Cubupckoe otraeseHue Pocculickoil ‘AKaleMUH HaykK

W UHCTUTYT AAEPHON ®U3NKM um.I. 1. Byaxepa

/043
19%5

N.A. KoreJJbHUKOB

O 3ATYXAHUA B BO/THOBO/E

NAD 98-85

http://www.inp.nsk.su/publications

HOBOCUBUPCK
1998




O 3ATYXAHHUHU B BOJTHOBOJIE

H. A. KomenvHuxkos

HucturyT saaepHoit ¢usuxu um. I 1. bynkepa
630090, Hosocnbupck, Poccuiickas Penepanus

AHHOTAIHA

[lokasaHo, 9T0 CHIbHOE moraomenne TM BOJIHEI PH CKOJIB3AINCM HAICHHHA
Ha MOBEPXHOCTH METAJIa SBAAETCH aHaJI0rOM MOIHOIrO MPOXOKACHHA ™
BOJIHBI TIPH MAafEHWH Ha MOBEPXHOCTh AHINEKTPHKA MOA YIIIOM BprocTepa.
CreAcTBHEM MOTEPH MOBEPXHOCTHIO METalaa OTPaXKaKIHX CBOHCTB ABJA-
eTcsd CHIBLHOE 3aTyXaHHe MPH pacrnpoCcTpaHeHHH B BOJHOBOAE konebaumit
NAWHOH BOMHEL A IMOPAAKa NPOHU3BEICHHA pajuyca a CeCHHA BOIHOBOAA Ha
BETHIHHY MOBEPXHOCTHOrO HMITEAAHCA . Beiuncnen ko3pGHEAEHT 3aTyXa-
Hus oA H- 1 E- BOJAH B KPYT/IOM BOJTHOBO/IE IIPH MPOU3BOIBHOM COOTHOIIE-
auu A u1 (a.

ON DAMPING IN A WAVEGUIDE

I.A. Kotelnikov

Budker Institute of Nuclear Physics
630090, Novosibirsk, Russian Federation

Abstract

It is shown that strong absorption of TM wave at inclined incidence on the
surface of a metal is analogous to total transmission of TM wave, impinging
on the surface of a dielectric medium at the Brewster’s angle. The loss of
reflection from metallic surface results in anomalously strong damping of
waveguide modes in the regime where the wavelength A is in order of the
waveguide radius a times the surface impedance ¢. The damping rate of H-
and E-waves in circular waveguide for arbitrary ratio of A to {a is calcu-
lated.
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|. PaccMOTPHM OTpa)eHHe MIOCKOH 3IeKTPOMAarHuTHOH BOJIHBEI OT IO~
BEPXHOCTH MeTanma. AMIIHTY/IBI OTpaXKeHHOH H mpesoMIeHHOH BOMH, Ej
u E>, HCTPYAHO BEIPA3UTh YEPE3 aMIUIMTYAY nagarpomeif Bonssl Eg, eCld HC-
[OTb30BATH Pe3yTbTAT PEUICHHA AHATOTHHHOH 3amadd A1s AH3JIEKTPHKA H

MNOJCTABHTE
4nic
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w

rie 0 — CTATHYeCcKas MPOBOIMMOCTHL METAIId. Ins TE sonusr (puc. 1) B
cooteeTcTBHH ¢ hopmymamu Openens [1, §86] monydaem
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rie 6 — yron nmagerns, a cos by = \/1 —sin® B /e. [lna XOpOMHX MPOBONHHA-
k0B |€] 3> 1, m03TOMY € XOPOUIEH TOYHOCTHIO costh = 1.

M3BeCcTHO, YTO HA TOBEPXHOCTH METAIIIOB JJIA TAHI CHIHANBHBIX KOMIIO-
HEHTOB 3MEKTPUYECKOTO W MATHHTHOTO MONeH JOMKHO BRITOMHATECA Ipa-
amunoe ycnopue Jleonrosuua [1, §87]

Et:zéhhih]? (4)

rie { — MOBEPXHOCTHEIH MMIIEAAHC, a I — BHEIIHAA HOPMAID K MOBEPXHO-
CTH MeTajia., YUYHTeIBAg, 4TO BHE MeTAaIa |E| = {H| 1 ncnonp3ys GOpMYyIIel



Puc. 2: TM Bonna

Puc. 1: TE soxnna

(2) u (3), verpyano Haiitu, yro ana TE u TM BoxH noBepXHOCTHHIH HMIIE-
HaHC paBeH cooTBeTcTBEHHO 1/(c0s64/€) 1 cos 6;/\/€. Takum obpasom, B
npubnmkenun cos 6y = 1 nonyuaem { = 1/4/€ BHe 3aBHCHMOCTH OT MOIAPH-
3aLHH dNeKTpoMarHuTHOro mons. J{na cayqas (1) mmeem § = (1 —i){’, rae
{'=./@/8nc. B obmem ciryyae, koraa HeoOXOLHMO YSHUTHIBATh 9ACTOTHYIO
nucnepcuto nposoaumoctd, § = {' +il”, npuaem {' > 0,a " < 0[1, §87].
Kak scHO W3 BBIBOJa, rpaHH4HOE ycnosue JleonToBuya BepHo mpu |§]| < 1.
Jns MeranloB mociaesHee HEPaBeHCTBO BRINOJHAECTCH B MHppakpacHOH 1 60~
Jee HA3KoYacToTOTHOMH obnactu [1, §87], [2, §2.5].

Koadunnent otpaxenns X = |E;/Ey|* oT moBepXxHOCTH MeTaina He-
TPYAHO HAHTH ¢ moMowmbK Gopmyn Ppenens (2a) u (3a), nnbo Hemocpen-
CTBEHHO M3 rpaHH4YHoOro ycnosus Jleonrosuda (4), suipaszus E; u H; uepes £y
unE:

_tlcosd—1 -

o cos@+1|° (38)
cosf—¢ |2

Rrm = CosOEL] (56)

Kosddunnent orpaxenns TE Bomus 6im3ok k 1 mpu Bcex yriax majJcHHA
(puc. 3), a ko3 dunuent orpaxenns TM Bonusl npu 6 = /2 — || umeer

Puc. 3: KoadduneenT oTpakCHHA B 3aBHCHMOCTH OT YTJIa IANCHHA

MHHHMYM, PABHBIH

Ha wacrorax, rie AMCAEPCHA NPOBOAHMOCTH €I He CyIecTBeHHA, Rnin =
0,17. Tlpu yMeHbIIeH!UH MEUMON 9acTH {" umnenanca Ry CTPEMATCHA K HY-
10, & BEIHYHHA COOTBETCTBYIOIIETO YIiIad MafJeHUA — K YTy Bpiocrepa [1,
§86]. Ilpy naJeHuH HA JUITEKTPHK oA yrioM Bprocrepa TM BoHa MOTHO-
CTHEO IPOXOJHT Yepe3 ero MOBEPXHOCTh, 4 IPH NaACHHH Ha METAII — IIOYTH

MOJHOCTHIO MOrI0IIAacTCA.

2. Hannuue riy6okoro mpoBajia B OTPaXaTelbHON ClIOCOOHOCTH MeTall-
NAYEeCKOM MOBEPXHOCTH MPHBOAMT K CHJIBHOMY MOTIOIICHHIO konebaHHi B
BONHOBO/AX IIPH OMpPEHENEHHOM COOTHOUICHHM MEXY NIHHOW BOJIHEL, JIH-
HEeHHBIMU Pa3MEpPaMH CEYEeHHA BOMHOBO/IA M BETHYHHON MOBEPXHOCTHOTO HM-
menaHca ero CTEHOK. PaccMOTPHM BOJHOBOJ C KPYTJIEIM CEYCHHEM (paauyca

a). B Takom BoauoBoze [1, §91]

ik i A %
E:FEE_?LE3+EIE+EF[FL}IZ’E]’ (6a)
ik o
H= V. H+H2-— [ViE2), (66)
Ez = E[} Jm{ ?CF‘) Eiﬁ:z+1’m¢rv-imf 2 (6B)
Ho=Hy ey e =0 =¥, (6r)

rae k¥ = /0?/cZ—k?, a J,, — Gynkuua Beccens. Mcenoabsys rpaHugHOe



yciaoBHe (4), momydaeM AHCICPCHOHHOC yPAaBHEHHAE

iw io e T

| K Ka
rae J, u ], BEIYHCAAOTCA U1 apryMeHTa Ka. IIp# 3alaHHOH YacTOTE @ OHO
onpejenseT NPOAONLHOE BOTHOBOS THCIO k.
B npenene uaeanbHOH NPOBOANMOCTH CTEHOK BOIHOBOAA, KOTAA Lol
(7) pacragaercsd Ha J(Ba ypaBHEHH:A, OTBCHANOIIHX HE3aBHCHMOMY BBIOODY
amrinTy a Eo v Hop:

¥, (ka) =0, (8a)
Jm(xa) =0, (86)

TlepBoe COOTBETCTBYET /-BOJHE, B KOTOPOH E, = 0, a BTopoe oTBedaeT E-
sosiHe, B KoTOpoil A, = 0. [Jlns cupaBKH YKaxKeM, 9TO NEPBHIC 3 xopHA Kya
ypaBuenus (8a) pasunt 1,84118, 533144, 8,53632, a nepBbie 3 KOpHA Kgd
ypapuenns (86) ects 3,83171, 7,01559, HY 1739,

[Ipy KOHEYHOM, XOTH H MajioM HMIIEIaHCe, ¢ < x/k, y moGoit 3 BOIH
AMEIOTCH BCe 6 KOMIIOHEHTOB 3JeKTPOMAarHuTHOro rons. [lid E-BonHBI W3
(7) monydaem npubIMKEHHOE yPaBHEHHE

W o cgr;ﬂ(m) |

Penias €0 METOAOM MOC/IeA0BATENbHEIX MPHOTHKEHHH, HAXOAUM MOTIPABKY
Sk k penHUNHE KE, BHOCHMYIO KOHEYHBIM UMIEAAHCOM!:
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Tak kak S kK = —8kk/K, oTcroa Hax0MUM KO3 QUITHEHT 3aTyXaHHA E-BOJHBI:
w ¢
L 9a
kc a 1 (_ )

rae 8 0o3HagaeT BHIAEAGHHE MHMMOM 9acTH. AnanorugdHeIM obpasom aad ff -
BOJIHB! 3aITHCBIBAEM MPHUONIHKEHHOE YPABHECHUC

IKC ike km?
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M3 KOTOPOro HaX0IHM

ke mk2+xta* ('
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Sk = (96)
CMeIc) K03 (PUIueHTa 3aTyXaHuA COCTOUT B TOM, YTO MIOTOK SHEPTHN B BOI
He yOBIBAET NPONOPIHOHAIBHO e~23kz  @opmynst (9a), (96) coBnaaaiT ¢
naiinenusmu B [1, §91] (apyrum cnocobos). OaHAKO OHH JaF0T HEBEPHBIH
pesynbTaT, ecan £ 2 K/k.

B npenene § 3> k/k (7) mepexoiuT B ypaBHCHHC

; 2 vy 2
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— P '“"""_Jm 3
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KOTOpOE HMEET FHCTO BEMECTBEHHEIE PENICHN, TOCKONBKY HOCIC cokpalie-
Hus MHOXHTENA { BooOmeE HE 3aBHCAT OT MPOBOJAUMOCTH CTECHOK. Ecau 3a-
METHTb, UTO @ /c = k B CHIIy HEPABEHCTB k/k < § < 1, mocneqnee ypaBHeHHE
JIErKO CBECTH K ABYM HE3aBHCHMBIM yPaBHEHHAM:

e

=y = i1 =0, (102)
-H—I,}m—}-J:H :-iJm..IZ{}. (l{}ﬁ}
Ka -

MMone (6), OTBEHAONMEE PCIICHUIO ypasuenuii (10a) u (106), Ha30BEM COOT-
BeTCTBCHHO L- B R-gomHO#. L-BONHA HMEET JIEBYI0O UMPKYIAPHYIO MOIApH3a-
10 (B MIOCKOCTH CE4EHUA BOJHOBOJA), npuuém E, = +iEp o< I 1(Kr). R-
BOITHA MMEET MPaBYHK IMHPKYAAPHYIO MONAPU3ALHIO: E, = —iEg o< J_1(Kr).
Ha cTeHKkaX BOJNHOBOLA OTHHYHBE! OT HYIHA TOJNBKO Z-KOMIIOHCHTBI 3JCKTPH-
{eCKOrO W MATHWTHOTO moneit, mosTomy Bexrop Howtrura 8 = (c/47) [E,H]
TaM paBeH HYIIO, BRIPAkKas OTCYTCTBHE JHCCHIALME IHEPIHM. MMes BBULY
cayuaii m = 1, ykaxem, 9TO IEPBLIE TPH KOPHA Kgd ypaBHeHus Jo = 0 paBHE
2,40483, 5,52008, 8,65373, a nepBeic TPH KOPHA K1 ypagHeHus Jo = 0 pap-
Hel 5,13562, 8,41724, 11,6198. llonpaBka K Kz g REIMUCIAETCA O popmyne
ok = I'KE:R,"(ZEEHC), a K03 QUIMEeHT 3aTyXaHus paBeH

kg
ok (11)

" 2P

Haubonee OpIcTpOE 3aTYXAHHE AOCTHTACTCA Ha obuielt rpaunIe odiacTew
npumernMoctH popmyi (9) u (11) npu { ~ x/k. CooTBeTcTBYIOIMAaA ANHHA
satyxanms (3k) ! mo MOPAAKY BENMUMHEL PaBHA IHHE nubpaxnun a” /A, Ha
KOTOpOH AuaMeTp BOJHOBOTO MaKeTa yIBanBACTCH,

Sk
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Puc. 4. 3apucumocTs Ka ot £’ npu ka = 100: cnepa — Ben(ecTsBeHHAA 4acTh, CIPaBa — MHHMaA
gacTs Ka. O6o3nauennd Hyp, Emny Ln, Rmn COOTBETCTBYOT BONHAM € 3a/laHHEIMH a3HM yTANb-
HBEIM M PAJIHATLHEIM HOMEPAMH M H 1

Puc. 4 Ha npuMepe BOJH ¢ m = | M03BONACT NPOCIEINTE OCHOBHEIC 34KO-
HOMEpHOCTH npeobpazosauus /- i E-BonH B L- u R-BONHEI IPH H3MEHCHUH
{ = (1—1i)¢'. Tlpm yenmdeHuw { OT MPEACABHOrO 3HAYCHUA { <« x/k no
{ > k/k B KOHEYHOM HTOr€ IPOHCXOAKUT YMEHBIICHHE K. Ecnn ynmopago4nuTs
B TOpAAKe BO3PACTAHHUS Kpy, Kg C ONHOM CTOPOHBI M Kg, KL — C APYTOH, TO
cooTeercTere BonH npu { < k/kn § > x/k ycranapnmBaeTcs IPOCTHIM Npa-
BHJIOM: KOPE&Hb W3 MEepBOH MOCHeA0BATENEHOCTH NMEPEXONUT B OnMKaHIIuH
MEHBIIHH KOPCHb U3 BTOPOH IIOCAEA0BATENBHOCTH. IloCKONBKY BONHE Hy
orpeuaeT HamMeHbmHH (1,84118) U3 Bcex kopHed B 000X MOCICAOBATENb-
HOCTSX, OHA MCYe3aeT (CTAHOBUTCA CHABHO 3aTYXAIOIIeH) NPy yBeIMIeHUH
umnenanca. Jpyrue H-BonHbl mepexoaar B L-BOMHBI ¢ YMEHBIIEHHEM PajH-
anpHOTO HOMeEpa n Ha exuHuny. Tax, H); mMepexoaHT B Lq1, Hy3 nepexoaur
B L;> u T.0. E-Bonusl mepexoaiT B R-BOJHBI C COXPaHCHHEM PafAHANBHOIO
HoMepa: Epyy MepeXonuT B Royy.

3. AHOMajibHOE 3aTyXaHWE B BONHOBOJE CHCAYET YUMTHIBAThE MPH H3-
y9IeHHH PACTIPOCTPAHEHNMA Ja3€PHOTO H3NYICHHA JCPE3 MAKPOKANMIIADHEIC
Tpy6ku [3,4]. Hemasro 66110 NPEATOKEHO HCNOAB30BATE TAKHE TpyOKH nis
pefoTBpamenns AHGPaKIHOHHOrO PacilUIBIBaHHA JAPaHBEPHOTO UMITYIIBCA
MOIIHOTO Ja3epa ¢ AIWHO# BoaHBI A ~ 1 -+ 10 MKM B ME€TOAE KHIBBATEPHOI'O
YCKOPEHAA 3apsKeHHBIX 9acTHI [5]. AHanu3 pu3ndecKnX ABICHHH, CONMpO-
BOKIAIONINX PACIPOCTPaHEHNE Ta3epHOr0 HMITyJIbca MOLIHOCTHIO NOpAdKa
10 TBT, BBIXOIHT 33 PAMKH* IPOCTOH MOJENH, PACCMOTPEHHOH BBILIE, IIO-
CKONBKY JIaXkKe TIPM O4eHb Majoil NIHTeNbHOCTH uMmyibea (1 mke) Tpebyer
yuyeTa HOHH3alHH H, BO3MOXKHO, HCIIAPEHHA CTCHOK TpyOKH MOTHOXKHEM JIa-
3ePHOTO MMMYJibca (Jake NPH KOHTPACTHOCTH NOpAJKa 107}

Pabora BeITONHEHa npu GuHAHCOBOH nmopaepikke PODU, rpant Ne 98-
02-17923, n ®UII “HUrTerpauus”, npoekt Ne 274,
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