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OCOBEHHOCTH MEKTHUITIOBOT' O B3AUMOJIENCTBUS
B JUCKOBBIX KBASUOIITUYECKHUX IUIJEKTPUYECKUX PE3OHATOPAX
P BHYTPEHHEM BO3BYKJIEHUU MAPA3ZUTHBIX TUIIOB KOJIEBAHU

JIMCKOBBIE [MIIEKTPHYECKHE PE30HATOPBI ¢ MOJAMH LISMYYIell rajeped 00JIagaroT BBICOKOW HOOPOTHOCTHIO, OJHAKO IMPEISTCT-
BUEM K IIMPOKOMY IIPUMEHEHHIO UX B KauecTBe sieMeHToB CBY sBisercs rycToil 4acTOTHBIN ClieKTp. B yacTHOCTH, MCKa)KEHUE aMILIUTYIHO-
YaCTOTHOM XapaKTEePUCTHKKA OOYCIIOBJICHO MEXKTHUIIOBBIM B3aMMOEHCTBHEM KojeOaHuid. V3ydeHne 0COOCHHOCTEH 3TOr0 B3anMOJACHCTBHS
MIOMOYKET MOHSTh OOCTOSATENCTBA UX BO3HUKHOBEHUS H, CJIEAOBATEIIbHO, HATH BO3MOXKHOCTD H30€KATh ITOrO SIBICHHS. DKCIEPUMEHTAIb-
HO HCCIICNOBaHBI OCOOCHHOCTH MEXTHIIOBOTO B3aHMOJCHCTBHUS B AUCKOBOM HMAJICKTPHYECKOM PE30HATOPE, BO30Y)KAaeMOM Ha BBICIIHX
a3UMYTAJIbHBIX THIIAX, B CJy4ae BHYTPEHHETO BO30YXKIICHUS MApa3uTHOTO THIA KOJIeOaHUS B OJJMHOYHOM JHCKe. V3yueHa qUHAMUKa BIUS-
HHSL M3MEHEHHs] HEOTHOPOJHOCTH B BUJIE DJIEMEHTA CBSI3M PE30HATOPA C JHAJICKTPHYSCKHM BOJHOBOAOM Ha (OpMY PE30HAHCHOW KPHBOM.
YcraHoB/IEHa BO3MOXKHOCTh KOMIIGHCALMM BIIMSHMSL 3TOH HEOJHOPOIHOCTH BHECEHHEM JIOMOJIHUTEIbHOW HEOAHOPOIHOCTH. OOHApYKEHO
HU3MEHEHHUE JBYropOOi pe30HAHCHOM KPHUBOW B 3aBHCHMOCTH OT HAIPaBJICHUS MEPEMEIICHHUS MO YIJIOBOW KOOPAMHATE JIOMOJHUTEIBHOM
HEOJHOPOJHOCTHU. J[0 HACTOSIIIEr0 BPEMEHU UCCIIENOBAHIE MEXMOIOBOIO B3AHMOJCHCTBHS MPOU3BOAMIOCH TONBKO [UISL CIy4asi BHELIHETO
BO30YXKICHHS [PU HCIOJIb30BAHUH JBYX IHAJICKTPHUCCKUX TUCKOB. I10TydeHHBIC PEe3yabTaThl MOTYT CIIY)KUTh HHCTPYMEHTOM CEJICKIIHU

CIIEKTpa KoJIeOaHHH B IMCKOBBIX JUAIEKTPHIECKHX pe3oHaropax. V. 3. bubmuorp.: 7 Ha3B.
Ki1roueBble ¢j10Ba: KBa3MONTUYECKUI IUAJIEKTPUUECKUI PE30HATOP, BHICIINE a3UMYTalIbHbIE KOJeOaHUs, BHYTPEHHEE BO30YXK-

JIeHHEe, MeXTHUIIOBOE B3aMMO/ICHCTBHE.

[ITnpoko NMpH3HAHHBIM JOCTOWHCTBOM IHC-
KOBBIX KBAa3MONTHUYECKHX AMDIEKTPHUCCKUX PE30Ha-
TOPOB, BO30YKIAaeMbIX B PEXHMME BBICHIMX a3UMY-
TaJIbHBIX KoOJeOaHWH, SIBISAETCS BHICOKOE 3HAYECHUE
cobcTBeHHOU NOOpoTHOCTH. OIHAKO HU3KUE pajaua-
IIMOHHBIE TIOTEPHU YHEPTUH COOCTBEHHBIX KOJIeOaHH
B TaKMX pE30HATOpax HEM30€XKHO COMPOBOMKAAIOTCS
T'YCTBIM YacTOTHBIM CIIEKTPOM. JTO CBSI3aHO KakK C
Hap4IueM THOpUIHBIX Mon EHn, u HEgn,, Tak u C
Bapuanueil MOJOBBIX MHIEKCOB KoyieOaHWH (a3uMy-
TaJbHOTO M, paauaibHOrO N WM akcuaisHoro l).
OO0bBI9HO B KadecTBe paboueil BEIOMPAIOT MOAY IIETI-
uymieil ranepen ¢ uugekcamu N = 1= 1. Ilpu stom ee
A3UMYTaIbHBIH MHAEKC OIpEeAeNieTcs KOJIMYECTBOM
JUIMH BOJIH, YKJIa/IBIBAIOIIUXCS 110 TIEPUMETPY TIOTIe-
PEYHOTO CeUeHMs LMIMHAPHYECKOTO PE30HATOPA, H
noadupaercs TakuM, YTOOBI OO0ECIeYUuTh MAaKCH-
MalbHyI0 JIOOpPOTHOCTH pe3oHaTopa. l3MeHeHue
TE€OMETPHUECKIX pa3MEpoB PE30HATOPa, HAIpUMeEp
ero paauyca, Ipd COXPaHEHHUH CTPYKTYpBI pacipe-
JICNICHHSI 1011 BO30Y)KJaeMOi MOZBI, KaK IpaBHIIO,
MPUBOANT K CHIDKEHHIO I0OpOTHOCTH. B ammmuryaHo-
YaCTOTHOW XapaKTEPUCTUKE PE30HATOPA HOSBIISIOTCS
JIOTIOTHUTENbHBIE PE30HAHCHl M3-32 BO30Y>KAEHUS
MO/ ¢ paguanbHeiMK N > 1 u akcuansHbivu | > 1 uH-
JIeKcaMH, a TaKkKe MOJI Apyrow mossipusanuu. Mcka-
JKEHUSI aMIUTUTYJHO-4YaCTOTHOM XapaKTEepUCTUKU B
MEepBYIO OYepeb MpOSIBISIOTCS B OKPECTHOCTIX
TOYEK COBIAJICHHUS COOCTBEHHBIX YAaCTOT Pa3IMYHBIX
MOJ. DTH HCKaXECHHUS] 00YCIOBJIEHBI MEXMOJOBBIM
B3aNMOJICHICTBHEM, T. €. TIepepaclpeieieHueM dHep-
TMA MEXIY COCEIHUMH MojaaMH. B pesynbrate
HaOJIOMAIOTCSl CABUTH YacTOT B3aMMOIEHCTBYIONINX
MO/, YTO MPOSIBJSIETCSI B HMCKAKEHUU PE30HAHCHOU
YaCTOTHOM XapaKTepUCTHUKH pe30HaTopa. DKBHBa-
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JICHTHOE TIOHSTHE «MEKTHUIIOBOE B3aMMOJEHCTBHE)
OBUIO BBEIEHO Il OOBSICHEHMS SIBIICHHSA, HaOII0-
JTAEMOTO B TOYKE COBIAJCHHUS IO YaCTOTE ABYX pas-
JIUYHBIX THIIOB KOJICOAHUHA B IIMJIHHIPUICCKUX Me-
TajutHueckux pesonaropax [1]. s wHaGmroneHus
3¢(GeKTOB B TOUKE COBIAJACHHS 10 HACTOSIICTO Bpe-
MEHH B 3KCIIEPHUMEHTAX HCIOJb30BaIaCh PE30HATOP-
Has CHCTEMa, COCTOSINAs M3 JBYX OJMHAKOBBIX JH-
ANEKTPUUECKHUX AUCKOB [2—6]. TIpu 3TOM KaxKablil U3
JIUCKOB UMEN COOCTBEHHYIO PE30HAHCHYIO YaCTOTY
(4acTo OOHY W Ty XKe), H TIPU HX CONMIKEHUH MOXKHO
OBLTO HAaOMIOATh COBIIAJCHUE PE30OHAHCOB U PsiJ] UH-
TEPECHBIX COMYTCTBYIOMUX sBleHHA. C TOUKH 3pe-
HUS PaIHOTEXHUKH, 3TH SBICHUSI MOXXHO WHTEpIIpE-
THPOBATh KaK B3aUMOJICHCTBUE BYX CBSI3aHHBIX pe-
30HAHCHBIX KOHTYPOB. JKCIEPUMEHTAJIHHO MEX-
THUIIOBOC B3aMMOJICHCTBHE OOHAPYKEHO U M3YYCHO B
OTKPBITBIX PE30HATOPAX C METALIMYCCKHMH 3epKa-
namu [7]. TlokasaHo, 9T0 B KOH(OKaIBHBIX JBYX-
3epPKAJbHBIX OTKPBITBIX PE30HATOPAX CYIICCTBYET
HECKOJIBKO THITOB KOJICOaHUH, KOTOPHIC TIPH W3MEHE-
HUH PACCTOSTHUS MEXAY 3epKajJaMH MOTYT BCTYIHUTH
BO B3aHUMOJIEHCTBHE.

OTmeTuM, 9TO TIpH CONVMIKEHUH JIBYX HICH-
TUYHBIX PE30HATOPOB HAYMHACT MPOSBIIATHCS B3aUMO-
IefcTBAE TONEH WX COOCTBEHHBIX KOJICOaHWMA.
Takoe MeXMOJI0BOE B3aMMOJEHCTBHUE, B COOTBETCT-
BHU C HccineqoBaHusAMH [ 1], 00yCIOBIEHO BHEITHUM
BO30YKICHHEM PE30HATOPHOM CHCTEMBI, TAK KaK MpU
3TOM KaK[Iblil U3 TUCKOBBIX PE30HATOPOB BO30YKIa-
ercst ceoerr DJIC U; u Uy, a BHyTpeHHSS CBS3b Zj,
MEXy KOJICOAHUSMHI MOXKET OTCYTCTBOBATh.

Kpowme Toro, cOmmkeHne AByX pe30HaTOpOB
MPHUBOJIUT K 00pa30BaHHUIO HOBOW PE30HAHCHOW CHC-
TEMBI CO CBOMM HaOOpPOM COOCTBEHHBIX MOJI. JTa CHC-
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TeMa sBIsIeTC MOAM(UKALIUECH OHOTO pEe30HATOpa,
Yy KOTOPOr0 MEHSETCS, KaK MPaBHIO, OIUH W3 TEO-
METPUYECKUX IMapaMeTpoB. B Hamem ciydae m3me-
HSIOTCS TOJIIIMHA JVCKA U er0 (P (GEeKTUBHAS TUIJICKT-
puueckas npoHUIaeMocTh. ClieoBaTeIbHO, B CICKT-
pe PpE30HAHCHON CHCTEMBI MOSBISETCS IOIOJIHU-
TENBHBIA HAa0Op YacTOT, COOTBETCTBYIOIINX HOBBIM
cobcTBeHHBIM MoaaM ¢ | >1 u n>1 (mapa3uTHbIM
MozaM). YacToTel 3TUX MOJ MOTYT OBITh ONM3KUMH
WM Jake COBMAJaTh C YaCTOTaMU COOCTBEHHBIX KO-
neOaHuil MCXOJHOTO OJMHOYHOTO JUCKA, KOTOPHIC
HUMCIOT MECTO M B OOpa30BaHHOW PE30HAHCHOW CHC-
TeMe. B pesynbraTe MpOSBISETCS MEXKMOIOBOC
B3aUMOJICHICTBHE, KOTOPOE OOYCIIOBICHO BHYTpCH-
HUM BO30YXXICHHEM B CHUCTEME JOIOJHHUTEIBHBIX
cobctBeHHBIX MOJ, kKorma U, =0, a Z;, #0. Otme-
THM, YTO OITMCAHHBIA 3PPEKT MEKMOIOBOTO B3aNMO-
JEHCTBUS B OOIIEM CiIydae MpPOSBILICTCS MPH 3aMeT-
HoM ommnunu (opmarta mucka @ or ®=R/h=5
(R — pamguyc amanmexTpuyeckoro maucka, h — ero Toi-
[IMHA), T.€. MPH YBEIWYCHHOM pamnuyce I TpU
YBEJIIMYCHHOW TOJNIIUHE I¥cKa, Korma 3¢dQeKkTuBHO
MOTYT BO30Y>KIAaThCS BBICIIAE MOIBI KOJcOaHMHA C
n>1wml>1.

B HacTosmeM wWccieOBaHUM IIPHUBEICHEI
pe3yabTaThl H3YyYCHHsT OCOOCHHOCTEH MEXMOIOBOTO
B3aUMOJICHCTBHS TPU BHYTPEHHEM BO30YKICHUH
JIUCKOBOTO JMAJICKTPUYCCKOTO PE30HATOPA Ha BBIC-
IIMX a3UMYTaJbHBIX MOJaX. ABTOpaM HE HM3BECTHBI
Cllydad pacCMOTPEHHS TAaKOro THIA BO30YXKACHUS
JTIUCKOBBIX JIMAJICKTPHUCCKUX PE30HATOPOB B 00JIACTH
MEXMOJIOBOTO B3aUMOJICHCTBHSL.

1. Onucanue 3KcNePUMEHTAJILHON ycTa-
HOBKH. [[J1s1 SKCIEPUMEHTAIBHOTO H3YYCHHSI MEX-
MOJIOBOTO B3aMMOJICHCTBHS OBLT BBHIOpaH TOJICTBIN
Juck u3 ¢proporuacta h = 15 mm ipu R = 39 mm, T. €.
@ =2,6. Pe3oHaTop BO30YKIAICS TUIICKTPUICCKUM
BOJTHOBOJIOM W3 (DTOpOITIacTa C MOMEPEYHBIM cede-
Huem 7,2 x 3,4 MM, pacroyiaraeMbIM y I[HJIHHIPUAYC-
CKOM 49acTH JUCKa NIMPOKOH CTOPOHOM HapaiiesbHO
ocu pe3oHatopa. I[lpu 3TOM B pe3oHATOpE MPEUMY-
IIECTBEHHO BO30Yyxnanack moaa EHsgi; ¢ OpHeHTa-
LUEH BEKTOpa JJIEKTPUYECKOW COCTaBIAIOLICH Ma-
pajuIesIbHO TUIOCKOCTH OCHOBaHUs AMCKa. J{MCK Kpe-
MUJICS HA META/UTMYECKOW OCH JuaMeTpoM 6 MM,
MPOXOIAIICH Yepe3 LEHTP Iucka. BpaieHrne BOKpyr
ocr Ha 360° U rmepeMenieHne TUCKa B BYX HAIpaB-
JICHUAX OO0ECICYHBAIO CIIEHHAIBLHOE YCTPOWCTRO.
[lepemerienue B paguadbHOM HAlpaBICHUH IT03BO-
JSUTO M3MEHATh TMPHIIETIBHOS PACCTOSIHHE O MEXKIY
BOJTHOBOJIOM H IWIMHAPHUYECKOW MOBEPXHOCTHIO
JIUCKA; TIepeMEIICHUE JHMCKa BIOJIb OCH H3MCHSIIO
OTHOCHTEIILHOE  PACIIOJIIOKEHUE  BO30YKIAIOIIETO
BOJIHOBOJIa 1 OCHOBaHUH JTHCKa.

'eHepaTopoM 3IIEKTPOMArHUTHBIX KoJieOa-
HUA B JTMHHOBOJHOBOW MWJIIMMETPOBOW 00JacTh
cayxwmn kmactpoH tuna K-49. Curnan kxnmctpoHa
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MOJyJIMPOBAJICS ~HANPSDKEHHEM HAa  OTpakaTerie.
Pe3oHaTop BKIIIOYAJICS B CXEMy Ha OTpaXKEHHUE, Be-
JUYMHA OTPAXEHHOTO CUrHajma (QUKCHUpOBanach Ha
ocisutorpade. [Ipu oTCyTCTBUM CBsI3M TeHeparopa ¢
pe30HaTOpOM HaOII0AaNACh CTAHIAPTHASI KOJIOKOJIO-
oOpa3Hasg 001acTh TeHepaly KIUCTPOHA ITUPUHOU
50...60 MI'w.

2. BaiusiHue HeoJHOPOIHOCTH y3ja CBSI3H
pe3oHaTopa ¢ BOJHOBOAOM. IIpu pacCTOSHHAX
6> 3,1 MM MeXay BOJHOBOAOM U IHIUHIPUYECKOMN
MOBEPXHOCTHIO JIMCKA CBS3b PE30HATOPA ¢ CHTHAJTIOM
B BOJIHOBOJIE OTCyTCTBOBana. Ha skpane ocuuiio-
rpada HaOMIOAaIach 30Ha TEHEPAIMK KIUCTPOHA 0e3
Kakux-J1u6o ocobenHocteid. OTpaykeHHOTO CHrHaja
He Obuto (puc. 1,a). 3mech W Janmee Ha PHCYHKaX
MPUBEJICHBl OCIHJUIOTPAMMBI B O0JIACTH  4YacTOT

I
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a

Puc. 1. 3aBucumocTs GOpPMBI PE30HAHCHOH KPHBOW OT MPHIEIb-
HOro paccrosiHust O: a) 0> 3,1 mm; 6) 5=3,1 mm; B) 5= 2,1 mm;
r) 6=1Mm; 1) 5=0,6 MM; ) =0 Mm

f=38,397...38,595 I'T'..

il

a)

m)
)

B
A

IIpu pacroyioKeHUH BOJIHOBOJA HA PACCTOsI-
HuK 6= 3,1 MM B 30HE TeHepaluy KIUCTPOHA MOSIBUII-
Cs  XapaKTEePHbI OTOOP MOIIMHOCTH HAa YacTOTE
f=38,522 ITu, cBs3aHHBIA C PE30OHAHCOM JHIJIEKT-
pudeckoro pe3onaropa (puc. 1, 6). YBenudeHue cBsi-
31 MEX]IY BOJIHOBOJOM H DPE30HATOPOM 3a CYeT
YMEHBIICHHS TIPULIEITBHOTO paccTosiuust 1o o= 2,1 MM
00yCJIOBUJIO BO3pacTaHWE CUTHaIa 0e3 HM3MECHECHHS
€ro TMOJOXCHUs IO YacTOoTHOH ocu (puc. 1, B).
JIoOpOoTHOCTH pe3oHaTOpa TMpPH 3TOM COCTaBHIIA
Q = 1328. JlanbHeiiliee yMEHBIICHHE HPHUIEIHLHOTO
paccTosiHusi 1O 6= 1 MM NPUBOIUT K MOSBJICHHIO
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BTOpOro, 0Oojiee BBICOKOYACTOTHOTO PE30HaHca IpU
f=38,535TTu (puc.1,r), 4T0 0OOYCIOBIEHO BO3-
pociiell BeIMYNHON HEOAHOPOTHOCTH, CBS3aHHON C
Y3JIOM CBSI3U AMAJIEKTPUUECKOTO BOJHOBOJA C JIHC-
KOM. OTa HEOTHOPOIHOCTH SBHJIACh IPHYUHON
«pacIIeTUIeHIs» OCHOBHOTO PE30HAHCHOTO Koieba-
HUS, Bo30yxaaemoro mpu J = 3,1 MM, yactora KOTO-
poro MpaKTH4eCcKH He M3MeHmIach. [losBneHne BTO-
POro pe3oHaHCa IO CBOEMY XapaKTepy COOTBETCTBYET
CiIydalo BHYTpeHHero BO3OyxkaeHus. JlampHelmiee
YMEHBIIICHHUE TPUIICTBHOTO paccTosHus 10 6= 0,6 MM
MPHUBOJIUT K 3aMETHOMY CHIDKEHHIO JOOPOTHOCTH H
9acTOTHI OCHOBHOTO pe3onanca f= 38,482 I'T u He-
KOTOPOMY CHIDKEHHIO YacTOTHI PE30HAHCA, BO3HHK-
IIET0 B pe3yJbTaTe BHYTPEHHETO BO30YXKICHUS, 1O
gactotsl f=38,531 T (puc. 1, 1). Dta pesoHaHc-
Hasl KpHBasi, YKa3bIBArOIasl HA BhIPABHUBAHHE TITyOH-
HBI PE30HaHCOB, B (opmynupoBke [1] cooTBeTCTBYET
Touke coBnajaeHus 4actoT. [Ipu o= 0 MM (puc. 1, e)
panuaIMOHHbIC TOTEPH B y3Jie CBS3M MPUBOMAT K
CHUIIbHOMY PacCESHHIO BBICOKOYACTOTHON SHEPIHH,
CJIe/IOBATENIbHO, K MaJICHUIO YPOBHS OTPaKEHHOTO
CUTHAJIa ¥ Pa3MBITHIO PE30HAHCHON KPUBOM.
HeomHOopomHOCTh, BHECEHHAs JIEMCHTOM
CBS3M W TPHUBEAIIAS K «PacCHICIUICHHUIO» OCHOBHOTO
pe30HaHCa, MOXKET OBITH CKOMIICHCHPOBAaHA IPYTOu
HEOJHOPOJHOCTHIO OTPEACICHHONW BEIMYUHEI B OII-
peneneHHON (ha3ze asuMyTanbHOrO KoyeOaHus. Ha
puC. 2 IpUBeeHa AMI0pa CUTHaNA ¢ SKpaHa OCLHILIO-
rpada, momyueHHass npu S=1,2 MM B MPUCYTCTBUH
Pacroyio)KEHHON HEIOCPEACTBEHHO Ha IOBEPXHOCTH
JICKa TapaJuleNIbHO ero oOpasyrouield HeoJaHOPO.I-
HOCTH B BHJIC MEHOI MIPOBOJIOKH JUAMETPOM 1 MM.

Puc. 2. KomneHcanust HEOTHOPOIHOCTH, BHECEHHOH JJIEMEHTOM
CBSI3H BBEJCHHEM HEOTHOPOIHOCTH ONPENENICHHOW BEHMYHMHEI B
omperneneHHol (¢a3e asuMmyrTambHOro Koiebanus (0=1,2 MM,
f=38,518 T, Q =780, ¢~ 335°)

VYron mexnay ys3noMm cBsa3u (¢ =0) u HEOA-
HOPOJIHOCTBIO cocTaBisii ¢~ 335°. CpaBHUB JMIOPHI
CHTHAJIOB Ha puc.2 u 1,B, MOXHO OTMETUTHb HX
cxoactBo. OnHako  J0OPOTHOCTH — pe30oHATOpa
(Q=786) u pesonancuas yacrora (f=38,531I'Tu)
HECKOJIBKO CHU3MJIHCh.
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3. PeBepc B u3aMeHennn yactorsl. Cinenyer
OTMETHTh, YTO JUISI TUCKOBBIX JUIJIEKTPUUECKUX pe-
30HATOPOB, BO30YXIaEMBIX Ha BBICIINX a3MMYTallb-
HBIX THIIAX KOJIEOAHWH, BHECEHHE METALIMYECKOU
HEOJHOPOJHOCTH B 3JIEKTPOMATHUTHOE MOJE, OKPY-
JKawolllee HMX MO0 MWIMHAPUYECKOW IOBEPXHOCTH,
CIIY>KUT MHIIUKAaTOPOM onpenenenus EH- nm HE-moxn
KoneOaHnii. BeITecHeHME MeTaUIMYECKOH HEOIHO-
POZHOCTBIO DJIESKTPOMArHUTHOTO MOJNA C mpeodia-
JIaroIel 31eKTPUUECKOW KOMIIOHEHTON NMPHBOIUT K
MOHMKEHUIO PE30HaHCHOW 4YacToTel. IlosTomMy mpu
BO30YXK/IEHUN JMAJICKTPUUECKOTO pe3oHaTropa Ha
Mone EH-Tuma BBeleHHME TakoW HEOJHOPOAHOCTHU
BJAIIM OT TOYKH COBIIAJEHHSA BCETra COINPOBOXKIAET-
Cs CMEIICHHWEM YEIWHCHHOTO pe30HaHca K Ooiee
HU3KHM 4acToTaM. B ciyuae Bo3OyXaeHHs opTOTrO-
HaJlbHBIX MOJA HE-TUIIOB pE30HAHCHAs 4acToTa IpHU
TaKOM BO3MYIIEHHU BO3pPACTAET.

CrnenuanbHO BBEJCHHAs METaIIM4YECKas He-
OJIHOPOJHOCTh B BHJE IPOBOJIOKH NPH OTCYTCTBHUH
paclierieHus: Pe30HaHCHOW KpuBO#H (0> 2,1 Mm),
CBSI3aHHOT'O C BJIMSHHEM HEOJHOPOAHOCTHU y3Ja CBs-
3, MPUBOJUT K CHU)KEHHIO JOOPOTHOCTH PE30HATOPA
U CMEILEHHUIO Pe30HaHCHOW kpuBoH. CrnemyeT oTMme-
TUTh, YTO TIEPEMEIICHHEe HEOTHOPOAHOCTH K TOUYKE
JJIeMEHTa CBSA3M (M0 ABIKCHHMIO YacOBOM CTpENIKM)
HNPHUBOJAUT K MOBBIIICHHIO PE30HAHCHON YaCTOTHI, U,
HAo0OpOT, MPH YAAIEHHUH BO3MYLICHUS OT TOYKH
BO30yXKIeHHS pe30HaTopa (TIepeMEelIeHHEe IPOTHB
JacOBOH CTPENIKH) Pe30HAHCHAs YaCTOTA CHIKACTCS.

[Tpn Bo30Oyx)neHUN pe3oHaTOpa BOIU3H TOU-
KH COBMAJEHHUA 4YacTOT MEXMOJOBOE B3aHMMOACUCT-
BHE KoJeOaHWH MPUBOJUT HE TOJBKO K ITOSBICHHUIO
JIBYrop0oii KpUBOI pe3oHaHca, HO U BHOCHT CYIIECT-
BEHHBIE OCOOCHHOCTH B XapaKTep M3MEHEHUs pe3o-
HAaHCHOW KPUBOM NPU NIEPEMELICHUH BO3MYILAIOIIETO
Tela 1o yrioBoi koopauHate. Ha puc. 3 st npume-
pa IpHUBEIEHBI SMIOPH CHUTHAJIA, TTOKA3bIBAOIIIE Xa-
pakTep M3MEHEHMs PE30HAHCHOM KPUBOW IpH mepe-
MEIIEHUH BO3MYIIAIOUIETO TeJla OTHOCUTENBHO TOY-
KH pPAacloJIOKEHHs 3alHUTBIBAIOLIETO AMAIIEKTpHYE-
ckoro BosHOBoma (0=0,6 Mmm). B Havane ombita
BO3MYIIAIONIEE METAIIHMYECKOE TENO PacHoiaraaoch
B TOUYKE, IUAMETPAIBHO IMPOTHUBONOJOXKHON TOYKE
CBSI3U JUDJIEKTPUYECKOTO BOIHOBOJA C PE30HATOPOM
(p=180°, puc. 3, a). IIpu uzmenenun yrina ¢ (nepe-
MeIlleHHE BO3MYIIAOIIEH HEOAHOPOJHOCTH NPOU3BO-
JIUTCS TI0 YacOBOW CTpEJIKe) BIIopa CHUTHaja Kadect-
BEHHO MeHsieTcs. boiee BBICOKOYAaCTOTHBIN (OCHOB-
HOW) PE30HAHC TMPAKTHYECKH HE WM3MEHSET CBOETO
MOJIOXKEHNS OTHOCUTEIHHO YaCTOTHOHM ocH, OTMeda-
IOTCSl JINIIb HEeOOJIbIINe W3MEHEHHS ero TIIyOWHBI.
Bropoii pe3oHaHc, MOSIBUBLINIICA 32 CUET MEXKTHUIIO-
BOTO B3aUMOJEUCTBUS HA HEOJHOPOJHOCTSX, AKTHB-
HO U3MEHSETCS! HE TOJIBKO 10 TITyOUHE Pe30HaHCHOTO
0TOOpa MOIIHOCTH, HO M IO €r0 IOJIO0XXEHHIO OTHO-
CUTENbHO 4acTOTHOM ocu. IlpeacraBneHHble Ha
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puc. 3 3IIOpBl PE30HAHCHBIX KPUBBIX MOJIYUEHBI MPU
CMEIIEHNH BO3MYIIAIOMIETO Tesa Ha 5°,

a)

B) r)
m

) €)

Puc. 3. 3aBucuMocTs GOpMBI pe30HAHCHOW KPHBOIT OT MecTa pac-

MOJIOKEHUS  JIONOJIHUTENBHOM — HeojHopogHocTH:  a) ¢ = 180°;
0) ¢ =185° B) ¢ =190° r) @ =195°; 1) ¢ =200°; ¢) ¢ = 205°

Ilpn M3MeHEeHNMW HamNpaBIICHHS HepeMelne-
HUS BO3MYINAIOIIEHl HEOJHOPOAHOCTH IO YIIOBOH
KOOpJMHATE, T. €. IPH TEPEMENICHNH €€ NPOTHB Ya-
COBOM CTpEIKU, NPOUCXOAUT IIPEUMYILECTBEHHOE
CMeIleHHe HabJr01aeMoro JIOTIOTHUTEIBHOTO
pe30HaHCa 10 HANpaBJIEHHI0 K OCHOBHOMY pe30-
HaHCy (B cTOpoHy Oouiee BbIcOKMX uactoT). Toraa
MIPUBEJICHHBIE DIIOPHl PE30HAHCOB JOJDKHBI OBITH
pacroioXeHbl B 00paTHOM TOpSAKE — B CTOPOHY
HHU3KHX 4YacToT. Takoe n3MeHEeHHEe HaIpaBJIeHHs Iie-
pEeMeIeHNsT JOTOJIHUTEIIFHOTO PE30HaHCAa MOXKHO
OOBSCHUTH XapaKTEpOM IPOCTPAHCTBEHHOTO pac-
IpesieNieHus 10 YIJIOBOW KOOpAWMHATe Mosiel Tno-
pUIHOTO KoJieOaHMs, IPEICTABISIIONIET0 COO0H KOM-
OMHAIMIO OCHOBHOTO M MapasuTHOro. Makcumym
AMIUIATY/JIbl TI0JIA JOOIOJIHUTEJIBHOTO PpE30HAaHCa B
3TOM Ciydae MpeIojaraeTcs pacrooKEeHHBIM IIPH
MCHBIINX 3HAYCHUAX yFHOBOfI KOOpAUHATBI, 4YE€EM
MaKCHUMYM II0JI1 OCHOBHOTO PE30HAHCA.

BbIBOBI. DKCIIEpUMEHTAITLHBIM ITyTEM yCTa-
HOBJIEHO, YTO B JUCKOBBIX AMINEKTPHUUECKUX pe-
30HAaTOpax IIPpH HEBBICOKMX 3HAYCHMAX QopmaTa
® ~ 2,5 U CWIBHOH CBSI3M C DJIEMEHTaMHU BO30YKe-
HHSI MOXKET BO3HUKATh «YHCTO BHYTPEHHEE» BO30YXK-
JICHWE TapasuTHBIX MOA KojebaHuWi, Hapyluaromee
aAMIUTUTYAHO-YaCTOTHYIO XapaKTepUCTUKY H3ydae-
MBIX pe3oHaTopoB. IlepemelnieHrne NOMONHUTENBHON
HEOJHOPOJHOCTH, BHOCHMOII B 3JEKTPOMAarHWTHOE
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oJie, OKpY’Kalolllee pe30HaTOp, MPUBOJUT K CMeEIlle-
HUIO PE30HAHCHOIN KPUBOU K 0OJice HU3KUM HJIH BBI-
COKHM YacTOTaM, B 3aBHCHMOCTH OT HAIPaBICHUS
YTIOBOTO TepeMeleHns HeoaHopoxHocTH. Haluro-
naemMast 0COOEHHOCTH MOJKET OBITh MCITOIL30BaHA ISk
JIOTIOJTHUTEIBHONW YTJIOBOH CEJIEKLUHU CIEKTpa KoJje-
0aHMit B OMCKOBBIX IMIJICKTPUUECKUX PE30HATOPAX,
a TaKk)Ke IMO3BOJHAT OECKOHTAKTHO M JHCTAHIIMOHHO
ONpEJIENIATh HAMpPaBJICHUE BPAILCHUS AJIEMEHTA U €ro
CKOPOCTb.
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Pyxonuco nocmynuna 20.10.2015.
A. Ya. Kirichenko, G. V. Golubnichaya

PARTICULARITIES OF INTER-TYPE INTERACTION
IN DISK QUASIOPTICAL DIELECTRIC RESONATOR
IN THE CASE OF INTERNAL EXCITATION
OF PARASITIC OSCILLATIONS

Disc dielectric resonators with whispering gallery
modes are usually characterized by high Q-factor, nevertheless,
dense spectrum of these oscillation is the factor which impedes
their use as microwave elements. In particular, inter-type
interaction of oscillations results in the distortions of amplitude-
frequency characteristics. The investigation of particularities of
this interaction allows one to understand conditions when they
appear and find the possibilities to avoid them. The particularities
of inter-type interaction in disk quasioptical resonator, excited at
high azimuthal modes, in the case of internal excitation of parasitic
oscillations in single disk are investigated experimentally. The
influence of parameters of coupling element between the resonator
and dielectric waveguide on the resonance characteristics is
studied. It is shown, that this influence can be compensated by
introducing the additional irregularity. Also it is demonstrated, that
parameters of two-hump resonant characteristic strongly depend
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upon azimuthal position of this irregularity. Till the present time
the intermode interaction was investigated only in the case of
external excitation, using two disk dielectric resonators. The
obtained results can be used as a method for selection of disc
dielectric resonator oscillation spectrum.

Key words: quasioptical dielectric resonator, higher-order
azimuthal oscillations, internal excitation, inter-types interaction.

O. 4. Kupmuenko, I'. B. ['onyOHI4a

OCOBJIMBOCTI MDKTHITOBOI B3AECMOJIIT
B JIUCKOBMX KBA3IONTUYHUX
JUEJIEKTPUYHUX PE3OHATOPAX
T1PY 3BV DKEHHI TTAPA3SUTHUX TUITIB
KOJIUBAHb

JIMCKOBI AieNeKTPUYHI PE30HATOPH 3 MOJAMH ILEMNOYY-
4oi rayepei, MaloTh BHCOKY JOOPOTHICTh, IPOTE MEPEIIKOI0I0 J0
LIMPOKOTO 3aCTOCYBaHHS iX B sikocTi enemeHTiB HBY € rycruii ya-
CTOTHHUI CIEKTp. 30Kpema, CIOTBOPEHHS aMIUIITYZHO-4aCTOTHOI
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XapaKTEPHCTHKN OOYMOBIICHO MEXKTHIIOBOIO B3a€EMOJIIEI0 KOIH-
BaHb. BHBUEHHs 0COOIMBOCTEH Li€i B3aEMOZIl AOMOMOXKE 3p03y-
MiTH 0OCTaBHHY iX BUHHKHEHHS i, OTXKE, 3HAHTH MOXIUBICTh YHHK-
HYTH LbOTO siBHILA. EKCIIEpUMEHTAIBbHO TOCIIPKEHO 0COOIMBOCTI
MIDKTHIIOBOI B3a€MOJIT B THCKOBOMY JIi€JIEKTPHYHOMY PE30HATODI,
SIKUH 30yIKYEThCSI Ha BHILMX a3UMYTAJIBHHUX THIAX, Y pa3i BHYT-
PIlIHBOrO 30Y/UKEHHS Napa3sHTHOTO THUILY KOJIMBAHb B OJMHOYHO-
My IMCKy. BHBYEHO AMHAMIKy BIUIMBY 3MiHH HEOJHOPIAHOCTI y
BUIJISAAI €JIEMEHTA 3B’SI3KYy PE30HATOpa 3 AICICKTPUYHHM XBHIIE-
BOJIOM Ha (opMy pe30HAHCHOI KPHBOi. BCTaHOBIEHO MOMIIMBICTH
KOMIIEHcaLil BIUIMBY Li€i HEOHOPIIHOCTI BHECEHHSM J0aTKOBOT
HEOJHOPIAHOCTI. BusiBeHO 3MiHy 1BOrOop60i pe3oHaHCHOI KPHBOL
B 3QJI©KHOCTI BiJ] HANPSIMKY TEPEMIIeHHs [0 KyTOBii KOOpIuHATI
JI0IATKOBOI HEOAHOPiAHOCTI. J[0 TeHmepilHbOro 4acy JOCIiHKEeH-
HsI MDDKMOJIOBOT B3a€MOZIT IIPOBOAMIINCS TIIBKH TS BUMAIKY 30B-
HIMHBOrO0 30y/DKCHHS IPH BHKOPHUCTAHHI JBOX MiCIEKTPUYHHX
muckiB. OTpuMaHi pe3ysibTaTH MOXYTh CIYKHUTH IHCTPYMEHTOM
CeNeKI(il CIeKTpa KOJIWBAaHb B JMCKOBUX AICICKTPHYHHUX PE30HA-
TOpax.

KiiouoBi ciioBa: KBa3iONTHYHUH IiEeNCKTPHYHUIA pe-
30HATOp, BUI a3UMyTalbHI KONUBAHHS, BHYTPIIIHE 30y KEHHS,
MIJKTUIIOBA B3a€MOIis.



