AHTEeHHbI N pacrnpocTpaHeHne pagnoBOJIH

dnemeHMapHsie usayyamesnu 3AeKmpomMacHUMHbLIX 80/1H

Cnaiigbl k nekynam npogeccopa KybaHosa B.I1.



ONPEAENEHWE 331. NOJE 393U B AANNbHEN 30HE

Onemenmapuoii  Pacnpeodenenue

JIeKMpPUYeCcKUll aAMNAUMY bl
ustywamens moxa 6o Junons JNN€EMEHTAPHbIM  J/IEKTPUYECKUM  M3/lydaTeNiemM  HasblBaeTcsA
uznyvamerns T'epya

R S Hemounu KOPOTKMM MO CPaBHEHMIO C AJMHOM BOAHbLI nposos (I < A), no
I HanpRICEr KOTOPOMY TeyeT rapMOHUYECKNIN 3N1IeKTPUYECKNM ToK [ = [,cos wt,
amnantyaa u gasa KOTOporo oAMHAKOBbI B 10OOM TOUYKe NpoBoOAa.
UL AR [MlonepeyHble pa3mepbl NPOBOAA AO/IKHbI ObITb HAMHOIMO MeHbLUEe

L ero 4/InHbl.
a) 0) o o o
B npoussonbHOM ToOYKe M, HaxogAawenca B gasbHen 30He, Y4UTbIBAKOTCA TO/IbKO ABe

Hanpaenenue
moka i

- -
COCTaB/IAKOWUX HANPAKEHHOCTU INEKTPUYHECKOIO U MAalfrlHUTHOIO MNoJien E = QOEQ "

—

H = ¢oH,, KomnaeKcHble aMMIUTY/bl KOTOPbIX ONPeaenATCA No GopmMynam:

E, = 0yEg, = 60,j(Wol,l/2r)) sinf e /" H =

BoHpm = Bo j(,1/2r2) sin§ e /¥7, rae I, —amnauTyaa Toka B U3yyatene;
| — pnvHa U3nyyaTens; T — paccToAHME OT M3ydaTens A0 TOUKM HabnoaeHus; A —
[JIMHA BOJHbI; B — yron Mexay OCblo U3/1lyyaTens v Hanpas/ieHMeM Ha TOUKY

Habnoaenusa; Wy = /lg/eo = 120 = 377 OM — xapaKTepuctnyeckoe
conpoTmsieHne cBOHOAHOro NPOCTPAHCTBA.

R

MrHoBeHHOe 3HaYyeHuMe BeKTopa [MoMHTUHra onpeaensaetca BbipaxeHmem Il =
- —

|E, H].



CPEJHAA NIVIOTHOCTD IIOTOKA DQHEPI'MU,
MOHIHOCTDB U COITPOTUBJIEHUE U3JIYUYEHUSA

3Hasg CTPYKTYypy IIOJSA, MOKHO HAMTH OYECHb BAKHBIC XAPAKTCPUCTHUKH

AJIEMEHTAPHOI'0 AJICKTPUYSCKOI0 U3TydaTeIs.
— cpeaHee (BO BpEeMEHH — 3a IIEPHOJI) 3HAYCHHE ILUIOTHOCTH IIOTOKA

>Hepruu (cpeaHee 3HadeHue Bekropa [1oiHTHHTa)
— Lore 12
ey =70 |Em0| /ZWO’
— MOIIHOCTHb U3JIYUCHHA
Py = 40m2(1/D)212,
— COIIPOTHUBJICHUC U3JIYYCHUA

Ry = (211/3)(L/1)2W,.



HAMNPABJ/IEHHbIE CBOMCTBA 33U

Beipaxkenue Eg,, MOXHO 3alucaTh B BHIEC TPeX MHOXHUTEICH IOCTOSHHOTO, HE 3aBHCSIIETO OT
HampaBjacHUs Ha Touky HaOmomenus (A = W,yl,l/2rA), MHOXUTENS, 3aBHCSIIEIO OT HAMPABICHUS HA TOYKY
HaOmoneHus sinf, m QasoBoro MHOXHTens je /X7, C yderom 3TOrO Em = §0A sin @ je Ik, ﬁm =
Bo(A/Wy)sinB je /%",  dynxkmms f(0) = Asinf 1npu (QUKCUPOBAHHOM pPACCTOSIHHH T  OIpEHENseT
3aBUCUMOCTh 3HAYEHHMI HAMPSKEHHOCTH TOJISI OT YITIOBOM KOOpPAMHATHI O, T.€. SIBISICTCS XapaKTEPUCTHUKOM
HAIPaBJIICHHOCTH JJIEMEHTAPHOTO JJEKTPUYECKOTO H3JIy4yaTeas B MEPUAMOHAJIBHOM ITOCKOCTH. PyHKIHUA
f(6) = Asin 8 onpenenser He TOJIBKO 3HAaUYEeHHE, HO U (ha3y HANPSKCHHOCTH IOJSI, TaK KaK IPH IEPEXOJC
(GyHKIIUK 4Yepe3 HylIb MEHSIETCS €€ 3HaK, 9TO COOTBETCTBYET CKadky (ha3bl HaAIpsoKeHHOCTH mons Ha 180°.
[Tootomy wmonmynb ¢yukiuu |f(0)| = Al sinf| — ammiuTymHas XapakTepUCTHKA HAIPaBICHHOCTH
3JIEMEHTAPHOTO AIEKTPUUECKOTO M3ydaressi B MEPUINOHAIBHON MJIOCKOCTH. 3HAYECHHUE HAIPSIKCHHOCTH TOJIS
CBSI3aHO C aMIUIUTYTHON XapaKTEPUCTUKOM HAPaBIEHHOCTH COOTHOIIICHHEM
|[Ema| = 1 (0)] = Al sin6|.

O6bIYHO UCMONb3YIOT NOHATME HOPMMUPOBAHHOM, T.€. OTHECEHHOM K MAaKCUMaANbHOMY 3HAUYEHUIO, aMNANUTYAHOMN
XapaKTEPUCTUKMU HanpaBAeHHOCTU. [NA 3NeMeHTapHOro aneKTpudeckoro nsnydatens F(6) =
lf(ON/1f (@) max| = Al sin@|/A|sin 8,,,4,| = | sin 8] TaKk Kak |sin 8,,,,,,]| = 1. MakcumanbHoe 3Ha4YeHue
HOPMMPOBAHHOW aMNINTYAHOM XapaKTEPUCTUKN HaNpPaBAEHHOCTM BCErAa PAaBHO eaMHULLE.



¢ =270°

OBbbEMHAA ANATPAMMA HANMPABJIEHHOCTU 39U

[padunyeckoe un306parkeHne  HOPMUPOBAHHOM  AMMNAUTYAHOWM
XapPaKTEPUCTUKN  HAMPaBAEHHOCTM Ha3biBAalOT HOPMMPOBAHHOM
aMnaAnUTyaHOMU Anarpammom HanNpPaBAEeHHOCTH aHTEHHbI.
[lpoCcTpaHCTBEHHAA HOPMMPOBAHHAA aMMNINTYAHaAA AMarpamma
HanpaB/eHHOCTU, n3o0bpakaemana B BMAE HEKOTOPOM MOBEPXHOCTU
F(6,p) npeactasnser coboit obbemHyo ¢urypy. OB6bIYHO
NONb3YHOTCA MJOCKOCTHbIMM amnanTyaHbimu [H, otobparkatowmmm
3aBMCMMOCTb 3HAYEHWUN HaNpPAXKEHHOCTU MONA OT HanpaB/ieHUA B
OAHOM U3 INaBHbIX NMNJIOCKOCTEWN.

[NaBHbIMM MNJIOCKOCTAMW ANS  3/IEMEHTAPHOro 3/1IeKTPUYECKOrO
nnyyatena  byayr:  nwbas  mepuauoHaNbHAA  MJIOCKOCTb,
NpoOXoAslLlas 4Yepe3 OCb W3ayyaTena, Hanpumep, MNJAO0CKOCTH
Z0X,Z0OY,ZO&é , a TakKe 3KBaTopuanbHaA naockoctb XOY ,
nepneHANKYAAPHaAA OCU WU3slydaTenss M NpPOXOoAsllLas 4Yepe3 ero
cepeanHy. B paccmatpuBaemMom  C/iydae  MepUANOHAJIbHaAA
NNOCKOCTb ABnAeTcA E — nNOCKOCTbO, a 3KBaTtopuanbHaa — H —
NJOCKOCTbIO.



AUATPAMMbI HAMPABJIEHHOCTU 33U B IMMABHbIX MZTOCKOCTAX

n HopmupoBsaHHas aMNANTYOHaA Avarpamma
F(9) F(py HanpaeneHHOCTH 3/IEMEHTApPHOrO  3/1eKTPUYECKOoro
u3nyyatena B mepuamoHanbHon nnockoctn F(0) =
£ Y | sin 6| B nonapHoO cucteme KoopAnHaT n3obpakeHa Ha

=

wm 0 BEPXHEM puC. a. B 3KBaTOpManbHOW MNJIOCKOCTH
05 (0 =90°) amnanTyaHaa AunarpamMmma HarnpasB/eHHOCTU

~ ¢ £ F(p) = const =1 He 3aBucuT oT yra ¢ (cneacrsue
OCEBOM  CUMMETPUMU n3nydyatens) n  ABNseTcd
OKPYKHOCTbIO  (BepxHuM puc. 6). HopmupoBaHHbie

K ? aMNINTYAHbIE Anarpammbl HanNpPaB/EHHOCTH

F(O), 10 3N1eMeHTapHOro 3neKpriecr<oro n3nyyaTens,
NOCTPOEHHbIE B [AEKApPTOBOM CUCTEME KOOPAMHAT,

0 Lo i N300pakeHbl Ha HWKHEM puc. a (MepuamoHanbHas
05 . i MNNOCKOCTb) M HA HMXKHeM puc. 6 (3kBaTopuasbHas
' | NJOCKOCTb). 29U nmeet NPOCTPAHCTBEHHYIO

N I 9; N i 7 amnautygrylo  [OH F(6,9) B BMAe TOpompa. Ero

0 90° 180° 270° 360° 0 90° 180° 270°360° NOBEPXHOCTb obpasoBaHa BpaleHuem burypeol

a) 6) («BOCbMEPKUY»), NpnBEAEHHOM Ha BEPXHEM PUC. , BOKPYT

ocn 0Z.



COCTABJISIIOLIME MOJISI DOU MTPU OPUEHTALIMU OCEM BJOJbL X U1 Y

ZA Z A

Mo,u,ynm KOMMNNIEKCHbIX aMNANTYA OTAE/IbHbBIX COCTABNIAKOLWNX MPU OPUEHTAUNUUN NU3NTYHATENA BOO/Ib OCU X nnu

ocn 'Y onpenenAarTca COOTHOWEeHNAMW:
(

|E0m| = Alcos 8 cos ¢|, E(pm| = Alsin|;
<\|H9m| — (A/Wo)lsing0|, |H<pm — (A/WO)|COSHCOSQD| — PUC. q,
: |Egm| = Alcos @ sing|, |E,m| = Alcos l; .
K|I-'I¢9m| = (A/Wy)|cos @, |Hpm| = (4/Wp)|cos 6 sin ¢ puc. 6.

Moaynu NosHbIX BEKTOPOB Yepes UX COCTaBAloLLLME ONpeaenatoTc COOTHOLWEHUAMM:

il = Eoml” + VEgml* Vil = [ Homl” + [Tl

2

’




KO3 DPULMEHT HAMPAB/IEHHOIO AEMCTBUA 33U

B Teopunm aHTEHH JAnA onpeaeneHuMs MakCMManbHoro 3HadveHua KHA
ZA ATT

npumeHstoT dopmyny Dy = D,y gy = 17 [ F(6.9) in 009 roe F (60, @) -
HOPMWPOBAHHAA amnautygHaa XH aHTeHHbl. KoopauHatel 6,¢ wu
HanNpPaB/IEHNA UX OTCYETA COOTBETCTBYIOT MPUBEAEHHBIM HA PUCYHKE.

Echn B popmyny noactasutb GpyHKumio F(6,@) = sin 6, cooTBeTCTBYIOLLYIO
HopmmMpoBaHHoM XH 33U, To nerko ybeantbca, uto Dy = 1,5.

dNeMeHTapHbIN INEKTPUYECKUN U31yYaTeNb ABAAETCA cnaboHanpaBieHHOW
aHTEHHOW, HO, TeM He MeHee, obecneymBaloOWMM MNPOCTPAHCTBEHHOE
nepepacnpeaeneHme nJOTHOCTM TMOTOKA 3SHEPrMm No CPaBHEHUK C
Boobparkaemonm abCcoNtoTHO HeHanpaB/lieHHOM (M30TPOMHOM) QAHTEHHOMN.
CteneHb NPOCTPAHCTBEHHOrO nMepepacnpeaeneHnsa MnJOTHOCTU MOTOKa
JHeprmumn xapaktepusyetca 3HavyeHnem KH/I, KoTopoe B MNPOU3BOSIbBHOM

HanpaBaeHun Bbluncnaetca no popmyne D(6) = DyF?(0, ¢) = 1,5(sin 8 )?.




OBOBLUEHUE ONPEAENEHUA 395U

Cunoewvle nunuu
Cunoewvle 1unuu

MAH2EHYUATBHOO
IIEKMPUYECKO0
Inemenm nposooa 7 MACHUMHO20
y nona E

noJisi H T

Myctb 23U npepactasnser cobon 3snemMeHT AJNHHOTO
npoBoaa, obnaaatoLLero naeaabHoOM NPOBOAMMOCTbLIO (puc.
a) JIMHeWHbIK  pa3mep  3INEeMeHTa  NOo-NpexXHemy
yaoosnetsopsieT ycnosuio [ <K A . B CcoOOTBETCTBMU C
FPAHUYHbIMM YCNOBUAMM HaA FPaHULE pa3aena «uaeanbHbin
npoBoAHMK (npoBoa) —  AuanekTpuk  (cBobopHoe

O——»

MPOCTPAHCTBO)» TaHreHUuanbHasA cocTaBNAoWas BeKTopa F

PaBHaA HY/11O, 4 TaHTreéHUMa/ibHAA COCTABJ/IAKOLLLAA BEKTOPA H
onpeaendaetca sHav4yeHnem nNAOTHOCTU NOBEPXHOCTHOIO TOKA

O_ZS:? —_ [?lo, ﬁl’]

\/

a) 6) B)
Ecnv 1y — eAMHUYHBIN BEKTOP, COBMNaAaloWmii C HOPMabio K BOKOBOM MOBEPXHOCTU uU3nyuyaTens (puc. 6), To
H. = 02. B To e Bpema usBectHo, 4To o2 = 1,/L, rae I, — amnauTyaa ToKa nposoda, L — nepumertp
nonepeyHoro cedyeHnsa nposoga. HanpasneHue BeKTOpa 0. COBMajaeT C OCblO M31y4aTens, a BeKTop ﬁT
OpPUEHTMPOBAH NO NepumeTpy cevyeHua. KapTMHA MAarHUTHbIX U SNEKTPUYECKUX CUIOBbIX IMHUN SNEMEHTAPHOro
NEKTPUYECKOrO U3NyYaTena NoKasaHa Ha puc. 8. Takum obpasom, 33U MOXKHO paccmaTpmBaTb KaK 3n1eMeHT
nosepxHoctn S = LI, TaHreHUManbHO K KOTOPOM OENCTBYHOT CUNOBbIE MArHUTHbIE JIMHUW, @ TaHIEeHLUMANbHbIE
3NEKTPUYECKME CUI0BbIEe IMHUN OTCYTCTBYIOT.



ONPEQENEHUE SNIEMEHTAPHOIO MATHUTHOTO U3NTYYATENA (3MMWN)

Cunoevie nunuu  Cunoevie munuu Cunosvie nunuu Cunoevie aunuu
MAaHZSEHYUATIBHOSO 2/1eKmMpuU1eckoco MaHeeHYUAa1bHO20 MaZHuWIHOZO
MAZHUMHO20 nona E DNEKMPULECKO20 noss
nons  H, nons E_ <
N\ 3fleN\eHTapr|N\ MAlrHUTHbIM n3nydyartenem Ha3blBaAEeTCA
/S KOPOTKMI NO CPaBHEHWIO C AJIMHOMN BOJIHbI 3nemeHT (I K 1),
| ‘.| . NoO KOTOPOMY MPOTEKaeT rapMOHUYECKMIA MarHUTHbIA TOK § =
'M I,,cos wt, amnantyaa U ¢asa KOTOPOro OAMHAKOBbI B /060
\}z:::_i:_{/ TOYKe 3/emeHTa. [onepeyHble pasmepbl 31eMeHTa AO0/KHbI
2) 5) OblTb HAMHOIO MeHbLUe ero AO/TNHbI.

Moaens 3MW (puc. 6) MOKHO nNpPeacTaBUTb KaK CUCTEMY, WMAEHTUYHYIO moaenn 39U (puc. a), Ho
OT/INYAIOLLYIOCA TEM, YTO TaHreHUMANbHO K 3/IEMEHTAPHOM TMOBEPXHOCTM S  AENCTBYIOT 3aMKHYTble
3N1EKTPUYECKMNE CUIOBbIE IMHU, @ TAHTeHUMANbHOE MAarHUTHOE Noae PaBHO HyAl. [pyrMmu cioBaMu, €Ccin Ha
NOBEPXHOCTU Nt0boI PopMbl 3a4aHa TaHFEHLUMA/IbHAA COCTABAAIOLLAA SNEKTPUYECKOTO NONA, TO 3/IEMEHTAPHbIN
YYaCTOK 3TOM MOBEPXHOCTU C INHENHbIM pasmepom [ <K A MoXKHO cumtaTb IMMUN.

MarHuTHbIM TOK — 3TO onpeaeneHHana abcTpaKkuua, BUPTYyasibHAs aHANOTUA SNEKTPUYECcKoro Toka. OaHako
TAHreHUManbHanA COCTaBAAIOLWLAA 3/IEKTPUYECKOro MNOJIA Ha 3N1eMeHTax peanbHbiXx (pU3NYeCcKUX O0OBEKTOB WU
CTPYKTYypa NonA, NoKkasdaHHaA Ha puc. 6, BNoaHe peasbHbl. 1o aHanormm ¢ u3BectHom GU3NYeCKoOn BEIMYNHON —

- - — - =
— BEKTOPOM MIOTHOCTU 3/IEKTPUYECKOrO TOKa 07 = [nO,HT] Ha3BaTb BEKTOPHOE NpousseaeHmne g = —[no, ET]
BEKTOPOM MJIOTHOCTU MArHUTHOIO TOKa 3/1IeEMEHTAaPHOIro MarHUTHOro U3ny4yaTens.



3/IEMEHTAPHbIU LWEJTEBOU U3NYYATENDb

ZA

Echn wenb BO3GYAUTbL NPM MOMOLLX FeHepaTopa BbICOKOM
4yacToTbl HanpaxeHuem u = U sin wt, TO B Hel BO3HUKHET

3/1eKTPUYECKoe none, IMHUN KOTOPOro ET nepneHANKYIAPHbI
KpaaMm wwenu. Mpu BbinonHeHUM ycnoBun I < A, a Takke b K
[ (wenb — y3Kaa) MOMKHO CYMTATb, YTO HaNPAXKEHHOCTb
3N1EKTPUYECKOro NonA BAO/b LWEAM He MU3MEHAETCA HU Nno
amnautyae, HM no d¢a3e. TaKaa CTPYKTypa Ha3biBaeTcA
31EMEHTAPHON M3NY4YaloWEeN WEeNblo. IIeMEeHTapPHYHO LWeb
MOHO  pacCMaTpuMBaTb KaK  peasibHbin  MU3Ny4vaTenb,
CO34alOWNN  TAKOE Ke 3INEeKTPOMArHMUTHoe nose, Kak
BUPTYaNbHbIN 31€MEHTAPHbIM MAarHUTHbIN U3Ny4YaTeNb.

B npoun3BO/IbHOM TOUYKe HabnoaeHUs, Haxoasalenca B AasibHen 30He cBOOOAHOro NPOCTPaHCTBa, YYUTbIBAIOTCS

-

TOJ/IbKO ABe COCTaB1AKOWNX E = _QBOEQD n H= HOHQ, KOMMNANEKCHbIEe aMNANUTYyAbl KOTOPbLIX onpeaenarTca no

bopmynam E,,, = GoEpm = —Poj(Ul/rA) sinh e T*7, H,, = 6yHg = 0,j(UL/Wyrd) sin 6 e J¥7,

rae: U — amnauTyga Hanps»eHus Bo3byaeHus wenu; | — AnnHa Wwenum; r — pacCcTosHue OT Wean A0 TOUKM
HabaoaeHns; A — AMHA BONHbI; O — YroN MeXAay OCblO LeM U Hanpas/ieHnem Ha TOUKy HabaoaeHus;

W, — xapaKTepucTMYecKoe ConpoTMBaeHne CBOBOAHOIO NPOCTPaHCTBA.



AHAIN3 KOMNNEKCHbIX AMNAUTYA SNEMEHTAPHON U3NTYYAIOLLIEU LLLENU

BbipaxeHune Ewn MOJKHO 3anncaTb B BUAE TPEX MHOXUTENEN: NOCTOAHHOIO, HE 3aBMUCALLEro OT HanpaB/IEHMA Ha
TOYKy HabnogeHua B = Ul/rA, mHOXuTena, 3aBucALLEro OT HanpasB/ieHMA Ha TOYKYy HabnwogeHua sinf, u
bazoBoro mHoxuTens —je KT, C yuetom storo dopmynbl npumyT Bua E,, = —B,B sin 0 je T,

H,, = 6,(B/W,)sin@ je Ik

CpaBHeHne dopmyn ana wusnyyawowen wenm v anAa 39U noKasbiBaeT, YTO HanpaBAEeHHble CBOWCTBA
3NIeMEHTAPHON M3ayyaowen wenm wu IOM  coBepWEHHO WAEHTUYHbLI. [NaBHbIMM MAOCKOCTAMWU  ANA
3NeMeHTapHOM ulny4yatowen wenm (puc. 6) byayt: ntobaa mepnamMoHanbHas NNOCKOCTb, Npoxoaallaa Yyepes ocb
wenu, Hanpumep, nnockoctn Z0X,Z0Y,Z0&, a TakKe aKBaTopuanbHasa nnockoctb X0Y, nepneHanKynsapHas
OCU WEeNn U Npoxoaslaa yepes eé cepeguHy. B paccmatpuBaemom cnyvyae mMepuamoHaNbHaA MNJIOCKOCTb
asnaetca H — nn10CKoCTblo, @ 3KBaTOpMaabHaa — E — nnockocTbio. Cneayet 06paTuTb BHUMMAHUE Ha cneaytoulee
— MepuauoHaabHaA NJ0CKocTb ctana H — nnockoctbio (y 99U oHa bbina E — NI0CKOCTbIO), @ 3KBAaTOPMaAnbHanA
NNOCKOCTb cTana E — nnockoctbto (y 99U oHa bblna H — NA0OCKOCTLIO).

HopmupoBaHHaa amnantygHaa XH snemeHTapHOM M3NYy4YaloWEN Wenm B MEePUANOHANbHOM MAOCKOCTU No-
npeskHemy onucbiBaetca ¢yHKumennr F(6) =|sinfB|, a B 3kBatopuanbHon — F(@) =const=1 .
HopmupoBaHHble amnantyaHble JH B nonspHON U NPAMOYrosibHOM CUCTEME KOOPAMHAT, NPOCTPAaHCTBEHHAA
aMNANTyAHaa Auarpamma HanpaBAeHHOCTU COOTBETCTBYIOT Auarpammam IOU. BnonHe o4yeBMAHO, 4YTO M
MaKCUMaNbHbIN KO3IOPULUMEHT HANPABAEHHOIO AENCTBUA SNEMEHTAPHOMN U3yYaloWeN Wwenn paseH 1,5, T.e. B
TOYHOCTM PAaBEH 3HAYEHUIO aHAIOTMYHOIO rNnapameTtpa gna I33U.



COCTABNAKOWMUE NOoAA sULW, NPU OPUEHTALUN OCU BAOO/Ib XU Y

Mpn opuenTaumnm wenun saonb ocn 0X (puc. a) unm Baonb
ocn OY (puc. 6), cTpyKTypa €€ nona B BO/NHOBOWM 30HE

byneT xapaktepu3oBaTbCA cocTaBaawowmmm E = OyEg +
$oE,, H=060Hg+ @oH, . Moaynm KOMMNEKCHbIX
aMnNANTya OTAENbHbIX COCTaBAAKOLWMX MNPU OPMEHTALUM

nsnyvatena sgonb ocn 0X wam ocn OY onpepensatotca
COOTHOLIEHUAMM:

a) 6)
|E(pm| = B|cos 8 cos ¢/, |Egm| = Blsing|;
: : — puc. a,
|Flypm| = (B/Wo)lsin @], |[Fgm| = (B/Wp)lcos 8 cos |
|E<pm| = B|cos 0 sin |, |Egm| = Blcos ¢|;
— pwuc. 6.

|Hpm| = (B/Wy)lcos @, |Hgm| = (B/Wp)|cos 6 sin ¢

MOAYIIM MNOJ/IHbIX BEKTOPOB Yepe3 NX CoCTtaBaAarowme onpenenarotcd COOTHOWEHUAMMU!

il = JlEoml” + [Epml’s 1Ftn] = Vo |” + Figm|”

2

]




i Dnexmpuueckuii \
. mox pamxku | 7

INEMEHTAPHAA SNIEKTPUHECKAA PAMKA

Cunoevie aunuu
MAZHUMHO20

PaccmoTpum BUTOK, NO KOTOPOMY TeYET rapMOHUYECKUIA
INIEKTPUYECKUI TOK [ = [, cos wt (puc. a). Pasmepbl BUTKa

TAKOBbI, YTO BbiNoAHATCA ycnoBua: ka K 1;a K 4; S K
A%, rne k = 2m/A; a — paguyc BUTKa; S — naowaas BUTKa.
Cyntaem, 4To amnanTyaa n pasa ToOKa BO BCEX TOYKAX
BUTKA OAMHAKOBbI. TAKOW BUTOK MPUHATO Ha3bIiBaTb
3/1EMEHTapPHOWN SNEKTPUYECKOW PAMKOMN.

BOKpyr pamKu co3aaeTtca 3/IeKTpomMarHuTHoe none. Npu sTom IMHMKU MAarHUTHOTO NMOJIA OXBATbIBAKOT TEKYLL MM
Nno BUTKY TOK. CpaBHMM puC. @ U puc. 6, Ha KOTOPOM JaHa CTPYKTypa MNOAA 3/1€MEHTAPHOro MarHUTHOTO

NU3ny4yatend

(chang 10).

CpaBHeHMe NOKa3blBaeT,

UYTO KaApPTUHA CUNIOBbLIX JIMHUA  MarHUTHoOro nons

3N1EMEHTAPHOM 3NeKTpUYecKon pamkum (39P) M anemMeHTapHOro MaArHUTHOFO M3/ay4yaTensd, OCb KOTOPOro
nepneHANKYAsSPHA NJIOCKOCTU PaMKKU U NPOXOAMUT Yepe3 ee LUEHTP, COBEPLUEHHO UAEHTUYHbI. M3 CKa3aHHOro
cnegyeT BaXKHbI BblBOA: HanpaBaeHHble cBOMCTBA 9P M 3KBMBAJIEHTHOIO €M 3/1EMEHTAPHOrO0 MArHUTHOrO
n3nyyatena ognHaKoBbl.



CTPYKTYPA NO/IA 93P NMPU OPUEHTALMUU EE NJIOCKOCTU NEPNEHAUKYNAPHO OCU Z

Mpn OpuMEeHTaUMM NNAOCKOCTU PaMKM NepneHauKynapHo ocu 2
KOMM/IEKCHbIE aMMINUTYAbl BEKTOPOB HAMPAXKEHHOCTU 3/IEKTPUYECKOTO U
MArHUTHOTO NOJ1IEN B Aa/IbHEN 30HE ONpeaensaeTca BblpaKeHNAMM:

Epm = —8oEym = —Boj(Wol,L,/2r2) sin @ e J*T,

H,, = 6,Hgm = 6, j(I,l,/2r2) sin @ e~J¥7, rae I, —amnantyaa
3/1EKTPUYECKOrO TOKa BO36YKAeHUA pamku; [, = 21S /A — pecTeyowas
OMHA PaMKK;

S — nnowaab PaMKK; 7 — PacCTOAHME OT LieHTPa PaMKM A0 TOUYKM
HabnoaeHUsA;

A — ANMHA BOMHbI; @ — Yyron Mexy OCbl0 3KBMBANIEHTHOTO MarHWUTHOrO
M3nyyaTena W HanpasNeHWeM Ha TouKy Habnopgewus; W, -
XapaKTepUCTUUeCcKoe ConpoTMBAeHMe CBOBOAHOrO NPOCTPaHCTBa.

I/I3nyqaetv\aﬂ ANEKTPOMAIrHUTHAA BOJ/IHA MUMEET ﬂMHeVIHy}O NONAPU3aLUNIO. MrHoBeHHOe 3Ha4yeHune BEKTOPA

MNonHtunHra I1) onpenensertcs sbipaxkenHmem Il = [E, H].
Bce ckazaHHOe OTHOCUTCA K pamKe Ntoboi popMbl, Tak KaK B C/ly4ae O4YEHb MasibiX Pa3sMepoB PpamMmKu (S K
A?) dopma BUTKa He BAMUAET Ha CTPYKTYPY NOAA B Ja/ibHel 30He.



AHANTIN3 KOMMNJIEKCHbIX AMNIUTY/A 93P

BbipakeHue Ey,;, MOXHO 3anu1caTb B BUAE TPEX MHOXKUTENEN: NOCTOAHHOTO, He 3aBUCALLEro OT HanpaBAeHWA Ha
TouKy HabntoaeHua (C = Wyl,l,/2r1), MHOXMTeNA, 3aBMCALLErO OT HanpaB/ieHMA Ha TOYKy HabnoaeHua sin 6, u
da3osoro MHoxuTens —je /%", C yyuetom atoro dbopmynbl Ana cBo6OAHOrO NPOCTPAHCTBA NPUMYT BUA:

-

E,=—3,Csin@je %" H_=6,(C/W,)sin@ je I*r.

CpasHeHune popmyn ana 33P n ana 39U nokasbiBaeT, YTO UX HANPaABJ/IEHHbIE CBOMCTBA COBEPLLUEHHO UAEHTUYHbI.
[NaBHbIMKM NMJOCKOCTAMM ANA SNEMEHTAPHOM 3NIEKTPUYECKON pamMKn byayT: ntobaa mepnamoHanbHaaA NJI0CKOCTb,
npoxoasllana 4Yepe3 HOPMasab K MAOCKOCTM pPaMKK, Hanpumep, nnockoctn ZO0X,Z0OY,ZO&E, a Takke
3KBaTopuanbHaa nnockoctb XOY , copepxawaa nJOCKOCTb pamKu. B paccmaTtpuBaemom  caydae
MepuaAnOHaNbHaa NNOCKOCTb ABnAeTcA H — NAOCKOCTbO, a 3KBaTopuanbHaa — E — nnockoctbio. Cnepgyet
0bpaTnTb BHUMAHME Ha caedylolee: MepuanoHanbHaa NAocKocTb ctana H — nnockocTtbio (y 39U oHa 6bina E —
MNNOCKOCTbIO), @ 3KBAaTOPMasibHAA NNOCKOCTb cTana E — nnockocTbio (Y 99U oHa 6blna H — NNOCKOCTLIO).
HopmupoBaHHaa amnantygHaa XH snemeHTapHOW 31eKTPUYECKOM pPaMKU B MEPUAMOHANbHOW MIOCKOCTU MNO-
npekHemy onucbiBaetca o¢yHKkumenn F(O) =|sinf| , a B 3kBatopnanvHolh — F(@) =const=1 .
HopmupoBaHHble amnautyaHbie H B nonspHoOM M NpsAMOYroibHOM cucTeMe KOOPAWMHAT, NPOCTPAaHCTBEHHAA
aMNANTYAHAA AMarpamma Hanpas/IeHHOCTUM COOTBETCTBYKOT Auarpammam 33U. BnonHe o4yeBUAHO, 4YTO U
MaKCUManbHbIM KO3POULUMEHT HANPABAEHHOIO AENCTBMA 3/IEMEHTAPHOMU 3/IEKTPUYECKON PaMKu paBeH 1,5, 1.e. B
TOYHOCTU paBeH 3HAYEeHUIO aHAaNOrMYHOro napameTpa ana 29U n SNLL.



COCTABJ/IAIOLLUE NONA 33P NPU OPUEHTALIUM EE
NAOCKOCTU NEPNEHAUKYNAPHO OCAM X UTIN Y

Z A Z A

Z0Y 70X

v <
v <

a) 0)

|E<pm| = C|cos 6 cos ¢, |E9m| = Clsin ¢|;

|Hym| = (C/Wo)lsin ¢, [Hom| = (C/Wy)cos 6 cos ¢

|Epm| = Clcos 8sin |, |Eg,,| = Clcos ¢l;

|Hpm| = (C/Wy)lcos |, |Hopm| = (C/Wp)|cos 8 sin ¢

B Tom cnyyae, Koaa aneKkTpuyecKkaa pamka
opueHTUpoBaHa B nnockoctn ZOY (puc. a) nan e
nnockoctn Z0X (puc. 6), CTpyKkTypa €€ nonsa B
BOJIHOBOW 30He byaeT XxapaKTepm3oBaThCA

coctasnawowmmu E = ,Eg + cﬁoE(p, H = 60,Hy +
QDOHQD-

[Mpu opueHTauum NNOCKOCTU PAaMKU HOPMaNbHO OCU
OX nnn ocn OY moaynun KOMMIEKCHbIX aMNANUTYA

oTAEe/IbHbIX COCTAaBNAAKLWUX ONpeaenAaroTcA
COOTHOWEHNAMMN.

— puc. q,

— pwuc. 6.

Mo,u,ynm NOJIHbIX BEKTOPOB Hepe3 X CoOCTaBaAoWMNE onpedenaroTcA COOTHOWEHUAMMN:

il = JlEoml” + [Epml’s 1Frnl = (iom]” + Fipm|”



SJIEMEHTAPHBIA YYACTOK ®POHTA IIIOCKOM BOJIHBI

Z A Z A
A TT=[E, xH ]

a) 0)

DNEeKTPOMArHUTHbIE BOJIHbI, MU3nydaemsble 239U, UL, 2IP AaBnarTCcA nonepedHbIMU. ITO 3HAYMUT, 4YTO
BEKTOPbl HANPSAXXEHHOCTEN INEKTPUYECKOrNO U MarHUTHOrO MO/ BO/IHbI NEPNeHAUKYNAPHbI HAaNnpPaBAEHUIO
PACNPOCTPAHEHMNA N TAHIFeHUMA/IbHbl K BOJIHOBOMY PPOHTY. ECIM MbICNE€HHO BbliAeNNTb Ha NOBEPXHOCTMU
$pPOHTa NIOCKOW BOJIHbI, PACNPOCTPAHAOLWENCA BAO/b OCU Z, 3NeMeHTapHbIN ydactok AS = [l (puc. a),
TO BEKTOPbl 3NEKTPUYECKOrO0 M MAarHUTHOroO NoJIEN BOMHbI ByayT TaHreHUMasbHbl K NMAOLWAAKE U B3aUMHO
nepneHaAnKynapHbl (puc. 6). Hanmume TaHreHUManbHOM COCTaBAAIOWEN MarHUTHOrO MO/JA Ha HEKOTOPOW
NOBEPXHOCTM MNO3BONIAET CYMUTATb NOOOM dN1EeMeHTapPHbIA YYACTOK 3TOM MNOBEPXHOCTb 3N1E€MEHTaPHbIM
3N1IEKTPUYECKUM n3nydaTenem. AHANONMYHO, TaHreHuUuWasnbHaA COCTABAAKOWAA 3/1EKTPUYECKOro noaAa Ha
3/IEMEHTapHOM MOBEPXHOCTU ABASETCA MPM3HAKOM CYLLECTBOBAaHUA 3/1eMEHTAapPHOro0 MArHUTHOIO
n3nyyartens.



SNEMEHT MNOUrEHCA — ONPEAENEHUE

Z A Z A
V ﬁ:[EXHT] BeKTopbl N/IOTHOCTU 31€KTPUYECKOro U
InemenmpHbl MArHMUTHOrO TOKOB (pu1cC. a) onpeaenatoTcs
N _>
et v copwynawed? = [fo Al 62 = [ i
g > CnepoBaTtesibHO, 31€MeHTapPHbIA Y4aCToOK
’ BO/IHOBOro pPOHTa — 3nemeHT [tonreHca —
X X MOHO PacCMaTPMBATb Kak COBOKYMHOCTb
Dnemenmpneii | B3AUMHO NEPNEHANKYNAPHbBIX 3/IeMeHTapHbIX
anekmpudeckuli | 31eKTPUYECKOro U MarHUTHOTO U3y4aTeNen,
USAYHAMETs | |1eHTPbI KOTOPbIX PACNONOMEHbl B O4HOMN TOUKe
a) 0) (ueHTpe anemeHTapHOro y4yactka AS).

M3nyyaTenn OpPUEHTUPOBaHbl B MNPOCTPAHCTBE TaK, 4YTO WX ocu coctasaaiT yron 90 ¢ HanpasneHuem

PAcnpPoOCTPaHEHMA BOMHbI, ONpPeaenaeMoM BEKTOPOM m— puc. 6.

Takmm obpasom, anemeHT [tOUreHca — TUNOTEeTUYECKUN U3/1yyYaTeslb, COOTBETCTBYHOLWMMA OECKOHEYHO Manomy
3/1eMEeHTY BOJIHOBOro GPOHTA NMJIOCKON INEKTPOMATHUTHOM BOJIHbI IMHENHOWN NMonApusauun. InemeHT lonreHca
BBOAUTCA B TEOPUKD QAHTEHH B CBA3W C NPUMEHEHUEM TMPUHUUMNE 3SKBUBANEHTHbIX MOBEPXHOCTHbIX TOKOB
(31eKTpryYecKoro n MarHMTHOro) — aHanora U3BECTHOro M3 ONTUKM NpuHUMNa MonreHca.



CTPYKTYPA NONA 9IEMEHTA NOUrEHCA

v <

COBOKYMHOCTb [ABYX 3/IEMEHTAPHbIX W3/1ly4aTeNnem YC/IOXKHAET
CTPYKTYPY PEe3yNbTUPYIOLWEro No/s NO CPaBHEHUIO CO CTPYKTYPOW
NONIA KaXA0ro U3ay4yaTesns B OTAEe/IbHOCTU. B Npon3BOSIbHOM TOYKe
AANbHEN 30HbI C KoopanHatamm 6, @, r B obLem ciydae KaxKabii
n3nyyaTenb Co3JaeT MO [ABE COCTaB/ANOWIME HAMNPAKEHHOCTU
3/IEKTPUYECKOTO W  MarHutHoro nonsa. [lpu  onpeaeneHum
pe3ynbTUPYIOWEro  noas  3TWU  COCTaBAANOWME  [AO0XKHbI
COOTBETCTBYHOLLMM 0bpa3zom cymmumpoBaTbcs. MOXKHO MOKa3aTh,
YTO KOMIMJIEKCHbIE AMMAUTYAbl COCTaBAAKOLWIMX HAMNPAXKEHHOCTU
3/IEKTPUYECKOrO NOMA ONPeaenaTca cneayrowmmm Gopmynamm

§1m = §0E9m = §0j(ETAS/2r/1)(1 + cos 0) sin pe~I*7,
Eypy = BoEpm = Poj(E;AS/2r2)(1 + cos 6) cos pe /.

Ecnv BBecT 0603HaveHne G = E.AS/2rA, To amnanTygHble HEHOPMMUPOBAHHbIE XapPaKTEPUCTUKN
HanpaBJEHHOCTM 3TUX COCTaBAAOLWMX BYAYT UMEeTb BUA, |E1m| = |f1(0,9)| = G(1 + cos 8)|sin @],

|E2m| = 1£2(6, 9)| = G(1 + cos 8)]|cos ¢|.

Mnockoctb ZOY (@ = 90 ) aBnaetca E — nnoCKOCTbIO, KaK ANA 3/IEMEHTAPHOIO 3/IEKTPUYECKOTO U3ny4vaTensa, Tak
M ONA 3N1eMEHTApHOro MarHuTHoro manydatens. Mnockocte Z0X (@ = 0) AaBnaetca H — NAOCKOCTbIO, Kak Ans
3N1€MEHTaPHOTr0 3/IEKTPMUYECKOro U3nyyaTens, Tak U AN1A 3N1eMEeHTapHOro MarHUTHOIO U3yvaTens.



XAPAKTEPUCTUKA, AUATPAMMA HANPABJIEHHOCTU U KH]

Z4 B Ka)Ka0M U3 r/1aBHbIX NJIOCKOCTEN OCTaeTca no ogHou coctasastouwen. B E
O — NNOCKOCTU COXPAHAETCA TONbKO COCTaBAAtOLLAA |E9m| =G(1+cosBh), a
B o B H — nNAOCKOCTM OCTaeTcA COCTaBAAOWAA |E¢,m| = G(1+ cos0).
- )N CnepgoBaTte/ibHO, HOPMMPOBAHHbIE  AMMINTYAHbIE  XAPaKTEPUCTUKMU
- \ o HaMpPaB/IEHHOCTU 3/1eMeHTa MonreHca B rMaBHbIX NJIOCKOCTAX OANHAKOBbLI U
onpeaenatotca  dopmynon F(O) = (1 +cosf)/2 . HopmupoBaHHasn
\ / amnantygHaa OH wmeetr ¢opmy Kapgmouabl. BumaHo, 4TO, 3nemeHT
\ / [toreHca obnagaer OAHOHANPaBNAEHHbIMWM CBOMCTBAMM: MAKCUMYM

N o N3Ny4eHnA nepneHAUKYNAPeH MNOBEPXHOCTU 3N1EMEHTA W HanpasieH B

-~ —

0 ~180° CTOPOHY ABUXEHWA BOJIHbI; B 06PaTHOM HanpaBAeHUU — U3/TY4YEHUA HET.

B noboit nnockoctu, npoxoaAlweir 4vepes ocb Z, HO OTIMYHOW OT [/1aBHbIX, HOPMWPOBAHHAA AMarpamma
HanpaB/AEHHOCTM CYMMAPHOro Nons ABYX COCTaBAAOWMX OyAeT MMeTb TakoW e BuA. ITO BbiBOA, cneayer w3

: .2 .2
dopmyn C y4eTom TOro, 4YTo |Em| = \/|E1m| + |E2m| : Apyrmmn cnoBamm, npoctpaHcTeeHHaa OH F (6, @)

npeactaBaser cobon Teno BpalleHUAa Kapauouabl BoKpyr ocu Z. B nnockoctm XOY snemeHT ltonreHca He
obnapgaet HanpaBAEHHbIMU CBOMCTBAMMW.

CamocToATenbHO NOKasaTb, YTo 3HavyeHne KH/, snemenTa lNounrenca Dy = 3,0. OHO B ABa pa3a bonblue 3HaYeHUA
KHI anemeHTapHOro 3/eKTPUYECKOro UAM MArHUTHOTO U3ny4datenen. 3T0 U NOHATHO: amnantyaHaa OH, numeet
OJHOCTOPOHHIOIO HAaNPaBAEHHOCTb.



