUYHUI PE3OHATOP
3 MOJIAMU LIEIIOYYYOI TAJIEPEL

TIpeomem i mema po6omu.: JJOCTiIKEHHS eKPAHOBAHOTO TUCKO-
BOTO JieNieKTpraHOoro pe3oHaropa (/IP), mo mae BHCOKY 100-
POTHICTB 1 ITOKpAIIeHi CIIEKTPATbHI XapaKTePUCTUKH.

Memoou ma memooonoeis: ExciepuMeHTanbHI JOCIiHKSHHS
€HepreTUYHUX XapaKTePUCTUK JaHOTO EKPaHOBAHOI'O PE30HATO-
pa BHKOHAHO 3a JOIOMOIOI0 BHUMiPIOBAJIbHOTO KOMILIEKCY
PNA-L Network Analyzer N5230a 10 MHz + 40 GHz Agilent
Technologies. CriekTpabHi XapaKTepHCTUKH PE30HAHCHOI CHC-
TEMH aHaJIi3yBaJIHCs Ha TAHOPAMHOMY BUMIPHHKY KoedilieHTa
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CTOSTYOT XBHUIII 3a Harpyrotw P-65. Monawu, 30ymkyBaHi B ekpa-
HoBaHoMY JIP, ineHTH(iKyBadHCs NIISXOM BUBYEHHS PO3IIO-
JUTy eJIEKTPUYHOI KOMIIOHEHTH PE30HAHCHOTO IO Y30BX
pajiagpHOi KOOpAUHATH. J{JIs HIBUIKOTO i TOYHOTO YHUCEITEHOTO
MOJIEJIFOBaHHS JaHOI pE30HAHCHOI CHCTEMU BUKOPUCTOBYBABCS
nakeT nmporpamm CST Microwave Studio 2013.

Pezynomamu: Po3ristHyTO 0COONMUBOCTI 30y/I)KEHHS HI)KIOT pa-
niansaoi HE,,,, mMoau menouyyoi ranepei (ILI) B ekpaHoBa-
HOMY nuckoBoMy [IP 3a 101OMOroro XBUIEBOIHOTO €1eMEHTa
3B’s13Ky. [loka3aHo, 1o B 00JaCTi MeXi pO3ALITY CEepelOBUII
TieNIeKTPUK—TIOBITpPS] pE30HAHCHE IT0JIE XapaKTePH3YEThCS Hali-
BUILOIO IHTEHCUBHICTIO. MakcuMalibHa e()eKTHBHICTD 30Y/PKEeH-
Hs Mo 1enouyy4oi rasnepei B JIP nocsraerbcs npu po3ramry-
BaHHI eJIEMEHTY 3B’5I3Ky Ha Kpalo AieIeKTpUIHOro Ancka. Bera-
HOBIIEHO, 110 noste Moy 1T y Binkpuromy auckoBomy (P
30CepePKEHO rOJIOBHO B MaTepialli, 3 SKOro BUTOTOBIIEHO pe-
30HaTop. Y ekpaHoBaHomy JIP pe3oHaHCHE MoJIe 3Milly€eThCs
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B 00J1aCTh MMOBITPSHOTO MIPOMDKKY. IIpH I1boMy OMi4HI BTpaTH
B CTIHKaX €KpaHy HEBEIIUKI, OCKIJIbKH IHTEHCUBHICTh PE30HaH-
CHOT'O TOJS Ha MEXI PO3JiIy CepeloBHUIL MOBITps—MeTall
HecyTTeBa. 3aBASKU IIbOMY HaBaHTa)KeHa JOOPOTHICTE eKpa-
HoBanoro /[P € monas 1.9 pa3a BUIIOIO HABAHTAXKEHOT T0OPOT-
HoCTi BigkpuToro J[P.

Bucnosox: ExpanoBanuii auckouii /IP 3a neBHIX yMOB 30y/-
JKCHHS Ma€ BHCOKE 3HAUCHHSI HABAHTAXKESHOT JOOPOTHOCTI 1 p03-
PpiKeHHH CieKTp KonrBaHb. Lle poOuTh Horo nepcreKTHBHUM
IS BUKOPUCTAHHS Y cXeMax CTa0ui3awii 4acToTH TBepAOTLIIHX
JpKepes MUTIMETPOBOTO Jliara3oHy.

Knrouosi cnosa: expaHoBaHUN iEIEKTPHIHNI PE30HATOP, MO
LIENOYYyYOi rajnepei, HABaHTaKEeHa TOOPOTHICTh, PO3PIIKESHUIH

CIIEKTp
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