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PacyerHpIM ImyTeM HccienoBaHbl PHM3UUYECKHE CBOMCTBA Y3KOM ITONIEPEYHON LIENH, IPOPE3aHHOH B IIpsi-
MOYTOJIBHOM BOJIHOBOZE CO CJIOEM AMAJIEKTPHKA, NMapajuleNbHBIM €ro IUPOKUM cTeHkaMm. Ilokaszana
BO3MOKHOCTh 00€CIIEUeHHS PE30HAHCHOI'O M3JyUCHHS IENH B OJHOMOJIOBOM PEXUME IIPU YCIOBHH,
YTO JJIMHA BOJHBI B BOJIHOBOJE MEHbILE JIMHBI BOJIHBI B CBOOOZHOM MpOCTpaHcTBe. J[aHbl peKOMEH-
JalMy 10 LeJeHaNpaBIeHHOMY BBIOOPY IJIMHBI LIENH, TU3JIEKTPUUIECKONH MPOHULAEMOCTH CJOs, €ro
TOJIIMHBI 1 TTOJIOKEHUS B TIONEPEYHOM CEUEHHH BOJHOBOAA. /I0CTOBEPHOCTD PAaCUETHBIX PE3yJIbTAaTOB

TIOATBEPKACHA SKCIIEPUMEHTAJIBHO.

BBenenue

V3KHe menu B CTeHKaX BOJTHOBOAOB LIMPOKO
HCHOJB3YIOTCSl KaK 3JIEMEHTHI CBA3H B yCTpPOIi-
ctBax CBY 1 Kak 31eMeHThI JINHEHHBIX WIH IUI0C-
KHMX BOJTHOBOJHO-ILIEJIEBHIX perieTok. Cpean Hux
BaXHYIO POJIb UTPAIOT PE30HAHCHBIEC BOJHOBO/-
HO-1II€JIEBbIC aHTEHHBI, 00ECTIEUNBAIOLINE HOP-
MaJbHOE K IUIOCKOCTH PEIIETKH HalpaBicHHE
[JJaBHOT'O MaKCHMMyMa JuarpamMMbl HallpaBleH-
HOCTH. B Takux aHTeHHaX IIEJU JNOJDKHBI CHH-
(hazHO BO30YXTaThCS MOJIEM BOJIHBI, Oerymieit mo
BOJIHOBOAY OT reHeparopa CBY. Kiaccnueckum
MIPUMEPOM MOJKET CIYXHUTh aHTCHHa Ha 0aze
MIPSIMOYTOJIBHOTO BOJHOBOJA C PE30HAHCHBIMU
IIPOOJILHBIMH IIESIMU B IIMPOKOH CTEHKE, IIPO-
PE3aHHBIMHU B IIAXMaTHOM IOPSAKE CUMMETPUY-
HO OTHOCHUTENIBHO OCH BOJHOBoxa. PaccrosHue
MEXAY COCEIHHMH WICNSMH PaBHO IOJOBHHE
JUITMHBI BOJIHBI B BOJIHOBOJie. [Ipu ropu3oHTasnb-
HOM OTHOCHUTEJIBHO IIOBEPXHOCTH 3€MJIH TIOJIOKE-
HUH JIMHEHHON aHTEHHB! 00eCIeUnBaCTCs U3IIy-
YEHHUE NOJISI C BEPTUKAJIbHOM nosisipu3anueit. s
W3Ty4EHHS TT0JIS C TOPU30HTANIBHOM TONIApHU3aLi-
€l IPUMEHSIOTCS aHTEHHBI C HAKJIOHHBIMH LIETIsI-
MU B Y3KOH CTEHKE IPSIMOYTOJILHOTO BOJTHOBO/A,
pasHeceHHbIE APYT OT Apyra Ha pacCTOSHHE I10-
JIOBUHBI JUIMHBI BOJIHBI B BOJIHOBOZIE A, / 2. Peso-
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HaHCHBIE 1IN TaKOTO THIA HEe TOMEIIAI0TCs Ha
Y3KOH CTE€HKE, M UX MIPUXOIUTCS YIIIUHSATD, IIPO-
J0JDKask Ha IIMPOKYIO CTEHKY BOJIHOBOJA. OJTO
BBI3BIBACT TPYAHOCTHU IIPH KOHCTPYUPOBAHHUH JBY-
MEpHBIX aHTEHHBIX PELIETOK, MOCKOIbKY BOJHO-
BOABI C TAaKMMHM IIEJSIMH HEJNb3sl paclojararb
BIUIOTHYIO APYT K APYTY, U IOPOXKJAET IOTIOTHH-
TCJIBbHBIC CJIIOKHOCTHU MNOCTPOCHUA aJITropUuT™Ma
pacuera. [y M3My4yeHUs MO C TOPU30HTAIb-
HOH noJssipu3anyeii ynoOHee UCIoNb30BaTh HoIe-
PCUHBIC LICIIU B HIHpOKOﬁ CTCHKEC IIPAMOYTOJIbHO-
ro BosHOBOAa. Ho B pe3oHaHCHOIN aHTEHHE UX
ClIeyeT CMEeIIaTh APYT OT Apyra Ha pacCTOsIHHUE
LIE€TI01 JUIMHBI BOJIHBI B BOJIHOBOJIE, KOTOpas 00JIb-
111 JUTMHBI BOJIHBI B CBOOOTHOM ITPOCTPAHCTBE A.
OTO NMPUBOAUT K MOSBJICHUIO B IUarpaMme Ha-
MpaBJIeHHOCTH MHTEP(EPECHIIMOHHBIX MAKCUMYMOB
BBICLIETO HOPSIKA, YTO HEJOITyCTUMO.

Jnis perieHns npo6iaeMbl HEOOXOIMMO 3aMeT-
JISITh BOJIHY B BOJIHOBOJIE. Mcnionb30BaHue ¢ 3TON
LEJIBI0 TPe0CHYAaTON 3aMeUISIONIe CTPYKTYpHhI
BBI3BIBACT TEXHOJIOTMUECKUE TPYIHOCTH, COIPO-
BOXK/Ia€MbI€ K TOMY kK€ YBEIHMUEHHEM METaJllo-
EeMKOCTH U Beca CHCTeMbl. ['opa3no mydme yac-
TUYHO 3aIOJHSTH BOJIHOBOA AMAIEKTPUKOM, HC-
HOJIb3Ysl CION JU3JIEKTPHUKA, TapauIeIbHbIA ero
LIMPOKUM CTeHKaM. ToJnHa cj1os, ero AnJIeKT-



H. K. biiunosa, A. A. JIsxosckwuit, JI. IT. Ayk

pHuYecKasi MPOHUIIAEMOCTb 1 TIOJIOKEHHUE B TTOTIe-
PEYHOM CEYEHHMH BOJHOBOJA, & TAKXKE pa3Mepshl
IIIEITH MOTYT CITy’KHUTh CBOOOIHBIMH TTapaMeTpaMH,
PEryAUpYIONIMMH Ha 3aJaHHON YacToTe (hazy Bo3-
Oy>KIeHHS [IeNU ¥ YPOBHH MOIITHOCTH M3Ty4CHUS
U oTpaxeHus. Takue mapameTpbl OTCYTCTBYIOT B
cilydae TOJIOTO BOJIHOBOZA. BakHO, 4TO y3Kas
HoTepeyvHast MIeTb 3aHUMAeT MaJIoe PacCTOSHHE
BJIOJIb OCH BOJIHOBOJA. brmaromapsi sTtomy oHa,
B OTJIMYHE OT NMPOJOJIBHON IIETH, HE TePSeT U3-
Jy4YaTeNbHYI0 CIOCOOHOCTh MpH OONBIIMX 3a-
MEJUICHHSX, KOT/1a JUIMHA ey L cBsisana ¢ A,
cooTHolieHueM [1]:

L=3),/2. (1)

esab padoThl M1 METO MCCJIETOBAHUS

Ilenbro HacTosIIEH pabOTHI SBIISETCS HCCIIC-
JIOBaHME BO3MOXKHOCTH YIIPaBJIEHUS IMapameTpa-
MH IIONIEPEUHBIX LIEJIEH B IUPOKON CTEHKE Mpsi-
MOYTOJIBHOTO BOJTHOBOJIA CO CJIOEM IUAJICKTPHKA,
HapaieNbHbIM €ro IUPOKUM CTEHKaM, IPU CO-
OnromeHNH OZHOMOAOBOrO pexuma. Mccienosa-
HUIO TIOJIEXKAT: pe30HAHCHAA JJTMHA BOJIHBI, Yac-
TOTHBIE XapaKTEPUCTUKH IHEPreTHYECKUX Iapa-
METPOB I1IeNel pa3HOM AJMHBI [IPU BapbUPOBAHUN
JUJIEKTPUYECKON MPOHUIIAEMOCTH €, TONLIUHEI
CJIOSI IUBJIEKTPHKA ¢ M €70 IIOJI0XKEHHS B TTOTIEeped-
HOM CEUEHHUH BOJIHOBOJA.

PacueTs! mpoBeieHBl Ha OCHOBE MOIYYEHHOTO
B [2] pemienus 3aa4u paccesHUs BOJIHBI, MTa1ar0-
1ied Ha LIedb CO CTOPOHBI reHeparopa. Xof pe-
LIEHHS 33/1a4d U MPOLEAYypa PacueToOB COAEpIKaT
HECKOJIBKO 3TaroB. 1 TaBHBIN U3 HUX — ONpesere-
HUYE MIEKTPUUECKOIO NOJIA €,;, HABEASHHOTO B ILEIN
ToJIeM NaJarolei BoMHbL. 1 HaX0XKIeHHs 3TOTOo
noJist hopMyIpyeTcst PyHKIMOHAIBHOE YpAaBHEHHE
Ha OCHOBE HENPEPHIBHOCTU TAaHTCHINAJIBHON CO-
CTaBJIIIOLICH MAarHUTHOTO IOJIs1 Ha TIOBEPXHOCTH
mend. 3T0 ypaBHEHHE COAEPKUT BEKTOPHI Mar-
HUTHOTO Tonst F. 1)(&,), BO30Y KIEHHOTO MOTEM
€,, B 00JI1aCTH PACIOIOKEHUS IEeIH BHYTPU BOJI-
HOBO/Ia (MHJEKC ) ¥ BO BHEITHEH 1O OTHOIICHHUIO
K HeMy oOmactu (uHzekc e). [lomydenHoe ypag-
HeHue pemaercsa MetonoM ['anepkuna. Ilone €,
MPEACTABIICHO B BUJE PA3JIOKEHUS B PAJ 110 BEK-

TOPHBIM COOCTBEHHBIM (QYHKLHUSAM OIeparopa
Jlannaca, ynoBIE€TBOPSIFOLIMM OXHOPOAHBIM Ipa-
HUYHBIM ycnoBusaM Jupuxiie u Heiimana Ha pas-
HBIX y4acTKax KOHTypa IIeJH:

0
ésl = 2 I/qéq ’ (2)
g=1

g — UHJIEKC CyMMMpOBaHUs, ) — YUCIIO YUUTHI-
BaeMbIX 0a3MCHBIX QYHKIIUH.

Beuny npenmnonaraeMoi y30CTH IENN CYUTA-
eTcs, 4TO I0JIE €, HANpaBJICHO NONEPEK MIENN U
MOCTOSIHHO B 3TOM HampasjieHuu. HeusBecTHele
KO3 DUIMEHTBI PAa3OKEHUs. ¥, ONPENETAIOTCS
W3 CUCTEMBI IMHEWHBIX alTeOpanuecKiX ypaBHe-
Huit (CJIAY) mertona ['anepkuna. MaTpuuHsle
anemeHTsl CJIAY conepkaT Tak Ha3blBaeMble
BHYTPEHHHE 1 BHEIIIHUE ITPOBOAUMOCTH IiesH. J{ist
WX ONpeJeNieHUus] HeoOXOANMO HaWTH BO30YX-
JIEHHBIE ILIEJIbIO TIOJIST BHYTPU BOJHOBOJA C JIU3-
JIEKTPUKOM M BO BHelIHel obnactu. [loguepku-
BaeM: YCJIOBHE HEMIPEPBIBHOCTH MOJIS Ha ITOBEPX-
HOCTH WIeNU TpeOyeT HaXOXKACHUS €ro B TOY-
Kax, edl MpuHaIjIeKalux, T. €. B 00JacTH Hc-
TOYHHKA. B cilydyae monepeuHoil menu 3ajgada
OTpeJleJIEHUsI TI0JIsl BHYTPHU BOJIHOBOJA JIOCTa-
TOYHO MPOCTO perraercst pa3paboTaHHBIM B [3]
METOAOM Pa3JI0KEHUsI UCKOMOIO IOJs IO co0-
CTBEHHBIM BoJIHaM. [loyueHHBIE ¢ HCTIOIb30Ba-
HUEM 3TOTO TOJs OpMYIBl Ui BHYTPEHHHX
MPOBOAMMOCTEN MPEeACTaBIAIOTCA B BUJIE CYMM
psanoB [2]. Bo BHemHel o0macTu mofe, Bo30yxk-
JNEHHOE IIEJIBbI0, OOBIYHO HAXOMAT C TIOMOIIBIO
¢yukuuit ['puna. Ecnu BHemHssE 00nacTh — mo-
JyIPOCTPAHCTBO, IPH pacueTe BHEIIHUX TPOBO-
JUMOCTEH MPUXOAUTCS MPUOEraTh K YUCICHHO-
MY HUHTETPUPOBAHUIO QYHKIHMU C CHHTYISPHBIM
AJIpOM, 4TO CaMo M0 ceOe TOCTaTOUHO CIIOXKHO.
ITocne pacuera BHyTpEeHHUX U BHEIIHUX MPOBO-
numocteit u3 CJIAY ynaercda HallTu aMIuTy-
ast V. Ilo u3BeCTHOMY yXKe IHOJIO €, Ompene-
JISFOTCSL 3JIEMEHTBl MAaTPHUIBl PACCESHUS IIEIH
B COOTBETCTBUU C TEOpUEH, pa3BUTOH B [4].

I'eomeTpus paccMaTpuBaeMOi CUCTEMBI Ipe-
cTaBiieHa Ha puc. 1. B obmem ciydae paccmar-
pHUBaeTCs AUIIEKTPUK C Pa3MepaMu CIOEB b,
b,, by, npuuem b, +b, +b; =b, Tne b — pa3mep
Y3KO# CTeHKHM BOJIHOBOZA. BosHOBOA BO30YX-
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Puc. 1. 'eomempus cucmemul

JTAETCsI OCHOBHOM BOJTHOM €IMHUYHON aMILIUTY-
IIbl, PACTIPOCTPaHSIOLIEHCs BAOJIb BOTHOBOA B I10-
JIOKUTENBHOM HarpaBieHun ocH z. CoOCTBeH-
HBIMH BOJIHAMH TaKOI'O BOJIHOBOAA SIBJISIFOTCS LE-
1 LM-BONHBL, 171 KOTOPBIX POJIb POIOIBHOM IIOC-
KOCTH MI'PaeT INIOCKOCTh Xz. OCHOBHOM SBJISETCS
JoMHHaHTHast LM-BosHa, KoTopasi TpaHchopMu-
pyercs B BOJNHY Tuna fH,,, KOrja AUIIEKTpHU-
YyecKoe 3arojHEeHUE BOJTHOBOAA CTAHOBUTCS OJl-
HoponHbIM. [Tonepeynas menbs Bo30yKaaeT B pac-
CMaTpUBacMOM BOJIHOBOJIE BOJTHBI 00OOHMX THIIOB.

IIpexnae Bcero, MHTEPECHO OBUIO BBIICHUTH
BOTIPOC, KaK JJIMHA BOJHBI, TPU KOTOPOH pE30HH-
pyer uienb (GUKCUPOBAHHOM AJTUHBI, 3aBUCHT OT
CTETIeHH 3aIlOJTHEHUS BOJIHOBOJA JUAIEKTPHUKOM
U OT MOJIOXKEHUS TUAIEKTPHUUECKOro CJIos Mo OT-
HOILIEHUIO K Ienu. [y1g onpeaeneHus pe3oHaHc-
HBIX JUITMH BOJIH PACCUMTaHbl YaCTOTHHIE XapaK-
TEPUCTHKH KOAPPHUIHECHTA OTPAKEHHUS OT HIEITH
I, u ko3 rmmenta npoxoxaenns 1'j,. Kosdou-
LMEHT W3IydeHus | Sy |2 HaliJieH U3 ypaBHeHus Oa-
JlaHca MOIIHOCTH. {7151 ompenenenus pe3oHaHc-
HOM JJTUHBI BOJTHBI HCTIOJIH30BAHO YCIOBHE

arg I, =0, 3)

(u3nvecKuil CMbICT KOTOPOTO CBOAUTCS K TOMY,
YTO pE30HAaHCHAs LIeib HE cABUTAET ¢a3y mpo-
IeaIIer BOJIHEL.

D10 nerko nokasars. Ammiutyaa C" ocHos-
HOH BOJIHBI, BO30Y>KI€HHOH PE30HAHCHOH IIENbI0
u Oeryuieil B CTOPOHY Harpy3kd, OnpeaesseTcs
BEIpakeHueM [4]:
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rae g(i> — aKTHBHAasl 4aCTb BHYTPEHHEH IPOBO-
JUMOCTH IIenH, Y — ee MOoJHas MPOBOANMOCTS.
B cnyuae pe3onancuoit menmu ImY =0, u amruiu-
tyne C'" cooTBeTCTBYeT AeiiCTBUTENHHOE YHCIIO.
JleficTBUTENBHBIM CTAHOBUTCS M KO3 HHUIUEHT
MIPOXOXKICHHUS, 38JJaHHBIN B 00IIEM cIyJae BbIpa-
KEHHEM:

_ (i)
I,=1+C* =1-8
Y

Ha pe3onancHoi yacToTe KO3 (QUIIMEHT IPOXOXK-
@)

nmeans 1, =1 “Rev CTaHOBHTCS JENCTBUTED-
e

HOM BEJIWYHHOM, CJIeJ0BATEIbHO, BBITTOJIHICTCS
ycnosue (3).

KoadduimenT nzmyuenns pe3oHaHCHOM e
Ha YaCTOTHOHN XapaKTEepHCTHUKE HE BCeraa ObIBa-
eT MakcuMalbHeIM. Ecii Ha pe3oHaHCHOW Yac-
TOTe BBINIONHAETCS ycnoBue (1), MpoBOAMMOCTh
2", aBcren 3a Heit n k03GGHUIHEHT H3TyUCHHS
|Sz|2 oOpamiarTcs B HOJIb. [Ipy 3TOM 1Mo MakcH-
MaJTbHOMY K03(h(DUITHEHTY U3TyUIEeHHUS HETb3s CY-
JIUTh O PE30HAHCHOW YacToTe. MOKHO yOeaUTHCS
B TOM, YTO B 5TOM CJly4ae Ha 4acToTe, [Ae |Sz|2
MaKCHMaJieH, okaseiBaetcs, urto argl', #0 [1].

OnpeneneHne pe3oHaHCHOM YacTOTHI LIEIIH 110
ycioButo (3) ynoOHO | 0 TO# MpUYHHE, YTO 3a-
($UKCUPOBATh MaKCHUMalbHOE 3HAUYCHHE |Sz|2
cloxHee, 4eM mepexon argl), uepes HyseBoe
3Ha4YE€HHE, 0COOCHHO €CITH IIENb HE SIBIETCS y3-
KOIIOJIOCHOM.

Pe3oHaHcHas JJIMHA 1A

Ha puc. 2 npeacTaBiieH mpuMep 3aBUCUMO-
CTH PE30HAHCHOM JITIHBI BOJHEI kgp IIETU B BOJI-
HOBOJIC C JTUAJICKTPUKOM, OTHECEHHOM K pe30-
HAHCHOM JJIMHE BOJTHBI X?y IIEJTH B TI0JIOM BOJI-
HOBOJIC, OT TOJIIIMHBI CJIOS TUAJICKTpUKa ¢, J{mu-
Ha menu L =16 MM, ee mupuna d =1.5 mwm,
HIeNh PACIONI0KEHA CHMMETPHYHO OTHOCHUTEIb-
HO OCH BOJIHOBOJIa C IMOIMEPEYHBIM CEYCHUEM
23x10 MM, €=2.
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0
Puc. 2. 3asucumocmeo /li/lp om mMonuwunsl t
OUDIEKMPUYECKOU NAACUNbL, € = 2, 0N pasziuy-
HbIX 6APUANMOE ee PACNONONCEHUS. 8 BOIHOB00E

Kpussie 1, 2, 3 Ha pUCYyHKE COOTBETCTBYIOT
CIIydasiM: CJIOM ITUAJIEKTPUKA MPUJIETAET K BepPX-
Hel CTeHKe co 1Ielbio (1), pacmonokeH CHMMET-
PUYHO B IOINEPEYHOM CEYEHHH BOJHOBOZA (2)
U TpHIeraeT K NMPOTUBOIONIOXKHON cTeHke (3).
Pe3onaHcHas qyiMHA BOJHBI IIEJIM TP yBEIHYe-
HUHU TOJILIMHBI CIOSI JUAJIEKTPUKA HUMEET TEH-
IeHnuio K pocty. Haubonee sipko 3Ta TeHaeH-
11 POSABIISIETCS, KOTJa TOJIIMHA CII0s, BIUIOT-
HYIO IPUJIETAIONIETO K IEIH, TOJIBKO HaYMHAET
yBenu4uBarbes (KpuBas 1), a Takke Korma K
IIeJIU TPUOIKACTCS TPaHUIIA “ IUITICKTPUK-BO3-
yX” CIOs, MPUJIETatoIIero K IPOTHUBOMNOI0KHON
creHke (kpusas 3). IHTEepecHO, 4TO ecTh yda-
CTKH “aHOMAaJIbHOT'O’’ MOBENECHUS 3aBUCHUMOCTU
X;/kg. Tak, Ha kpuBoO#t 1, KoTOpas B [5] pac-
CUHMTaHa HE COBCEM TOYHO, €CTh Y4YacTOK, IJe
YaCTUYHOMY 3allOJHEHHMIO BOJHOBOJA COOTBET-
CTBYIOT 0OJiee BBICOKHE 3HAUCHHUS k’; / kop , 4eM
IIPY TIOJTHOM 3aII0JIHEHUH (TIpsiMast 5). A Ha KpH-
BOI1 3 ecTh y4acCTOK U3MEHEHUS ¢, TJIe IPU HaJIH-
YUU JU3JIEKTPUKA 7»; OKa3bIBaeTCSd MEHbILEH,
qeM 7L0p (mpsimas 4). Ha “amoManbHBIX” ydacT-
Kax 7[; U3MEHSeTCs] JOCTaTOYHO MEJJIEHHO.
3T0 cHUXKaeT TpeOOBaHNSA K TOUHOCTH U3TOTOB-
JICHUSI aHTEHHBI, YTO BecbMa oJie3Ho. [lockoms-
KY 3aMeJlJIEHUE BOJIHBI B BOJTHOBO/IE HE 3aBUCHUT
OT TOTO, K KaKOW CTEHKE IpHJIEraeT CIOW AM-

3JEKTpUKa, MpeAcTaBisiercs Oojee menecood-
pasHBIM pacrojiaratb ero BOJIM3HM CTCHKH, MPO-
THUBOIIOJIOXXHOM TOH, Tie Mpope3aHa Ieb.

YMeHbILIEHHE PE30HAHCHON AJIMHBI BOJHBI
IeNM MOJIE3HO U M0 JAPYToi MpUYMHE: 3aMe/Je-
HHUE BOJIHBI IPOSBIIsieTCs TeM 3P deKTuBHEE, YeM
Janplie padodas gyactora oT Kputuueckoi. Crie-
JIOBaTeIbHO, YMEHbIIICHNE PE30HAHCHOM JIITMHBI
BOJIHBI ILEJIN TTO3BOJISIET IEPEMECTUTH PadOUyIO
TOYKY B 00JIACTH 4acCTOT, Ti¢ HabIogaeTcs Hau-
0onee apdexTuBHOE 3ameieHue. [1pu moctpoe-
HUM MHOTOLIEJICBON CHCTEMBI 3TO JaeT BO3MOXK-
HOCTh MaKCHUMAaJbHO COJIM3UTH COCEIHHE H3IIy-
YaTenu A YMEHbIICHUS YPOBHsS OOKOBOTO H3-
Jy4EHHUS.

JanpHeiimne pacueTsl IPOBEACHBI IS CITy-
qas, KOrja OUAJIEKTPUK MpUJIeraeT K CTEHKe,
MPOTHUBOMOJIOKHOU TOH, B KOTOPOH Mpope3aHa
1iesb. 3aMeTUM, YTO PEe3yJIbTaThl HAZE)KHO CTa-
OMIIM3UPYIOTCSI, €CTTU YYUTHIBAETCS HE MEHee
90 kopHEH IUCTIEPCUOHHBIX YpaBHEHUN s LE-
u LM-BonH. WccnenoBaHa BO3MOXKHOCTb Pe30-
HAHCHOTO U3JTy4YEHHs LIeNU TPU TAaKUX YCIOBUSAX:
1) BO30Y>XaeHHE LIETH IPOUCXOIUT B OMHOMOAO-
BOM pEXuMe; 2) JUIMHA JOMUHAHTHOW BOJIHBI B
BOJIHOBOJIE A,, ONpENENsiomas pacCTOAHHE
MEXy M3y4aTeIsIMH, MEHbIIIE [UTHHBI BOJHBI A
B CBOOOTHOM IPOCTPAHCTBE, HA KOTOPOH ILenb
JIOJIKHA PE30HUPOBATH,

Ay <A, 4)

T. €. obecreunBaeTcs OTCYTCTBUE B JHarpam-
Me HalpaBIeHHOCTH HHTEP(EPEHINOHHBIX MaK-
CUMYMOB BBICILIETO MOPSIKA.

B xauecTBe nmpumMepa, pacCMOTPEHBI LIENH B
BoJiHOBoAEe 23X10 mM. IIpoBepeHo, yTo mpu
JMOOBIX € U ¢ OMKalIIMMHU K OCHOBHOMY BBIC-
HIMMH TUIIAMH BOJIH, KOTOpPbIE BO30YXkAal0TCs
CHMMETPUYHO PACIIOJI0XXEHHON IMONEepeuyHOon
LIETIBI0 B TAKOM BOJIHOBOZE, SBJISIFOTCSI BOJIHBI C
uHnekcamu “11”, a Goysiee KOHKPETHO — BOJHA
tuna LE,,. Ilpexne Bcero, BaxXHO OBLIO Y3-
HaTh, IPU KaKUX yCJIOBUAX BBIIIOJIHAETCS HEPa-
BeHCTBO (4). Ha ocHoBe aHanu3a nucrnepcuoH-
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HBIX XapaKTEePUCTHK BOJHBI THHa LM, BbIsc-
HUJIOCKH cienytoree. [Ipu € =2 BeImogHEeHME yc-
noBus (4) obecrnedynBaeTCsl CIOEM TOJIIUHOMN
t=7 MM IS [UIMH BOJH A, HE MPEBOCXOISIIIX
35 mm. Mpu35Smm <A, <38 Mm Hyx)eH cioi
TOJIIUHON ¢>8 MM. DTO yXe MOYTH IMOJHOE
3aroJIHEHNE BOJHOBOJIAa AUDIIEKTPUKOM, YTO He-
JKenaTelbHO. YeM BBIlIe €, TeM MEHBIINE TOJ-
[IUHBI TUAJIEKTPHKa 00€CIIeUunBarOT BHIOJIHE-
Hue ycnoBus (4). Tak, HapuMep, IpH € =35 3TO
YCJIOBUE BBHITIONHSETCS BILIOTH A0 A =42 MM
CJI0€M TOJIIMHON 4 MM, a pu €=7 — CJIOEM
tonmuHoi =3 MM (10 A =39 mm). 3amene-
HUE BOJIHBI J0CTATOYHO 3P (PEKTUBHO HAPACTACT
NpH YBEIWYEHUH TOJIIIUHBI CII0S, PACIOI0KEH-
HOTO BIIOTHYIO K CTEHKE, OT HYJIS 10 MTOJIOBUHBI
BBICOTHI BOJIHOBOoAA. [lpu manbHelmeM yBenu-
YEHUHU TOJIIMHBI CJIOS POCT 3aMeIJICHUs Mpo-
JOJIKaeTcs, HO yXe He Tak OwicTpo. Iloatomy
Ha YacTOTax, NAJIEKUX OT KPUTHUECKOH YacCTOTHI,
pu €=5-+7 W BBIIIE MOXKHO AOCTHTHYTh HYX-
HBIX 3aMEIJICHUH, 3aTI0JTHSIS1 BOTHOBOJ TN3JIEKTPH-
KOM MEHEe 4eM HAIlOJIOBHHY. DTO OYeHb BaXKHO,
MTOCKOJIBKY AVIEKTPUUYECKHNA CIIOH, KaK 3TO Clie-
IyeT U3 JAHHBIX PUC. 2, )KEJIAaTeJbHO pacmoia-
raTh MojajblIe OT IIENH.

g mpuMepa MOXHO HCIIONb30BaTh pacuer-
HBIE PE3yJIbTAThl, MOIYYEHHBIE I YaCTUYHOTO
3aI0JTHEHUS BOJTHOBOJA JTUAIEKTPUKOM C €=7.

Ha puc. 3 crmomrHpIMU THHUASMHE TIPEICTAB-
JICHBI TPaHUIBI pabouei TOIOCH! AJTUH BOJH BOJI-
HOBOJIa C TUAJIEKTPUKOM B 3aBUCUMOCTH OT TOJI-
mUHEI cios ¢, LITpuxoBast TMHHUS COOTBETCTBYET
JUTHHAM BOJTH, JIJI51 KOTOPBIX BBITTOIHSAETCS yCIIO-
Bre A, =M.

UTo0b! BEITIONHSIIOCH yeoBue (4), 3HaYeHUS
PE30HAHCHBIX JUTHH BOJH JOJDKHBI HAXOIUTHCS B
o0nacTi MEXIy HM)KHEH CIUIONIHOW ¥ IIITPUXOBOH
JTUHASAMHA. DTH 3HAYE€HUS OTMEYEHBI MapKepaMu
pasHoit popmbl Ayt menei muHoHi ot 11 10 21 M.
Ecnm 3amana pesoHaHCHAs TMHA BOITHBI, TAHHBIMH
puc. 4 ipu € =7 MOXKHO BOCIIOJIH30BaThCS /IS BHI-
00pa HYXHBIX TOJIIIMHBI CJIOS ¢ U JUTUHBI 1T L,
MIPU KOTOPBIX BBIMIONHsIETCS yeinoBue (4). B Tabmum-
1€ PUBE/ICHBI OPUEHTUPOBOYHBIC THATIA30HBI ITUX
JTAHHBIX. AHAJIOTHYHBIE PE3yIBTaThl MOXKHO TOJTY-
YWTh U JJIS IPYTUX 3HAUCHUH €.

10 T T T T T T T T T
0 2 4 6 8 t,Mm

Puc. 3. I panuysi paboueii nonocwl u pe30HaHcHbvle ONUHbL
80IH Wjenell pasHol ONUHbBL 8 3ABUCUMOCIILL OTH MOUU-
norcnositc €=7:—L=11 um, B — L =12 um,
W - L=13 um, @ —L=15 vum, A — L=16 mwm,
® —L=17 um ® —L=19 um &8 — L =21 mm
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Puc. 4. Pe3onancHvle 3nayenus kodguyuenma om-
pasxcenus u pe3oHancHvle ONUHLL GOJIH NPU PA3IUY-
Holxt, € =7

Tabauna. Pekomenoogannule sHavenus t u L 6 pasnoix
yacmax pabouezo OUANA30HA 80IHOB00A nNpu € =7

A, MM t, MM L, Mmm
25+30 2+3 12+13
30+35 3 13+17
35+45 3+6 17+19
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JHepreTuyecKue nNapaMeTpsl meJan

Bonbioit mHTEpEC MpeacTaBseT coOor BON-
Poc, KaK U3MEHSIOTCS PE30HAHCHBIE 3HAYECHUS KO-
3G GUIHUEHTOB OTPAKEHUS I U3ITyUSHHS MIPH H3-
MEHEHHUH TOJIIIMHEI CJI0S1 AUIeKTpuKa. st mpu-
Mepa NpPUBEAEM JTaHHbIE 7 Iienel JuHou 17
u 19 MM, € =7, Tony4eHHBIE B pe3yJbTaTe pac-
YyeTa YaCTOTHBIX XapaKTEPUCTHK KO3 uiueH-
TOB OTpaxkenus I, u mpoxoxaenus 1,. Broms
ocH abCIyCcC OTJIOKEHbl PE30HAHCHBIC ATUHBI
BOJIH, OCh OpAHMHAT CIYXKUT AJIsi PE30HAHCHBIX
3HaYeHUU KOA(PPUIIUEHTa OTPAKEHHUS 10 MOIII-
HOCTH |f1 | (puc. 4) u ko3P PurEIeHTa U3TyIEHUS
|Ss|” (puc. 5).

Uucna Ha Mapkepax YKa3bIBalOT TONLIUHY
CI0sl MTUANIEKTPUKA B MUIIUMETpax. BaxkHo
OTMETHTb, YTO KOI()PHUIUEHT OTpaskeHUS |f1 |2
mpu 3 MM <t <9 MM He NpEBHIIACT 3HAYCHHUS
|I"1 |2 B CJIydYae IIEJH B ITOJIOM BOJTHOBOJIE. 3aBH-
cumocTh | Sy |2 OT ¢ UMeEeT MUHUMYM BOJIN3H
t =5 mM. Haubonee nHTEepecHbIil (hakT COCTOUT
B TOM, YTO MaKCUMaJIbHOE 3HaueHue Kod3pPuu-
€HTa U3ITy4eHUs Ui 00enXx Ieneld Habmogaercs
B OKPECTHOCTH =9 MM.

[JanpHeiimee yBeauueHHe TOJIIMHBI €O ¢
COIIPOBOXIAETCSI OBICTPHIM YBEIHUYCHUEM KO-
¢duImeHTa OTpakeHUs U yMeHbIIIeHHeM K03 du-
[UEHTa M3JIyYEHUs, YTO JIeNIaeT LIeNb MPaKTH-
YECKHU HEMPUTOJAHOM JIJIs UCIIONb30BaHus. Takue
e pacueTHbIe 3aKOHOMEPHOCTH HaOIIomaroTcs

2
|85 |

0.5

Puc. 5. PesonancHvle sHauenus kosgpuyuenma u3z-
JIyYeHUs U pe30HAHCHble ONUHLL B0H NPU PA3IUY-
Hbixt, €E=7

u B ciydae € =5. Bor modemy mpu pazpabotke
BOJIHOBOIHO-IIIEJIEBBIX aHTEHH HelleJIecoo0pa3zHo
3aMEJUISITh BOJIHBI B BOJIHOBOJAE IIyTEM IIOJIHOTO
3aII0JIHEHUS €TO JUMIEKTPUKOM.

Ha puc. 6 mpencrasieHsl pe3yiasTaTbl pacue-
Ta U 3KCIIEPUMEHTAIBLHOIO UCCIICOBAHUS PE30-
HAHCHBIX 3HAYCHUH KO PHUIIUCHTA TPOXOKACHHS
MOTNIEPEYHBIX LIENEN Pa3HOH IJIMHBI B BOITHOBOJIE CO
CJIOEM JAMAJIEKTPUKA TOMIUHOMN 1.95 MM U1 AudIIeK-
TPUYECKOM NPOHUIIAEMOCTBIO € = 7. BUHO BIOJI-
HE YIOBJIETBOPUTEJIEHOE B3aMMHOE COOTBETCTBUE
pacyeTHBIX U KCIIEPUMEHTATLHBIX JaHHBIX, U3 YETO
clienyer, uto pu3nuecKkue 3aKOHOMEPHOCTH, T10-
JTy4EHHBIE PACUETHBIM IyTEM, MPABWIBLHO OIH-
CBHIBAIOT peasibHbIe (PU3NUECKHE TPOIECCHI.

.2
|r]2| L] ﬂ.B
-2
I=13mm ¥
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L=14 mm
-3 &
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L4
L=16 MM
4 ¥
o
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Puc. 6. Pacuemnvie u sxcnepumenmanvhsle pe3o-
HAHCHble 3HAYeHUsA Kodppuyuenma npoxorcoeHus:
® —oxcnepumenm, X — pacuem

3akaroueHune

1. HccnenoBanbl u3nueckue CBOWCTBA TO-
MEPEUYHON LIEU B MPSIMOYTOJILHOM BOJTHOBOJE C
JIUDJIEKTPUUECKHUM CJI0EM, NapaJUIeNIbHBIM €r0 IIU-
POKHMM cTeHKaM. UHCIEeHHbIE PE3YNITaThl MOTyYe-
HBI HA OCHOBE PEIeHNs 3a1a91 BO30YKIeHUS Tps-
MOYTOJIBHOTO BOJTHOBOZIA U3BECTHBIM METOJOM Pa3-
JIOKEHHST ICKOMOTO TIOJISI TI0 COOCTBEHHBIM BOJTHAM.
Pesynbrarel pacuera noATBEPAKACHbBI SKCIIEPUMEH-
TaNbHBIMU HCCIEIOBAHUSIMH.

2. HccnenoBanne 4aCTOTHBIX XapaKTEPUCTUK
LENEHTIPU € =5 U € = 7 JUIJIEKTPUUYECKOTO CIIOSI
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TTO3BOJIMIIO OOHAPYKUTHh UHTEPECHBIE (PH3UIECKUE
3aKOHOMEPHOCTH: a) U3MEHEHHWE TONIIUHBI CIOs
JJIEKTPHKA B HETIOCPEICTBEHHOM OJTM30CTH K ITIEITH
CTUMYJHAPYET OBICTpOE M3MEHEHHE ee Pe30HaHC-
HOW JUTMHBI BOINHBI; 0) MPU YMEHBIIEHHH 3a30pa
MEXIy CJIOeM IUAIIEKTPUKa U IIENbI0 OT 1 MM
1o 0 pesko Bospactaet (ot 0.2 go 0.8) xoaddu-
[MEHT OTPAYKEHHS IO MOIITHOCTH | Ma1aeT KO3 u-
nmeHT mnyueHus (ot 0.5 go 0.15); B) mpu Tommmm-
HaX CJI0s1, JIeKaIuX B ipenenax 3 MM < ¢ < 8 M,
Pe30HaHCHOE 3HAYEHHE KO PUIMEHTA OTPAKEHUS
OT LIENW HE MPEBHINIACT PE30HAHCHOE 3HAYCHHE
JTOM BEJIMYMHBI B II0JIOM BOJIHOBOJIE.

3. IlokazaHo, 4TO MpH MOCTPOESHUH BOJIHOBO/I-
HO-ILIEJICBOM aHTEHHBI: &) HE CJIEAYET MCIONb30-
BaTh MOJIHOE 3aII0JIHEHHE BOTHOBOA JIMAJICKTPH-
KOM; 0) CJIO¥ TMANIEKTPHKA 11e7IeCO00Pa3HO pacrio-
Jlarath BIUIOTHYIO K CTEHKE, TPOTUBOMOJIOKHOM TOH,
B KOTOpOI Mpope3aHa MIeib; B) MOKHO JJOOUTHCS
PE30HAHCHOTO M3ITy4YCHUS eI B OJJHOMOIOBOM
pexxuMe paboTHl BOJIHOBOAA MPH YCIOBUH, UTO
JUTUHA BOJIHBI B BOTHOBOZIE MEHBIIIE JITTHHBI BOJTHBI
B CBOOOJTHOM TPOCTPAHCTRBE.
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IMonepeyHa mijinHA y XBUJIEBOAI
3 lieJIeKTPHUYHOI0
YHOBiJILHIOIOY 010 CHCTEMOIO0

H. K. bannosa, A. A. JIaxoBchbKHii,
JI. I1. Suyk

Po3paxyHKOBIM IIISIXOM JOCITIKEHO (i3ndHI
BJIACTHBOCTI BY3bKO{ ITOTIEPEYHOT ITITHHH MTPOopi3a-
HOT y IPSIMOKYTHOMY XBHJICBO/I1 3 IIIAPOM JTieTIEKT-
pHKa, MapajeJbHUM HOTO IMUPOKHM CTiHKaM.
[TokazaHO MOIIMBICTH PE30HAHCHOTO BHIIPOMi-
HIOBaHHS IIUIMHHE y OJHOMOJOBOMY PEXKHMI 3a
YMOBH, SIKIIIO IOBKWHA XBUJTI Y XBHJICBO1 € MEH-
OO HIXK JIOBKMHA XBWJII Y BITBHOMY TIPOCTOPI.
Hanarotbest pekoMeHaallii oo mijecnpsMoBa-
HOTO BHOOPY JOBXHUHH IIUIMHU, iCICKTPHUUHOL
MPOHUKHOCTI IIapy, 1OT0 TOBIMHH Ta PO3TaITyBaH-
Hs Y TIONIEpeYHOMY Tiepepisi XxBuieBody. Biporiz-
HICTh PO3PaxXyHKOBHX JaHUX ITiJTBEPKCHO €KC-
HNEePHUMEHTAIBHO.

Transversal Slot in a Waveguide
with Dielectric Slow-Wave Structure

N. K. Blinova, A. A. Lyakhovsky,
and L. P. Yatsuk

The physical properties of a narrow transver-
sal slot cut in a rectangular waveguide with a
dielectric layer parallel to the waveguide broad
walls are studied on the base of calculations. The
possibility for slot resonance radiation in a single-
mode operation is shown for the condition that the
waveguide wavelength is shorter than that for the
free space. The recommendations for the task-
oriented choice of slot length, layer permittivity, its
thickness and position in a waveguide section are
given. The reliability of the results calculated is
confirmed experimentally.
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