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Hccnenyrores cBOHCTBA MPOXOAHOTO KYCOYHO-OAHOPOIHOTO aKCHATbHO-CUMMETPUYHOTO TE ), -pe-
30HATOPA C YACTOM PELIETKON U3 MPOBOAAIIUX Kouiell. M3 CTpOrux v SKBUBAJIEHTHBIX TPAHUYHBIX YCJIIO-
BUH MOJIy4eHBl AUCTIEPCUOHHOE YpaBHEHUE, YPaBHEHHE IS ONpeieieHus] 0000IEHHO MaTpHUIB Tie-
peaaiu u CO6CTBCHHI)IC KOMIIIEKCHBIE YacToThl. Ha ocHOBe OHEPICTUYCCKUX COOTHONIECHUH C UCTIONb-
30BaHUEM TEOPUHU BO3MYILIEHUH clieJlaHa OLEHKA JIUCCUNIATUBHBIX U PaJIMALIMOHHBIX TIOTEPD.

[Toxa3zano, 4To mpu OTCYTCTBHU APQPEKTa KOHIEHTPALMH OIS B LEHTPATBHOM CTEPXKHE MaJoro
pauyca BBEJICHUE KOJIbIIEBOW PELIETKH B epU(epHiiHy0 00JaCTh YBEINYNBACT JOOPOTHOCTH PE30HA-
TOpa. YCTaHOBJICHO COOTHOLICHUE MEXKIY PE30HAHCHOW 4aCTOTOMU, TOOPOTHOCTBIO Pe30HATOPa U KOM-
IUVICKCHOW JTUDJICKTPUYECKON MPOHHMIAEMOCTBIO LIEHTPAIBHOTO CTEPXKHS. YUeT CBSA3U pPE30HATOpa C
OOABOAAIIMMHU BOJIHOBOJAAMHM U €TI0 ITOBBIIIICHHAA I[O6pOTHOCTI) YMEHBIIAKOT TEXHOJOTUYCCKUC U METO-
JTMYECKHE MOTPENIHOCTH M3MEPEHUS JUDICKTPUUECKON MPOHUIIAEMOCTH 10 CPABHEHHIO C MOJENBIO
M30JIMPOBAaHHOTO Pe30HATOpa 0e3 KOJIbIIEBOM PEIIeTKH.

IIpencraBnsiercs NEpCHEKTUBHBIM IPUMEHATH JaHHYIO CTPYKTYPY JUISl IU3JIEKTPUUECKOU CIIEKT-
POCKOIUH BEUIECTB ¢ OONBIIMMHU MOTEPSIMHU (BOAHBIX PACTBOPOB OMOMOJIEKYJ), & TAK)KE B KaueCTBE
MOJIOBOTO M YaCTOTHOTO CEJIEKTOPOB, 6A30BOTO 2IIEMEHTA MHOTO3BEHHBIX (DHIBTPOB, THCKPUMHHATO-
POB, (a30CBUTAIOIIUX CUCTEM U T. II.

BHBYaI0TCs! BIACTHBOCTI POXIIHOTO IMATKOBO-OIHOPIIHOIO aKCIATIbHO-CUMETPUIHOIO TE ) -pe30HaTO-
pa 3 TYCTOIO TPaTKoOIO 13 MPOBITHUX Kiiellb. [3 CTPOrHX Ta eKBiBaJICHTHUX IPAHMYHUX YMOB OTPUMAHO JIUCTIEP-
ciliHe piBHSIHHSI, y3arajJbHEeHy TPaHCIISLIHY MaTpHUITIO Ta BIACHI KOMILIEKCHI yacToTu. Ha ocHOBI eHepreTny-
HUX CITIBBIJJHOIIICHD 3 BUKOPUCTAHHIM TEOpii 30ypeHb 3p00JIeHO OIIHKY JUCHUIIATHBHUX Ta PaJlialliiHAX BTPAT.

[Tokazano, 110 32 YMOBH BiJICYTHOCTI e()eKTy KOHIICHTpAIIil MOJIsl y [IEHTPAJIbHOMY CTEPIKHI MaJioro
paniyca BBeJIeHHs KUTbIIEBOI IpaTKu y nepudepiiiny o0nacTb 301bIye JOOPOTHICTH pe3oHaTopa. Beta-
HOBJICHO CITiBBIIHOIICHHSI M) PE30HAHCHOI YaCTOTO, JOOPOTHICTIO pPE30HATOPa Ta KOMILIEKCHOO
JUEICKTPUYHOIO MPOHUKHICTIO IIEHTPAJIBLHOIO CTEPKHS. BpaxyBaHHs 3B’ 3Ky Pe30HATOPA 3 XBHJIECBOIA-
MU Ta M1JIBUIEHHS HOTO JOOPOTHOCTI 3MEHIIY€ TEXHOJIOT1UHI Ta METOJI0JIOTIUHI ITOXUOKU BUMIPIOBaHS
JeNeKTPUYHOT TPOHUKHOCTI IOPIBHSIHO 3 MOJAEIUIIO 130JIbOBAHOTO pe30HaTOpa 0e3 KibIeBOT IPaTKH.

BuaaeTbcs mepcneKTHBHUM BUKOPHCTATH IaHy CTPYKTYPY AJIS TieIEKTPHYHOT CIIEKTPOCKOTIT peYOBHH
3 BEJIMKUMH BTpaTaMu (BOAHUX PO3YMHIB G10MOJIEKYI), & TAKOXK SIK MOJIOBOTO Ta YAaCTOTHOTO CEJIEKTOPIB,
0a30BOTO eJleMeHTa 0araroNaHKOBHUX (PUIBTPIB, TUCKPUMIHATOPIB, ()a303CYBHUX CUCTEM Ta T. iH.

1. BBegenmune
HUCM HII/IpOKO HpI/IMCHﬂCTCﬂ JJIA I[I/IC‘)J'IGKTpI/I‘-ICC-

Hunuuapuueckuii TEOlp-pe30HaTop C aKCHaJIb- KOU CTIEKTPOCKOITUH BEIECTB ¢ OOJIBIITUMHU TIOTE-
HO-CUMMETPHUYHBIM JAUDJICKTPUUECKUM 3aII0JIHE- pAMH (HampuMep, A MCCIEN0BAHUS BOIHBIX
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pactBopoB Omomonekyn) B CBU amanasone.
B paccmotpenHoii panee mozenu [1] pe3onarop
UMeeT HU3KYIO TOOPOTHOCTh U HE YUUTHIBACTCA
€ro CBs3b C BHEIIHUMH HemsiMu. [loaTomy abco-
JIIOTHBIE U OTHOCHUTEJNIbHBIE 3HAYEHUsI KOMIIEKC-
HOM JIU3JIEKTPUYECKON MTPOHULIAEMOCTH OIpeie-
JISIFOTCA 110 U3MEPsIeMBbIM apamMeTpam ¢ 0OJbIIH-
MU METOJWYECKMMH U TEXHOJOTUYECKHMHU IO-
TPEIIHOCTAMHU.

B pabore pa3BuBaercsi TeOpHs HArPY>KEHHOTO
TE,,,-pe30HaTOpa MOBBILIEHHON 0OPOTHOCTH.
Mogens mpeaycMaTpuBaeT cBA3b pe3oHaropa ¢
HU3MEPUTEIBHON CXEMOU Uepe3 BOIHOBOBI B TOP-
L[EBBIX CTEHKaX. YMEHbIIIEHHE OMUUYECKUX MTOTEPh
IIOCTUTaeTcs “oTkaTueM”’ OISl OT OOKOBBIX CTe-
HOK pe30Haropa ¢ MOMOIIbI0 YaCTUYHO Ipo3pay-
HBIX 9KpaHoB [2, 3]. B Hamem ciydae uCronb3y-
eTCs yacTas eprojudeckas pemerka 13 TOHKUX
METaJUTMYECKUX KoJiell (KOJIBIIEBON BOTHOBO).

Nmest meTponornyeckoe Ha3HaYeHUE, paccMmar-
puBaemasi CTpPyKTypa MOJETUPYET TaKKe MOIO-
BBIi U YACTOTHBIN CEIEKTOPBI, 0A30BBIH JIEMEHT
MHOTO3BEHHBIX (QHIBTPOB, TUCKPUMHHATOPOB,
(hazocaABUraIOMINX CHCTEM, a IPH HATTMYUH HEIH-
HEHHBIX CPeJl — aKTUBHBIC IPUOOPHI YIIPABICHUS.

2. Mozeans pe3oHaTopa
U JIUCTIEPCHOHHOE YPaBHEHHE

Hccnenyercst 001acTh CKAYKOOOPa3HOTO PACIIIH-
peHUs TWIMHAPUYECKOTO BOJIHOBO/IA IJIMHON L ¢
AKCHAIbHO-CHMMETPHYHBIM KyCOYHO-OHOPOIHBIM
3aroTHEHNEM, BKITIOUAIOIINM YacTYIO TIepUoyec-
KYIO PELIeTKY U3 METaJUTMYECKUX KoJlel| pafuyca R,.
IMepuon konbueBoii pemerk (KP) / HamHOro MeHb-
IIe JUTMHBI BOJIHBI A B CBOOOJHOM ITPOCTPAHCTBE
(k =kl/2m=1/A < 1), napamerp 3amoiHeHUs
pemerkn U= cos@td/|), roe d — 3a3o0p mexay
KonblamMu. [luanekrpuueckas 1 MarHuTHasH po-
HUIIAEMOCTH LIEHTPAIBLHOTO CTEPIKHS U CPEelbl B
MOABOJISIIMX BOTHOBOAX OIMHAKOBOTO pajanyca
R, paBHbI €, 1 [,. CrcTemMa KOOpAWHAT, TEOMET-
pHUECKHE U MaTepUalibHbIE TapaMeTPhI CTPYKTY-
pBI yKa3aHbl Ha puc. 1.

B kauectBe BO30y ) Aar0NIMX BRIOpaHbl MOHO-
XpPOMaTHYECKHE (exp(—iod )) CUMMETpPHYHbBIC
TE,,-BOIHBl HUIUHIPHYECKOTO BOJIHOBOAA.
[IpencraBum mojsi B MOABOASIINX BOJHOBOJAX
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Puc. 1. IIpoxoomoti 601HO800HbII pe30HAMOP C KOlb-
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(z=0, zz L) B BuJie NAJAOIIUX U OTPAKEH-
HBIX BOJIH:

%HL (z<0) %:
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e, 0  Aexply,z)+Bexpty,,z) O
=2 V0 L exply,, (2 L)Y D, exf-iv, - L)
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31ech vy, = \/ ke l_(Vln / Rl)2 — MOCTOSIHHAS
pacnpoctpaneHusa TE -BOIHBI B BOIHOBOJE Pa-
auyca R,, v,, — xopeHb ¢yHkuuu beccens nep-
Boro nopsaka (J;(vy,) =0). ons BHyTpH pe3o-
Haropa (0< z< L) 3anwmuiem B Buje:

H; = i(améyzmz + h“e'iVZm(Z‘L)) R o );

m=:

0 Jo(Kmh), r<R;
D, = Fmdo(Kep) + FoiNo(Kiel), RS IS R;
HF3m‘]0(km3r) + F4mNO( krrBr)y R2< r< R3

IMocrosunas pacnpocrtpanenus TE,, -BOJIHEI B Ky-
COYHO-0IHOpOHOM BoiHOBOE (0<Z< L) Yo
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CBsA3aHa C UHAUWBUAYAJIbHBIMU ITOTICPEYHBIMHA BOJI-
HOBBIMU YHCJIaMHU j-FO CJIOA COOTHOLICHHUAMHU
ki = K€ 1y = Vam: J(X) 11 Ng(X) — dymxuumn
beccenst u Helimana s-ro nopsiaxa.

HpI/IMeHCHI/IG CTPOruX U 3KBUBAJICHTHBIX I'pa-
HUYHBIX YCIIOBUH Ha rpanuuax =R, (j=1,2, 3)
IIPUBOAUT K NUCICPCUOHHOMY YPABHCHUIO IS
IIOCTOSTHHOM paclpoCTpaHeHus Y,,, B ClIydae JK-
PaHUPOBAHHOI'O KOJBIIEBOIO BOJIHOBO/A [3] 1 TTO-
3BOJIACT ONPCACINUTh BEIIMYNHBI F
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OTMmeTHM, YTO MPH 3aMEHe KOJIbIIEBOM peleT-
k1 crtomHsM Metamiom (U — o) ypasuenue
(1) onuchIBaeT akcHaIbHO-CUMMETPUYHBIH IBYX-
CIIOMHBIM BOJIHOBOX panuyca R, [1], a B orcyT-
creue pemerku (U™ =0) — Tpexcioiiublii Bo-

HOBOJ paguyca R;.

3. Koa¢ppunuenrtsl paccessnust
U COOCTBEHHbIE YACTOTHI Pe30HATOpPA

Juist onipeniesieHust 0000IICHHOM MaTPHIIBI pac-
cedHus (mepemadyu) UCCIEIYyEeMOro MPOXOJHOTO
BOJIHOBOAHOTO pe3oHaropa (IIBP) Bocmonb3yem-
Csl TPaHUYHBIMH YCIIOBHSIMH Ha €ro Topuax (z = 0,
z = L), a UMEHHO: HENPEepPhIBHOCTHIO TAaHT'€HLIU-
aJbHBIX COCTABIISIOIINX HANPSKEHHOCTEH Moeit
npu r <R,

E}(0) = E) (1) = E}' (1),

H{ (L) =H" (L),

Es (0),
H/(0)=H (0),

U PAaBEHCTBOM HYJIIO UX JIEKTPUUCCKUX KOMIIO-
HeHT B obnactu R, < r< R,

Ey (0)=E, ()=0.

[Ipu 3a1aHHBIX aMIUIUTYaX BXOJSAIIMX BOJIH
(4
ypaBHEHUI METO/IOM NepepaszoxkeHuii [4] cBoIuT-

D,) noiyueHHas cucteMa (pyHKIIMOHAIBHBIX

n’

cs1 K OECKOHEYHOUM cucTeMe JIMHEWHBIX alreo-
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panuecKuX ypaBHEHUI BTOPOTO POia OTHOCUTEIb-
HO k03¢ dunuentos C, u B,:

E&qu:lpn

vazenqvﬁw DJ—“ZIGK( A+ D).

X,=(A= D)= Rf A~ D).

[

(2)
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31ech
X, =B~ G, =B+ G,
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Pemenue cuctemsl (2) METOIOM PEYKIIUH 10-
3BOJISIET HAWTH MATpUIy paccesHHs B MHOTO-
BOJIHOBOM pekuMe. Ee 31eMeHThI UMEIOT CMBICI
xoddduumentos orpaxenns (R, = R,,= B/ A)
U TIPOXOXKIACHUS (Tn =1, = Cn/ An) TE,-BOIHBI
B030y>xnatomiero tuna (D, = 0) u ko3¢ punnen-
TOB ee npeoOpasoBanns B TE -BOJHY B OTpa-
keHHOM R, =B/A, u mnpomexnmem

n=Cgq/ A, momsax. Cucrema (2) onuchiBaer
TaKKe B3aUMHOE TIpeo0pa3oBaHKie BOTHOBOTHBIX
BOJIH B PE30HATOPE U MOABOJSIINX BOJIHOBOAAX.

CoOCcTBEHHBIE KOMIIJIEKCHBIE YaCTOTBHI
K, =K, +ik%, [5,6] IIBP (A,=D,=0,
n=1, 2, 3, ...) HAaXOJATCS U3 YCIOBUS PABEHCTBA

40

HYJI0 JETEPMHUHAHTA OJHOPOAHON CUCTEMBI
YpaBHEHMUIA:

+ By X, =0,
§<n qunqq
0

|:lYn + i Ganq = 0'
H" &

n=1223....

PaccmaTpuBaemasi reoMeTpHst CTPYKTYpbI M HC-
MOJIb3YeMBbIHl KOMIUIEKCHBIN (COYeTaHHue CTPOTHX
Y SKBUBAJICHTHBIX TPAaHUYHBIX YCIOBHUIT) METON pe-
nIeHus AUQPaKIUOHHOW M CIIEKTPAILHON 3ajad
B 3aJIaHHOM TIPUOJIMKEHUH 0000Iat0T U3BECTHBIC
YacTHBIE CJIyYau, yKa3aHHbIE BBIIIE.

4. Teopusi MmeTO1a U3MepPeHUS
AUIJIEKTPUYECKOH NMPOHUIIAEMOCTH
CTEePIKHA

PazBuras teopus IIBP mnosBonser cBs3arh
KOMIUIEKCHYIO TUANIEKTPUIECKYIO IPOHUIIAEMOCTh
€, = €; +i€] LeHTpanpHOro cTepsKHs (00pasua) ¢
9KCIIEPUMEHTAIBHO U3MEPSIEMBIMH MapaMeTpa-
MH, TAKUMH KaK 106potHocTs O 1 jumHa TE, -
pe3onaropa L. DddexTuBHO 3aaa4a peniaeTcs
npu MajoM paauyce obpasua (R, <<R,), koraa
B TTOJIBOJISLIIMX BOIHOBO/IAX MOYKET pacmpocTpa-
HATHCA TONLKO TE(,-BOJIHA, JUCCUNATUBHBIE
NOTepU B MEepUPEPUNHHBIX JAUIICKTPUUECKUX
ciosix orcyTeTBytoT (Ime | = 0, j #1), aBce mar-
HUTHBIE TIpoHHuNaemoctu W; =1 (j=1,2,3).
B [1] Obuta mpemiokeHa METOJHMKA OTpE/eie-
HUS €, B J[Ba JTala: BHavaje HaXOAUTCH Jeil-
CTBUTENIbHAA, a 3aTeM MHHUMas dacTb. Ha mep-
BOM 3Tare BBUY MaJIOTO pajnyca CTepKHs MpH
OIMCAHUU CTPYKTYpHI monst 1E,-BOJIHBI IIpe-
HeOperarT JUCCUIIaTUBHBIMHE MOTEPSIMH, a B pac-
4eTHBIX (popMyrax monaraior € = 0.

J111s1 N30JIMPOBAaHHOTO, CO CIIOMIHBIMHU METaJI-
TUYecKuMu Topuamu, pesonaropa (MP) zamaua
CBOJMTCS K PEIICHHUIO TUCTIEPCHOHHOTO ypaBHe-
Hus (1) oTHOCHUTENBHO k. IIpu n3mepsemoii pe-
30HaHCHOM jumHe (L/[), mpasas 4acth ypasHe-
HUS BBIPAXKAETCs 4epe3 MOCTOSHHYIO paclpocT-

paHeHus Y, = pT[/(L/I)p (p=1 2,3, ...)umno-
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2 _ 12 2
nepeyHbie BoNHOBBIe uuciaa Ki; = K€ —yy
(j =1, 2, 3). DT BeTMUYMHBI CBS3aHbI C ACHCTBHU-
TEJIbHOMN YacCThIO AUIEKTPUYECKON IPOHUIIAEMO-
CTH CIEAYIOIUM 00pa3oM:

g = ¢’ (ki + ygl)/wz_

B cniekTpanbpHO TEOpUH IS pACCMAaTPUBAEMOI0
pesonaropa (Kg = 0) 3HaueHHE € HAXOMHUTCS IO
pe3oHaHCHOH yacToTe (K,) Ha OCHOBE MapaMer-
PHYECKUX 3aBUCUMOCTEH 8'1(K'c, R/ R U).

3uanue € u mosneii B crpykrype (npu € =0,
tgd = €] /€] = 0) nossonsier, cuenys [1], onpese-
JIUTh DHEPTHH, 3aTIACEHHBIC B TUICKTPUYECKOM
cTepxkHe W 1 B OCTaIbHOM 00beME pe30HaTOpa
W,, MOLITHOCTb M3JTy4CHUS B TIOABOASIINE BOJHO-
BOABI P,,, MOIIHOCTh HOTEPh B IMUAIEKTPUKE
Py = WtgOW,; u MeTamin4ecKux 31eMeHTax pe-
30HaTOpa (BKJIIOYAsl €0 CTEHKH) Py,

_Crpl g\
R43n_4.£)E¢(Hr ) dS,

e Htg — TaHT'CHI[MAJIbHAs COCTABJIAIOLIAs Mar-
HHUTHOT'O IOJII Ha METAJUIMYSCKHMX DJIEMCHTAX;
0 — IPOBOAMMOCTh METAJUIMYECKHUX DJICMEHTOB;
s=2n{R L+ B- #), Sc=2nR,(I-d) /I -
00111251 TIOIA b TIOBEPXHOCTH CTEHOK PE30HATOPA U
METAUTNYECKUX KOJIELl COOTBETCTBEHHO; §) = T[I{ -
TUIOIIA b MTOTIEPEYHOTO CEUEHUS] BXOTHBIX BOJHO-
BOZIOB. B nanpHeliniem Uit pacueToB Py, UCIOIb-
30BasKCh 3HaueHns 0 = 5.80107 ¢!, w=10"¢1,
[Tockonbky JOOPOTHOCThH HATPY)KEHHOTO PE30HA-

ropa pasna Q=g +W,)/( R+ R+ B,),

TaHreHc yra noreps (npu Ry < Ry, W, /W, > 1)
IIPUHUMACT BU/:

tgd= Q' - QHW/ W,

rae Q, = wW,/(R, + B,,) —106poTHOCTH pe3o-
HaTopa 0e3 u3MepsieMoro oOpasma. 3aMeTHM,
YTO B CHEKTPaJIbHOM MeETOAe JOOpOTHOCTH
Q =K /2K He yunTHIBAET MOTEPH B METAILIH-
YEeCKHX DJIEMEHTaX pe30HATOpA.

[IpencraBienHas Teopus He HCKIIIOYAET CHCTe-
MAaTUYECKOM METOJUYECKOW MOTPEIIHOCTH U3Me-
pEHHUsI KOMIUIEKCHOW JUAIEKTPUUYECKON MTPOHUIIA-
€MOCTH, KOTOpas CBsi3aHa C MPUMEHEHHEM NpH-
OJTMYKEHHOTO METO/Ia MaJIbIX BO3MYIIEHHH (BO BCeX
pacderax HCHOIb3YIOTCS XapaKTePUCTHUKH HEBO3-
MYIICHHOTO Pe30HaTOpa, T. €. pe30HaTopa 0e3 00-
pasua). ToYHOCTH pacueToB BO3pacTaeT C yMEHb-
IIeHneM oTHoueHus Ry / R, u auccunaTuBHBIX
MOTEPh U3MEPSIEMOT0 00pa3Iia.

5. YncjaeHHO-aHAJIUTHYECKHI
aHAJIU3 CBOIICTB pe30HATOPA
¢ KOJIbLEBO peleTKoi

Onenum BnusHue KP Ha ycnoBus pacmpoct-
panenus TE,-BOJH B CIOUCTOM BOJHOBOJE II0
JMHAMHKE 3aBUCHMOCTH KPUTHYECKOW YacTOTHI
(Y1 = 0) ot mapamerpa 3anonnenus K, (u). du-
ana3oH U3MEHeHusl K,, Orpe/ieieH HepaBeHCTBOM
K (-1) <K, <K, (1), tme K (1) — pemenne
ypaBHeHus (1) ans aByxcnoitHoro (U=1,
U* =), a Ky, (=1) — ans tpexciioiinoro (U= -1,
U* =0) BonnHoBo0B. IT0CKONBEKY B HIMPOKOM
WHTEpBaJe M3MEHECHHUS Mapamerpa 3aIoHeHHs
ud[-0.99;1) npu K <1 1 U*|>1, xpuuec-
KHe 4acToThl, coracHo (1), He3HauYuTeNbHO (Me-
nee ueM Ha 0.35 %) oTmmuarores ot Ky, (1) u npak-
THYECKH HE 3aBUCAT OT JAUINIEKTPUYESCKON MPOHHU-
IIaéMOCTH €; M BHEIIHEro pajguyca R,, eciu
(R,— R)/ 1= 2 (puc. 2, a). D10 00OBsACHACTCS TEM,
YTO KOJIBLIEBAsI PEIIETKA CYIECTBEHHO 0CIadseT
ANEKTPOANHAMHUYECKYIO CBS3b MEXKIY IIEHTPAJIb-
noit (r <R,) u mepudepniinoii (R, < r<Ry)
obnactsamu. C BeenenueM KP mosne pacnpoctpa-
HSIFOLIICHCST BOJIHBI COCPEIOTOYMBACTCS B IICHT-
pasbHOIl 00J1aCTH, O YeM CBHUJIETEIBCTBYET pac-
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6.04 1

100 104

(81S,) x 10°

! u=-1
0.8}
os| %
0.4 \

02l “_R, /R,

: Pt

0.97 0.98 0.99 /R,

Puc. 2. a) 3asucumocmo kpumuueckoti uacmomul Ky,

TE ) ,-601Hbl MemA100U31eKmpuiecko2o 601H0600a
om eHewHnezo paouyca R;/I npu R/1=10,
R,/1=100, ¢, =10, &,=1, M =1

kpueas I — u=1; xpueas 2 — u = 0.5, & = 1, kpusasi
3 —u=-05 & =1; kpusas 4 — u=-0.5, & = 3;
Kkpueas 5 — u =-0.99, & = 1.

6) Pacnpedenenue Hopmuposannozo eexkmopa Ymo-
sa-Ilotimunea 6 nepughepuiinoti obracmu 80IHOGO-
oanpu £ =10, £,=&3=1, U;j=1, R /R =0.049,
R,/ R, =0.98, Ry/1=102, k =0.00628

npezeneHne HOPMUPOBAHHOTO BEKTOpa YMOBa-
[Toiitunra S(r)/S, B momnepedHOM CEYEHUH BOJI-
HOBOa (puc. 2, 0).

[Tpu ykazaHHOM cocpefoToueHuu noinst 1E,, -
BOJIHBI (€r0 “OTKaThh” OT OOKOBBIX CTEHOK) JIHC-
CHIAIMs SHEPTHH B OCHOBHOM TIPOUCXOANT Ha Me-
TanMyeckux Kosbax. [loaToMmy coorBeTcTBYIO-
it UP ¢ KP u manoit nepudepuiinoit 00macTbio
(R,-R) / R<0.02 nmeer Gosee BBICOKYIO 100-
potHOCTh, yeM 0e3 KP. B orcyTcTBHE HOBEpXHOC-
THBIX BOJIH LIEHTPAIBLHOTO CTEPXKHS JOOPOTHOCTh

YBEJINYUBACTCS MTPOIMOPIUOHAIBHO HIMPUHE 3330-
pa d/l. PaccuntanHble 10 yKa3aHHOMY BBIIIE aJl-
TOPUTMY XapakTepHble 3aBucumocta Q/Q, moka-
3aHbl Ha pHc. 3. 31ech ke 0TMEUEHO TOYKOH 3Ha-
yenue Q,/Q,, rae O, — 106pOTHOCTb pe30HaTOpa
panuyca R, 6e3 KP, a O, — 100pOTHOCTb BHYTpEH-
neil (r<R,) o6nactu pe3onaropa ¢ GOKOBOM
METAJIJIMYECKON CTEHKOH paanyca R,.

6.24

6.20

6.16. ‘ . . . Jo

Puc. 3. 3asucumocmv HopmuposanHoii 006pomHocmu
0/0, u pesonancnou uacmomsl Ky TE,, ;-konebanus
HP om wupunwr wenu KP d/l npu €,=10, &,=¢&;=1,
H;=1, R,/1=100, Ry/1=102, L/I=1000, & =0.01:
kpusas 1 — R/l =5 kpusas2— R,/ =8

Pasnnynble cOOTHOLIEHUSI MEXAY €, U, U &,,
M, IPUBOJAT K KAYECTBEHHO Pa3IMYHOMN CTPYKTY-
pe nosist TE ),-BOJIHBI BHYTPU LIEHTPAIbHOM 00a-
cru (r <R,) [3]. IIpu uacToTax, Ha KOTOPBIX MO~
HEepEeYHOe BOJIHOBOE YUCIO k|, CTAHOBUTCSI MHU-

MBIM (y212 k szpz), BOJTHOBEYIITUM CTAaHOBUT-
cs JTUAJIEKTPUYECKU CTep)kKeHb (KpuBas 1 Ha
puc. 4). Ilpu sToM CBOICTBA pacIpOCTPaHSIOMICH-
Cs BOJIHBI B OCHOBHOM 3aBHCST OT IapamMeTpOB
COOTBETCTBYIOLIETO JAU3IEKTPUUECKOTO BOJIHOBO-
na. Kpurnueckas gactora 7TE-BOJIHBI LIUINH]-
PHUYECKOTO JUAIEKTPUUECKOTO BOJIHOBOJIA B CPEJIE

C €, U, paBHa Kge :vlll/(Zan EM—EM 2)
[7]. B uccnegyemoii cuctemMe OHa 3aBUCHT OT Ta-
pamerpos KP u niepudepuiinoii oonactu (Rg, €;3).
O/iHaKO C POCTOM YACTOThl UX BIIMSHUE HA TO-
CTOSSHHYIO pPacIpOCTPaHEHUS CYIIECTBEHHO
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SIS,
”I' \\'\
/
I" \‘
. *
o ;
0.75 1 /: 2 “‘
:" \'
K .
J %
0.50} ;
1
; * R2 / R3
u" 5,
0250
:" R
» S
“: \\
fe? 1 N L .

0 0.2 0.4 0.6 0.8 7Ry

Puc. 4. Pacnpedenenue HOpMUposanuo2o sekmopa
Vmosa-Toumunea TE,,-6onner npu R,/1=100,
Ry/1=102, £ =10, &=¢€63=1, H;=1, u=0,
k =0.008:

kpusas 1 — R/ Ry =0.196xpusasn 2 — R/ R =0.049

yMeHbmaeTrcsa. TakoW MUIIEKTPUUYECKUU
3 pexT npUBOJAUT K CHHKEHUIO TOOPOTHOCTHU
coorBeTcTByrowero 1P 3a cuer Bo3pacraHus
noTepp B JAulNekTpuke, a B IIBP npu

K > Vlnl/(ZTRl\/s_pl)— elle U 3a CYET yBeJH-
YEHHsI €ro COTNIACOBAHMS C MOJBOSAIIMMHU BOJI-
HOBOJaMu. /11 u3MepeHuil €, BbIOOp mapamerT-
POB pe3oHaTOpa JOJHKEH UCKII0YaTh 3TH Hera-
TUBHBIE SIBJIEHUS (KpuBas 2 Ha puc. 4).

[Ipu 4yMcleHHOM MOJEIMPOBAHHM IKCIICPH-
MEHTA CUYHMTAIOTCS U3BECTHBIMH PE30HAHCHBIC
vactota K, u juuHa L, / | UP. OHu cBa3aHbl
C peaJibHOW YacThIO MOCTOSTHHOM pacmpocTpaHe-
HUS Y,; COOTHOIIEHHUEM:

Va/k=p/(2¢, /1), p=1,2,... @

WsBecthbie v, (K p) MIO3BOJIAIOT BBIYHUCIIUTD Ipa-
BYIO YacTh ypaBHeHUs (1) kak QyHKIHMIO pe30HaH-
CHOW 4acTOTBl ¥ MapaMeTPOB HEANCCUIIATHBHOTO
WP u, B xoHEUHOM HTOTE, Onpenenuth (K ,) [1].

Ha puc. 5 npencraBnensl XxapakTepHble TpaguKu
sapucuMoctu €j(K ;) mpu orcytcTBUM (puC. S, )
U Hasmuuy (puc. 5, 0) TUANEKTPUYECKOro dPdek-
Ta. B GnaronpusiTHoM pexxume (puc. 5, a) 3aBUCH-
MocTh €(K,) MPaKTUYECKH IMHEHHBIE C BECHMA
BBICOKMM TPAIUEHTOM, |d£1 /K p| > 1.

€

24K
2
20
18

16

6.271 6.272 6.273

3
prlo

!
€

24r

22r

20+

18r

161

620 x,x 10’

608 612 616
6)

Puc. 5. 3asucumocmv €, om pezonancnou uacmo-
mor UP Ky npu €,=€3=1, u = 0, R,/1=100,
R;/1=102, L/1=1000, R;/1=5 (a), R;/1=10 (5):

kpueas I — & =0; kpusas 2 — &€ =5; kpusas 3 —
£=10

[Tockonbky 0600menHoOe ypaBaenue (1) cBs-
3bIBA€T KOMIIIEKCHBIE 3HAUEHUS ITOCTOSHHOMN pac-
NPOCTPAaHEHHUS Y,; U AUIIEKTPHIESCKON MPOHH-
IIAEMOCTH £, MOXKHO OLICHUTh METOJIMYECKYO 0~
IPEeIHOCTh omnpenenceHus Re€,. g sToro mo
3a]laHHOMY 3HadeHnio € =& +i€; (Img; =0,

j =2, 3) ¢ nomouipo (3) HAXOAATCS PE3OHAHC-
HbIE 4acCTOThI K, (€,€]) W MHAMAas 4acTb Yy,.
CooTtBeTcTBYIOLIME IPa(UKK TaKKe TpeICTaBIe-
HbI Ha pHUC. 5. OTH 3aBUCHUMOCTH U YHCJIECHHBIE
JaHHBIE MOKA3bIBAIOT, YTO NPU MAJOM paanyce
CTCPIKHA OaKC NIPHU OTHOCUTCIIbHO 6OJ'H)I_HOM TaH-
rence ymia noreps, tgd, =€;/€1< 0.5, meronu-
4ecKasl OTPEIIHOCTh ONPENENeHNUs € MO pe3o-
HAHCHOIl 4acTOTe B NpPEHEOPEeKEHUU IOTePb
|e1(€7) —€3(0)|/€4(0)< 5% (puc. 5, a). Ilpu
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KOHIICHTPAIIUH T10JISI BHYTPU CTEPIKHS (JIUAIICK-
Tpuueckuii 3Q(HeKT) MmorpemHocTb HaMHOTO
GOJIbIIIE U 3aBUCUT OT AMANA30HA U3MEHEHHS &
(puc. 5, 0).

Ocobennocts [IBP — nanuume mznydeHus
3a CYET B3aMMHOTO MpeoOpa3oBaHusi COOCTBEH-
HBIX BOJIH PE30HATOpPa M MOJABOJSALIUX BOJHO-
BOJIOB — IIPUBOJIUT K YMEHBIICHUIO JOOPOTHOC-
T 1IBP 1o cpaBHEHUIO C €ro 3aKpbITHIM aHa-
JIOTOM JTa)ke B TOM CJIydae, KOTJia yCIOBHS pac-
npoctpanenus 7E,-BOJIH B IOABOASIINX BOJI-
HOBOJIaX OTCYTCTBYIOT.

J1y1sl Ka4YeCTBEHHOTO aHAIM3a BOJIHOBBIX IPO-
neccos B [IBP noctaTouHo y4ecTh TOJIBKO OJIHY
BOJIHY TOJBOJISIIIETO BOJHOBOJA. Torma co0-
CTBEHHbIE KOMILIEKCHbIE YaCTOTHI K, = K|, +iK,
OTIPECIISIFOTCS U3 JIByX HE3aBUCHUMBIX CHUCTEM
YpaBHEHMUIA:

|jl-+P11:01 |:| X]_:Ol
E Y, =0, +G, =0,
e

DPllgz > l Yom (kmlRl)zuiVil

10 Ve (kg R)? -VE) N,

0 ctg(y,n, L/ 2)0
xg . 0
01 t9(Yom L/ 2)0

Boraensis u3 CyMMBl cllaraéMoe, OTBEUaroIee
TE,,-BOJIHE PE30HATOPA, IOJYy4YaeM ypaBHEHUs
s coocTBeHHBIX yacToT IIBP Takoro e tuna,
yTo U B ciiyyae UP:

0y,,L = 2gm+ 2arcctg@, ),
E Y, =0,

|:| X]_ = 01
EVZlL =(2g+ i+ 2arcctgQ;, ),

e
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02V KaRCHVL  [O0oml 2
2\ 1zm
. EI— e Yiu ((Kma)z —Vfl)z \'d Etg(VZm L2

2
v E(vfl—(kan)Z) Nr,
%D (kuR)*uvy, 2

OTH COOTHOIICHHUS IIOKa3bIBAKT, YTO C

2
yMEHBIIEHHUEM (Vfl—(klle)z) yBEINYNBACT-

Csl pa3HOCTh MEXAY COOCTBEHHBIMH YaCTOTaAMHU
IIBP u UP.

Ha puc. 6 mpencraBieHsl XapakTepHble 3aBU-
CUMOCTH peaslbHOW YacTH COOCTBEHHOM 4aCTOTHI
IIBP nnst paznuusbix paanycos cTepxHs. Kpome
TOT0, Ha ATHX Ke TpauKax Ajsi CpaBHEHUS MTPH-
BEJICHBI 3aBUCUMOCTH PE30HAHCHOM yacToThl NP.
BuaHo, 4TO A1 MCTIONB3yeMbIX HAMH TapaMeT-
POB CTPYKTYpHI (CM. MOJMKCH K pUc. 6) 3aBUCH-
mocti K¢(€) u K (€) mpakruueckn coBmaza-
10T. TakuM 00pa3oM, Bce BBILICTIPUBEICHHBIE 1aH-
HBIE JJIS1 3aKPBITOTO0 BOJIHOBOAA OymyT ¢ AOCTa-
TOYHOH CTENEHbI0 TOYHOCTH BepHBI U Juist [IBP.
3ameTHOE OTIAMYKE 3aBHcHMOCTEH Ki(€) u

1<><103

6.273
6272} ]
227 -
' R/E50 e !
207
15 16 17 18 19 &

Puc. 6. 3asucumocms sewgecmsennoii yacmu cobcmeen-
noix wacmom TE y,; ;-xonebanuii [IBP Kg u UP K, om
OUDNIEKMPUHECKOU NPOHUYAECMOCMU CIMEPAHCHSL NPU
£=001, &,=6=1, =1, R/1=100, Ry/1=102,
u=20,LI1=1000
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K,(€&;) Habmomaercs, eciu TOILKO pajiyc CTep-
JKHS BO MHOTO pa3 IPEBBIIAET 3HAYCHUE, IPU
KOTOPOM B CTPYKTYp€ HPOSIBISIETCS JUAIEKTPU-
yeckud 3 dexr.

6. 3akiroueHue

W3 cTporux M 3KBUBAJEHTHBIX TPaAaHUUYHBIX
YCIIOBUH OIpeiesieHbl Kak 00001eHHas MaTpHUIla
nepenavyn, Tak ¥ KOMIUIEKCHbIE COOCTBEHHBIC
4aCTOTHI IIPOXOAHOTO WHIIMHAPHYecKoro TE, -pe-
30HATOpPA C aKCHAIbHO-CUMMETPHUYHBIM 3aT0IHE-
HUEM, COJEPIKALIETO YACTYH0 IEPUOAUUECKYIO pe-
HIETKY U3 MpOoBOJALINX Kojel. Ha ocHoBe meTo-
Jla MaJIbIX BO3MYILEHHUH C HCTIOIb30BaHUEM HEP-
FeTUYECKUX COOTHOIIEHUI pa3BHUTa TEOpUS U3-
MEpPEHUSI KOMIUJIEKCHOW JTU3JIEKTPUYECKON Mpo-
HUIIAEMOCTH LIEHTPAJIBHOTO CTEP)KHSA C Yy4ETOM
paAvallMOHHBIX U PE3UCTUBHBIX MOTEPb.

IToka3aHo, 4TO NMPOU3BOAMMOE KOJBIEBOU
peuieTkoi “orkaTe” MoJisi OT OOKOBBIX CTEHOK
pe3oHaropa yBelIn4uBaeT ero J00poTHOCTh. KoH-
HEHTpaIUs MOJA B CTEP)KHE (JIMAIEKTPUUECKHIM
3¢ eKT) MPUBOIUT K YMEHBIICHHIO JOOPOTHOC-
TH, & CJEN0BATENbHO, K POCTY METOAUYECKON U
TEXHOJOTUYECKOM OTPEUIHOCTEN U3MEPEHHUS.

Jlureparypa

1. B. K. Tkau, JI. JI. Creniun, B. b. Kazanckuii. Paguo-
TeXHUKa U 3ekTpoHuka. 1960, 5, Nel12, ¢. 2009-2014.

2. A. C. Uneunckuii, I, 1. Cnensin. Konebanust v BOJIHBI
B DJICKTPOJUHAMHYCCKUX CHCTEMaX C MOTCPSMH.
Mocksa, U3n-so MI'Y, 1983, 232 c.

3. B. b. Kazanckuii, B. B. Xapnukos. Bicuuk XHY.
2001, Ne513, c. 3-6.

4. H. I1. Ammna. [Tpenpunt NP3 AH YCCP. Xapbkos,
1978, Ne98, 50 c.

5. B. B. Xapaukos. Bicauk XHY. 2000, Ne467, c. 152-
155.

6. B. I1. Illectonanos, 1O. K. Cupenko. /lunammueckas
Teopus pemrerok. Kues, HaykoBa nymxa, 1989, 216 c.

7. B. B. Huxonbckuii, T. . Hukonbckas. Dnexrpoau-
HaMUKa W paclpocTpaHeHHe pajuoBOIH. MockBa,
Hayka, 1989, 544 c.

Pangnodusuka u pagnoacrponomusi, 2002, T. 7, Nel

Theory of Transient Cylindrical
TE,,-Resonator
with Metal-Dielectric Filling

V. B. Kazanskij, V. V. Khardikov

The properties of transient piecewise uniform
axially-symmetric 7E,, -resonator with a thick grat-
ing of conductive rings are investigated. Proceed-
ing from the exact and equivalent boundary
conditions, the dispersion equation, the general-
ized transfer matrix and the complex eigen fre-
quencies are obtained. Based on the energy
relations, the dissipative and radiation losses are
estimated using the perturbation theory.

It is shown that in the absence of field concen-
tration in the central core of a small radius the
introducing of a ring grating to the periphery of
resonator increases its Q-factor. The relationship
between the resonance frequency, the Q-factor of
the resonator and the complex permittivity of the
central core is found. Taking into consideration
the influence of the bringing waveguides on the
resonator properties and increased resonator
Q-factor decrease the technological and methodi-
cal errors in the measurement of the complex per-
mittivity as compared to the model of the isolated
resonator without a ring grating.

The structure under consideration is of a great
interest for a dielectric spectroscopy of substanc-
es with large losses (for example, water solu-
tions of biomolecules). It can also be used as
mode and frequency selectors, basis element of
multilink filters, discriminators, phase-shifting
systems, etc.
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