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TpagunuuoHHBIE ypaBHEHHS BO30YXAECHUS OCHOBAaHBI Ha IPEACTaBICHHUH BO30YXKIaeMOro
CTOPOHHMMH MCTOYHUKAMH TOJIA B BU/IE CYMMBI COOCTBEHHBIX BOIH TE 1 TM mosoro BonHOBOAA,
MIONIEPEYHBIE COCTABIIIIOIINE KOTOPBIX OOpa3yloT IOJHYIO CHCTEMY B KJAacce ITONEPEYHBIX
BEKTOPOB CEUCHMS YKa3aHHOTO BOJHOBOAA. OHAKO B 00JIACTH HCTOYHUKOB (TIPOIXOIBHBIN IITHIPS,
JIEKTPOHHBIA TIOTOK) BOJHOBOZ OKa3blBaeTCS HE IOJBIM M B 3TOH 0ONACTH CyIIECTBYET
MOTEHIMATIBHOE TTONIEPEYHOE AIEKTpHUecKoe moute. [lonepednoe 31eKTpuIecKoe Moje JOMOTHIET
6azuc TE u TM BouH, 4TO HEe YYUTHIBAETCS B TPAJUIMOHHBIX YPaBHEHUAX BO30YykeHus. B cTaTbe
NpoBeJIcHa He00X0JuMas KOPPEKLUs YpaBHEHHH BO30YKIEHUS B 00JIACTH HCTOYHUKOB.

Kniouesvie cnosa: ypaBHeHUS BO30yXICHUA, 00JaCTh MCTOYHUKOB, IIONEPEUHOE 3NIEKTPUIECKOE
110JIe, KOPPEKLUS yPaBHEHUM.

BBeaenne

[Ilupoko wucnons3yemMble B 3agadax odekTpoHuku CBY TpaguuuoHHBIE YpaBHEHUSA
BO30YXKACHHUS PETYISAPHBIX BOTHOBOJOB [1—4] B 001acTH MCTOYHMKOB HYXAAIOTCSA B OIPENEICHHON
KOppEeKIMU. YKa3aHHbIE YPaBHEHHSI OCHOBAHbI Ha MIPE/ICTABICHUH BO30YKIaeMOro MOJIsl B BHIE CYMM
TE u TM BosH moJIOr0 BOJHOBOJA, MOIEPEYHBIE COCTABISIOIIME KOTOPHIX 00pa3yloT IOJIHYIO
CHUCTEMy B KJacce IIONEepPEYHBIX BEKTOPOB CEYEHHMS IOJNOro BOJHOBoAa. OpHako B obOnactu
HCTOYHUKOB (TIPOJONBHBIN IITHIPB, JIEKTPOHHBIN MTOTOK) BOJIHOBOJ, UMEET HE OJTHOCBSI3HYIO 00JacTh
MONEPEYHOTO CEYCHUS, a JBYCBSI3HYIO MM MHOTOCBS3HYIO, YTO TIPEAINoJaraeT CyIiecTBOBaHUE
MOTeHIMANBHOTO monepeynoro 7-mons. Takum oOpaszom, 6asuc TE m TM moneit okaspiBaeTcs
HETIOJIHBIM, HeoOXxoxuM ydeT T-BosHbl. ITocKoNIbKY ee mocTosiHHas pactpoctpanenus [ =K =wm/C

He pasHa mo6oit 'S wm T TM u TE omn (I =, [k? —(%E’H )2 ), OHa OPTOTrOHaJbHA BceM TE u

v

TM mnossM nosioro BosiHOBo1a [ 1—4]. MiHaue roBopsi, OHa He MOXKET OBITh IpeJicTaBlieHa B Oasuce TM
n TE BomH mojoro BOMHOBOJAa M TpeOyeT OTAENbHOro pacuera. llpuuem, mpu BbLIEICHUH
KBazuctaruyeckoro mong (m=(0) oOHa ompeAenseT TIJaBHYI0 4YacTb O3JEKTPUUYECKOTO IIOJIS
HCTOYHHKOB — JiByMepHoe nonepednoe noie (I, =w/c=0). IlocaenHee 0cOOCHHO BaKHO B TCOPUH
CBY-npubdopos O- u M- TUIIOB, THPOPE30HAHCHBIX IPUOOPOB U APYTHX YCTPOHCTB.

B Hacrosimelt craThe poBe/ieHa HEOOX0JMMasi KOPPEKIIUsl YpaBHEHHH BO30YKICHUS TOJIBIX
BOJIHOBOJIOB, B KOTOPBIX YYTEHO IOTEPEYHOE DIIEKTPHUYECKOE I0Jie MCTOYHUKOB B 00JAacTH WX
JEHCTBUS B BOJIHOBO/IE.

PeryasipHblii BOJTHOBOJ

IToctaBuM 3amady BO30OYXICHHS PEryJSIPHOrO BOJHOBOJA CTOPOHHHUMH 3JICKTPUYCCKUMHU
HMCTOYHUKAMHU ClieayroimmM oopa3zoM. HeoOxoaumo pemuTs cucTeMy ypaBHeHUH MakcBeiia
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dive,E =p, , divp,H =0

IIpU rpaHUYHOM YCJ'IOBI/II/I Ha CTCHKC BOJIHOBOJIA
[ﬁE]‘ 0. @)
S

3nech E,H —cooTBercTBeHHO  3JEKTpUYECKass W  MarHUTHas  HaNpsDKEHHOCTH

JJICKTPOMAruuTHOIO IOJIsI B BOJIHOBOAC; €., [, — AUDJICKTPHUYCCKAs U MarHuTHas MNPpOHHIACMOCTb

3aIllOJIHCHHUA BOJIHOBOJA, SL,m u P, — COOTBETCTBCHHO BCKTOP IIJIOTHOCTH TOKA U 00BEMHEIH 3apsan

AIIEKTPUYECKUX CTOPOHHHUX MCTOYHHUKOB B BOJIHOBOJIE; 1 — HOPMaJlb K CTEHKE BOJHOBO/IA.
VYenoBue (2) COOTBETCTBYET HACATBHO MPOBOSIIIMM CTEHKaM; 0000IICHHE Ha CITy4ail MoTeph
HE mpejcTaBiser Tpyanocteii [4]. s pemenuns nocraBiaenHoi 3anauu (1), (2) npeactaBum uCKoMoe

noie E B BUJC ABYX COCTABJIAIOIINX:
E=E'+E’, (3)

npuuem, ot E” =0. Torma 3agaua (1) pasnensiercs Ha 1Be:

rotl3|=sa§+8;m,
ot

(4)

= oH
rotE' =—p, —,
Ha o
dive,E"=p,_, /e, —divVE', wmu V’d=—p'/¢,, E"=-gradd, (5)
spech O, =0, +sa%=8m —saggradcb, p'le,=ple,—divE'.

[Tomoxum Aajiee, 4To nponecc BO36y>KI[eHI/I$I BOJIHOBOAA — CTaHI/IOHapHLIfl, T.€. HCTOYHHUKH

OJIsL ABJIAIOTCA NCPUOANYCCKUMU BO BPEMCHHU. Torz[a nuckoMble ot E ' H moxHO nNpeaACTaBUTH B
BUJC psAaa CDpre 10 TapMOHUYCCKUM COCTABJIAIOIIIUM

E'=Re)> E"e™ H=Re) H"%"™", (6)
n=0 n=0
Pemenmss s E" wm H" sammmem, mcmons3ys pesymbTatel [4], 3aMeHss B pelICHHM,

nonmydennom B [4], 5, Ha O,

. . ryn
" = (CEr +CrEr) - O
jnoe, (7)
H" :(CQHQ +CESH—S)

3necy EJg, H]s — nons monyraeix (+S) 1 BeTpeunsix (-S) cOOCTBEHHBIX BOJIH BOJHOBOJA (BHE
MCTOYHUKOB) Ha yactote Nw, (0,)"— rapMoHMKa Z-COCTaBISIONICH INIOTHOCTH TOKA O, Ha 4acToTe N®:

d¢ly 1 7

1 o _
S'E".dS e ™'dwt, 8
dz  =nNg -([SJ; UL ® ®
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n

rae N¢ = J. ([EQS H ] —[Efs JHI ])dSl — Hopma S-it BomHe! Ha Nw; ()" =&" — jnwe,
SL
Teneps obpaTumcs k pewenuto (5). [IpeacraBum cootBercTBeHHO (6) B BUE:
=Re) @"e™", 9)

Toraa nonyyaem s ®@"; ucronssys (7), (8):

n 2 n 2
V2O" =—(p)' /e, =—p" /g, +dIiVE"=—p" /¢ +Z dCS EL + dCSEZ“S 882/Jn 8_3),
dz oz
WIH
VD" =—p"/¢ +Z:(dcS EN + dg SEN j 6862 ! jnoe, . (10)
Z

U3 (10) Berrekaer, uro (E")" =—grad®", T.e. — 310 cocraBisiomas MEKTPHIECKOrO MOJIS,
KOTOpasi OTCYTCTBYET B YpaBHEHUsIX BO30ykaeHus [1-4].
3aMeTuM TaKKe, 9YTO B COOTBETCTBHHU C T€OpHUEH TIaBHl 6 U3 [5] KOMIIOHEHTHI COOCTBEHHBIX

momeii perymiporo Bommosoma ES w E', HIuH", wmmeior sum Ef =E}(F)e ™7,

2

Gn _ gn —jhiz =n _ #n jhlz gGn _ gn ez n_ nw a2
He =Hg (r)e ™", E' =E" (r)e"™, H =H"(r)e’™", rme h = S Xs — TOCTOSTHHAsI
pacnpocTpaHeHusl S-ro THIa BOJH Ha 4acToTe N, I, — HomnepedHble K Z KOOPIHHATHI, C — CKOPOCTh
CBETa B IyCTOTE, )q — COOCTBEHHOE 3Ha4YeHMe Juli S-ro Tuna BojiHBL IIpudem, and E-Tunos BonH

HMECET MCCTO COOTHOUICHHUC:

Efsm (Tl) :_EESOt (rJ_) , EESOz (ri) EQOZ (f' ) Hnsm (T ) HSOt (rl)’ (11)
a JuIst H-TUIIOB BOJIH BBIIIOIHSIETCS:
Hfsm (ri) =- sor (r ) HnSOz (r ) HSOZ (rl)’ Efsor (ﬁ) = _Efsm (i) (12)

3nech uHAeKC t 03HAuYaeT momepeuHyro cocTapistolyo BekTopa. C yuerom (8), (11), (12)
HETPYAHO YCTaHOBUTH, YTO

dc? ., dC" T o

_dZS EL + dz - = ! j 08, e dot - Egy, (1)),
dCn dc"

d CH C”Hn SHL + —H" . =0.

IV( + ) d ZS dZ -zS

Heperyasipablii BOJTHOBOI

Teopuss BO30OYXKIEHHS HEPETYJSPHBIX  BOJIHOBOIOB  JJIEKTPUYECKHMH  CTOPOHHHMH
WUCTOYHUKAMH pa3BUTa B KOPPEKTHOW (opMme (B YKa3aHHOM BBIIIE CMBICHE, T.€. C YYETOM

JIONIOJHUTENBHOM T-BONHBI) B cTathe [6] U MoHorpaduu [7]. Onnako p'B ypaBHenusx (6) u3 [6] u

(5), (6) u3 [7] tpedyer paciupposku. [lox p’, Kak 3TO 3aMUCAHO BHILIE B MOSICHEHHH K YPABHEHHIO

5), cieyer moHuMarh cienyiomee: o =p—g, divE! .
Y y p=p—¢&,

3akiaoyenue

[IpoBenena HeoOXomumasi KOPPEKUMS TPAIWLUOHHBIX YpaBHEHHH BO30YKICHHUS TOJIBIX
BOJIHOBOJIOB CTOPOHHHUM DJIEKTPHYECKAM TOKOM: YYTEHO IMOTEHIMANBHOE JJIEKTPHUYECKOE IOJIe B
00J1aCT MCTOYHUKOB, BO3HHUKAIOIEE 3a CUCT M3MEHEHUs CTPYKTYpPhl BOJIHOBOAA B 3TOH OOJIACTH.
CooTBeTcTBYIOLIAass KOPPEKLIHs ypaBHEHUH BO30YXKIEHHS MO MPEIIOKEHHOM CXeMe MOXET ObITh
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BBITIOJIHCHA U B CJIy4ac ﬂBOﬁCTBCHHOﬁ «MAarHUTHOH 3agadyn», Koraa BO36y>KI[eHI/I€ OCYHICCTBIIACTCA
CTOPOHHUM MarHuTHBIM TOKOM.

CORRECTION OF THE EXCITATION EQUATIONS
FOR HOLLOW WAVEGUIDES

A.A. KURAYEV

Abstract

The traditional excitation equations are based at the representation of excitating by extraneous
sources field in form the sum of own waves TE (H) and TM (E) of the hollow waveguide, which
transverses components form the complete basis in class of transverses vectors of section this
waveguide. However in the sources area (longitudinal sonde, electron beam) the waveguide is not
hollow and in this area exist potential transverse electric field. The transverse electric field expand the
bases of E and H waves. This is not taken into account in the traditional excitation equations. In this
paper the necessary correction of the excitation equations in sources area is performed.
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