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B nepBOM 4acTu cTaTbn, ONy6/IMKOBAHHOM B NpeabiayLLeM

HoMepe XypHana, 6bi1a npmBeaeHa knaccudukaums 06beMHbIX
pe3oHaTtopos (OP) n nogpobHO paccmaTpuBaanCh ABa BUAA U3LENUN:
KoaKcuasnbHble pe3oHaTopbl (KP) 1 OTKpbITble AN3NeKTpuieckue
pe3oHaTopbl (4P). CeroaHa npoaoaxaem pacckas 06 OP.

BO/IHOBOAHO-AUINEKTPUYECKUE PE3OHATOPDI
Bo/IHOBOAHO-AN3IEKTpUYeckne pesoHatopbl (BAP) B npo-
CTOM BapuaHTe NpeacTaBastoT CO60M 06BLEMHYIO, OrpaHu-
YeHHYO MPOBOASLLMMMN CTEHKAMMW, PE30HAHCHYIO NONOCTb,
3aMNOJIHEHHYIO AU3NEKTPUYeCckKUM martepuanom. B Hac-
ToALllee BpemMs HazBaHue BJIP pacnpocTpaHseTcs Ha pe3o-
HAHCHbIe CTPYKTYPbl, 06pa3oBaHHbIE NOJ/1bIM BO/ITHOBOAOM,
B KOTOPOM YCTAHOBJIEHbI AN3N1eKTpUYecKme BCTaBku, Gop-
MUpYIOLLME pe3oHaHCHoe 3BeHo (P3) duabTpa.

OTnnyme Takoro P3 o1 1P 3akt04aeTcs B KOMBUHaLUM
rPaHUYHbIX YCNOBUIW HA CTEHKAX AMINEKTPUYeCcKoro Tena.
YacTb CTEHOK MOKPbITa MPOBOAALLUM MAaTEPMAIOM, TO eCTb
obpasyeT "anekTpuyeckme" CTEHKWM, a 4acTb — "MarHuT-
Hble" CTeHKW. B npefgenbHOM BapuaHTe No Mepe yBenunye-
HWS OTHOCUTENbHOW AM3NEKTPUYECKON MPOHNLLAEMOCTU €,
(1, COOTBETCTBEHHO, YMEHbLUEHWS PA3MEPOB AM3/IeKTpUYe-
CKMX BK/IKOYEHMI NPOMNOpLMOHANbHO 1/VE,), Takme cucTeMbl
NPUBAMXKEHHO MOXHO paccMaTpmBaTb Kak BOJIHOBOAHbIE
NIMHNW, CBSI3aHHble ¢ AP.

MUK nHTepeca K CO34aHUI0 U NPUMEHeHU0 GUIbLTPOB
Ha BAP npuwenca Ha 80-e rofgbl MpoLUIOro CTONETUSA.

1 TMpodeccop kadenpbl 3neKTPODOU3INKN MHPOPMALMOHHbLIX CUCTEM
HWY M3W, gvm@emc.mpei.ac.ru.
2 TeHepanbHbIM gnpekTop OO0 "Pagnokomn’,

vkochemasov@radiocomp.ru.

OfHaKO Mo CBOMM 3/IeKTPUYeCKMM Xxapaktepuctmukam BAP
He nyywe [P, a nocne pa3paboTkm B Ha4ase Hallero ctone-
TWS paaa TeXHUYECKUX peLlleHni 0TBOAA TeN10BOM 3HEpPrm
oT /1P BONIHOBOAHO-AN3/IEKTPUYECKME pe30oHaTopbl yTpa-
WKW nocnepHee npenmyLllectso. CkasaHHOe OTHOCUTCA
K4aCTOTHOMY Anana3oHy npMmMmepHo A0 50 Iy, Bbille KOTo-
poro B CBSA3M C TEXHOJIOMMYECKOM HEOHXO0ANMOCTbLIO MpU-
MeHeHWs ansa co3paHus P3 onsaneKTprkos C ManbiM g, BAP
NpOAO/KAIOT UCMOJIb30BATLCSA.

MpoeKTUpoBaHMeE CeNeKTUBHBLIX YCTPOMUCTB C Pe30HAHC-
HbIMW 3BEHbAMW Ha OCHOBe BJP cBoaAnTCS K pa3paboTke
YCTPOWCTB B LLEJIOM, TO €CThb K CO34aHUI0 KOHKPETHbIX (YHU-
KanbHbIX) P3, GopMUpyeMbIX HENMOCPeACTBEHHO B OTpe3Ke
NIMHUM Nepepayun. Kak npaBuio, B MOSOCHO-MPOMNyCKato-
Wwunx puabTpax BAP GopMUPYIOT B OTpe3Kax peryasipHbix
JNHWI (B OT/IMYME OT CENTEKTUBHBIX YCTPONCTB HA 4P, KOTo-
pble B 60NbLIMHCTBE Cy4YaeB CO34At0T HA OCHOBE OTPE3KOB
3anpeaenbHbIX TMHUA Nepeaayn).

NMPOU3BOAUTENN OP

OrpaHM4YmMM onmcaHue KpaTkoM xapakTepuCcTUKOW psaa
Npou3BOAMTENEN U HOMEHKIATYPbl NpeaiaraeMbix UMK
n3genun, Kacarowmxca cobctseHHo OP. MocneaHssa oro-
BOpKa CBsi3aHa C TeéM, YTO B OT/INYME OT BblLUEHA3BAHHbIX
dunpm-npomssoantenen OP, yKkasaHHbIe B JAHHOM pasgene
GMPMbI 3a4aCTYHO CNELMANM3NPYIOTCS Ha MOCTaBKaX LWMPO-
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Puc.21. KP (a) u [IP (6) dpupmsbl Temex-Ceramics

KOW HOMEHKNATYPbl N3AEANNA N YCTPOUCTB, Cpeam KOTOPbIX
npeanoXxeHns OP 3aHUMAIOT HEe3HAUYUTENIbHYIO YacTb.

®dupma Temex Ceramics [14] nponssoamnT KP pasmepamm
oT 2 a0 12 mm (puc.2la, Tabn.9) ana 4actot ot 300 Mry,
[0 6 ITu. 1P 3ToMn dupMbl (prC.216) paccumTaHbl Ha 4acTOTbI
oT 800 MTluy go 50 I'Ty n M3rotaBaMBAOTCA U3 LWIECTU
TWUMNOB MaTtepuranos C AN3TEKTPUYECKUMWN MOCTOSSHHbLIMM
0T24 0078.

KP ¢ounpMbl peknaMmmnpytoTcst Kak U3genmst ¢ BbICOKMMMN
OOBPOTHOCTAMM, KOTOPble MO YPOBHIO 3/1eKTPUYECKMX
XapaKTepUCTUK COOTBETCTBYIOT y4WwMm obpasuam, npea-
CTaB/IeHHbIM Ha MUPOBOM pbiHKe (pnc.22, cM. Tab6:.9) [14].
AHANOMMYHO XapaKTepu3ayeTcsi Ka4yecTBO MpensioKeHuin
$upmbl no 4P.

Ewe oAVH MoCTaBWMK — HOKHOKOpenckas dupma
RF MORECOM [15] — npeanaraet AP ans pa6oTbl Ha Kone-
6aHusax TE-Buga v KP CTaHAAPTHbLIX TMNOpasMepos. Wx
BHELUHWI BUSA, KaK U OMUCbIBAEMbIX HUXKE pE30HATOPOB ApY-
rMX KOMMAHWIM, aHAIOrMYeH COOTBETCTBYOLLMM N34eNSM
OpYyrux NpousBoguTenen, NpuBedeHHbIM paHee B CTaThe.
Mo yTeepxaeHnto RFMORECOM, ee npoayKLuUs xapakTepu-
3yeTCs BbICOKMM YPOBHEM HALAEXKHOCTU, 4OBPOTHOCTH, Tep-
MOCTabnALHOCTU N BO3MOXHOCTbLIO HACTPOMKM HACTOTbI.

®upma UBE [16] no3unumnoHmnpyeT ce6s 0AHNUM 13 OCHOB-
HbIX MOCTABLUMKOB AU31eKTPUYECKMX N KepaMNYeCKnX pe3o-
HATOPOB pa3HbIX pa3MepoB, OTHOCUTENbLHOW AN3NEKTPU-
4YeCKoW MPOHMLAEMOCTM M paboymx 4actoT. KomnaHus
pekaamMmmpyeT CBOK NPOAYKLMIO Kak 06/1a4atoLLY 0 UCKHO-
4UTENbHLIMK 3HaYeHNaMKM Q -f,, TemnepaTypHou CTabub-
HOCTU U Ap.
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Puc.22. YacToTHasl 3aBUCHMOCTb L06poTHOCTH KP
Temex Ceramics. S - BHeIIHUI pa3Mep II0IIePeYHOro ceye-
Hus KP, Mmm

KomnaHusa Morgan Electro Ceramics [17] cneumanunsn-
pyeTcs Ha NPOM3BOACTBE LWMPOKOW HOMEHKAATYpPbl Kepa-
MUYECKNX MaTepmnanoBs 1 Tes, B TOM 4Yucae A npumMeHe-
HMa B KadecTse [P B CBY-gnanasoHe. Peksiama pupmbl
CBOAUTCSA K OMUCAHUIKD 31eKTpodU3MYeCcKMX CBONCTB
pPasfNYHbLIX coeguMHeHUN. OHUW nepekpbiBAOT AMana-
30H 3HAYeHUN OTHOCUTENbHbLIX AN3NEKTPUYeCKUX nNpo-
HuuaemocTen €, 0T 6,5 fo 88, ob6napatoT Habopom TKe,
B npegenax ot 0 go +1,2-107° 1/°C B paboyem Amnana-
30He oT —30 go 85°C, 4To oTBe4YaeT TpebOBAHUAM KOH-
CTPYMPOBaHUS TepMOCTabuabHbIX P3. 3Ha4yeHUs TaH-
reHca yrna Am3eKkTpuyeckmx noTepb COOTBETCTBYIOT
JIy4WMM aHanoram.

Guangdong GOVA Advanced Material Technology
(KnTam) [18] nosnumoHupyeT ceba BeayWMM MpPOM3BO-
autenem kepamumkm B Kutae. KomnaHus npegnaraer
CTaHAAPTHbIM CNeKTp ANCKOBbLIX AP: P HM3wero TE-Bmaa
KoNebaHn M3 KepamMukm C OTHOCUTENbHOW AudMeK-
TPUYECKOM NpOoHMLLAEMOCTbo 40—-80, ¢ [OBPOTHOCTLIO,
COOTBETCTBYIOLLEN MUPOBOMY YPOBHIO, U C Heobxoau-
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MbIM CMeKTPOM 3HaveHun TKe.; AP
c TM-KonebaHnamm 13 Tex xe maTte-

Tabnauna 9. ITapametpsl KP Temex Ceramics

pvanos. ITuHa, BHYTpeHHU BonHOBOe compoTuBieHHe, OM
Komnanus Trans-Tech [19] npeana- Moes o [MAMETp, MM
raeT Kepamuyeckme matepuasbl cob- (20,2 MM) (0,1 Mm) g.=21 £.=38,5 £:=90
CTBEHHOrO NPON3BOACTBA, 0becneymn-
Batowme, no nHbopmaummn bdbmupmol, CRS02 0,65 15,7 11,6 7,6
iydwe COOTHOLWEHUS pa3MepoB
AP, Q-fy-dakTopa, Tepmoctabusib- CRS22 0,80 13,0 9,6 6,3
HOCTU OTHOCUTENbHON O3 NeKTpun- CRSO03 0,95 15,6 11,9 7,6
4YeckoM MPOHMLAEMOCTM WU LEHDI.
Mpou3BoauTeNnb NpeasaraeTt WUpo- CRS14 1,20 16,8 12,4 8,1
KWW CnekTp m3gennin CBY-TexHUKN
CRS04 1,50 13,8 10,2 6,7
Ha OCHOBE CBOWX KepaMMUYEeCKMX KOM=
MAEKTYIOWMX. CRS24 2,00 10,1 7,4 4,9
Integrated Microwave Corporation
[20] — KOMNaHWA-NPOM3BOAUTEND CRS06 2,00 15,4 11,4 7,4
GUALTPOB pPa3/IMYHOIO Ha3HAYEHMS, CRSIE 2,20 141 10,4 6.8
M3BeCTHaa Ha pbiHKe ¢ 1982 roga.
KP v AP BbinyckatoTCs Ha 3asoje CRS26 2,40 13,0 9,6 6,3
B r. Can-Auero (CLWA). Ha BHeLHUA
PbIHOK mocTaBnsieT KP orpaHuueH- CRS36 2,50 12,5 9,2 6,0
HOro cnekTpa TMNOpa3sMepos. CRS08 5 80 14.7 10.9 71
®dupma Tusonix [21] Bxogut ’ ’ ’ ’
B COCTaB KoMnaHwum CTS Corporation — CRS10 3,50 14,7 10,9 7,1
OAHOr0 M3 MMPOBLIX TNAEPOB B 061a-
CTW NPOW3BOACTBA 3/IEKTPOMArHUT- CRS12 3,50 17,1 12,6 8,3
HbiX GUILTPOB, GUNLTPOB paano- CRS412 4,00 15,4 11,4 7.4
nomex,

KOHAEeHCATOpOB M Ap.
MpoAayKLuns COOTBETCTBYET CTaHAap-
TaM BOEHHOro npumeHeHus. ®upma BbiNyckaeT Kepa-
MWUYeCKMe pe3oHaTOopbl YeTbIpeX pasMepoB M3 YeTbipex
MaTepuasioB C pa3HOM OTHOCUTENbHOM AMU3NeKTpuye-
CKOW MPOHMLAEMOCTbIO AN paboTbl B ANANA30HE YACTOT
oT 800 MI'y fo 5,9 I'ry. CoobuiaeTcs, YTO pe3oHaTopbl
M3roTOB/IEHbI M3 KAYeCTBEHHOW MEeTaN/M3MpOBaAHHOMN
Kepamukm. O61acTV NPUMEHEHUS U3AENNIA: TeHepaTopbl,
ynpasasemMble HaNnpsiXKeHMEM, NOOCOBbIe GUNbTPLI, Hec-
NpoOBOAHbIE YCTPOMCTBA M AYNJIEKCHI.

Tabnuua 10. XapakrepucTuku KP ¢upmsl T-Ceram

Martepuan E-37 E-20 E-11
YacTOTHBIN AHUAIA30H,

0,4-6 1-6 1,5-6,5
ITo
Pa3bpoc yacTor (+), % 0,2-1 0,2-1 0,2-1
BHemIHUIM pa3mep, MM 4-18 4-10 4-6
OnrHa, MM 4-30 4-16 4-10

Yewckas pupma T-CERAM [22] npoussoanT KP n AP
(Tabn.10-11). KP BbINOMHATCA B CTAaHAAPTHOM BUAe Ans
Anana3soHa 4acToT oT 400 go 6 000 MT'L € pa3nUYHbIMU
BbIBOAAMM LLEHTPaNbHOM XKMbl KOAKCUMANBHOIO pe3oHa-

Tabnuua 11. XapaKTepUCTUKY AUCKOBBIX 1P GUpPMBI
T-Ceram

MatepHual E-37 E-20
Juana3oH

0,9-18 1,8-24
yactorT, I'T1
Pa36poc

0,2-1 0,2-1
4acToT (+), %
JobpoTHOCTH >4800 >5200

) -6,-3,0,3,6,9 -6,-3,0,3,6,9
TKY, 1076/°C
(2 unu +1) (£2 unu £1)

JuameTp, MM 3-62 (mo 120) 3-62 (mo 120)
BricoTa, MM 1-35 1-35

78 DSNEKTPOHWUKA HAYKA | TEXHOJIOTUS | BUSHEC

Ne5 (00155) 2016



BbiBOA TMNA A BbiBOA TMNA B BoiBog Tuna C
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lMeyaTHas nnata
KoHpeHcaTop

[MeyaTHas nnata

Puc.23. KOHCTPYKTHBHBIe 0CODEHHOCTH KepaMHUYeCKUX
pesonaTtopoB ¢pupmbl T-Ceram

Topa (punc.23). MapameTpbl KP COOTBETCTBYIOT MUPOBOMY
YPOBHIO f@aHHbIX n3genuni. KomnaHums npegnaraer Takxe
cenekTuBHble CBY-ycTpomncTBa Ha OCHOBe 3Tux KP.

Komnanusa NGK [23] — npou3BoauTenn kepamuue-
CKUX Ten pasnm4yHon Gopmbl U3 MaTepManos C AU3NeK-
TPUYECKOW NMpOoHULLAEeMOCTbIO €,=10-93. MpegnaratTcs
Tena, ¢opmupytowme AP n KP C BbICOKMM, COOTBETCTBY-
IOLWMM COBPEMEHHOMY YPOBHIO, 3Ha4YeHneM L06POTHO-
CTU N [OCTATOYHbIM AN4 ynpasneHnsa TKY cnekTpom 3Ha-
yeHU TK OTHOCUTENLHOW AN3NEeKTPUYECKOM MPOHMLLA-
eMoCTu.

®upma Token [24] npegnaraet cnekTp TUNOPa3MepoOB
KP 13 KepaMunky co 3Ha4YeHUSIMU OTHOCUTENbLHOW AM3-
JIeKTpUYeckKomn npoHmMuaemoct ot 20 4o 90 1 BbICOKOMN
TeMnepaTypHOW CTabuabHOCTbO. HOMeHKAaTypa TUMNO-
pasmepoBs o6pasuos KP obecneynBaeT nepekpbiTMe 3Ha-
YeHMM cobcTBEHHOW A06poTHOCTK OT 150 Ao 700 n ana-
rnasoHa 4actot ot 400 8o 2400 MTu. KP npeaHasHa4veHbl
ONS NOCTPOEHUS CeNneKTUBHbLIX YCTPOUCTB PasinYHbIX
cucTtem 6ecnpoBOAHON CBA3W. 3aMeTUM, 4YTO Npeanoxe-
HUSA GUPMbI COOTBETCTBYIOT CpeiHEMY YPOBHIO MUPOBbIX
Npon3BOANTENIEN aHANOTMYHOM NPOAYKLNN.

AO "HMN "WMcTok" nm. WokumHa" [25] npounssoanT
PYHKUMOHaNbHYO KepaMuky mapok bBLHT, UTO v bCT
(e,=30, 40, 80, cOOTBETCTBEHHO) ANAa co3gaHus CBY P
B AManasoHe 4acToT OoT 2,6 Ao 32 ITy. NMapameTpul AP

TaKoBbl: COBCTBEHHAN 4O6POTHOCTL — 0T 2000 010000,
TKY - 0T-3:107° 1010-10761/°C, TOYHOCTb 3agaHna TKY —
0T £2-107° 10 +0,5-107°1/°C. KomnaHusa npegiaraet Takxke
KP Ha OCHOBe TakoM KepaMuku ¢ COBCTBEHHOW AO6pPOT-
HOCTbtO 400-600 B AnanasoHe 4acToT 0,6—2,4 I'Tu.

B 3aknt0yeHmne OTMEeTUM, YTO NpUBeLEeHHbIe B CTaTbe
OaHHbIe He MpeTeHAVIoT Ha MOSIHOTY U He fatoT NpeacTaB-
JIeHNs 0 BCeM MHOTo06pasnm YacTHbLIX peLeHnin MoCcTpo-
eHus P3, KoTopble 3a4acTyio ABASKOTCS YHUKASIbHBIMUA.
YyutaTenen, 3aMHTEPECOBAHHbLIX B yraybeHHOM n3yye-
HUW fgaHHoro pasgena CBY-TexHUKK, agpecyeM K cre-
LManbHOM nuTepaType, 3HAKOMCTBO C KOTOpPOW peko-
MeHYEeM HauyaTb C MOHOrpadun [26].

TeM He MeHee, NepeyeHb paCCMOTPEHHbIX MPOU3BOAN-
Tenen OP gaeT BO3MOXHOCTb YCKOPUTL BbIBOP NOCTaB-
LMK 31eMeHTHOW 6a3bl. Mpun pa3paboTke KOHCTPYKLWI
GUNLTPOB peKoOMeHAYyeTCs OpUeHTUMPOBATLCSA Ha cre-
UMann3npoBaHHOro nocraswmka OP, naBHO NpeacTas-
JIEHHOTO B IaHHOM CEerMeHTe pbiHKA U nNpeanarakpLlero
NpoAYyKLWMIO C AOCTATOYHbLIM CNEKTPOM NapamMeTpos.

JIUTEPATYPA

14. CanT komMnaHum Temex Ceramics: www.temex-ceramics.com

15. Cawnt komnaHum RF MORECOM: rfmorecom.com

16. Cawnt komnaHuum UBE: www.uel.co.jp

17. Cawnt komnaHuu Morgan Electro Ceramics:
www.morgantechnicalceramics.com

18. CawnT komnanum Guangdong GOVA Advanced Material
Technology: www.gova-tech.com

19. Cawnt komnaHwuu Trans-Tech: www.trans-techinc.com

20. CawmT KomnaHum Integrated Microwave Corporation:
www.imcsd.com

21. CanT KoMnaHuum Tusonix: www.tusonix.com

22. CaunT komnaHum T-CERAM: t-ceram.com/index.htm

23. Cant komnaHum NGK: www.ngk.de

24. CanT koMmnaHuu Token: www.token.com.tw

25. Camt AO "HIMM "UcToK" nm. LLokmnHa": www.istokmw.ru

26. [AunanekTpuyeckune pe3oHaTopbl / Koni. aBTOpOB; NOA4 pes.
npod. M.E. MnbyeHko — M.: Pagno n cBa3b, 1989. 328 c.

Ne5 (00155) 2016

3NIEKTPOHUKA HAYKA | TEXHOJNIOTUA | BUSHEC 79



