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1. OBIIME NOHATUSA U ONPEAEJIEHUA

1.1. Knaccupukanus JuHui nepegadn

PaznuuaroT cBOOOAHBIE W HAIpaBIsieMbIE DJIEKTPOMAarHUTHBIE BOJHBI.
CBOOOHBIMHU Ha3BIBAIOTCS JIEKTPOMArHUTHBIC BOJHBI, PACTIPOCTPAHSIO-
muecs B HCOrpaHUYCHHOM ITPOCTPAHCTBC. HaHpaBHHCMI)IMI/I Ha3bIBAlOTCs
3JIEKTPOMArHUTHBIE BOJIHBI, PACIPOCTPAHSIOIIUECS BAOJIb JUHUHI Iepe-
Jlaqm.

JInHmeH mepenayn Ha3BIBAIOT YCTPOUCTBO, OTpaHUIUBATOIIEe 00IacTh
pacrpocTpaHeHHsI AJIEKTPOMArHUTHBIX BOJH M 00eCIIeunBaroIiee JIBIKe-
HHE TOTOKA YHEPTUM ANEKTPOMArHUTHON BOJIHBI B 33JJaHHOM HaIlpaBiie-
HuU. JInHUYU nepeayu MOTYT OBITh PETYISIPHBIMHU M HEPETYJISPHBIMHU, O/
HOPOJAHLIMU U HEOJHOPOAHBLIMHU.

PerynsipHoil Ha3bIBAIOT JIMHUIO NEpEaduH, Y KOTOPOH MONEpEeYHOoe ce-
YeHHUE U AIEKTPOPU3NIECKIEe CBOMCTBA 3aTIOHAIONINX €€ Cpel IBISIOTCS
HEU3MEHHBIMU BI0JIb BCEU TMHUU. HeperynsapHol Ha3bIBaIOT JUHHUIO IIE-
penaun, y KOTOpOH HapyLIeHO XOTs OBl OJTHO YCJIOBHE PETYISIPHOCTH.

OnHOpOAHON HA3BIBAIOT JTUHUIO MEpPEAAYH, 3aMI0JIHEHHYIO OTHOPOIHOM
cpenoil. HeonHOpoIHOW — JMHMIO TIepenavn, 3al0JIHEHHYI0 HEOJHOPOI-
HOM cpejion.

B 3aBucumocTH OT Haauuus WIM OTCYTCTBUS B KOHCTPYKLUUHU JIMHUU
repeaadu 3aMKHYTOTO TIPOBOSIIETO dKpaHa, OTIEISI0NIEro 00JacTh mpo-
CTPAaHCTBa, B KOTOPOU PacHpOCTpaHsETCs HaIpaBisieMas BOJIHA, OT OK-
py’Karomei cpe/pl, pa3inyatoT BOJHOBOJBI U OTKPBITHIE JIMHUM Tepejia-
qHu. BOHHOBOIlaMI/I Ha3bIBAKOTCA JIMHUU IIE€peaadu, B MONCPCYHOM CEYUC-
HHU KOTOPBIX UMECTCA OAWH NI HECKOJIBKO 3aMKHYTBIX ITPOBOAAIINX KOH-
TYpOB, OXBATBIBAIOIINX 00JIACTh PACIPOCTPAHEHNS HAPABISIEMBIX BOJH.
B nonepeuHoM ceyeHUH OTKPBITHIX TUHUN NIEpeaul TAKUX KOHTYPOB HET.

I'eomeTpuueckoll XapaKTEpUCTUKON MONEPEYHOr0 CEYEHUs JINHUM Te-
penauu, Oonpenensiomel KoJuuecTBO U30JUPOBAHHBIX MPOBOASAIIUX IO-
BerHOCTCﬁ, BXOOANIMX B COCTAaB €€ KOHCTPYKIUH, SABJISICTCA «IIOPSAJOK
CBA3BHOCTHU» JIMHUM II€pCaaydu. Paszanuaror OIHOCBA3HBIC, IBYXCBA3HBIC,
MHOTOCBA3HBIC JIMHUWU U JIMHUU II€peaadn HYHCBOP'I CBA3HOCTH.

1.2. HexoTopble BUABI JJUHUIT Nepeaadn

Ha puc. 1 npuBeneHbl 3CKU3bI MOMEPEUHBIX CEUCHUM HEKOTOPHIX BHUIIOB
JINHUW TIepeavu:
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Puc. 1. HexoTtopble BUABI JIMHUII Nepeaadyn

a — IByXIIPOBOJIHAS JIMHUS TIepelaull (IBYXCBsI3HASI OTKPBITAs JIMHUS TIe-
penaun);

0 — KOAKCHAJBHBIN BOJHOBOJ (ABYXCBSI3HBIN BOIIHOBOJI C COOCHBIMHU BHE-
ITHAM ¥ BHYTPEHHHUM TIPOBOJIHUKAMHU);

B — MHUKPOIIOJIOCKOBAsI TMHUSA TIepeaaqn (IByXCBsI3HAsI OTKPhITast HEOHO-
pOIHAS TMHUS TIEPeIadn );

T — IPSAMOYTOJIbHBINA BOIHOBOJ (OIHOCBSI3HBIN BOJHOBOJ, UMEIOLLIUH MpsI-
MOYTOJIFHOE TIONIEPEYHOE CEUCHHE);

11 — KPYTJIbIA BOJTHOBO/I (OTHOCBSI3HBII BOJIHOBOJI, IMEIOIIUH KPYTJIOE T0-
MIEPEeYHOE CEUYCHUE);

€ — TUAJICKTpUIeCKast JINHUS repeaadn (OTKPhITas TNHUS TIepeiadn HyJle-
BOH CBSI3HOCTH).

1.3. Knaccugukanus 371eKTPOMATHUTHBIX BOJIH,
pacnpocTpaHsIIONIUXCS B TUHUAX MepeJavn

B 3aBucuMocTH OT BUJa JMHUI [I€peAaud B HUX MOTYT PaclpOCTPaHsATh-
Cs1 3JIEKTPOMArHUTHBIE BOJIHBI YETHIPEX KIIACCOB!

norniepeuHsle WK T-BomHbI (cTapoe Ha3BaHUE U 0003HAUYEHHE — IOIepey-
HO-35IeKTpoMarauTHele Wi TEM-BoiHED);

aneKTpuuecKkue uian E-BonHel (cTapoe Ha3BaHue U 0003HAYEHUE — IIOIIe-
pedHo-MarHuTHBIE Wi TM-BOJHEI);

MarHuTHble win H-BomHb! (cTapoe Ha3BaHue M 0003HAYECHHE — HOIepey-
HO-3JIeKTprUeckue win TE-BOIHB);

rMOpUIHBIC BOJIHBL.



Pazniesienne BOJH, pacipOCTPaHSIONIMXCS BIOJIb JTUHHUN Mepeadu, Ha
YKa3aHHBIC KJIACCHI TPOU3BOANTCSI OTHOCUTEIILHO MPOJIOIBHON (HaNpaBieH-
HOH BIIOJIb JIMHUHU II€PE/ain) IPOCTPAHCTBEHHOM KoopauHaTs! z. [1o oTHo-
IeHus K 9Toi koopjuHate B T-BojHAX BeKTOphl E M H MMeroT TONBKO
nornepeyHsle (nepreHankyssipabie ocu 0z) cocrarisioniye; B E-BoHax Bek-
Top E MMeeT momepeuHyo M NpoioIbHYI0 COCTABISIONINE, a BeKTop H —
TONBKO Tonepednyio; B H-BomHax BekTop H mMeer momepednyio u rmpo-
JIONBHYIO COCTABIIAIONINE, 3 BEKTOP E — TOIBKO MOMEpPEdHyI0; B THOPHIHBIX
BosHax 06a BekTopa ( E u H ) UMeroT 1 po1obHbIE U MONEpeYHbIE COCTAB-
JSIFOIIUE. 3aMEeTHM, 4TO B JIMHUSIX Hepenadn ock 0z coBIaiaeT ¢ Hampaslie-
HUEM JIBIXKCHUS PACIIPOCTPAHSIONIMXCS B0 3TUX JIMHUN 3JICKTPOMATHUT-
HBIX BOITH.

T-BOJHBI MOTYT CYIIECTBOBATh TOJILKO B JIBYyXCBSI3HBIX HJIM MHOTOCBSI3-
HBIX JIMHUSIX Tiepeadn (IPHYeM Kak B OTKPBITHIX JIMHUSX, TAK U B BOJIHOBO-
Iax).

E- u H-BOJNHBI MOTYT CyIIECTBOBATh B OJIHOCBSI3HBIX W MHOTOCBSI3HBIX
BOJTHOBOZIAX PA3JIMYHOTO IMOMEPEYHOTO CCUCHUSI.

I'uOpuHbBIC BOJIHBI MOTYT CYIIIECTBOBATh B HEOJHOPOIHBIX JIMHHUSX TIepe-
JIa9H Pa3IudHbIX THUTIOB.

2. METOAbI U3YYEHUS SJIEKTPOMATI'HUTHBIX
HNPOLECCOB B JIMHUSAX ITEPEJJAYUN

Tak kak sHeprusi OT reHepaTopa MEepeHOCUTCs K Harpy3Ke dJeKTpomar-
HUTHOW BOJIHOH, pacrpocTpaHstomeiics BA0Ib JUHAU, TO Haubosee oommm
METO/IOM M3y4YEHHs MPOLIECCOB B JIMHUAX MEPEAaun SIBJISAETCS METOJ AJIEKT-
PONMHAMHKH, OCHOBAHHbIH Ha PCIICHAN BOJIHOBBIX YPABHCHHIl LIS BEKTO-
poB E u H ¢ nocnemyrommm onpeenenneM nepeiaBaeMoii MOIIHOCTH KaK
noToka Bekropa [IoiHTHHTa Yepe3 MonepeuHoe ceueHne JIMHUM.

B 10 xe BpeMs B JIMHUAX mepepaun ¢ T-BOJMHOM, I7ie MOHATUS TOK B
MPOBOAHUKAX JIMHUM M HANPSHKEHUE MEXKIy HUIMH UMEIOT BIIOJIHE KOHKPET-
HBIH (PUBNYECKUH CMBICT, HAapsly ¢ METOAAMHU DIIEKTPOANHAMHUKHA MOKHO
BOCIIOJIb30BATHCS AJIs1 OTMCAHMUS POTEKAIOLINX B ATUX JIMHUSIX JIEKTpOMar-
HUTHBIX TIPOLIECCOB METOAAMHU TEOPUH LIEIEH C paclpeieIeHHbIMU TapaMeT-
pamu (Teopueil JTMHHBIX JTMHUI ), OCHOBAHHBIMH Ha PELICHUH TenerpadHbIX
YpaBHEHHUH /11 TOKOB M HANPSDKEHUH C MOCIEOYIOMINM ONpeJesICHUEM Iie-
penaBaeMol MOIIHOCTH KaK MPOM3BEAECHUS TOKAa M HANpPsDKEHUS B Harpy3Ke
JTUHWH.



O06a >t MeTONa TS IMHUH TIepenadn ¢ T-BOTHOW MPUBOMAT K OJUHAKO-
BBIM pesynbsratam. OTHaKo METO/ TEOPHUH IIeTiell CBSA3aH C NCIOJIh30BAHUEM
OoJiee MPOCTOTO MAaTEMaTHYECKOTO armapara W ObUT TIEpPBBIM NCTOPHYECKH.
Ero m mpuMeHsSIOT B MHXEHEPHOW MPAaKTHKE TPU pacueTe XapaKTePUCTHK
STUX JIMHUH.

B nunusax nepenaun ¢ E- u H-BosHaMu 13-3a HaJIM4HUSI TIPOJIOJIBHBIX CO-
CTaBJISIONINX BeKTOPOB E u H TOHATHME HAampsukeHMs TepseT cBoil husm-
YECKHH CMBICI, TIOOTOMY OMHUCAHWE MPOTEKAIOMINX B HUX AJIEKTPOMArHHT-
HBIX TTPOIIECCOB BO3ZMOYKHO TOJIBKO METOAAMH JIEKTPOTUHAMUKA. DTH METO-

IIBI ¥ OyIyT PAaCCMOTPEHBI B HACTOSIIIEM TIOCOOHUH.

3. OBIIIUE CBOMCTBA HAITPABJISIEMBIX
SJEKTPOMATI'HUTHBIX BOJIH

3.1. IlocTaHoBKa 3aJa4M M NMOPAIOK ee pelleHus!

Ilocmanoeka 3a0auu u oonywenus. IycTb uMmeercsi OECKOHEYHO UTHH-
Hasl OZIHOPOJHAS JMHUS Tiepenadr. [Ipearnoaokum, 4To MeTauTHIeCKUe Jac-
TH JIMHUM BBIIONHEHbI U3 MICAIHOTO NPOBOJHUKA (Y, = ©), a IUAJIEKTPH-
YeCKHe YaCTH U OKpY)KaIoIasi cpefia SBJIAIOTCS WACATbHBIMHU JIUDJICKTPUKA-
mi (Y, = 0). Kpome Toro, Oynem cuutars 410 B paccMarpuBacMoi obmactu
OTCYTCTBYIOT CTOPOHHHE TOKU U 3apsiIbl.

TpebyeTcs onpeaenuTh AMEKTPOMAarHUTHOE T10JIe, KOTOPOE MOXKET CyIlie-
CTBOBATh B JIAHHOM JIMHUM TIEpeiadd MPH YCIOBUH, YTO 3TO TMOJIC TAPMOHH-
YeCKoe BO BPEMEHH, a 4acToTa KojeOaHui paBHA (.

IIpeononocenue o sude peuwiernus. Ilone B muHuM OyaeM HCKaTh B BUJE
cymMmBI (cynepriosuimn) E- m H-BosH, pacnpocTpasstomuxcs B1oib ocu 0z,
COBITAQIAIOIIEH C POJOIBHON OCBIO PaCCMaTpUBAEMOH JIMHHUH TIepeiadH (3a-
MeTUM, 4TO T-BOJHBI ABISIOTCS YacTHBIM ciiydaeM E- nu H-Boin).

Pewenue. Vickomoe 11011€ TOIDKHO YIOBJIETBOPSTH OJHOPOAHBIM ypaBHe-
HUM MakcBeiia B KOMILIEKCHOH (opme:

O

rot H =joos'aE,
rotE =—jou, H,
divH =0,

divE =0, (1)



Y FPAHUYHOMY YCJIOBHIO JUIsl KacaTeJbHOM COCTaBISIONIEH BEKTOPA HaIps-
YKEHHOCTH AJIeKTprueckoro moist ( Er ) Ha MOBEpXHOCTAX MIeadbHBIX MPO-
BOJTHUKOB:

E.=0. )

Ypasuenus (1) JIerKp TpﬁHC(bOpMI/IpyI-OTCSI B OJTHOPO/IHBIE BOJTHOBBIE YPaB-
HeHus Ju1st BekTopoB E uH :

[2E +KE =0, >H + 2H =0, 3)
riae k = W,/g, 1, — BOIHOBOE YHCIIO s TIIOCKOI OJHOPOIHOI BOJIHBI, pac-
MpocTpaHsioneiics B Oe3rpaHUUHON cpelie ¢ MmapaMeTpaMu AMAJICKTPHKA,
3aMOJIHSAIONIETO (OKPY’KAIOIEero) JIMHUIO Nepefadd. B nanpHeineM Takyio
cpeay AJsl KpaTKOCTH OyneM MMEHOBAaTh «CBOOOJHBIM ITPOCTPAHCTBOM.

[Ipu pemieHuy 3a1a4u ONPEACTICHUS CTPYKTYPBI SJICKTPOMAarHUTHBIX T10-
neit BE- u H-BonH B MUHMSX nepeaadn NCIOb3YeTCs CIEAYIONIMNA TpHEM:

BCE MONIEPEYHBIE COCTABIIAIOINE BEKTOPOB TOJISI BBIPAYKAIOT C TOMOIIBIO
TaK Ha3bIBACMbIX «ypPaBHEHHUH CBS3M» 4epe3 MMEIOIINECS B JTaHHOW BOJHE
HPOIOJIBbHBIE COCTABIIAIONINE BEKTOPOB HANPSIKEHHOCTHU 3JIEKTPUYECKOTO MIIH
marauTHOTO ToJist ( Ez s E-Bonn w Hz nuis H-Bonn);

peLIaloT BOJHOBBIC YPAaBHEHUSI TOJIBKO JJIS1 ATUX MPOAOIBHBIX COCTABIIS-
OLINX;

BBIUMCIIAIOT C IOMOILBIO YPABHEHUH CBA3H IMOINEPEUHBIE COCTABIIAIONINE
BektopoB E mH B mmuuu mepeaum.

Takum 00pa3oM, pelieHne 3a1a4u CBOAUTCS K COCTABJICHUIO YpaBHEHUH
CBSI3U M PCLICHHIO OXHOMEPHBIX OJHOPOHBIX BOIHOBBIX yPABHEHUI [UIsI IPO-
JIONBHBIX COCTABIAIOMMUX BekTopoB E mmu H . Jlna E-Bonm mpencrout pe-
LINTh ypaBHEHHUE

PE; + i E;, =0, “)
a jui1 H-BonH — ypaBHeHue
[PH, +KH, = Q)

[MocrosiHHbIE KOA(PPHUIIUEHTBI, KOTOPBIC MOJYYAOTCS IPH UHTETPUPOBa-
HUU STUX YPaBHECHUH, OMPEACISIOTCS MIPH HAJIOKEHUH Ha MOJIyYCeHHbBIC pe-
MICHUS TPAHUIHOTO yCIIOBHS (2).

3.2. YpaBHenus cBsi3u 11 E- u H-Boun

YpaBHEHUS CBSI3U TMOIYYAOTCS B pe3ylibrare nmpeoOpa3oBaHusl YPaBHEHUI
Maxkcgemna (1), pacKphITBIX 711 COOTBETCTBYIOIIECH CHCTEMBI KOOPIMHAT.



Jlist mexapToBO# (MPSMOYTOEHOM) CHCTEMBI KOOPAWHAT (X,),Z) ypaBHE-
HUs CBsI3U s E- 1 H-BOMTH BRIIVISAAT ClIEAYIONINM 00pa3oM:
E-BomnHbI

Ex= (5 K /a®) E, /0x,
Ey=(—jK/&) 0E; /dy,
Hx=(j we,/ &) 0E; /3y,
Hy=(—j we,/ &) dE; /dx, (6)
H-BomHBI
Ex=(—j Wy, /&) dH, / dy,
Ey=( wy,/ &) dH, / ox,
Hy=(jK/a) dH,/ox,
Hy= (5 K/&)dHz/dy, 7

rae K — BoiHoBoe uncno it E m H-BoaH B BoHOBOJIE.
JItst MHTHHAPUYECKON CHCTEMBI KoopauHart (P,$,z) ypaBHEHUS CBA3M JUTsI
E- 1 H-BOMH BRIIISAAT CIIEAYIONIMM 00pa3oM:

E-BoaHEI
Ep= (- K/ &) dEz/ dp,
Eo =(5 K/ 2@ (1/p) OE,/ 00,
Ho = we,/ &) (1/p) 0E,/ 99,
He = (- we,/ &) 0E2/ dp, (8)
H-BonHbBI

Ep= (- Wi,/ &) (1/p) dHz/ 00,
Ep = ( wl,/ &) dH/ dp,
Ho=(—j K/a®) dH,/ dp,
Ho= (5K /&) (1/p)dH, / 89. )



3.3. Penrenne BOJTHOBBLIX YPaBHEHUI
JJISl IPO/IOJIbHBIX COCTABJISIIONIUX BEKTOPOB HATNPSKEHHOCTH
JIEKTPUYECKOro U MarHutHoro noJs E- u H-posn

Pemiennie BOJIHOBBIX ypaBHEHHI OyneM HCKaTh B 0000IEHHO-LMIMHIPH-
YeCKOM OpTOrOHANBHON cucteMe koopauHat (§,N,z), YaCTHBIMH CITydasMU
KOTOPOM SIBIISIIOTCA JIeKapToBa (MIPSMOYTONbHAs) CUCTeMa KOOPIUHAT (X,V,Z)
W WIHHAPUIECcKast cuctemMa koopauHar (P,$,z). Koopnunarhas suauns 0z Bo
BCEX 9THX CUCTEMaX MPEJICTABISIET COO0M MPSMYIO, EPIICHTUKYIISIPHYTO II0C-
KOCTH, B KOTOPOW PaCIOJIOKEHBI JIBE JIPYTHe KOOPAWHATHBIC JIMHUU (ITH
JUHWAN [T JIEKapTOBOM CHCTEMBI KOOPIWHAT MPEJICTABIISAIOT COOOM JIBE B3a-
WMHO TIEPIECHANKY/ISIPHBIE TIPSIMbIC, a sl TUIMHAPUYECKOW CUCTEMBI KOOp-
JIUHAT — PaTUyC-BEKTOP U AYTY OKPY>KHOCTH).

Tak kak BoJiHOBbIC ypaBHeHUs (4) u (5) aOCOJIFOTHO HUICHTUYHBI, TO B
HACTOSIIIEM TOJpa3/iesie MbI Oy/leM WHTETPUPOBaTh OAHOPOIHOE BOJHOBOE
ypaBHEeHHe s cKasapHoi Gynkmmm Q (§,1,2), HOMHS 0 TOM, 4TO HOJNydeH-
HOE pelIeHne B OJJMHAKOBOW Mepe YIOBIETBOPUT ypaBHEHHUsM (4) u (5).

OpuentupyeM cucremy Koopaunar (&,,z) Takum 06pa3oM, 94Tobsl och 0z
COBIIAJIa C MPOAOJIBHOM OCBIO JIMHUM TIepeJauH, T.e. C HApaBICHUEM JIBU-
xeHns (azoBoro (poHTA AIIEKTPOMArHUTHON BOJIHBI, PACIIPOCTPAHSIONICH-
cs BJIONb AaHHOM muuuu (puc. 2). B aTom ciyuae onepatop Jlamaca [1?
(marunacuan) ans Gynxman Q (,1),z) MOXKeT OBITh IPEJICTABICH B CIIELYIO-
IeM BUJIE:

%= DZD (&, n) +0°/0z%, (10)
e DZD (&, n) — omeparop Jlamaca 1Mo MONEepevYHbIM KOOpIAUHATAM (TI0TIe-

PEUHBIN Jarjaacuan).

3

Puc. 2. OpuenTHpoBKa 0000IEHHO-IUIHHAPHYECKOH CHCTEeMbl KOOPAUHAT
OTHOCHUTE/JbHO JIHHMHU Nepefadu

JInst IeKapTOBOM CHCTEMBI KOOPIUHAT
(25 (x,y) = 02 /0x? + 02 /0y™. (11)
9



I[J'I}I LII/IJIHH):[pI/I‘{CCKOﬁ CHUCTCMbI KOOpAUHAT

0?5 (p.9) =0%/0p> + (1/p) (9/0p) + (1/p?) (9% /09?). (12)

[Tpu BBIOpaHHON OpHEHTAUUN 000OIIEHHO-ITHINHIPHYECKON CUCTEMBI
KOOPJMHAT OTHOCHUTENBHO JIMHUM Tepelaull NCXOITHOE BOJIHOBOE YpPaBHEHHUE
st pyakuun Q (§,N,2) IpUMET CIeyOMnil BUI:

206 (EN.2) + P Q (EN,2)/022 + K Q (E.n,2) = 0. (13)

Penienune sToro ypaBHeHus OyJieM HCKaTh METOIOM pa3JeNieHus mepe-
MeHHBIX (MeToioM Dypbe). B cooTBeTCTBHY € Hieei MeToia, HCKOMYIO (ByH-
ko Q (&,1,2) IpeIcTaBuM B BHJIE POU3BEIEHHS IBYX DyHKIHMH, O/1HA U3
kotopbix (W(&,1)) 3aBHCHUT TOJIBKO OT MEPEMEHHBIX & U 1, a BTopast ( Z (2)) —
TOJIBKO OT MEepPEeMEeHHOM z. B aTOM ciydae

Q(EN.2) = YENZ (), (14)
u ypaBHeHwue (13) npuoOperaeT cieayronmi BUI;:
Z (2) D2 W(EN) + WEN) (2 Z (2)/ 022 + I WEN) Z (2) = 0.

[Tonenus mowieHHO 00€ YacTH ATOTO ypaBHEHHs Ha NPOU3BEICHHE
W(E,N)Z (z) u nepeiinsg Bo BTOPOM 4iIeHE OT 4acTHOro auddepeniuana K
MTOJTHOMY (TaK Kak GyHKIus Z (z) 3aBUCUT TOJIGKO OT OIHOM ITepEeMEHHOI),

MOy YIM
(1/ WEN) P2 WEN +(1/Z () (PZ () / d2) =42, (15)

B 5TOM ypaBHEHUM TIEPBBIN YIEH 3aBUCUT TOJIBKO OT IMTEPEMEHHBIX & 1 N,
BTOPOM — TOJILKO OT MEPEMEHOH z, a UX CyMMa paBHA MTOCTOSTHHOW BEIUYMHE
—k*. YpaBaenue (15) 10IKHO OBITH CIPABEIIUBLIM TIPU JTIOOOM 3HAYEHHUH
nepeMeHHON z. OUeBUIHO, UYTO ATO TPEOOBAHKME MOXKET OBITH YIOBJICTBOPE-
HO TOJIBKO B TOM CJIy4ae, €CIIH U MEPBEIil, U BTOPOIl WIEHBI 3TOTO YpaBHEHUS
MTOPO3Hb PABHBI HEKUM MOCTOSIHHBIM BemmarHaM. O003HaYMM 3TH TOCTOSH-
Hble — & 1 — K2 cootBeTcTBeHHO. Torna ypasrenue (15) MoxeT ObITh mpei-
CTaBJICHO B BHJIE CUCTEMBI U3 TPEX YpPaBHEHUIL:

#Z () /d2+K*Z (z) =0, (16)
2, W(En) + a8 W(En) =0, (17)
& +K=k. (18)

10



Meton ®@yphe TTO3BOIMIT HAM TIEPEHTH OT HCXOAHOTO TPEXMEPHOTO MH(h-
(hepeHIMAEHOTO YPaBHEHMS B YACTHBIX TPOM3BOMHBIX (13) K Ooree poCThIM
ypaBHeHUsM (16) 11 (17). Ou3udecknii CMBICH, Ha3BaHUS W CIIOCOOBI OITpeese-
HUSI TIOCTOSTHHBIX K0d(hurmieHToB K 1 820ymMyT BBISICHCHBI TTO3IHEE.

3aitmemcs uHTErpupoBanueM ypasHeHus (16). OHO mpencTaBisieT coooit
O0OBIKHOBEHHOE OJHOpomHOE mruddepeHnnantsHoe YpaBHEHHE BTOPOTO TI0-
psiAKa, peleHIsIMA KOTOPOTO MOTYT OBITH KOMOMHAITNH TIOKA3aTEbHBIX JIN0O
TPUTOHOMETPUIECKUX (DYHKITUH W TIOCTOSTHHBIX KOA(PPHUITHECHTOB:

Z (z) = A exp(—jKz) + B exp(jKz), (19)
Z (2) = C cos(Kz) + D sin(Kz), (20)

rae A, B, C, D — nocrosiHable KO3 GHUUUCHTHI (IOCTOSHHBIE HHTEIPUPOBA-
HUSA).

[lepBoe pemieHne NpencTaBiIsieT cOOOH CYNEpHO3UINI0 Oerymux BOJH,
PacIpoCTpaHAIOUIMXCsl HABCTpeUy JIpyT Apyry Brojb ocu 0z, a BTopoe — CTo-
SYYI0 BOJIHY, YCTaHOBMBIIYIOCS BAOJIb ocH 0z. O4eBUAHO, YTO UCXOAS U3
(U3MUECKUX YCIOBUM perraeMoi 3a1a4n, HeoOX0ANMO OTOPOCHTH peleHHE
(20) u ocraButh TONBKO (19), Tak KaK BHOJIb JHHUW Tiepenadn (BIOJb OCH
0z) DOMKHBI PAaCIPOCTPAHSTHCS 3JEKTPOMArHUTHBIE BOJHBI, MEPEHOCAIINE
SHEPTHIO.

Conocrasysist (19) ¢ pemeHreM Asst II0CKON 0THOPOIHOM BOJIHBIL, PUXO-
UM K BBIBOJY, YTO IIEPBOE CJIaraéMoOe B 3TOM PEILICHUH XapaKTepHU3yeT Iia-
JAIOIIYI0 BOJIHY, PACIPOCTPAHSIOLIYIOCS BJOJIb JIMHUK NIepe/iady B MOJIO0XKHU-
TEJIbHOM HamnpasiieHu# ocu 0z, a BTOpoe — OTPpaKEHHYIO BOJIHY, pacipocTpa-
HSIIOILYIOCS B OTpULaTeIbHOM HarpasieHun ocu 0z. COOTBETCTBEHHO BEIH-
yrHy K Ha3bIBalOT IPOAOJIEHBIM BOJIHOBBIM YHCIIOM.

Ecnu ydecTs, 4To 10 yCIO0BUSIM pellaeMOoM 3a1auul JIMHUS TIEpeadn sIBIIs-
eTcsl OAHOPOAHON 1 OECKOHEUHO AJIMHHOMN, TO OTPaKEHHAsl BOJIHA B HEH J10J1-
’KHa OTCYTCTBOBAaTh, 1 BbIpakeHue (14) mpuoOpeTaeT crexyronui BUa:

Q(&.n.2) =¥ (&.n) 4 exp(-jKz). 21)

Uro kacaercs ypaBaenus (17), To ero perienue OyaeT 3aBUCETh OT (op-
MBI TIOTIEPEYHOT0 CeUeHHs JIMHKM. Jle10 B TOM, YTO TpaHHYHOE ycioBue (2)
MOeT OBITh MCIIOJIB30BAHO JUIS ONPEETICHHs MOCTOSHHBIX WHTErPUPOBa-
HUS HanOoJee MPOCTBIM 00pa3oM B TOM CIIydae, Korna KOOpAWHATHBIC I10-
BEPXHOCTH CUCTEMBI KOOPANHAT, B KOTOPOI pacKpbITo ypaBHeHue (17), Mo-
T'yT OBITH COBMEIIEHBI C NMPOBOSIIMMH MOBEPXHOCTSIMH paccMaTpruBaeMoit
nHuM niepegaqn. [loatomy, omioxus perenne ypasaenus (17) no paccmorpe-
11



HUs KOHKPETHBIX THUIIOB JIMHUHU Tepe/ladd, OTMETHUM JIUIIb, YTO (YHKITHS
W(&,n) onpenenseT 3aBUCMMOCTD MPOIOIBLHBIX COCTABIAIONINX BEKTOPOB E
mH 0T momepeyHbIX MPOCTPAHCTBEHHHIX TepeMeHHBIX. COOTBETCTBEHHO
BEJIMYMHY 88 HAa3bIBAIOT MOIMEPEYHBIM BOJHOBBIM YHCIIOM.

~ Ommpasce Ha pemenne (21), MOXKHO 3aIMCaTh BBIPAKECHUS JUI QYHKIMHA
Ez(&,n,2) u Hz(&,N,z), KOTOpbIC ABISIIOTCS PEIICHUMH ypaBHeHuUi (4) u (5):

EZ (E,n ’Z) = E(Ean) AE CXp(—jKZ), (22)

Hz(E,n,2) = H(EN) 4" exp(—/Kz), (23)

rne E(&,Nn), H(&,n) — dyHKIMu OT momepedHbIX MPOCTPAHCTBEHHBIX Mepe-
MEHHBIX, KOTOPBIC IIPEJCTOUT HAMTH B pe3ynbTare perieHus ypasuenus (17).

Pesynbrarel uccieoBaHuM, MPOBEIEHHBIX B HACTOSIIEM IO/Apa3ee,
MO3BOJISIFOT CAETATh CIEAYIOIINE BHIBOBL:

3aBHCHMOCTb COCTABJIAIONIUX BekTopoB E mH HanpapnseMbix BOIH OT
MPOJIOJIbHONW MPOCTPAHCTBEHHOW MEPEMEHHOW z OJMHaKoBa JJIsl JIMHUM Tie-
penadn JIo0bIX KOHCTPYKIMIA U onpenensiercs pyHkuueit Z(z) = Aexp(—jKz),
rae A — aMIUIUTYAHBIA KO3pPUIMEHT, K — MpoA0IbHOE BOJTHOBOE YHCIIO;

3aBMCUMOCTH COCTABJISIOIIMX BEKTOPOB E M H HampasisieMbIX BOJH OT
MOTIEPEYHBIX TPOCTPAHCTBEHHBIX MIEPEMEHHBIX JIJISL IMHUH TTepeadn pa3ind-
HBIX KOHCTPYKLHUM OTIINYAIOTCS APYT OT APYyTa; BUA ITHX 3aBUCUMOCTEN MO-
KeT ObITh Hali/IeH ITyTeM WHTErpupoBaHust AU epeHIManbHOr0 YpaBHEHUS
(17), packpsITOrO B TaKOW CUCTEME KOOPMHAT (SIBIISIOICHCS YaCTHBIM CITy-
gaeM 0000LICHHO-IMINHAPUYECKOW CHCTEMBbI), KOOPIAMHATHBIC MOBEPXHOC-
TH KOTOPOW MOTYT OBITh COBMEIICHBI C TIPOBOJSIIUMH MTOBEPXHOCTSIMHU Pac-
CMaTpUBacMOM JIMHUU IIepeayl;

MOCTOSIHHBIE KOA()(UIMEHTHI, TIOTydyacMble IPU MHTETPUPOBAHUK ypaB-
Henus (17), MOIDKHBI OBITH HAMIEHBI ¢ UCTIOIB30BAHUEM TPAHIMYHOTO YCIIO-
Bus (2), TpancHOPMHUPOBAHHOTO ISl pacCMaTpUBACMOM JIMHUHU TIEepeiad.

3.4. Oco0eHHOCTH pacnpocTpaHeHHe HANPaBJIsieMbIX
3JIeKTPOMATHUTHBIX BOJTH

Bhlie 6bII0 YCTAHOBIEHO, YTO 3aBUCHMOCTh BeKTOpoB E mH mo6bix
HaIpaBIIEMBIX BOJIH OT TIPOJIOIHHOIN MPOCTPAHCTBEHHONW KOOPIUHATHI Z OTI-
penensiercss MHOXHTENEeM exp(—jKz), Tie B cooTBeTcTBUU ¢ popmyiioii (18)

K=+ —a 05, (24)
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CrniefoBaTenbHO, U BCEX HAMPABIIIEMBIX BOJIH MOYKHO YCTAaHOBUTH He-
KOTOpBIE OOIIHE 3aKOHOMEPHOCTH UX PACIpPOCTPAHEHHS.

T-BoaHbI. /{151 T-BOH monepedyHoe BOJIHOBOE YKciio &&= 0, a IpoJI0Jib-
HOE BOJHOBOC unciio K = k. DTO O3HAUYaeT, 4TO B JIMHHUAX Iepenadn 0e3
OTeph T-BOJHBI PaCIPOCTPAHSIIOTCS O€3 3aTyXaHUs U ¢ TOU ke (Pa3oBoit
CKOPOCTBIO V/, 9TO ¥ B CBOOOTHOM TIPOCTPAHCTBE:

V=w/k=1/Jen, . (25)

Jlmmaa BonmHEl T-BOJH B IMHUSX TEPEIavr TAKXKE paBHA JTHHE BOJHBI B
CBOOOTHOM MPOCTPAHCTBE:

A=21t/k=V/f (26)

BaxxHO OTMETHUTH, YTO TUHUS, TTO KOTOPOI PacmpoCTPaHIETCS TOIBKO T-
BOJTHA, TIPEICTABISIET cOO0H HEMCTIEPTUPYIOIIYIO CHCTEMY.

E- u H-BoJsHbI. /[ 3TUX BOJIH moOIepedyHoe BOJHOBOE yucio & Z 0, a
MIPOJIOJILHOE BOJIHOBOE 4mciIo K oTimyaercs ot k. PaccMorpum, kak Oymet
M3MEHSThCS BelMunHa K B 3aBHCUMOCTU OT 4acTOThI KoyeOanuii w. B pe-
QIBHBIX CHCTEMAaX 9acTOTa () €CTh YACTOTa ICTOUHUKA, BO30YKIAFOIIIETO TI0JIE,
T.€. 4acToTa reueparopa. [loysoxxum B 001IeM BUjIC

K=B—ja, jK=a+/B. (27)

B 3aBrcuMOCTH OT BETHYUHBI () MOTYT UMETh MECTO TPH ciTydasi (Harom-
HUM, 4TO k = W,/€ 1, ).

Boanosoe uucno k > @ (wacmoma 0 docmamouno evicoxast). Ilpu 3ToM
MPOJOIBHOE BOJTHOBOE YUCIO K SIBISIETCS] YACTO BEIIECTBEHHON BEITMYUHON
(cMm.(24)). CreoBarensHO, B JanHoM ciydae (eMm. (27)) K =3, a = 0. Bonna
pacmpocTpaHseTcsl BIOIb JHHAN 03 3aTyXaHUs W MPOIIECC €€ pacipocTpa-
HEHHUSA OTIPEENAeTCS MHOKHUTENEM exp(—/[3z), rae B urpaer poss Koadduim-
eHTa ¢as3bl TOH BOIHBL:

B=(k-a)> = (e, p,— ). (28)

Bonnosoe uucno k < 8 (wacmoma 0 nHuskas). llpu 3T70M TIpOIOIBHOE
BOJTHOBOE 4HuCIO K SBISETCS YHCTO MHUMOH Benn4yuHOU (cM. (24)) u, B
cootBetcTBuH ¢ (27), K =—jd, B = 0. D10 03HAYAET, YTO B JAHHOM CITy4yac B
JIMHHUY TIepe/Iadd CYIIECTBYET HE DJICKTPOMAarHUTHAs BOJIHA, a HEPaCIpOCT-
paHsitoleecs JICKTPOMATHUTHOE MOJIE, IPUBA3aHHOE» K UCTOYHUKY BO3-
Oy>KICHUS U 3aTyXaroliee 10 Mepe YJIaJIeHUs] OT HEro 10 3aKoHy exp(—0z),
rae O — kKo UIMEHT 3aTyXaHus, PaBHBII

a=(@— k)05 = (@ —we, P )05, (29)
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Heo0XxommMo 0TMETHTB, YTO [UIsl HEPACIIPOCTPAHSIONIErOCs OIS yMEHb-
IIeHHE aMIUIMTY] BeKTopoB E M H 1o Mepe ynaneHus oT MCTOYHHKA BO3-
Oy’KJIeHHUSI HE CBS3aHO C TOTEPSIMH DHEPTHH SJIEKTPOMATHUTHOTO TOJS 3a
CUeT Tiepexofia ee B Apyrue (hOpMbI, a SBIIETCS 0COOCHHOCTHIO CTPYKTYPHI
TOJISl TAHHOTO THTIA., _

a3l BekTopoB E 1 H HepachpocTpaHsIomerocs mos BO BCeX TOYKAX
JTUHAN TIEpeaq UMEIOT OIMHAKOBOE 3HAYECHUE M HE 3aBUCIT OT PACCTOSHUS
710 FICTOYHHKA BO30YKICHUSI.

Bonnosoe uucno k = & Ilpu 3ToOM TIpoA0IpHOE BOIHOBOE unciao K = 0.
dopmManbHO B 3TOM CITydae B JIMHUM Mepeiadil HeT HU BOJIHBI, HU HEPACIIPO-
cTpaHstonierocs mojis. Takol pexuM padoThl TMHUH TIEpEeIadr Ha3bIBAIOT
KPUTHYECKNM, & 9acTOTY, IPU KOTOPOH HACTYTAET 3TOT PEXKUM, TAKKe Ha-
3BIBAIOT KPUTHUYECKOH M 0003HAYAIOT W Omna ompezenseT rpaHUIly Tepe-
X0JIa OT PeXKNUMa, TIPH KOTOPOM B JINHUY TIEPEIadl MOTYT PACIPOCTPAHATHCS
AIIEKTPOMATHUTHBIE BOJHEIL, K PEKUMY, TP KOTOPOM PacIpOCTPaHEHHUE dIIEK-
TPOMAarHUTHBIX BOJH BIOJb JIMHUH TIepeIadll HEBO3MOXKHO.

W3 Beipakenns (24), monaras K = 0, Haxomum

W, =&V =2a/\EM, (30)

fep= W/ 2= Y/ 2M= 28/ (2T (e, ), 3D

rje V — ¢da3oBas CKOPOCTh IIOCKOW AIEKTPOMArHUHON BOJHBI, paCIIpOCTpa-
HSIOILEHCs. B CBOOOAHOM MPOCTPAHCTBE.

U3 popmyi (30), (31) BUAHO, 4TO KPUTUYECKAS 4ACTOTA 3aBUCUT HE TOJIBKO
OT TIOIMEPEYHOr'0 BOJHOBOTO YHCIAa 88 HO U OT MapaMeTPOB AUDICKTPHUKA,
3aMONHSIONIETO JIMHUIO Mepeaaun. Takas 3aBUCUMOCTh HHOTJA OKA3bIBACTCsI
HEey100HOM, TTO3TOMY TOMHMO W, 1 pr JUTSL XapaKTEPUCTUKU KPUTUYECKOTO
pexKUMa TOJB3YIOTCS MAPaMETPOM «KPUTHUYCCKASI AJTUHA BOJHBD) — )\Kp, noJt
KOTOPOH MOHUMAIOT JJIUHY BOJHBI IJIOCKOM OJHOPOIHON BOJHBI, PACHPOCT-
paHsIFOIIEiCsT B CBOOOHOM MPOCTPAHCTBE, YaCcTOTa BO30YKIACHUS KOTOPOH
paBHa j;p:

7\Kp= V/fKp =21/ e (32)

Takum o0Opazom, B omiimare ot T-BonH, E- u H-BoiHBI MoryT pacmnpoct-
paHATHCS BIOJIH JMHHUH TIepefad He MPH JIFOOBIX YacToTaX, a JUMIb pU
BBITIOJTHEHUH YCIIOBUS

f>fKp i A < )\Kp, (33)
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e f— 4acToTa BO30Y KIArOIIEro JHHHUIO Mepe/adyl reHeparopa, a A — [THHa
BOJIHBI B CBOOOTHOM ITPOCTPAHCTBE, COOTBETCTBYIOIIAS 3TOH YacTOTe.
Hatinem azoByto u rpymmoByto ckopoctu E- 1 H-BonH, pactipocTpansio-
LIMUXCS BJOJIb JIMHUM TIepeiadn — Vq) u Vrp. _
JIist 3TOro 3amuileM MIHOBEHHOE 3HaueHue QyHkuuu Z (z) ajis maaaro-
et BOHbI — Z(z,t) (cM. Bepakenus (19) u (21)):

Z(z,) = Re{ Z (z) exp(jox)} = A cos(axt — Bz).

[IpupaBHSB apryMeHT KOCHHYCa 3TOTO BBIPAKEHHUS TOCTOSTHHOW BEITNYH-
HE, TIOTyYUM

z = (Wt — const) / B.
dazoBasi CKOPOCTh OyIeT paBHA ITPOU3BOIHON 110 BPEMEHU OT IOJIyUCH-
HOU BEJIMYUHBI Z

V¢=62/0t=00/B, (34)
e [3 onpenensercs BoipakeHueM (28).
[Iponomxkast mpeoOpazoBaHus, HailieM

V= W/ (K —a)S=(w/k)/ (1 -ad/ k)03 =
=V/((1-QA/ )\KP)Z)O.S =V/((1- (pr /ﬂZ)O.S‘ (35)

AHnamu3 BelpaxxeHHs (35) MOKa3bIBaeT, YTO, BO-TIEPBBHIX, Vfb 3aBHCHUT OT
YacTOTHI TEHEpaTopa M, CJIEA0BATEIbHO, TMHIM Nepenayun ¢ E- u H-Bonnamun
SIBIIAFOTCS ICTICPTMPYOLIMMH CHCTeMaMu. Bo-BTOpEIX, V) OkasbiBaeTCs 0oIb-
ure, yeM (pazoBast CKOPOCTb IUIOCKOH OJJHOPOJAHOM BOJIHBI B CBOOOJHOM IIPO-
CTpaHcTBe V. DTOT pe3ynbTar, Ha MepBbI B3I, MOXKET I10Ka3aThCs MPOTH-
BOpeUaIIM OCHOBHOMY ITOCTYJIaTy TEOPHH OTHOCUTEIBHOCTH, COITIACHO KO-
TOpPOMY Ilepeiada CUTHAJIOB CO CKOPOCTBIO, IPEBBILIAIONIEH CKOPOCTh CBETa
B IIyCTOTE, HEBO3MOXKHA. Ha camoMm Jiene nmpoTuBopeursi, KOHEUHO, HET, TaK KaK
CKOpPOCTh Tepe/iadi CUTHAJIA JIEKTPOMArHUTHON BOJTHOM, paBHas 1/(0p/0w),
coBIaaet ¢ pa3oBoi CKOPOCTHIO STOM BOJIHBI M CKOPOCTBIO IIEpeHoca SHep-
MU TOJIBKO JUIS TUIOCKOW OHOPOAHON BOJIHBI, PACIIPOCTPAHSIOIICHCS B CBO-
6oxHom npoctpanctse. s E- u H-Bonn ckopocTh niepenaun curuania, Ko-
TOPYIO MBI HA30BEM I'PYIIIOBOH CKOPOCTBIO M 0003HAYNM V. p» OTIHUACTCS OT
Vc}p U paBHa:

V,=1/(0B/0w) =1 /(0P g, p, — &) %) / 0w) =
=V (1= AN =V (1= (/D)) (36)
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Kak u cnegoBaiio 0:Xuaarh, Vrp OKa3bIBaeTCsi MeHbIE, yeM V. [Tpumeya-
TEJTBHO, YTO BCET/Ia BBIMTOJHAETCS YCIOBUE
-2
Vip Vo =77
Haitnem muny Bosnbl E- 1 H-BosiH, pacripocTpaHsommxcs BAOIb JH-
HUU TIepeIaun.
dazoBasi CKOPOCTh Vq) oTipeneNsieT JUIMHY BOJHBI B JIMHUH TIEpeIadH, KO-
TOpPYIO MBI 0003Ha4UM /\ 1 OyJaeM MOHUMATh IO HEH paccTOsSHUE, KOTOPOe
E- win H-BoiHa npoxoauT BIOJIb JUHUHU 32 OTPE30K BPEMEHHM, PaBHBIN Tie-
puoy Koneoannii T+
A= V(b T. 37)
[Toncrapmsst B (37) 3HaueHUe Vfb u3 (35), u yuutsiBas, uto T = A/ V,
MoTy9aeM

N=N/(1=NIAD =N (= (i, / D, (38)

r1e A — JUTMHA BOJHBI B CBOOOIHOM TPOCTPAHCTBE, COOTBETCTBYIOIIAS Yac-
TOTE TeHeparopa, Bo30yxatoriero E- u H-BoiHBI B TMHUM TIepeadn.

Kak u crnenoBasio o>kuaarh, pyu OJHOW M TOW e 4acToTe BO3OYKICHHS
JUTMHA BOJIHBI B JIMHUM Tiepenad /\ okas3bIBaeTcsi OOJbIIe JUIMHBI BOJIHBI B
CBOOOTHOM TIPOCTPAHCTBE A.

U3 dopmyn (38) u (35) cremyert, 9TO ¢ yBETMYEHHUEM YacTOTHI BO30Y XK 1a-
IOIIEro TeHepaTopa JUTHHBI BOJIH JICKTPHYECKUX W MAarHUTHBIX BOJIH B JIH-
HHUHU TIepe/iad U uX (Pa3oBble CKOPOCTU MPHOMMKAIOTCS K JJIMHE BOJIHBI U
(ha30BOil CKOPOCTH TUIOCKOH BOJHBI B CBOOOJHOM IPOCTPAHCTBE. JTOT pe-
3y/bTaT MOYKHO OOBSICHUTH TEM, YTO, 110 MEpe YBEIMYCHHS YacTOTHI, OTHO-
CHUTENIbHBIC (II0 OTHOIICHHIO K A) pa3Mephl MONEPEYHOro CEYCHUs JIMHUU
nepeadn BO3pacTaloT U yCIOBHS PAaCIPOCTPAHEHHUS BOJIH BIOJIb JTHMHHUH Te-
penadu Bce OoJbIIe MPHOIMKAIOTCS K YCIOBHUSIM, CYIIECTBYIOIIMM TIPH pac-
HPOCTPAaHEHHU BOJHBI B CBOOOIHOM IIPOCTPAHCTBE.

HaoGopor, nipu crpeminennn [k f,  3Hadenus A u V, Bce 6oblie npeBoc-
XomiT A u V, cTpemsich B nipenene (mpu f = pr) K OECKOHEYHOCTH.

YeraHoBHUB 001IME CBOIMCTBA HANPaBJIIEMbBIX BOJIH, MIEPEHIEM K pacCMOT-
PEHUIO CTPYKTYPBI JIEKTPOMArHUTHOTO OIS 3TUX BOJH UISi KOHKPETHBIX
HAITPABIISIONINX CUCTEM.
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4. CTPYKTYPA QJIEKTPOMATI'HUTHOTI O I1OJISA E- U H-BOJIH,
PACITPOCTPAHAIOIUXCHA B ITPAMOYI'OJIBHOM
BOJIHOBOJE

[IpssMOyroJIbHBIM BOJIHOBOAOM Ha3bIBalOT OJIHOCBSI3HBIN METAJUINYECKUI
BOJIHOBOJI, TIONIEPEYHOE CEYEHUE KOTOPOTO UMeeT (OpMy MPsIMOYTOIBHUKA.
CraniapTHbIC MTPSIMOYTOJIEHBIC BOJIHOBOJIBI TIPEJICTABIISIFOT COO0M JIaTyHHBIC
WM JTIOpaJieBbIe TPYObI IPSIMOYTOJIBLHOTO TIONIEPEYHOTO CEUCHUS, JIMHEHHBIC
pasMepsl KOTOPOTO COOTBETCTBYIOT TOCTUPOBAHHBIM YUCIOBBIM psiiaM. Boii-
HOBOJIBI MO3BOJISIIOT MEPeIaBaTh OOJBIINE MOIIHOCTH MPU MaJIbIX MMOTEPSX.
OnHako miepeiada 3JIEeKTPOMArHUTHOW YHEPTUU TI0 TI0JI0H TpyOe BO3MOXKHA
JIUIIb TOT/AA, KOTJIA JIMHEHHBIE pa3Mephl €€ MONMEPEYHOr0 CEUCHUs COM3MEPU-
MBI C ITTUHOM BOJIHBI HJTH TIPEBOCXOAT ee. [loaToMy mprueMieMbIMu JJ1s [paK-
TUKU TadapuTaMu (COOTBETCTBEHHO BECOM M CTOMMOCTBIO) OOJIafaloT Me-
TaJUIMYCCKUE BOJTHOBO/IBI JUISI BOJTH, JUTMHA KOTOPBIX B CBOOOIHOM MPOCTPaH-
cTBe He npesbiaet 20-25 cum.

4.1. Cucrema ypaBHe}mifl AJIsA E-BoaH B NMpAMOYToJIbHOM BOJIHOBOAE

B noapasz. 3.3 6110 MOKa3aHO, YTO JUIS ONpPE/ENIEHUs 3aKOHOB U3MEHe-
HUS TIPOJIOJIBHON cocTaBstomiel E; B monepedHoi MIoCKOCTH JIMHUM Tiepe-
Jla9l HEOOXOMMO MPOMHTErpupoBath AuddepenunansHoe ypasaenue (17).
[Ipu BBIOOpE cHUCTEMBI KOOPAMHAT, B KOTOPOH OyAET pacKphIT MONEPEUHBIN
nartacenad [, HeOOXOMMMO TIPHCPIKUBATECS CIIEAYIOIEro IPABUIIa: KO-
OpAMHATHBIE TTOBEPXHOCTH BHIOMpPAaEMON CHCTEMBbl JOJKHBI COBNAAATH IO
(dopMe ¢ rpaHUYHBIMU TIOBEPXHOCTSIMH PACCMATPUBACMON JINHUN TIEpEIadH.
BrinonHenue 3Toro npasuiia Mo3BOJSIET UCIIOIB30BATh TPAHUYHBIE YCIOBHUS
JUISl KacaTeNbHBIX COCTABISAIOIIMX BEKTOpa E HpH onpesieieHuH MOCTOSH-
HBIX UHTErpupoBanusi. O4eBUIHO, YTO AJIsI IPSMOYTOJIBHOTO BOJIHOBO/A 3TO-
My TpaBUJIY YIOBJIECTBOPSET MPSMOYToJibHAs (IEKapToBa) CUCTEMa KOOPIH-
HAT, TaK KaK €¢ KOOPIMHATHBIMU MOBEPXHOCTSMH SIBJISIOTCS B3aMMHO Hep-
NEHIUKYISPHBIE TIIOCKOCTH, KOTOPbIE MOYKHO COBMECTHTH C TPAaHUYHBIMU
MOBEPXHOCTAMH (CTEHKaMH) MPSIMOYTOJILHOTO BOJIHOBOJIA.

PazmecTuM mpsIMOYTOJIBbHYIO CHCTEMY KOOPJHMHAT Tak, Kak MOKa3aHO Ha
puc. 3. B aTOM cityyae BEepXHssl U HWKHAS CTEHKH BOJIHOBOJA HaXOASATCS B
TIocKocTsAX ¥ = 0 u y = b, a OOKOBBIE — B INIOCKOCTAX X = 0 M X = a. YpaBHe-
Hue (17) B 1ekapToBOW CHCTEME KOOPJIWHAT UMEET CIIEAYIOIIUN BH/I:

?W(x,y) /0x? + 0*W(x,y) /0y* + &8W(x,y) = 0. (39)
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Puc. 3. Cucrema KOOpAMHAT NPAMOYI0JIbHOI0 BOJIHOBO/AA
[Ipu unTerpupoBanuu ypaBHeHus (39) Bocmoib3zyeMcs yKe 3HAKOMBIM
Ham metogom Dypre. [pencrasum dynkimo W(x,y) B BUae Npou3BeIeHUs
nByX QyHKImA X(x) u Y(y), Kaxmas U3 KOTOPBIX 3aBUCHT TOJBKO OT OJHOM
MPOCTPAHCTBEHHON IIEPEMEHOI:

W(x,y) = X(x) Y(). (40)
[MoacraBum (40) B (39) 1 BHINONIHUM YacTHOE U PEepeHIUPOBAHIE
Y(») 02X(x)/0x* + X(x)0%Y(y)/0y* + &8 X(x) Y(y) = 0. (41)

[Tepeiins B (41) ot gacTHBIX nuddepeHInaioB K 0OLIKHOBEHHBIM H ITOJIC-
JIUB €T0 TIOWICHHO Ha mpom3BeacHue X(x) Y(y), umeem

(1/X(x)) d2X(x)/d x2 + (1/Y(y)) d*Y(y)/d y* = —&&. (42)

Hcronp3ys Te ke T0BOIbI, YTO M NpH aHanu3e ypaBHeHus (15), mpupas-
HSIeM TIEPBBI 4ieH ypaBHEHHs (42) MOCTOSHHOMY KOA(PQUIHEHTY — kx2’ a
BTOPO — MOCTOSIHHOMY KO03(uIueHTy — kyz, (U3MUECKUI CMBICI KOTOPBIX
Oyzer BBISICHEH To3/1Hee. B aToM cirydae ypaBHeHHUE (42) MOXKET OBITh Ipeji-
CTaBJICHO B BHJIE CUCTEMBI U3 TpeX OoJiee MPOCTHIX YPaBHEHHIA:

d2X(x)/d x? + k 2X(x) = 0, (43)
d2Y(y)d )2 + k2Y(y) =0, (44)
k2+k?=2. (45)

Ypauenus (43) u (44) SBISIOTCS yKe 3HAKOMBIMA HaM OOBIKHOBEHHBIMU
OIHOPOAHBIMU AU PepeHINANTEHBIMI YPAaBHEHUSIMA BTOPOTO MOPSIKA, pe-
HICHUSIMUA KOTOPBIX SIBIISIIOTCS KOMOMHAIIMH TTOKa3aTeNIbHBIX JINOO TPUTOHO-
METPUUECKUX (DYHKIHN U TOCTOSHHBIX Kod(pduumenTos (cMm. (16), (19), (20)).
OnHako, B ommune OT ypaBHeHus (16), korna no Gu3MUecKuM coobpaxe-
HUSIM MBI BBIOpan Jijist Hero pernienue (19), npencrasistoriee co0oi cymnep-
MO3UIHIO OETYIIMX BOJIH, B JAHHOM CITy4ae ClielyeT BhIOpaTh pelieHus, pe/i-
CTaBJISIFOIIE cOOOM CTOSYME BOJIHBI, & PELICHUS B BHJIE OCTYIIMX BOJH OT-

18



OpoCHUTH Kak (PU3UYECKH HE pean3yeMble, TaK KaK PacIpoCTpaHESHUIO Oery-
IIMX BOJIH B HampamieHuAX oced Ox u 0y npensiTCTBYIOT METaUIMYeCKUe
CTEHKH BOJTHOBOZA. Takum o0pa3oM, pemieHue ypaBHeHus (43) s paccmar-
pPHUBAEMOTO CiIydast OyJIeT UMETh CIIETyIOIINil BH/I:

X(x) = Ccos(k, x) + Dsin(k, x). (46)

B BbIpaxkenue (46) BXomaT Tpu nocrosHubie koddduumenta C, D u k,
JUISL OTIPE/ICIICHUsI KOTOPBIX HEOOXOANMO BOCIIONB30BATHCSI TPAHUYHBIM YC-
noBueM (2).

I'parnunoe ycnoBue (2) st BBIOPAHHOTO PACIIONIOKEHHUS JIeKapTOBOM
CHCTEMbI KOOPAMHAT OTHOCUTEJIBHO CTEHOK BOJIHOBOZA (CM. pHUC. 3) TpaHC-
(dhopMupyeTcs B ClIeIyroIIne YCIOBus Jist cocTaniomeii Ez: Ez =0 mpu x =
0,x=a,y=0wuy=>. llpumeHnTenbHO K ypaBHEHHUIO (46) 3TO 03HAYAET, UTO
npu x = 0 ¥ IpH X = @ TipaBas 4acThb YpaBHEHHS JIOJDKHA 00paiaThes B HYIb.
[epBoe yciaoBre MOXKET OBITH BBIITOIHEHO TOJLKO B TOM ciy4dae, eci C =0,
a BTOpoe — €Civ k, = mTVa, 1€ m — IF000E LEJI0E MOJOKHUTENBHOE YHCIIO; d —
NOTIEPEYHBII pa3Mep IIUPOKOH CTEHKU BOIHOBOA. TakuM 00pa3oM, UCIOb-
3ysl TPAHUYHBIC YCIIOBHUS, MBI ONPEJICIVIIN 3HAYCHHSI TIOCTOSTHHBIX K03 (hu-
uuentoB C ¥ k , u ypaBHeHue (46) NpUHAMAET CIIENYIOIIUA BULL:

X(x) = D sin(k, x) = D sin((mT/a)x). (47)
[IpoBess ananoruuHele onepamnyy ¢ ypaBHeHueM (44), moixydaeM
Y (y) =B sin((k yy) = B sin((n1Ub)y), (48)

rae B — nocTossHHbIN KO3 GHULUEHT, ky = nTUb — nocTostHHBIN K03 duIHeHT,
n — mo00e TeNoe TIOJIOKUTEIIFHOE YUCIIO, b — TOTIEPEUHBIA pa3Mep y3KOH
CTCHKH BOJIHOBOJIA.

IToncraBus (47) u (48) B (40), umeeMm

W(x,y) = B D sin((mTva)x) sin((nTUb)y). (49)

Uwucnennpie 3HaYCHUS K03PIUIMEHTOB B 1 D 3aBUCAT OT IapaMeTpoB
HCTOYHHKA, BO30YKIAIOMIETO AJIEKTPOMArHUTHYIO BOJIHY B JIMHWUU Tiepena-
qu. [TomcraBus (49) B (22) m 0003HAUNB TIPOU3BeIeHHE KOADDUITNESHTOB B,
D u A xak E, moqy4umM OKOHYATEILHOE PEIICHHE BOJHOBOIO yPaBHEHUS
JUTS TIPOJIOTIBHOM cocTaBIstoNIel E; BekTopa HampsKeHHOCTH 3JIeKTpHYec-
Koro 1ot E-BOMH B MpsSMOYTOIHHOM BOJTHOBOIE

= (x,y,2) =E sin((mTva)x) sin((nTUb)y) exp(-jKz). (50)

UT0OBI BOCTIONL30BATLCS YPABHEHUSAMU CBSI3U (6) UL ONPEICIICHHS T10-
MEPEUHBIX COCTABIISFOIINX BEKTOPOB HAMPSKEHHOCTH AJIEKTPUUECKOTO U Mar-
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HHUTHOTO monel E-BONH B IPSAMOYTOJLHOM BOJHOBOZE, HEOOXOAUMO HAWTH
YyacTHBIE pon3BoaHsle 0 Ez/0x u 0 E; /0y Beraucinm ux, pOBEIS YaCTHOE
muddepeHEpoBanue BeipaxeHUs (50) 0 IepeMEHHBIM X 1 V:

OE, /dx = (mTVa) E,, cos((mTa)x) sin((nTUb)y) exp(-jKz).

OE; /0y = (nTUb) E  sin((mTVa)x) cos((nTUb)y) exp(—jKz).

Amnanu3 ypaBHeHus (50) ¥ €ro 4aCTHBIX IPOM3BOAHBIX MOKA3bIBAET, YTO
11t E-BonH 1iesble unceia m v i, BXOASIIME B BBIPKEHHS 1715 KO3 duimeH-
TOB k W ky, HE JIOJDKHBI PABHSTBCS HYJIIO, TaK Kak B MPOTHBHOM CITydae BCE
COCTAaBJISIIOILME BEKTOPOB E 1 H 3THX BONH OyAyT paBHATHCS HYJIIO.

[loacrasisis 3HaU€HMS BBIYMCIICHHBIX YaCTHBIX MPOU3BOAHBIX B YpaBHE-
Hust (6), TOMyYMM CHCTEMY ypaBHEHHiT TS COCTABNIAIONINX BEKTOPOB E m
H nonepeuno-maruuTHbIX BonH (E-BOJIH) B IIPAMOYTOJIBHOM BOJTHOBOJIE:

Ex= (- K/ &) (mTva) B, cos(mTla)x) sin((nTvb)y) exp(—Kz),
Ey= (- K/ &) (nT0b) E, sin((mTVa)x) cos((nTh)y) exp(~Kz),
Ez=E, sin((mTa)x) sin((nTUb)y) exp(~Kz),

Hx= (j we,/ &) (nTUb) E, sin((mTVa)x) cos((nTUb)y) exp(—jKz),
Hy= (5 we, | @) (m1a) E, cos(mTa)x) sin(nTub)y) exp(-/Kz),

H,= 0. (51)

VYpaBHenus (51) MoryT OBITH 3anicaHbl B 00JIee KOMIIAKTHOM BHJIC:

Ex= 7 Eq, cos(k,x) sin(k,y) exp(-jKz) = E,(x.y) exp(-jK2),
Ey = Eg, sin(kx) cos(k,y) exp(-jKz) = E,(x) exp(-jK2),
Ez=E,, sin(k,) sin(k,y) exp(jKz) = E,(x,y) exp(-jKz),

Hx = Hy, sin(k x) cos(k ) exp(jKz) = H,(x,y) exp(-/K2),
Hy = Hy, cos(k,x) sin(k ) exp(5jKz) =~ H,(x,y) exp(-jKz),

H,=0, (52)
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rne E (x,), Ey(x,y), E_(x,»), Hx(f,y), IiI (x,y) — aMIUTATYIBI COOTBETCTBYIO-
IMX cocTaBisifoux Bekropos E u H, a E,, E, . E , Hy, HOy — MAaKcH-
MaJTbHbIE 3HAYCHUS ATHX aMILTUTY/I.

[lonezno oTMeTHTH, 9TO B citydae E-BOH, ABISIOMIMXCS HEOTHOPOTHBIMHU
IJIOCKMMH BOJTHAMH, aMIUTHTY/IbI COCTABIIAIONINX BeKTopoB E 1 H m3mens-
FOTCS TP TIEPEMEIIIEHUH BIOJE (ha30BOTO (DPOHTA ATUX BOJH (B OTIMYHE OT
OJTHOPOAHBIX TUIOCKUX BOJIH, PACTIPOCTPAHSIONINXCS B CBOOOTHOM MPOCTPaH-

CTBE).

0y?

4.2. Cucrema ypasHenuii 11 H-BolH B IpAMOYTroibHOM BOJIHOBOJIE

Ormune pemennst ypasaenus (17) mist H-BomH ot pemenus mist E-BomH
3aKIIIOYAeTCs B MPUMEHEHUH IPaHUYHBIX YCIOBHH. /€70 B TOM, UTO ypaBHe-
Hue (2), koTopoe B citydae E-BOJIH HENOCPEICTBEHHO TpaHC(HOPMUPYETCs B
TpaHUYHBIC YCIOBHS sl cocTaBisomeii E; B manHom cirydae (T.€. mpuMe-
HUTENBHO K IPOIONBHON COCTABISIONICH BEKTOPA HAIPSKEHHOCTH MArHHT-
HOTO TIOJISI) MOKET OBITh UCIIOJIB30BAHO JIMIIH OIOCPEJOBAHHO C ITOMOIIBIO
cucrembl ypaBHeHUH cBs3u (7). [IpuueM rpaHudHble yCIOBUSL MOT'YT OBbITH
HOJTyYEHbI HE HETMOCPEACTBEHHO Il COCTaBIsAomen Hz, a ik s ee va-
CTHBIX TIPOu3BOIHBIX O0Hz / 0y u O0H; / Ox (cM. mepBbIe JBa ypaBHEHUS
cucremsl (7)). Tak kak E _sBnsercs xacatenbHoii cocrapisiomeit npu y = 0
unpuy =b,aEy saBusercs kacaTeabHOH cocTaBisitoied npu x = 0 u npu
X = a, TO OKOHYATEJIbHO OJIy4aeM

0H2/6y=0npuy=0nnpny=b,
6Hz/6x=0npnx=0nnpnx=a.

Hcnonb3ys 5TM rpaHUYHbIE yCIOBUs NPH pelieHnn ypaBHenus (17) na-
XOIIMM BBIPayKEHHUE JIIs COCTABIAIOIEN H; MarHuTHBIX BoJH (H-BosH) B rps-
MOYTOJIFHOM BOJIHOBOJE H 7

Hz(x,y,2) = H cos((mTva)x) cos((nTvb)y) exp(-jKz). (53)

Amnanu3 ypaBHeHus (53) MoKa3bIBaeT, 4yTo, B oTIIMUMe OT ypaBHeHus (50),
B JIJaHHOM CITy4ae LEJIbI€ YUCTIA 711 U 71 IOPO3Hb MOTYT PaBHATBCS HYJIIO.

Haiins yactHbie ipousBoanbie d Hz/ dy u 0 H,/ 0x 1 moacTapisis moty-
YCHHBIC 3HAYCHUSI B ypaBHEHHs CBs3U (&), MMoJydaeM CHCTeMy ypaBHEHHI
1151 BeKTOpoB E mH MareuTHbIX BosiH (H-BOJIH) B IPSAMOYTOJIBHOM BOJIHO-
BOJIE:

Ex= (j o,/ &) (n1Ub) H,, cos((mTva)x) sin((nTvb)y) exp(-jKz),
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Ey =(—jwy,/ &) (mTla) H, sin((mTVa)x) cos((nTUb)y) exp(-jKz),
E,=0,
Hy = (j K/ &) (mTa) H,, sin((mTva)x) cos((nTvb)y) exp(-jKz),
Hy=(j K/ &) (nTUb) H, cos((mTVa)x) sin((nTVb)y) exp(—jKz),
H,= H,, cos((mTa)x) cos((nTvb)y) exp(-jKz). (54)

VYpaBueHnus (54) MoryT OBITh 3alIFICaHbI B 00JIee KOMITAKTHOM BHJIE:
Ex=J Eq, cos(kx) sin(k ) exp(-jKz) = j E (x.y) exp(-jKz),
Ey = By, sin(kx) cos(k,y) exp(Kz) = B (x) exp(5K2),
E,=0,
Hx=J Hy, sin(k,x) cos(k,y) exp(—jKz) = j H (x,y) exp(~jK2),
H y=J Hoy cos(k,x) sin(kyy) exp(—jKz) =j Hy(x,y) exp(—jKz),
H,= H,,, cos(k x) cos(k yy) exp(—7Kz) = H_(x,y) exp(-jKz). (55)

4.3. AHayin3 perieHuii ypasHeHuii MakcgeJia
AJS MPSIMOYTOJILHOTO BOJTHOBOJA

[onmyuennsle Boiie cuctembl ypasHenui ((51), (52)) u ((54), (55)) sBns-
I0TCSI peILICHUSIME YpaBHEHU MakcBesia, yIoBIETBOPSIONINX (PU3NIECKUM
YCIOBHUSAM paccMaTprBaeMoi 3a/1a4 U TPaHUYHBIM ycioBusM. CreroBaTesnb-
HO, B COOTBETCTBUU C TEOPEMOM €AMHCTBEHHOCTH, 3TH PEIIEHHs OJHO3HAY-
HO OIMCHIBAIOT 3aKOHBI N3MEHEHUS B IPOCTPAHCTBE (@ €CJIM BCIOMHUTD CBA3b
rapMOHHYECKUX BEKTOPOB C WX KOMITJIEKCHBIMHU aMIUTUTYAaMH — TO U BO
Bpement) BekTopoB E 1 H BHYTpH BonHoBosa. [Tonpo6yem Ha OCHOBE 3THX
MaTeMaTHYeCKUX BBIKIIJ0K OMUCATh (PU3NUECKYI0 KAPTHHY IEKTPOMArHUT-
HBIX TPOIIECCOB, MTPOUCXOASIINX BHYTPH BOJTHOBO/IA.

[Ipexe Bcero 3amuiieM pa3BepHyTYIO (GopMyIy Ui KpUTHIECKOU JUTH-
ubl BostHbl E- u H-BonH (eM. (32),(45),(47) u (48)).

)\Kp =21/ ee=2m/ (kx2 + kyz)o.s =2/ ((mla)* + (n/b)?) O3, (56)
IJe m U 1 — LeJble TOJOKUTEIbHbIC Yncia, KoTopble s H-BosH MoryT
MOPO3Hb PABHATHCS HYJIO, a A1 E-BOJIH HAaUMHAIOTCSI C €TUHUIIBL.

Kaxmoil mape 1ensix 4uces m 1 n COOTBETCTBYIOT pa3HbIE 3HAUEHUS BEK-
TopoB E mH, a Takke pa3Hble 3HaYEHUs )\Kp V(b u . ®u3n4ecKu 3TO O3Ha-
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YaeT, YTO MPHU BHITIOJHEHUH OIPE/EICHHBIX YCIOBHUH B BOJHOBOJIE MOTYT
OJTHOBPEMEHHO CYIIIECTBOBATH PA3IMUHBIC TIO CBOEH CTPYKType M (pa3oBOit
ckopoctu E- u H-BoTHBEL. DTH BOJHBI HOCAT Ha3BaHUE «COOCTBEHHBIX BOJIH)
BOJIHOBOZIA M 0Oo3HavatoTes B, mmu H, Tiie natuHcKkue 3araBHbie OyKBbI
OTIPECIISAIOT MPUHAIC)KHOCTh COOCTBEHHOW BONHBI K Kiaccy E- mmm H-
BOITH, & HIDKHUE WHICKCHI 71 U 1 ONPEAETISIOT THIT COOCTBEHHOM BOJHHI (T.€.
CTPYKTYPY DJEKTPUIECKOTO ¥ MarHUTHOTO TOJIEH 3TOW BOJHBEI).

Xapaxmepucmuueckoe conpomusnenue E u H-6onn 6 npsamoyzonornom oi-
HogoOe ( Zg, Zg' ). XapaKTepuCTHYECKOE COMTPOTHBIICHNE COOCTBEHHBIX BOJIH
PaBHO OTHOIIEHUIO B3aUMHO TMEPIIEHANKYISIPHBIX TIOMEPEYHBIX COCTABIISIO-
1MX BeKTopoB E M H 5Tux BonH. OGpaTHBIINCH K CUCTEME YPABHEHMIA 17151
E-Bomn (51), Haxomum

Z5= Ex/Hy =—Ey /Hx = Klwe, =y, /e, (1 —()\/)\Kp)z)0~5 =

=Zo (1-(A /AN, (57)
e Zo — XapaKTEPUCTUICCKOE COMPOTHBIICHUE TIOCKOH OHOPOIHOM BOHBI
B CBOOOJIHOM IPOCTPAHCTBE.
OOparuBIIKCH K crcTeMe ypaBHeHui it H-Bonn (54), Haxoaum

Z8'= Ex/Hy =—Ey /Hx =0, /K =l [e, /(1= N/ N\ )" =
=Zo/(1-(\/ A, (58)

Kax cnenyer u3 Beipaskenuit (57) u (58), XapakTepUCTHYECKUE COIPO-
TUBJICHUA CO6CTBCHHI)IX BOJIH BOJIHOBOJia, B OTJIMYHUEC OT ZO, U3MCHAIOTCA
MPU U3MEHEHUH YaCTOThI BO30Y K/IAFOIIEr0 TeHepaTopa.

Bonna ocnosrnoeo muna é npsmoyeonvrom 6onnogode. COOCTBEHHBIC BOIHBI
MOT'YT PACIIPOCTPAHSITHLCS 110 BOJIHOBOJLY HE IPH JIFOOBIX YacTOTaX, a JIMIIb IIPU
cobmonenun yciosust (33). CrienoBarenbHO, BOBMOXKHO TAaKOE COOTHOIICHUE
MEKJTy TONEPEYHBIMH pa3MepaMy BOJIHOBOJIA U YaCTOTOM BO30Y>KIAIOIIEro re-
Heparopa, PU KOTOPOM B BOJIHOBOJIE OYJIyT OJIHOBPEMEHHO PAaCIPOCTPAHATHCS
HECKOJIbKO COOCTBEHHBIX BOJIH (TEOPETHUYECKHU — JIF000E KOJIIMUECTRO).

B 1o xe BPEMs1, BO3BMOKHO TAKOC COOTHOIICHUE MEXK Y Ha3BaHHBIMU BBIIIEC
rnapaMeTpamMu, Py KOTOPOM B BOJHOBO/JIC HE CMOYKET PaclpOCTPAHIThCS HU
OJlHa U3 COOCTBEHHBIX BOJIH.

W, HakoHeI, MOKHO BBIZICPIKATh TAKOE COOTHOIIICHUE MEXKIY pa3Mepamu
BOJIHOBOJIa U 4aCTOTON BO30Y’K/ArOIIEro reHepaTopa, Ipu KOTOPOM B BOJI-
HOBOJIC MOXKET PACIPOCTPAHSATHLCS TOJIBKO O[HA COOCTBEHHAS BOJIHA, UMEHO-
11ast HanOOJIBIIYIO U3 BCEX COOCTBEHHBIX BOJIH KPUTHYECKYIO JUTHHY BOJHBL.
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Ota coOCTBeHHAs! BOJIHA HAa3bIBAETCS «OCHOBHOM BOJHOI BOJHOBOIA» WIIH
«BOJJHON HH3IIETO THUIIA».

J51s cTaHmapTHOTO MPSMOYTOIHHOTO BOJTHOBO/IA, Y KOTOPOTO a > b, BOI-
HOW OCHOBHOTO THMa Oyner cobcteennas Boana H,, Kpurtuyeckas mivna
BOJIHBI 111 cOOCTBEHHOU BOMHBI H, ) paBHa 2a (cm. (56)). Ilo oTHOmEHHIO K
BonHe H, , Bce mpoune cOOCTBEHHBIE BOJHBI HA3BIBAKOTCS BOJIHAMH BBICIIMX
THTIOB.
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Puc. 4. Kpurnyeckue JJUHBI BOJH (¢) H KPUTHYECKHE YACTOTHI () COOCTBEHHBIX
BOJIH NPSIMOYT0JILHOTO BOJHOBOIA, MMEIOIIEro momnepeynnie pasmepbl 23x10 mm

Ha puc.4 mokazaHo COOTHONIEHUE MEXTY KPUTHUCCKUMH ITTHHAMH BOJTH
1 KPUTHICCKUMH YaCTOTAMH HECKOJIEKHX COOCTBEHHBIX BOJH TIPSIMOYTOJh-
HOTO BOJTHOBOJA, MMEIOIIETO MOTepedHbie pasMepsl 23x10 MM. DToT prCy-
HOK HaIIITHO AEMOHCTPHPYET HAJMUME TAKOTO MHaIa3oHa 49acTOT BO30YXkK-
JIAIOIIETO JTaHHBIA BOJIHOBOJ T€HEPATOPA, B MpEIeax Kotoporo Boana H
SIBJIIETCSI €IMHCTBEHHO BO3MOYKHOM COOCTBEHHOM BOJIHOM JaHHOTO BOJIHO-
BOJIa, TaK KaK TOJBKO JJIsl HEE BBITOTHSIETCS YCIOBHE A< )\Kp. Ha npakrtuke,

24



MpU pa3paboOTKe pa3IMYHBIX BOJHOBOJHBIX Y3IIOB M OJIOKOB, OYE€Hb YacTO
OKa3bIBAETCSl HEOOXOIUMBIM CO3/IaTh B BOJIHOBOJIE HIMEHHO TaKOH PEeXHUM pa-
00Tb1. [ToaTOMy paccMOTpHM CTPYKTYPY TIOJISI © OCOOCHHOCTH pacipocTpa-
HEeHusl cOOCTBEHHOU BOMHBI H ) Gomee moapobHo.

4.4. Crpykrypa noJs Boaubl H, B npsiMOyroJsHOM BOJIHOBOIE

Hns Bonnst H,, m =1, n = 0, cnenosatensHo, k, = Tla, ky =0, A ™ 2a, a
cucTeMa ypaBHeHwHi (55) nmpeoOpasyercs K CIIeIyIoIeMy BUILY:

Ex=0,
By =/ Ey, sin(Ta)x) exp(-/K2) = E,(x) exp(-Kz),
Ez=0,
Hx=J Ho, sin(Tva)v) exp(-jKz) =/ H,(x) exp(-jKz),
Hy=0,

Hz=H,, cos((TVa)x) exp(-jKz) = H_(x) exp(-jKz). (59)
Ananus ypasHenuit (59) mokaseiBaeT, 4TO BEKTOP E BOIHBI H,, umeer
TOJIBKO OJHY COCTaBIstoLIyto Ey, pacnonoxeHHy0 B IJIOCKOCTH IMOIEped-
HOTO CEeueHHs BOJHOBONA, a BekTop H — nBe cocrapysromue: Hy, pacrosno-
KEHHYIO B IUTOCKOCTH ITOTIEPEYHOr0 CEUCHHUSI BOJIHOBOAR, U H 7, mapasuienb-
HYIO IPOAOJIHON OCH CUMMETPHH BOJIHOBOJA. B oTiin4me 0T 1II0CKUX 0JJHO-
POHBIX MOMEPEYHbIX BOJIH, y KOTOPLIX aMILIUTY/IbI BekTopoB E 1 H He me-
HAIOTCS B IUIOCKOCTH UX (Da30BOro (ppoHTa, aMIUIMTYABI COCTaBISIO-
umx Ey, Hx uH;z BextopoB E u H BomHbI H,, u3MEHSI0TCA B IIOCKOCTH
(azoBoro GpoHTa 3TOW BOJNHBI. AMITIUTY/BI cocTaBmsironx EyuHyx nme-
10T MaKcHMalbHbIe 3Ha4enus (E, ) 1 H,,) B 1eHTpe BOIHOBO/A U CIIAIAOT JI0
HYJIS OKOJIO €ro OOKOBBIX CTEHOK, & aMIUIMTyAa cocTaBistoneit Hz nmeer
makcumyM (H ;) 0k0110 GOKOBBIX CTEHOK M CTIAJAET JI0 HyJIsA B IIEHTPE BOJIHO-
Boz1a. Pa3oBbIe COOTHOIIEHUS] MEXK/Y STUMH COCTABISIFOLUIMMH TAaKOBBI, UTO
no otHoueHuto K Ey cocraBnsiomas Hx caBuHyTa B MPOCTPAHCTBE M BO
BPEMEHHU Ha TI (T.€. HAXOAUTCA IO OTHOLIEHUIO K Hel B mpotuBodase), a
cocTapstomas Hz — Ha T2 (T.e. HAXOAUTCS 110 OTHOLIEHUIO K HEll B KBajpa-
Type). CooTBEeTCTBEHHO, cocTapisttone Hx nHz ciBunyTsl o dase apyr
OTHOCHUTEJIBHO JIpyra Ha TU2.
DopMyIIBI 7T TApMOHUYECKUX BEKTOPOB E (x,z,) U H (x,z,f) BOIHBI H,,
MUMEIOT CIIeIYIOUINN BUI:
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E(xz0) =-Y, E (x.z,1) == Yo E (x) sin (wr — Kz), (60)
H(x,z0) = XoH,(x,2,0) +Zg H (x,2,0) =

= XoH, (x) sin (w¥ — Kz) +Z; H (x) cos (0¥ — Kz), (61)

rae Ey(x), H.(x), H_(x) — aMIumMTy/ipl COCTaBJIAOIINX Ey(x,z,t), H (x,z,t) n
H,(x,z,7).

Awmrumatyaet E y(x), H_(x), H (x) umeroT MmakcumanbHble 3Ha4eHus E,, . H,,

H,,, a MX 3aBUCUMOCTb OT MPOCTPAHCTBEHHOM MEPEMEHHON X ONHMCHIBAETCS
CJICYIOUIMMHU BhIpaskeHUsIMHE (cM.(56)):

E y(x) = EOy sin((Tva)x); (62)
H (x) =H,, sin((TVa)x); (63)
H_(x) = H, cos((TVa)x). (64)
a) | ¥ 0)
@ N2 "
b

X a )
w122
w133
6) - 2) | E, (x=0.5a; t=1,)
. Ey |
| ~=u
,Q<l 11
IUL. Ey(x)
@, ... . J© 9 P
* 5 a

Puc. 5. Crpykrypa sj1ekTpuveckoro mosist Boinbl H | B NpsiMOyroibHOM BOJIHOBO/E
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Ha puc. 5, a, 6, 6 npuBenens! rpadudeckrie n300pasKeHNUS CHIIOBBIX JIH-
HUii BekTopa E BOJHBI H,, B IUIOCKOCTH TIONEPEUHOTO CEYEHHs BOIHOBO/IA
(mn.11) ¥ B IBYyX B3aMMHO MEPIEHANKYISIPHBIX TPOIOIBHBIX TUIOCKOCTSX,
MapajuIeIbHBIX Y3KUM U IIMPOKHM CTEHKAaM BOJHOBOJA W MPOXOJISAIINM Ye-
pe3 OCh ero reoMeTpUIecKoil cuMMeTpuH (T1.22 ¥ T1.33 COOTBETCTBEHHO).
N300paXkenue cienato 1y MOMEHTA BpEMEHH 1, Korna Bektop E(x,z,7) noc-
TUTAET B TUIOCKOCTH 11 CBOEr0 MakCHUMaIbHOTO TTOJIOKUTEIHHOTO 3HAYCHNS.
Ha puc. 5, 2 npuBeneHa 3aBUCUMOCTh COCTABJISFOIIICH Ey(x,z,t) OT MPOCTpaH-
CTBEHHOH TTepeMEHHOH (KOOPAMHATHI) z B TDIOCKOCTH 22 IS MOMEHTA Bpe-
MEHH ;, @ Ha PHC. 5, 0 — 3aBUCUMOCTb aMILTUTYJIbl OTOH COCTABIISIONIEH OT
KOOPJIMHATHI X B MJIOCKOCTH 11.

Q) wn @‘ y 0)
; w122
| b A2
Q® i ®
! P P
X a ) 0 /
11.33 H (x=0.5a; z; t=t,) 1.2
HOx z

{ \ 1.)0z
()) H_(x=0; z; =t))
@ @ N AZ—I\

{ J e) w1l o) 44 .
0 \ j ©) H (x) H_(x)

0.25A

Puc. 6. CTpyKkTypa MarHMTHOIO 10Jsi BOJHbI H A B NPSIMOYro/ibHOM BOJIHOBO/E
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Ha puc. 6, a, 6, 6 ©300paskeHbl CHIOBbIE TUHUU BeKTopa H BOJHBI H,,B
wiockocTsx 11, 22 n 33 nnst MomenTa Bpemenu ¢ = ¢,. Ha puc. 6, 2, 0 npuse-
JIEHBI 3aBUCUMOCTH cocTasisiomed H (x,z,f) oT xoopauHarel z B W22 1
cocrapystomen H_(x,z,/) oT koopauHatel z B IWIOCKOCTH Y0z 1JIss MOMEHTa
Bpemenu ;. Ha puc. 6, e, oic mpusenenst 3apucumoct ammmtya H (x) u
H_(x) OT KOOpAMHATEI X B TIONEPEYHBIX IIIOCKOCTSX 11 1 44 COOTBETCTBEHHO.

4.5. PacnipenesieHre TOKOB NPOBOAUMOCTH 110 CTEHKAM BOJIHOBO/A,
B KOTOPOM pacnpocrpansiercst Boana H.

[To3HaKOMHMCSI CO CTPYKTYpPOH TOKOB MPOBOAMMOCTH, BO30YXKIAEMbIX
BOJIHOM H |, Ha BHYTPEHHMX MOBEPXHOCTAX CTEHOK BOJHOBO/A (HAIIOMHMM,
YTO CTEHKH BOJIHOBOJA CYMTAIOTCS MJICATHLHO MPOBOASIIMMHU U 10 HUM MO-
T'YT T€Yb TOJBKO IMOBEPXHOCTHBIC TOKH).

Kak m3BecTHO, BEKTOP IMJIOTHOCTH MOBEPXHOCTHOTO TOKA (SHOB ), BO3-
Oy>K/1aeMOT0 B HJICallbHOM TIPOBOJTHHKE, ITEPTIICHIUKYIISIPEH KacaTeIbHON CO-
CTaBIISIOIIEHT BEKTOPA HALPSHKEHHOCTH MarHUTHOTO 110J1s1 ( H, ) 271eKTpomar-
HUTHOU BOJIHBI, BO30YKJIAIOIIIEH 3TOT TOK, M CBS3aH C HEHl CIIEIYIONIM CO-
OTHOIIICHHUEM:

SHOB: ﬁXHT’ (65)

IJi€ M — BHELIHsS HOPMaJIb K IIOBEPXHOCTH HUJI€AJIbHOTO IIPOBOJAHMKA.

Jist Bomubl H, ) kacaTenbHBIMU K CTEHKAM BOJHOBOJA COCTaBIISIOIIMMU
BeKTOpa H sABIISIIOTCSA:

— IUIsl BEpXHEN U HUKHEN cTeHOK — cocTapisitomue H v H_ mpuy =0
uy =b;

— Ju1st GOKOBBIX CTEHOK — cocTapisromas H npux =0 nx =a.

B pesynbrare, MrHoBeHHas (11

N2 MOMECHTA BPEMEHHU [ = tl) KapTvHa CU-
: JIOBBIX JIMHUHM BEKTOPOB IIJIOTHOCTHU
= N TOKOB IPOBOJUMOCTH, TEKYyLIUX II0

o) S &\\é
O ii ™. BHYTPEHHUM IIOBEPXHOCTSAM CTEHOK

! < BOJIHOBOJIa, OyJIeT UMETh BUJI, U300-

w44

O paxkeHHBIN Ha puc. 7. BaxxHo orme-
Sy TUTb, YTO B JIOKAJIBHBIX 00JIaCTSIX, pac-
Puc. 7. CuiioBble JTHHIH TOKOB TIOJIO)KEHHBIX B [ICHTPE BOJIHOBO/IA Ha

NMPOBOAUMOCTH, TEKYLIHUX 10 CTCHKaM paCCTOHHI/II/I /\/2 ﬂpyr oT prra’ U3 KO-

NPsIMOYTOJIBHOI'0 BOJIHOBO/Ia, B KOTOPOM
TOPBIX UCXOJAT (WM B KOTOpPbIE BXO-
pacnpoctpansierest Boana H,
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JISIT) CUJIOBBIC JIMHUU TOKOB TIPOBOJIMMOCTH, 9TH CHJIOBBIC JITHUN 3aMbIKAFOTCSI
CHJIOBBIMH JIMHUASIMH TOKOB CMEIIICHUS 6 (HamOMHIM, YTO 5 =0E/0r). lna
TOTO, YTOOBI HE 3arPOMOXK/IATH PUC. 7, Ha HEM U300paKeHbl TOJ'IBI(O TE CHJIO-
BbIC JIMHUH TOKOB CMEIICHUS, KOTOPBIC HAXOJSITCS B TUNIOCKOCTH TIOTIEPEYHO-
ro ceueHus 44.

3HaHWe KapTUHBI CUIIOBBIX JIMHUH TOKOB MMPOBOJANMOCTH HEOOXOAMMO JUTSI
peIIeHNS 33/1a41 Pa3MEIeHUs] UTYyUYaroIuX WM HeU3TyJaroluX mejel Ha
CTEHKaxX BOJHOBOJA. V3NMyYaromuMu SBISIFOTCS ILENH, TIPOPE3aHHbIe Tep-
MEHUKYIISPHO CHIIOBBIM JIMHHSM TOKOB ITPOBOJMMOCTH, & HEU3ITYYAFOIIMU
— TIapaJuIebHO ATUM CHIIOBBIM JIMHUSIM. ClieIoBaTeIbHO, €CJIM B BOJIHOBOJIC
pacnipoctpansiercs BoHa H, ), To mobast 1miesb, mpope3annas B 00KOBO# CTEHKe
BOJTHOBOJIA Mapayie’bHo ocu 0z OyJieT U3ydarolei, B To BpeMst KaK MIelb,
Mpope3anHasl Mocepe/inHe MUPOKOH CTEHKH BOJIHOBOJIA MapaylielIbHO OCH
0z, — HEeU3Iy4arolen u T.1.

4.6. CtpykTyps! noJjieii H-Bo1H BbICIINX THIIOB
B NPSIMOYT0JIbHOM BOJIHOBO/E

AHaM3 CTPYKTYPBI JIEKTPOMArHUTHOTO 01 1106011 H-BOJTHBI BBICTIIETO
TUMA CIICAYyeT HaYMHATh C NMPEOOpa30BaHMs CUCTEMbl ypaBHeHUH (54) win
(55) ¢ yueroM KOHKpPETHBIX 3HAUEHWUN WHICKCOB /1 M 1 PacCMaTPUBACMON
BouHbI. [Tocie aToro ciepayer n300pa3uTh KapTHHBI CUIIOBBIX JTHHUH BEKTO-
poB E u H nanHoi BOJHBL

Bonbinyio momoris B pemeHnn 3ToH 3a/1a4i MOYKET OKa3aTh CIeyroliee
npasuiio. CTpykTypy 1osist BojHbl H, ) MOXHO cumMTaTh 6a30BO¥H MpHU MOCT-
POEHHHU KapTUH CUIIOBBLIX JIMHMII BekTOpoB E mH coOCTBEHHBIX BOIH H,,
u Hy,. Tak, nanpumep, 1t BonHbl Hy) kapTHHA CHIIOBBIX JTHHUH BeKTopOB
E u H B nonepeyrom ceueHnn BOIHOBOJIA MOJTYYaETCsl IyTEM JIBYKPATHOTO
BOCIIPOU3BENICHHsT 0a30BOI CTPYKTYPBI BJIOIb IMHUPOKOH CTEHKH BOJHOBOJIA
(¢ yuetoM (a3zoBbIX COOTHOLIEHUH COCEIHUX CTPYKTYP); At BOJMHBI Hy) —
TPEXKPATHBIM BOCTIPOM3BENCHUEM, | T. 1. [l Bonnbl Hj; 6azoBas cTpykry-
pa Oyzer mosepuyta Ha yroa 90°; mist Bonusl Hy, — mosepuyra Ha 90° u
BOCITPOM3BE/ICHA ABKIBI U T.1. (puc. 8).

Heckonpko croxHee pemraercs 3a/1ada MOCTPOSHUS KapTHHBI CHIIOBBIX
nuHui BekTopoB E M H coGCTBEHHBIX BONH, Y KOTOPBIX MHAEKCH 711 U 11 00a
He paBHBI HYJI0. B 3TOM citydae HE0OX0MMO CHadaj a MOCTPOUTH KapTHHY
CUJIOBBIX JIMHUH BOJIHBI H | |, KOTOpast 3aTeM, B 3aBUCHMOCTH OT KOHKPETHBIX
3HAYCHUI MHJCKCOB M | 11, OYJICT BOCIIPOU3BOIUTHCS TPEOyEMOe YHCIIO Pas3
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=

T - L+ J SOV I N R o B e R
o\ 1E T TR i RSHERSE
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a

Puc. 8. CuiioBble JIHHHM BEKTOPOB E M H B momepedyHOM cedeHHH MPSMOYIoJib-
50 0 — 1a1st Bostbl H

HOT'0 BOJIHOBOJA: @ — I BOJHBI H

Puc. 9. CuiioBble JTUHUH BEKTOpPOB E Hu Fl B IOIEPEYHOM CECYCHHHU INPAMOYIoJib-
HOT'0 BOJIHOBO/JA: @ — JIJisl BOJIHbI H“, 0 — ISl BOJIHBI H21
BIIOJIb ITUPOKOM 1 Y3KOH CTEHOK BOJIHOBOA. TakuM oOpa3oM, it COOCTBEH-

HBIX BONH THna H, = 6a30BOM CTPYKTYpOH ABJIAETCS CTPYKTYpa OIS BOJHBI
H,, (puc. 9).

4.7. CtpykTyps! noJseii E-BoJiH B IpAMOYro1bHOM BOJIHOBOJE

Cpenn E-BoJIH HanMMEHBIIYI0 KPUTHYECKYIO JJIMHY BOJHBI UMEET CO0-

ctBeHHas BoiHa B (A - 2ab / (a* + b*)*3). Cuctema ypaBHeHHIl BOJIHBI
E11 HUMEEeT CIEAYIONINI BU:
E, = E, cos((TVa)x) sin((TUb)y) exp(—iKz),

Ey = E,, sin((TVa)x) cos((T0h)y) exp(-jKz),
£, = E,_sin((TVa)x) sin((T0h)y) exp(—iKz),
H, =/ Hy, sin((TVa)x) cos((T0b)y) exp(-jKz),
Hy=-j H,, cos((TVa)x) sin((TUb)y) exp(—/Kz),
H,=0. (66)

KapTuHa cuIIOBBIX JIMHMIA BekTopoB EuH 5Toi BoJHBI B MonepedHoM ce-
YEHUHU BOJHOBO/IA M300pakena Ha puc 10. Crpykrypa noinst Bonmbl E| | siBisieT-
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a) E 0)
b i?/- = m
il s

Puc. 10. CunoBble JIMHUM BEKTOpPOB E m H e TOTNEePEeYHOM CeYeHUH MPAMOYI0JIb-
HOI'0 BOJIHOBOJA: a — Uil BOJHBI E |, b — 111 BOJIHBI E22

e > —

11°
cs1 6a30BOM NP TOCTPOEHMU KAPTHH CHJIOBBIX JIMHUN BekTOopoB E uH co6-
CTBEHHBIX BOJH E (CM. PaBWIIO, M3I0KEHHOE B TIPEIBITYIIEM TOIPA3NIEIIE).

4.8. ®u3nyecKnii CMbICJ HHAEKCOB M U 1, BXOAAIINX B 0003HAYEHHE
COOCTBEHHBIX BOJIH MPAMOYI0JIbHOI0 BOJHOBO/AA

3HAKOMCTBO CO CTPYKTYpO# TOJeil COOCTBEHHBIX BOJH BBICIIUX THIIOB
oOerdaeT NOHUMaHNEe (PU3UYECKOTO CMBICIIA HHIECKCOB /11 M H, BXOASIIUX B
0003HaYEHHST STHX BOJIH.

Bo Bcex coOCTBEHHBIX BOJHAX IOJI€ B MONEPEYHOM CEUSHHH BOJHOBOIA
MpeJicTaBisieT co00i CTOsSYMe BOJHBI, MPOCTPAHCTBEHHBIE TEPUOJIBI KOTO-
pbIX BIOJb oceit Ox 1 0y paBHBI A 1 A , COOTBETCTBEHHO. WNunexc m nokassl-
BaeT CKOJILKO ITOITYBOIH CTOSYEH BOITHBI YKJIABIBACTCS BJIOJTH ITUPOKOH CTEH-
KH BOJIHOBOJI, & HHJIEKC # — CKOJIBKO TTOJTYBOJIH CTOSTYEH BOJHBI YKIIa [bIBa-
€TCsI BAOJIb Y3KOM CTEHKH BOJHOBOJIA.

dopmanbHO 3TO 3aKITFOUEHIE MOYKHO CJIeNIaTh HA OCHOBAHWH CIIETYFOIIINX
MaTeMaTHYECKUX BBIKJIAIOK:

A, =21k =2 T/ (mWa) =2a/m, A

, =210k, =2 Tt/ (m1vb) =2b / m.
Orcromam =a /(A /2);n=5b/(A

L 12).

5. CTPYKTYPA DJIEKTPOMAT'HUTHOI'O I10JI51 E- U H-BOJIH,
PACITPOCTPAHAIOINUXCSA B KPYIVIOM BOJIHOBO/IE

KpyrieiM BOITHOBOZOM Ha3bIBAIOT OJJTHOCBA3HBIN METAJUINYECKUI BOJIHO-
BOJI, IOTIEPEYHOE CeYeHHEe KOTOpOro uMeeT hopmy Kpyra. CTaHgapTHBIE KPYT-
JIble BOJTHOBOJBI MPEICTABISIIOT COOOM JIaTyHHbIE WM TIOpalieBble TPYOBI
KPYIJIOTO MOTMEPEYHOro CeUeHUsl, TMaMeTpbl KOTOPBIX COOTBETCTBYIOT IrOC-
TUPOBAHHBIM YHCJIOBBIM PSIaM.

Pemenue cuctemsl ypaBHeHH MakcBenia [l KpyIJIoro BOJIHOBOAA BO
MHOTOM aHAJIOTUYHO YK€ 3HAKOMOMY HaM PEIEeHHUI0 3THUX YPaBHEHUH NI
BOJIHOBO/1a ITPSIMOYTOJILHOT'O:
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ypaBHeHUs1 MakcBea JJ0JKHbI ObITh 3arucansl B popme (1), a ux pere-
HUE JIOJDKHO yJOBJIETBOPATH IPAaHUYHOMY YCIOBHUIO (2);

pelIeHre 3TUX YpaBHEHUI MBI Oy/IeM HCKaTh B BUJIE CYTEPIIO3HIIUH TLIOC-
KHX HEOTHOPOAHBIX E- 1 H-BoJH, pactipocTpaHsIommxcs BAOIb BOITHOBO/A!

BOJTHOBBIC YpaBHEHHUSI Mbl OyJeM pelarh TONBKO JUIS MPOAOIBHBIX CO-
CTaBJISIONIMX BEKTOPOB E 1 H , a TomepeuHsle cOCTABISAIONIME STHX BEKTO-
POB HaXOIUTh C TIOMOIIBIO YPAaBHEHUH CBSI3M;

3aBMCUMOCTB IIPOJIOJILHBIX COCTABJISIONINX BEKTOpoB E nH or mpocTpan-
CTBEHHOW TIEPEMEHHOM z, HANPABJICHHOM BI0Jb BOJHOBOJA, OyJIeT UMETh
Bua Z (z) = A exp(—jKz)

OT1nuyune COCTOUT B TOM, YTO IPH OINPEIEIIEHUH 3aBUCHMOCTH MPOIOITb-
HBIX COCTaBIISIONMX BEKTOpoB E mH 0T momepeyHbiX MpOCTPaHCTBEHHBIX
nepeMeHHbIX, ypaBHeHHe (17) JomKHO OBITh PAaCKpPHITO U MPOUHTETPHUPOBa-
HO B IWJIMHIPUYECKOHN CUCTeMe KOOPJUHAT, TaK Kak UMEHHO B 3TOW CHCTe-
Me OJ{Ha U3 KOOPJMHATHBIX MOBEPXHOCTEH MOXKET COBIAAATh C BHYTPEHHEH
MTOBEPXHOCTHIO CTEHKH KPYIJIOTO BOJTHOBO/A (CM. BBIBOABI ToApasza. 3.3).

5.1. Cucrembl ypaBHeHuii 151 E- u H-BoIH B KPyIJIOM BOJIHOBO/E

OpHeHTHpYyeM [JIHHAPUIECKYIO CUcTeMy KoopauHar (P,9,z) Tak, 4ToObl
och 0z 3TOH CHUCTEMBI COBIANa C MPOAOJIBHONW OChI0 CUMMETPHH KPYIJIOTO
BostHOBOZa (puc. 11). B atom cinywae ¢ynkums W(E,n) craner ¢pynkimei
W(p,d), a ypaBHEHHE KOOPIMHATHOM MOBEPXHOCTH, COBMAJAIONICH C BHYT-
PEHHEH MOBEpXHOCTHIO CTEHKH BOJIHOBOJA, Oy/IeT MMETh BUJ P = a, TAC d —
pazuyc BOJHOBOJA.

Puc. 11. Cucrema KOOpAUHAT KPYIJIOTO BOJHOBOJAA

I'pannuHOE ycroBHe (2) B paccMaTpuBaeMoM Cllydae Tpac(hopMupyeTcs
B CJICAYIOIHUC COOTHOLICHUSA:
E _ =0, (66)
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E | o=a =0 (67)

Jlnist nanpHEHIINX BBIYMCIICHUH HaM TIOTPeOyIOTCS TaKKe IpaHUYHBIE yC-

JIOBHSL JUTsL IPOJOJIBHOM COCTABISIOIIEH  H , WiIH ee IPOCTPaHCTBEHHBIX [IPO-

W3BOJHBIX, KOTOPBIE CJIEAYET BHIBECTH U3 ycIoBHil (66), (67) u ypaBHEHHI

cBs3u (9). Bocronp3oBaBmuch ycinoBueM (67) U BTOPbIM ypaBHEHHEM U3
CUCTEMBI ypaBHEHHH CBs3H (9), umMeeM:

dHz/dp| ., =0. (68)

VYpaBuenue (17), 3anucanHoe B MIJIUHIPUICCKON CHCTEME KOOPIUHAT
OyzeT UMeThb creayromuii Bua (cM. Beipaxkenue (12)):

0> W(p,$)/0p*+ (1/p) (AW (p,0)/0p) +
+(1/p?) (0* W (p,$)/092) + &8 W(p,$) = 0. (69)

Pemenune ypaBuenus (69) 6ynem ocymiectBiats MetogoM Dypoe. [Ipen-
craBuM ¢QyHkimio W (p,0), 3aBUCSIIYIO OT JBYX NIEPEMEHHBIX P 1 ¢, B BUze
npousBeneHus Byx Qynkuuii P(P) u @ (¢), kaxmas U3 KOTOPHIX 3aBUCHT
TOJILKO OT OJTHOM M3 3TUX MEPEMEHHBIX:

W(p.0) =P(p) ©(9). (70)

[oacraBum (70) B (69) 1 mocine HECTOKHBIX MPE0OPa30BaHUI MOTYIUM

(p?/ P(p)) 0°P(p)/0p*+ (P(p)/p) (OP(P)/0p) + a&p* =
=(1/D(9)) (3°D($)/0¢?). (71)

JleBas u mpaBas 4YaCTW ATOTO YPaBHEHHMS 3aBUCAT OT Pa3HbIX MEPEMEH-
HBIX, [T03TOMY OHO MOXET OBITh CIPaBEJIUBO TOJBKO B TOM CIIydae, KOrmua
00e ero yacT paBHBI OJTHOH M TOH Ke MOCTOSHHOM BenmuuHe. [lycTh 3Toit
IOCTOSIHHON BEIMYMHON Oy/leT HEKOTOphIi kod(duiment m?, Gpusuueckuit
CMBICII KOTOPOT'O MBI ompeaenum mnosaHee. B atom ciydae ypaBuenue (71)
MOXET OBITh TPEJICTABICHO B BUJIC CHCTEMbI M3 JIBYX OJHOPOIHBIX nudde-
PEHLMAIIBHBIX YPABHEHUM:

0°D(9)/09* + m*> d($) =0, (72)
(P P(p)) 0°P(p)/0p> + (P(p)/p) (OP(p)/0p) + 8&p* ~ m* =0. (73)
YpasHerwue (72) ABIACTCS yKE XOPOIIIO HaM 3HAKOMBIM OJTHOPOTHBIM (-

(epeHInaNTbHBIM YPaBHEHHEM BTOPOTO MOPSAKA, PENIEHHEM KOTOPOTO MO-
TYT OBITH MMOKAa3aTeNbHBIC WIIN TpUTOHOMeTpHUeckre GyHKmuu (cM. (19) u
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(20)). ITomHS 0 TOM, YTO MBI HINEM pPACIPEICICHHUE TIOJIS B IMOMEPECTHOM
CEUEHHWH BOJIHOBOJIA, IJIE 3TO TOJIe MPEJICTABISET COOON CTOSYHME BOJIHBI,
OCTAaBIISIEM PEIICHUE B BUJIC CYMMBI TPUTOHOMETPUYCCKUX (DYHKITUIH

D(¢) = M, cos (md) + M, sin (m9). (74)
rae M — aMIUTYIHBIA KOO PHUIIHUEHT.
Tax kak paccmarpuBaeMblil BOJTHOBOJ 00J1alaeT KPYroBO CHMMETpHEH,
TO Hayayio orcueTa yrma ¢ MoxkeT OBITh BRIOPAHO TPOU3BOILHO U HOPMYITY
st D(d) MOKHO 3amucarh B CASTYIONIEM BHIE:
D(d) = M cos (md). (75)
Kosdpduument m, Bxomsiuii B apryMeHT KOCHHYca B BbIpakeHHH (75),
MOXET OBITh TOJBKO HENBIM YHCIIOM, TaK Kak 3HaucHue QyHkiuu O(d) He
JIOJDKHO M3MEHSITBCS ITPU M3MECHEHUH () Ha BENMYKMHY, KpaTHyto 2T Takum
oOpazom
m=0,1,2, ... (76)
Benmuuna amrumatynHoro ko3dduimenta M 3aBUCUT OT TapaMeTpOB HC-
TOYHHKA, BO30YK/IAIOIEr0 COOCTBEHHBIC BOJIHBI B BOIHOBOJIE.

3aiimemcst perenrnem ypaBHeHus (73). [locie HecioxkHBIX TipeoOpa3oBa-

HUH OHO MOXKET OBITh IMPEJICTABICHO B CIEAYIONIEM BUJIC:
0°P(§)/08> + (1/€) (0P(8)/08) + (1 — m*/&?) P(§) =0, (77)
e & = 8§ — He3aBHCUMasl IEPEMEHHASI.

VYpasuenue (77) npencrapiseT coboit XOpoIIo M3BECTHOE B MaTeMarH-
YecKoil (Gu3mKe ypaBHeHHe beccerns, penennemM KOToporo sIBISIOTCS CIeIH-
anbHble PyHKumu beccens nepsoro u Broporo pona nopsaka m (J, u N,
COOTBETCTBEHHO):

P&)=A4J,&)+BN,(Q), (78)

e m —opsiok GpyHkuuu beccens.

I'paduku pynximit J, (&) u N, (§) 11st pasmMUHbIX 3HAYEHUH m IpHBe/ie-
HBI Ha puc. 12. BepHyBimch B BelpakeHUH (78) K epeMeHHON ap, BUINM,
YTO UCXOns U3 (QUBUYECKUX COOOpaxkeHu kod(duireHT B NO/DKeH paB-
HAThCs 0, TaK KaK B MPOTUBHOM CiIydae B IIEHTPE BoiHOBoAA (rpu P = 0)
HaMpsKEeHHOCTh JIEKTPHUECKOT0 WJIM MarHUTHOTO TIOJISi OKa3bIBAaeTCs paB-
Hol OeckoHeuHocTH. TakuM 00pazoM, MPUEMIIEMBIM IJIsl PACCMATPUBAEMOTO
ciydas pemieHreM ypaBHeHus (77) sBisercs

P(ap) =4 J,, (). (79)
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Puc. 12. I'paduxu pynxumii: a — J (x), 6 — N, (X)

[ToncraBus (79) u (75) B BeIpakerne (70) n o6o3nauns C = AM, momyda-
eM pernreHre ypaBHeHHS (69)

W(p.9) = CJ,(aP) cos (m9). (80)

B Beipaxkennu (80) ammmutyaHbiil koddduipenT C 3aBUCUT OT TapaMeT-
POB UCTOYHHKA, BO30YKIAIOIIET0 BOTHOBOM, KOX(PPHUIUECHT /71 MOXKET NpPH-
HUMAaTh IeJbIe TTOJIOKUTEbHBIC 3HaueHus, BKmodas 0 (cMm. (76)), a mome-
peYHOE BOJIHOBOE YUCIIO 88 JI0JDKHO OBITH OMPEJICIICHO U3 IPaHUYHBIX YCIIO-
Buil. Hammomuum, uro ans E-BonH QyHKIMS Y(p, $) SKBUBaJEHTHA COCTAB-
nsromeit E, , a as H-Bonma — cocrasnsomeit H, . CrieloaTensHO, B 3aBUCH-
MOCTH OT THTIAa COOCTBEHHOW BOJHBI, TPAaHUYHBIMH YCIOBHUSAMH JUIsS (DyHK-
i W (p,d) OyayT mubo (66), oo (68).

Onpedenenue nonepeuno2o 601106020 wucaa ons E-éonn (88°). Bocnoins-
3yeMcsi rpaHnuHbIM ycioBueM (66). TToacraum W(p=a, §) = 0 B BeIpakeHne
(80):

0=CJ, (aa) cos (md). Orcrona & a =V,
rae vV, — kopuu pynkuuu J, (§) (HamoMHum, ‘ITO KOpHEM (YHKIIMU Ha3bIBa-
eTcst TaKoe 3HAUCHHE €€ apTyMEeHTa, MPH KOTOpOM (QYHKIHS oOpalaercs B
HOJIb); 71 — HOMEP KOpHs 3Tou pyHkimu (n =1, 2, 3...).

CltetoBaTenbHO,

a&=v /a. (81)

B Tabx1. 1 mpuBeneHsl YMCICHHBIE 3HAYEHUS] HEKOTOPBIX KOpHEH (yHK-

umit J (&) (cM. Takke rpaduku Ha puc. 12).
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Tabnuya 1

Kopuu (v, ) dynxkuuu J it HEKOTOPBIX 3HAYEHUH m U 1

m
n
0 1 2
1 2,405 3,832 5,136
2 5,520 7,016 8,417
3 8,654 10,173 11,620

Onpeoeneniie nonepeuno2o 601106020 yucia onsa H-eonn (a81). Tak xak B
JIAHHOM CJTy4Jae M3BECTHbI IPaHUYHBIE YCJIOBMS HE Il CaMOH COCTaBIsIO-
wieit H a s 11t ee nepBoii mponssoxHoi 0 H, /0P, T0 4To6bI BOCIIONB30-
BaThCs 3TUMHU TPAHUYHBIMU YCIIOBUSME HEOOXOIMMO MPOoanuQ epeHITUpOBaTh
¢dyuxmro W(p,d) mo mepemeHHoi P:

oW (p.p)op)=ad' 47, (&'p), (82)
rae J m(aé{p) — nepsas Mpou3BoHas GpyHkumu J,, (d'p) mo mepemennoii p
(rpaduk pynkuuu J', (&) npuseneH Ha puc. 13).

a) 0)

| 06 +
06 \®)
041 04 1

AN

0 —\y — 4 > 0
NS N

02\ AR \/E o2}

04! 04t
J (&)

Puc. 13. I'paduxnu pynkumii: a —J' &), 6 - J', (€)/(§)

Tenepb MOXHO BOCIOJIB30BaTLCSI TPAHUYHBIM ycioBueM (68). Ilomcra-
Bum OV (p,0)/0p | —_— 0 B BeIpaskeHue (82) U MOJIydnM CIIEIYIONIEE YpaBHE-
HUE:

0=a'AJ (&) Orcom &la=c,,
r1e ¢, — kopuu gyukuuu J', (§); n — Homep KOpHs 310k dynkimu (n = 1, 2,
3..0).
CJ)ICIIOBaTeJILHO,

al=x /a (83)

mn :
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B Tabn. 2 mpuBencHB! YNCIICHHBIC 3HAYCHHUS HEKOTOPBIX KOpHEH (DyHK-
umn J', (€) (cM. Taroke rpaduk Ha puc. 13).

Tabnuya 2
Kopnu (X)) dyaxuun J', 17151 HEKOTOPBIX 3HAYEHMI m U n
m

n

0 1 2
1 3,832 1,841 3,054
2 7,016 5,331 6,706
3 10,173 8,536 9,969

Kak cnemyer u3 (81), (83), Tabm. 1 u Tabn. 2 B KPyrJIOM BOJHOBOJE, B
OTINYHE OT MPSIMOYTOJIBHOTO, MOTNIEPeYHbIe BOTHOBBIC uncia st E- n H-
BOIH C OJIMHAKOBBIMU MHJICKCAMHU HE paBHbI ApyT Japyry. ClienoBarenbHo, 1
MPOJIOTBHBIC BOJIHOBBIC YMCIIA JUIST 3THX BOJIH TAKXKE Oy/TyT OTIIUYATHCS IPYT
oT Jpyra:

KE= (2 (@)P)05: K= (1~ ()0, (84)

Boruucnus &8 n adl, MmoxkHO 3anucars GopMyIIbl, OnpeeNsIonie 3aBHCH-
MOCTB MPOJIOIBHOI cocTapnstomeii E, Bextopa E (i1 E-BonH) 1 npomosis-
HOll coctapnsromeii H, BekTopa H (mis H-BONH) OT IPOCTPaHCTBEHHBIX
KoOpauHAaT, B cienyromeM Buzae (cMm. BeipaxkeHus (14), (80), (81), (83) u
(84)):

E,(p.9.2) =E,J,(&p) cos (md) exp(-jK" z), (85)
Hz(p.9.2)=H,J (&8'p) cos (md) exp(—K" 2). (86)

Terrepp HEOOXOAMMO BOCITONIBL30BATHCS YpaBHEHUSIMU cBsi3H (8) u (9) u,
B35IB IIEPBbIE MPOU3BOIHBIE 1O TIEPEMEHHBIM P U ¢ OT cocTaBisomux E,
u Hz BeIBecTH (HOPMYIIBI IS HOMEPEUHBIX COCTABISAIONINX BEKTOPOB E u
H. B pesynbrate OyayT MOMydeHBI CHCTEMBI yPABHEHHMH I BEKTOpPOB E
1 H SIeKTpHYeCKNX ¥ MATHUTHEIX BOIH B KPYIJIOM BOJHOBOJIE:

g E-BonH

Ep =(-jKE/ &) E, J’m(aeEp) cos (md) exp(—j KF z),
Ey=(j K"/ &) m B, (J, (ep)/(ap)) sin (m) exp(—j KF 2),
E,=E,J, (&p) cos (md) exp(-j KE 2),
Ho = () we,/ &) mE (J, (ap)/(ap)) sin (md) exp(—j K* ),
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H¢ =(-jwe, /&) E,J  (&p) cos (md) exp(-j KF z),
H.=0. (87)

VpaBHeHust (87) MOTYT GBITh 3aIIMCAHBI B 60JIee KOMIIAKTHOM BHIE:
Ep=— Eop /', (@P) cos (md) exp(— K¥ 2) = E (p,9) exp(~ K* 2),
Ey =/ Egy (/,(ap)/(@P)) sin (md) exp(— K 2) =) Ey(p,§) exp(— K 2),
E,=E,.J,(@p) cos (md) exp(- K*2) =E_(p,9) exp(-/ K* 2),
Ho=—H,, (/,(&p)(@p)) sin(md) exp(j K¥ 2) = H (p,9) exp(i K* 2),
Hy = Hyy /', (@P) cos (md) exp(—Kz) =~ Hy(p,0) exp(— K 2),

H,=0. (88)

@opMyJIbL JUISl AMIUTATYI COCTABIIAIOIIMX BEKTOPOB E M H monepedno-
MarHuTHBIX BOJH (E-BOJTH) KpyIiioro BOJTHOBOAA BRIIVISLIAT CIACIYIOLIMM 00-
pazoM:

Ey(p.0) =Eq, ., (&p) cos (md),
Ey(p.0) =Eqq (/,(0)/(&p)) sin (m),
E.(p.9) =E,_J, (&) cos (m¢),
H(p.0) =H,, /', (&p) cos (md),
Hy(p,9) =Hy, (J,(&p)/(&p)) sin (md); (89)

i H-sonu

Eo=(j wi,/ &) m H, (J, (@'p)/(@d'p)) sin (m) exp(-j K" 2),
Ey=(j i,/ &) H,J ,(e'p) cos (md) exp( KM 2),
E,=0,
Ho=(—j K"/ &) H, J ,(&p) cos (md) exp(~ K 2),
Hy = (j K"/ &%) m H, (J,(&80)/(a8'p)) sin (m$) exp(-j KM 2),
H,=H,J, (a'p) cos (md) exp(~j K" z), (90)
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Vpasuenns (90) MOIyT GBITh 3aIMCaHbI B 50JIee KOMITAKTHOM BHIE:
Ey,=J Egp (J,(&0)/(28p)) sin (md) exp(-j KM 2) = E ((p.9) exp(~j K 2),
Ey =) EgyJ',(@p) cos (md) exp(j K" 2) = Ey(p,9) exp(~ K 2),
E,=0,
Hp=— Hy, /', (@) cos (md) exp(~ KM 2) =—j H (p,$) exp(~ KM 2),
Hy =jH,q (/,(28p)/(281p)) sin (md) exp(—j K11 2) = /Hy(p,0) exp(— K1 2),
H,=Hy,J,(@p) cos (md) exp(~j K" 2) = H_ (p,$) exp( K7 2).  (91)

DopMyIBI ISl AMILTHTYJL COCTABIAIOMMX BekTopoB E nH momepedno-
anekTpuyueckux BoiH (H-BOJIH) KpyTiIoro BOJIHOBOAA BBINVISAAT CIIETyIOIIUM
obpaszom:

Eo(p.9) =y, (7, (@'p)/(ad'0)) sin (mo),
Ey(P.0) =Eqy /(@) cos (m),
H (p.$) =Hy, J ,(@'p) cos (md),
Hy(p.0) =Hy, (/, (@'p)/(ad1p) sin (m9),
H, (p.9) =H,, J,(@'p) cos (m9). 92)

Kputnueckne AIMHBI BOJH JUIsi COOCTBEHBIX BOJIH KPYIJIOrO BOJHOBOJA
MOTYT OBITh PACCYUTAHKI IO cieayronmmM Gopmynam (cm. (32):
E — H —
A Kp—ZT[/ae'“:,)\ Kp—ZTI/aeLI. (93)
Anamu3 Beipakenuit (32), (81), (83), (93) u naHHBIX, MPUBEICHHBIX B
Tabiuiax 1 u 2, moka3plBaeT, YTO BOJIHOW HU3IIETO TUIA B KPYTJIOM BOJIHO-

Bozie sBnsteTcs Bonna H,, Hccnenyem cTpyKTypy S1€KTPOMarHMTHOTO OISt
STOH BOJIHBI.

5.2. Crpykrypa nosst Boansl H,, B Kpyriiom BoJIHOBO/E

Jast Bosabl H,, ko3 OHUUMEHTE 7 W 7 PaBHBI €IMHMIIE, TTOTNIEPEYHOE
BonmHOBOe uncio ad! = 1,84/a, a xpuTHYeckas JUTMHA BOJHBI )\H = 34la.
CnenoBarensHO, GOPMYIBI Il aMIUTUTY]] COCTABIISTIOIINX BeKTopOB E uH
ATOW BOJHBI OYIYT BHITJLIICTE CICIYIONIIM 00pa3oM (cM. BeIpaskeHus (92)):

Ep(p,q)) = EOp (J,(1,84p/a)/(1,84p/a)) sin ¢,

E¢(p,(|)) = E0¢J’1(1,84p/a) cos ¢,
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Hp(p,¢) :'H()p J',(1,84p/a) cos ¢,
Hy(p.0) =Hy, (;(1,84 p/a)/(1,84p/a)) sin 9,

H. (p,$) = Hy, J,(1,84p/a) cos (). (94)

DopMybl 151 TAPMOHUYECKUX BEKTOPOB E uH Bonus H || UIMEIOT clie-
JYIOIIMIA BUI:

E = po E,(p.0) cos(ax — KM 2) +§oEy(p,9) cos(ox — KM z), (95)
H =~ H(p,0) cos(0x — KM 2) + 3 Hy(0.0) cos(x — K7 2) +
+ 7o H, (p,§)sin (wx — K" 2), (96)

e Pg» $g» Zy — OPTHI (€AMHUYHBIE BEKTOPHI) LIMINHIPUYECKONH CHCTEMBI KO-
Op/AMHAT, HANpaBJIEHHBIE 110 KaCATEJIbHBIM K €€ KOOPIUHATHBIM JIHHHSIM.
YuuThiBasi, 4TO MPOCTPAHCTBEHHAs MEpeMeHHasi P U3MEHSeTCs] BHYTPH
BonHOBOAA OT 0 10 a, momy4aem, 4To aprymentsl Gynkuui J,(1,84p/a) u
J'(1,84p/a), onpenensomux 3aBUCUMOCTb AMIUIUTY/l COCTABJISAIOIIMX BEK-
TopoB E mH cobcreennoii Boinbl H,, 0T mepeMenHo# P, u3MensoTces ot 0
(B enTpe BosiHOBOJA) /10 1,84 (B HEMOCPEACTBEHHOM OJIM30CTH K CTEHKE
BONHOBOAA). OLEHUB, KaK BeIyT ceOs 3T (YHKIMU TPU JTAHHBIX H3MEHe-
HHSX MX apTyMEHTOB, M IIOMHSI, YTO apryMeHT GyHkumii cos(1¢) u sin(1¢),
OMMCHIBAIOIIMX 3aBUCHMOCTh COCTABIIAIONMX BekTopoB E 1 H ot npoctpan-
CTBEHHOM MepeMeHHO ¢, B paccMaTpuBaeMOM Citydae Mpu H3MEeHEeHHH ¢ OT
0 1o 2 Takxke uzmensieTcs ot 0 10 2T MOKHO MOCTPOUTH rpaduuecKre H300-
pakeHHUs CHIIOBBIX JIMHUI BekTOpoB E M H coGCTBEHHOM BOMHBI H,,.

a) H,

Puc. 14. CunoBble TuHEE BekTopoB E mH B momepeunoM ceuenmn kpyriioro

BOJIHOBO/A: @ — JJIsl BOJIHbI H“, 0 — 1Sl BOJTHBI H21

Ha puc. 14, a n3o0pakeHa KapTHHA CHJIOBBIX JTUHUN BekTopoB E mH
BOJIHBI H || B HonepeyHoM cedeHnu Kpyriioro BojHoBoja. CrionHbIMy U300-
paKeHBI CUJIOBBIC JTMHUU BEKTOpa E, a MyHKTUPHBIMH — CHUJIOBBIE JIMHUH
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Bektopa H . Tak kak BekTop E MMeeT TONBKO TIoTepedHbIe COCTABIISIONINE,
TO €r0 CHJIOBBIE JIMHUM TIEITUKOM JIe)KaT B TNIOCKOCTH TTOTIEPEYHOTO CEUCHHUS,
BBIXOJISl M3 CTEHKH BOJIHOBOZA M BXOs B Hee o] yritoM 90°. CuioBsle Ju-
HUM BekTOpa H HMMeloT Gojee CIOkKHYI0 (OpMy, TaK KaK B OKPECTHOCTAX
touek (p=a, $=0) u (p=a, ¢=T0) momepeuHoe MarHUTHOE TIOJIE ITEPEXOINT B
MIPOIONIEHOE — COCTABIISAIONINE Hp " H¢ B OTHX TOYKaX PaBHBI HYJIO, a CO-
crapisromas H, nocturaer makcumyma.

Crpyxkrypy nosns BosiHbl H|, MOXHO cuuTaTh 6a30BOH NP MOCTPOEHUH
KapTHHBI CHJIOBBIX JIMHHUI BEeKTOpoB E 1 H cOGCTBEHHBIX BOJNH THITA H,, B
Ka4eCcTBe IIpuMepa Ha puc. 14, 6 n300pakeHa KapTHHA CHIIOBBIX JTHHHNA BeK-
TopoB E uH BonHb H,, (cm. moxpasn. 5.5)

5.3. Crpykrypa nosst Boaa H, u E, B Kpyriiom BosiHOBO/IE

Oc00EHHOCTBIO CTPYKTYPHI DJIEKTPOMATHUTHOTO ITOJISI COOCTBEHHBIX BOJTH
H,, u E,,, sBisieTcst Hanm4ue B HEH KPyroBOi CHMMETPUH — COCTABIISFOIIIE
BekTopoB E mH aTix BomH He 3aBucAT ot yria ¢. ®opMaisHO 3TO CBI3aHO
¢ teM, uTo K03 duiment m mias Hux paser 0 (cm. (87) u (90)).

Hast Bosinbl Hj); momnepeyHoe BOJHOBOE YUCIIO adl = 3,832/a, a xputu-
yeckas JUIMHA BOTHBI A p = 1,64a. Bexrop E 9TOH BOJIHBI HMEET TOJIBKO
OJHY TIOTIEPEYHYIO COCTABIISIFOLIYIO E¢, a BekTop H omHy momepednyro Hp u
OJIHY NPOAONBHYIO H_, aMIuMTy 16l KOTOPBIX B IIOCKOCTHU TOTIEPEYHOIO Ce-
YEHUS 3aBUCSIT TOIBKO OT OJHOM MPOCTPAHCTBEHHOUN MEepeMEHHON P (CM.

(92)):
Ey(P) =Eqq ./ (3.832p/a),
H,(p) =Hy, /' (3.832p/a),
H_(p) =H,, J,(3.832p/a). (97)

DopMyIIBI 1715 TapMOHIYECKHX BeKTOpoB E n H cobcTBeHHOI BOTHBI Hy,
BBINJISIST CIIEAYONIMM 00pa3zom (cM.91)):

E = B Eg(P) cos (0 — K 2). (98)

H = —Po Hp(p) cos (ax — K z) +ZH, (p,d)sin (wx — K1 2). (99)

Ha puc. 15,a n300paxeHa KapTHHA CHIIOBBIX JTUHUI BEKTOPOB E H H
BOJIHBI H ), B IONEpeYHOM CedeHnH KPyoro BojaHoBoza. CIulonHbIMU U300~
pakeHbI CUJIOBbIE JTMHUHU BEKTOpa E, a MyHKTUPHBIMU — CHJIOBBIC JIMHUH

BekTOopa H.
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Puc. 15. CuiioBble JTuHME BekTopoB E m H B momepeuHoM cedyeHHH KpyIjioro

BOJIHOBO/A: @ — st Boutnbl H , 6 — nuist Bosnbl H

MarHuTHOE TI0JI€ ATOH BOJHBI Y CTEHOK BOJHOBOJIA MMEET TOJIBKO ITPO-
JIONBHYIO cocTaBistontyto H , 6aaronaps 4eMy 1o cTeHKam MOTYT NPOTEKaTh
TOJNILKO TIOTIEpEUHBIe KPYroBble TOKH. [0 Mepe pocTa 4acToThl KoeOaHU
MaKCHUMyM MarHUTHOTO ITOJISI CMEIAETCsI K IIEHTPY BOJIIHOBOJIA U TUIOTHOCTH
TOKOB ITPOBOJIMMOCTH TajiaeT. [[09ToMy ¢ pOoCTOM 4acTOThI aKTUBHBIC ITOTE-
PH, BBI3BaHHBIE MPOTEKAHUEM TOKOB ITPOBOUMOCTH, YMeHbINaroTCs. Ciemy-
€T OTMETHUTb, YTO U3 BCEX COOCTBEHHBIX BOJH KPYIJIOTO BOJHOBOJA ITO/I00-
HBIM CBOMCTBOM 00J1aJ1ar0T TOJILKO BOJIHBI THIA H ), . [l ocTanbHbIX BOJH C
POCTOM YacCTOTHI ITOTEPH YBEITUUHUBAIOTCSI.

Crpykrypy moxst Boiubl Hyj MOXHO cunTath 6a30Boii IIpH MOCTPOCHHH
KapTHHbI CHJIOBBIX JIMHUK BeKTOpoB E M H coOcTeennbix Bosn Tuna H, B
KadecTBe IpuMepa Ha puc. 15,0 n300pakeHa KapTHHA CUIIOBBIX JINHUM BEK-
topoB E uH BommbI Hy,

st Boammbl E ), nonepeyHoe BOIHOBOE YHCIIO & =2,405/a, a kpuTruecKas
JUTMHA BOJIHBI )\E = 2,61a. Bektop H 5T0i1 BOJIHBI IMEET TONBKO OJIHY MoIe-
PEYHYTO COCTaBJ'IﬂI-OHlyIO H¢, a Bektop E onHy nomepeunyro E W OJIHY TIpO-
NONBHYIO E _, aMIIIMTy/Ibl KOTOPBIX B INIOCKOCTH TIONIEPEYHOTO cequI/m 3aBUCST
TOJIEKO OT OJTHOW TIPOCTPAHCTBEHHOM repeMeHHoH P (cM. (89)):

E, (p) = Eqp/ ((2.405p/a),
E_(p) =E,,J,(2,405p/a),
Hy(p) =Hyy J ((2,405p/a). (100)

DOopMyIIBI TS TAPMOHMYECKHUX BeKTOpoB E 1 H cobcTBEHHO# BOTHBI E,
UMEIOT clieayrormid Bus (cm.(88)):

E=—PoE,(p) cos (w¥ — K" z) + 7 E_(p) sin (wt — K 2). (101)
H =—§oH,(p) cos (wr — K* 2). (102)
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Puc. 16. CuoBble JJUHUH BeKTOPoB E M H B momepevynHoM cedeHMH KPYIJioro
BOJIHOBOJA: a — AJiA BOJHBI E , 6 — 1151 BOJIHBI E02

01°

Ha puc. 16,a u306paskeHa KapTHHA CUJIOBBIX JHHMiT BekTopos E nH
BOJIHBI E ), B onepeuHom ceuenuu Kpyrioro BoiHoBoa. CrulonHsIMu u300-
pakeHBbI CHJIOBBIC JTMHUHU BEKTOpa E, a MyHKTUPHBIMU — CHJIOBBIC JIMHUH
Bektopa H . Biiaronaps KpyroBoil CHMMETPHH JJIEKTPHUECKOTO MOJs BOJIHEI
E);» KpyIJIble BOJHOBO/IBI € 9TOM COOCTBEHHOM BOJIHOM YaCTO MCIOJB3YIOTCS
BO BPALIAIOLINXCS BOJTHOBOIHBIX COCANHEHUSX.

Crpykrypy moist BOHEI Ej; MOXKHO cunTaTh 0a30BOi MPH MOCTPOCHNN
KapTUHbI CUJIOBBIX JIMHUI BEKTOPoB E 1 H cobcteennbix Bonu tuna E ), . B
Ka4eCcTBe ImpuMepa Ha puc. 16, 6 n300pakeHa KapTHHA CHIIOBBIX JTMHUNA BEK-
TopoB E 1 H Bommsl E ,.

5.4. ®u3nueckuii CMbICI HHIEKCOB 1 U N,
BXOISIINX B 0003HAYEHHE COOCTBEHHBIX BOJIH KPYIJIOT0 BOJHOBOIA

Hupekce m BXOAUT B Ka4€CTBE MOCTOSTHHOTO Ko3(duilneHTa B aprymeH-
Thl QyHKIHMH cos(m@) u sin(m¢), onpenesFouMX 3aBUCUMOCTb COCTaBIISIFO-
X BeKTopoB E mH coOGCTBEHHBIX BOTH BONHOBOJA OT TIPOCTPAHCTBEH-
HO# nepeMeHHO# ¢. J[yis BBISSCHEHUs OOLIMX 3aKOHOMEPHOCTEH, onpees-
IOLIMX 3aBUCHMOCTB 3THX COCTaBJISIIOLIMX OT BEIUYMHBI K03 dunmeHra m,
JIOCTATOYHO PACCMOTPETh OJIHY U3 3THX (DyHKIHH, Hampumep, cos (md).

[Tpu m = 0 umeem cos (0¢) = 1 u paccMarpuBaeMasi COCTaBIISIONIAs HE
3aBHCHUT OT yriia § (CHIIOBBIC JIMHUU COOTBETCTBYIOIIETO BEKTOpA MPEACTaB-
JISIFOT COOOW OKPYKHOCTH — CM. pucC. 15 u puc. 16).

Ipu m = 1 3aBEcHMOCTB OT yria ¢ onpezensercs GpyHkiwei cos ¢. B atom
CcIy4yae BO BCEX TOYKax quamerpa ¢ = +(Tv2) paccMatprBaeMasi COCTABIISIOIIAS
Oynet paBHa Hy:0. Clie/IoBaTeIbHO, BO BCEX TOUKax quamerpa ¢ ==+(T12) GymyT
HaXOJUThCS Y3IIbl (HyJIeBble 3Ha4eHHs1) 3ToM cocTapisttomiei. [1lostomy naHHbII
JIMaMETp Ha3bIBAIOT «Yy3JI0BbIM». [Ipy m = 2 3aBUCHMOCTB paccMaTpUBaeMoi
COCTaBJISIOLICH OT MPOCTPAHCTBEHHOW MEepeMeHHON § ompenensiercs QyHK-
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et cos2¢ u y3moBEIX auaMeTpoB Oyaer mBa (¢ = + (1T74), ¢ = + (3174)),
pu m = 3 — TPU U T.1.

Taxum 00pa3zoM, WHIEKC 7 ONPEACISIeT YUCIIO Y3JIOBBIX JHaMETPOB CO-
CTaBIAIONMMX BEKTOPoB E M H cOOGCTBEHHBIX BOJIH KPYIVIOTO BOIHOBOZA H
MOKA3bIBACT KAKOE KOJMYECTBO Y3JIOB 3TUX COCTABIIIIONIMX YKJIa[bIBACTCS
Ha TIOJIOBHHE OKPY>KHOCTH B IONEPEYHOM CEUECHHH BOJHOBOJA.

Hupaekce n onocpeoBaHHO BXOIHUT B apryMeHThl GyHKIMN beccens u ux
TepBBIX MPOU3BONHBIX (&P =X, P/ a, &P =V, P/ a), KOTOpbIE ONPEIENAIOT
3aBUCHMOCTb COCTABIIAIOIINX BEKTOPOB E 1 H cOOCTBEHHBIX BOJH KPYIJIO-
IO BOJHOBOZA OT IPOCTPAHCTBEHHOM MepeMeHHON P. Bennuuna 7 naet un-
¢dopmanuio o yucie KopHel 3TuX (QyHKUMH, NPUXOAALIMXCS Ha AUara3oH
U3MeHeHus nepemeHHou P ot 0 110 a.

CrnenoBarenbHO, BETMUUHA /# ONIPEEIIseT YUCII0 y3JI0B (HYJIEBBIX 3HaUe-
HUif) COCTaBISIOMIMX BEKTOPOB E M H , yKiaapIBaroIuxcs BIOIb pajuyca
BOJTHOBOJIA.

[Ipu n = 1 y31mBl paccMaTpuBaeMOl COCTaBIIONIEH OyIyT HaXOAUTHCS
HEIOCPEICTBEHHO Ha CTEHKE BOJIHOBOJA, MOATOMY BennmuuHa (1 — 1) Oyner
OIIPEETISTh KOJTMYECTBO «Y3JIOBBIX OKPY>KHOCTEH» COCTABISIOMINX BEKTO-
poB E u H coGCTBEHHBIX BOIH KPYITIOro BOJHOBOAA (OKPY’KHOCTEH, pac-
TMMOJIO)KCHHBIX Ha IJIOCKOCTU MNOICPEYHOI'0 CCUCHHA BOJHOBO/JA, B Ka)K,ZLOfI
TOYKE KOTOPBIX PacCMaTpUBAaEMble COCTABIISIOIINE PABHBI HYJIIO).

5.5. Pekxomenpanum 1o rpagu4ecKkomMy MOCTPOCHHUIO CHJIOBBIX JTUHUM
BekTOpoB E m H B momepeyHoM cedeHUH KPyIjioro BOJHOBOAA

3HAKOMCTBO C Y3JIOBBIMHU JUAMETPAMU U Y3JIOBBIMU OKPY>KHOCTSIMU I03BO-
JISIET TIPUHATH CIEAYIOUMI TIOPSAIO0K JNECHCTBUI IIPU MIOCTPOSHUN KAPTUHBI CH-
JIOBBIX JIMHUH BEKTOPOB E M H B MomepeyHoM cedennn Kpymvioro BOIHOBOA:

B COOTBETCTBUU CO 3HAYECHUSIMU MHJEKCOB 71 U 1 B IIOIIEPEYHOM CEUCHHUU
BOJIHOBOZIA HAHOCSATCS] KOHTYPBI Y3JIOBBIX JTUAMETPOB U Y3JIOBBIX OKPYKHOCTEH;

BJI0JIb IIOJYYEHHBIX «HAIPABIISIFOIIMXY» HAHOCSTCSI CUIIOBBIE JIMHUU TOTO
sextopa ( E umu H ), KoTopslii 11 1aHHOM cOGCTBEHHOM BOTHBI HMEET TOIb-
KO TIOIIEPEUHBIE COCTABIISIOLIUE;

HNEPHEHIUKYIISIPHO MOJIYUYEHHBIM CHIJIOBBIM JIMHUSM «IIOIEPEYHOT0» BEK-
TOpa HAHOCATCS CUJIOBBIC JIMHUU IPYrOr0 BEKTOpA, HE SABIIAIOLIETOCS I
JTAHHOM COOCTBEHHOM BOJIHBI YHCTO ITOTIEPEUHBIM;

€CJI CHUJIOBBIE JIMHUM BEKTOPA E BBIXOAAT M3 CTEHOK BOJHOBOJA WIIH
BXOJISIT B HUX, TO HAa TPAaHUIIE pa3Jiena OHHU JIOJDKHBI OBITh MTEPIICHANKYIISIPHBI
3TUM CTEHKaM.
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