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CBs13b, JIOKaNysl, TUCTAHIIMOHHOE 30HIMPOBAHUE U APYTHEe 00Ja-
CTU HAYKHU U TEXHUKH, TJI€ UCIOJIb3YIOTCS dJIEKTPOMATHUTHBIE BOJIHBI
B KauyecTBe HOCUTeNsl MH(OPMAlMU, OCHOBBIBAIOTCS Ha W3ITy4YCHUH
91X BOJH. [log n3nydeHnem noHnnmaercst mepeHoc (mepenaya) 3JeK-
TPOMarHUTHON BOJIHOW SHEPIHH U3 001aCTH, BKIIOYAIOIIEH HCTOUHU-
KM, B OKpY’Karolllee MpoCTpaHCTBO (ynaneHHsle obnactn). Kak u mro-
Oble AIIEKTPOMArHUTHBIE SIBJICHUS, TOT MPOLIECC MOKET ObITh OMUCAH
Ha OCHOB€ ypaBHeHUl Makcseina.

1. U3/1ly4yeHHUe 3/1IeEKTPOMArHUTHBIX BOJIH
NPOU3BOJIbHOU U3JIyYalolei CUCTeMOH

1.1. Cucmema ypasHeHuii Makceenaa.
CmopoHHue UcCmo4HuUKu

VYpasnenus Maxceenna B TEOpUH AIEKTPOMArHETH3Ma UIPAIOT
TaKyIo JKe polb, Kak 3akoHbl HptoToHa B MexaHuke. B nuddepenim-
aTBHON (opMe I 00JIaCTH TPOCTPAHCTBA, CBOOOTHON OT HCTOTHH-
KOB M3ITyYCHHUs, OHH UMCIOT CJICAYIOIIUI BH/I:

rotH = a—D + j,
ot
-~ OB
rotk = ——, .
~ T (1.1)
divD = p,
divB =0,

raA€ B KaueCTBE BCIIMYHMH, XAPAKTCPUSYIOMIUX ISJICKTPOMAIHUTHOC

noJse, UCtojb3ytoTcs £ u H — BEeKTOpBI AJIEKTPHYECKOTO U MarHHT-
HOTO NoJsi, D 1 B — BEKTOPHI AJIEKTPUUECKON U MarHUTHOW MHIYK-
UM, j — BEKTOP IUIOTHOCTH TOKA IPOBOAUMOCTH B Cpelie, p— 00beM-
Hasl IIOTHOCTH CBOOOJTHBIX 3apsioB B cpelie. M3 mepBoro u TpeThero

ypaBHCHI/Iﬁ MakcBeiia BBITECKACT Ba)XKHOE COOTHOIICHHUEC, Ha3bIBac-
MO€ YpaBHCHUEM HCHIPCPLIBHOCTHU:

ap .=
——+divj =0. 1.2
o T (1.2)



Jannas gopmyna BeIpaxaeT TOT (akT, 4TO TOK MPOBOJUMOCTU
00yCIJIOBIJIEH IBM)KEHUEM CBOOOHBIX 3apsI0B.

Kpome Toro, cucrema (1.1) momxHa ObITH ONOTHEHA CHCTEMOMN
MaTepUabHBIX YPAaBHEHUH, B KOTOPBIX YUUTHIBAETCS BIUSHHUE CPEJIbI
Ha MPOTEKAIOINE SIBICHUS. DTH MaTepUaJIbHbIE YpaBHEHUs OmNpee-
JIAIOTCS 3aBUCHMOCTBIO BEJIMYMH, XapaKTEPHU3YIOLIUX I0JI€ B KOH-
kpeTHoii cpene, D,Bu j or E u H .

Bce peanpHBle cpellbl UMEIOT OTIMYAIOLIYIOCS OT HYJIS HPO-
BoaumocTb.  IlosTomy  1000€  AJIEKTPOMAarHUTHOE  SIBJICHHE
B Cpelie CONPOBOXKIACTCS peraxcayuell — SHEPrHsl HIeKTPOMAarHuT-
HOTO TOJIS EPEXOIUT B TEIUIO, NPOUCXOAUT ee duccunayus (pacce-
sHue). Takum oOpazom, 17151 BO30YKACHUS 3JIEKTPOMArHUTHOTO MOJIS
1 KOMIICHCALIMH TTOTEPb SHEPIUU Ha HAIPEBaHUE CPENbl HE0OX0OUMbL
CMOPOHHUE UCTOYHUKUL.

Jiis ynpolieHus peajabHOH 3JIeKTPOIMHAMUYECKON 3a1a41 Y100-
HO MCKJIIOUUTb M3 PACCMOTPEHHUS PeajbHbIe HCTOYHUKHU HJICKTPOMAr-
HUTHOTO 1oJist. J{J1s1 yyeTa ux BIMSHHUSA BO MHOTHX CJIy4yasiX 3TH HCTOY-
HUKHU 3aMCHSIOT BBEACHUEM HEKOTOPBIX TOKOB M 3apsiiOB, KOTOPbIC
U paccMaTpUBAIOTCSl KaK MEPBONPUYMHA BO3HHKHOBEHHUS JICKTPO-
MarHUTHOTO HOJSI U CYUUMalomcs 3a0aHHbIMU. DTH TOKH U 3apsizibl
MPUHATO HA3bIBaTh cmoponHumu. OHU y4acTBYIOT B BO30YXKACHUH
MOJIsl, OJHAKO CO3JAIOTCS OHU JPYTUMH NPUYMHAMH WA HHBIM
3JIEKTPOMAarHUTHBIM NOJIEM U cuumaromces uzeecmuvimu. Eciu 3Toro
HE JIeNaTh U KaXIyI0 MpodJeMy paccMaTpUBaTh BO BCEH €€ MOTHOTE,
TO J1100asi KOHKpETHAsl 3aJja4a CTAHOBUTCS TPYIHOPA3PEILIUMOH.

[IpruMepoM HCTOYHMKA CTOPOHHETO TOKa MOXKET OBbITh Cirydai
MOJKITIOUCHHS JIBYXIPOBOAHOW JMHUU K pa3pe3y METaUIN4ecKOro
npoBoja. TOK Ha MPOBOJE 331aeTC HA OCHOBE M3MEPEHHUI WITH TPH-
OMKEHHBIX NpeAcTaBieHU. J{Jsl yuera cTOPOHHUX TOKOB HE00XO-
MO TIepBOE ypaBHEHHE MakcBelia NpeACTaBUTh B BUJIE

-
—

roﬂ=%+}+im. (1.3)
o

rae jcm — IUIOTHOCTh CTOPOHHMX TOKOB B PAacCMaTpPUBAEMOM TOUKE
IIPOCTPAHCTBA.



AHanorugHo CTOPOHHUM TOKaM BBOIUTCA IMOHATUC CTOPOHHUX
3apsa0B. Ounu YUYUTBIBAKOTCA B TPETHEM YPABHCHUU Makcaeia:

divD=p+p_,- (1.4)
Trac pcm — 06'beMHa$I IIJIOTHOCTh CTOPOHHUX 3apsa0B.

B ciyuae nepeMeHHBIX moiel pyHKIMH jcm M p_ CBA3aHbI ypaB-
HEHHUEM, aHAIOTUYHBIM YpaBHEHHIO HenpepbiBHOCTH (1.2).

[Ipu BBEIeHNM CTOPOHHUX 3JEKTPUIECKUX TOKOB U 3aps10B MO/~
BEPraloTCcsi U3MEHEHUSAM IIpaBble YaCTH MEPBOTO U TPETHETO ypaBHe-
Huii Makcsemia. [1ojo0HbIe pacCcykIIeHUSI MOTYT OBbITh IPUBEICHBI
TaK)K€ B OTHOILEHHH BTOPOIO M YETBEPTOro ypaBHeHHH Makcaeiia.

Hanpumep, npaByro 4acTb BTOPOTO ypaBHEHMS BE/ Ot MOYKHO paccMma-
TpUBAaTh KaK IJIOTHOCTH MarHUTHOTO TOKa CMCHICHUA B CPCIEC. Tor-
Jla TI0 aHAJIOTHH CO CTOPOHHHM JJIEKTPUYECKUM TOKOM MOXXHO (op-
MaJIbHO BBECTH ITOHATUE CTOPOHHETO MATHUTHOT'O TOKA f;’i U BTOPOE
ypaBHeHUE MakcBeiua IpUuMeT BUJ
= OB =
FOItE = ——— j_... (1.5)
ot
AHaJNOTHYHO JUIsl 4ETBEPTOrO ypaBHEHUs MakcBemla MOKHO
BBECTH IOHATHE CTOPOHHUX MAarHUTHBIX 3apsA0B:

diB = p, (1.6)
rac pcmM — 06’BeMHaH IIJIOTHOCTBH CTOpOHHI/IX MAarduTHBIX Sap}I,HOB.

O"IeBI/II[HO, YTO BBCACHHBIC MArHUMTHBIC BCINYUHBI CBS3aHBbI
ypaBHEHHEM HenpepbiBHOCTH THIA (1.2).

HpI/I BBCACHUU q)I/IKTI/IBHI)IX MAarduTHBIX 3ap${£[0B U TOKOB H606—
XO0AUMO UMETH B BI/II[y, 4TO B HpI/IpO,Z[e HECT CB06OI[HBIX MAardimMTHBIX 3a-
pf{ﬂOB, a COOTBCTCTBCHHO, HCT U MAaIrHUTHBIX TOKOB. OHHaKO HUCITIOJIb-
30BaHHUC HOHHTI/Iﬁ }C‘fi nu pgi OKa3bIBACTCIA ITOJIC3HBIM HpI/I peIJ_IeHI/II/I

MHOTHX 3JIEKTPOJUHAMUYECKUX 3a7ay, HAIpUMep AJIsl UCCIIEIOBAHMS
LIETIEBBIX WM PAMOYHBIX M3JyyaTesield, Al aHajiu3a BO3OYXKICHHS
3JIEKTPOMAarHUTHBIX BOJIH B BOJIHOBOAAX, PE30HATOPAX U PSAE IPYTUX
MPUIOKEHUI.



Takum oOpa3zoM, MoOJHAas cHCTeMa ypaBHeHMH MakcBeia,
YUUTBIBAIOIAsl CTOPOHHUE JIEKTPUYECKHE U MAarHUTHBIE HCTOYHUKH,
MeeT BUJ

=

-~ oD -+ - = OB -
rvotH =—+j+j.., FOtE=————j_
6{ J Jcm- 6{ -}Cm (1.7)

divD=p+p_,. divB = pX.
CymectByeT W JApyrod NOAXOA, MO3BOJSIOUIMM HCKIIOYUTH

13 paCCMOTPCHUA PCAJIbHBIC MCTOYHUKU SJICKTPOMAIHUTHOI'O ITOJIA.
I[J'IH 9TOT'0 3TU UCTOYHUKHU 3aMCHAKOT BBCJACHUECM B YPABHCHUS Makc-

BeJlIa BHELIHETO JIEKTPUYECKOro U MaruutHoro nonst £, u H,,
KOTOpbIe 00pa3yroTcs B pesynbTare aeiictBust croporneit C (amek-
TPOJABMKYILASl CHJIa) U pacCMaTPUBAIOTCS KaK MEPBONPHYMHA BO3-

HUKHOBEHHUS 3JIeKTpOMaruutHoro nons. Otu E_, u H,, agautuBHO

nobasisrores kK E, H, u momydeHHoe 1oiie PUrypupyeT B ypaBHE-
Husix Makcpemuia. OJ{HAKO Ha MPaKTHKE JaHHBIA TOJXOJ| HE HAIIEeN
IIUPOKOTO PACIIPOCTPAHCHHUSI.

1.2. InekmpooduHamuyeckue nomeHyuaabl

ITpu aHanM3€ 3MEKTPOAUMHAMUYECKHX 3a/1a4 YACTO BBOASAT JOIIOJ-
HUTEJbHBIC BCIIOMOTATeIbHbIE (DYHKIMH, TTO3BOJISIONINE CYIECTBEH-
HO OOJIErYWTh HAXOXKICHUE PEUICHUs. JTH (YHKUUH Ha3bIBAIOTCS
noTeHuuansl. Kak mpaBuiio, X NpUMEHSIOT Ul pelIeHns 3aad IByX
TUNOB. BO-NEpBBIX, C IOMOLIBIO MOTEHIUAIOB HAXOMUTCS PELICHUE
3a7a4 0 BO30YKACHUH IOJIEH 3aJaHHBIMU HCTOYHUKAaMHU. BO-BTOPBIX,
MOTEHIHANBI TO3BOJISIOT 3()(EKTUBHO pelIaTh TPaHWYHBIC 3aayM,
B KOTOPBIX PACCMATPUBAIOTCS AIEKTPOMArHUTHBIE MOJIS IPU HATUYUU
TPAHMILL.

Paccmorpum cucreMy ypaBHeHU MakcBeiula IpyU HAJIMYUU HC-
TOYHHMKOB 3JIEKTPOMAarHUTHON 53Hepruu. IIpeamnonoxxum, 4To OHU
pacIoJIOKEHBI B OAHOPOJHOM M M30TPOIHON CpeNie ¢ MOCTOSHHBIMU
AUBIIEKTPUYCCKOM & M MarHUTHOMW 4 TPOHHI[AEMOCTsIMU. Eciun pac-
CMaTpUBaTh yYCTAHOBUBILIUECS IPOLECCHl U CUUTATh ISl IIPOCTOTHI



npeoOpazoBanuii 4To ¢ = 0, TO C yU€TOM MaTepUaIbHBIX YPaBHEHUH

D= gaE ,B= yafl cucTeMa IprHoOpeTaeT BUI:

-

= OE -
rotH :fsa?+jm,

C
= oH -
FOtE ==l —— = Jon: (1.8)
ot
divE=p_, €.,

Lo M
diviel = Pem /Jua .
U3 3T0ii cUCTEMbI MOXKHO TOJIYYHUTh YPABHEHUS JJIsl HAXOXKIACHHSI

OT/IENIbHO AJIeKTpHUYecKoit £ u marauTHO# H KommoHeHT moJist. Eciu
B3STh POTOP OT 00EMX YacTei BTOPOTO YpaBHEHHS U3 CHCTEMBI, TO He-
CJIO’KHO TIOJTYYHTh CIIEYIOIIee YpaBHEHNUE!

2 1 'y
~ oK 5 d -
AE —g 1, ci_j =4, qf’f” + ErAap o +mf-jc‘g. (1.9)
ot ot £

a

rie A —onepatop Jlamnaca. AHaIOTHYHBIM 00pa30M MOKHO TTOTYYHTh
YpaBHCHUEC U JJIA MarHuTHOW KOMITOHEHTHI TTOJIS.

Ot BCKTOPHBIC YpaBHCHHUA Ha3bIBaAOTCA HEOJIHOPOJIHBIMU
BeKTOPHBIMH ~ypaBHEHUsMH JlamambOepa WM HEOIHOPOIHBIMU
BOJIHOBBIMHW YPABHCHHUAMMU. OI{HaKO Ha MpaKTUKE HaWTH UX PEIICHUC
OBIBaeT 3aTPYTHUTEIHHO M3-32 HAJTMYNS B IPaBON YaCTH BBIPAKEHHIH,
CBSI3aHHBIX C ONepanusIMu (BPEMEHHBIMH WU IPOCTPAHCTBEHHBIMH)
OT BCJIMYMH, OIIMCBIBAIOIIUX CTOPOHHUE UCTOYHUKHU.

[TycTh cTOpOHHHME MCTOYHHUKH 33J[aF0TCSI C TOMOIIBIO AJIEKTpUYC-
CKUX TOKOB M 3apsiioB. Tak Kak JWBEPreHIUs poTopa JII000TO BEKTO-
pa paBHa HYJIO, TO U3 MOCJIEAHETO ypaBHEHUs cUcTeMbI (1.8) crmemy-

€T, 4TO BEKTOP BB MOKHO NPEJICTaBUTh B BUJIE

B =rotA (1.10)
1 BBIPA)KEHHE JUI BEKTOPA HANPSKEHHOCTH MArHUTHOTO HOJIst MOYKHO
3anmucarh Kak

H=rotd/u, . (1.11)

—

OnHako HEOOXOIMMO OTMETHTh, YTO BEKTOp A ompeneneH
HEOJIHO3Ha4HO. [TocKoIbKY



rot(grady)=0,
TJe ¥ — IPOU3BOJIbHAS CKAIAPHAs (YHKIHSA, TO BEKTOP

A = A+ grady (1.12)

TaKke OJHO3HauHO onpenensier B u H .
Torma u3 BToporo ypaBHeHus cuctemsl (1.8) HaiineM BeIpaskeHHEe
IUTS BEKTOPA HATPSHKEHHOCTH JIEKTPUIECKOTO TIOJIS:

Y
E=—5—grad(®). (1.13)

Takum o00pa3oMm, 3HAsE BEKTOP Z, KOTOPBI HAa3bIBACTCS
BEKTOPHBIM MOTeHIHAIOM, ¥ (yHKuuto @, KOoTOpas Ha3bIBacTcs
CKAJISIPHBIM TOTCHIIMATIOM, MOXHO OIPENEIUTh BCE BEKTOPHI DIICK-
TPOMArHUTHOTO MOJISI.

[Monyuum ypaBHEHUS, KOTOpPbIC MO3BOJISIIOT HAWTHU BBEICHHBIC
BbIIIe oTeHIwaibl. [logcraBum Beipakenus (1.11) u (1.13) B mepBoe
ypaBHeHue cuctembl (1.8). [Tocie HecoxkHBIX TpeoOpa3oBaHUll He-
TPY/HO HAWUTH CIICAYIOLIEE yPAaBHCHHUE!

a2

- 4 - . oD
A4 —sa,uao—):—,uajm+grad(dzwl+£aﬂa OTJ (1.14)
or ot ) ’

[TockosibKy BEKTOPHBIM NOTEHLIMAN ONPEAEISIICS HEOHO3HAYHO,
MO’KHO HOTpeOOBaTh, YTOOBI OH yJIOBJIETBOPSI 100AaBOYHOMY YCIIO-
Buio. Llernecoobpa3Ho MON0XKUT, YTO

- oD
divA+e,pu,—=0. (1.15)

ot
Cootnomenue (1.15) npuHATO HA3BIBATE yCl08UEM KATUOPOBKU

Jlopenya.
Torma ypaBuenue (1.14) mpuoOperaer cienyouuit BUI:

(o -
&‘4_61’2“1‘5(1?:_;‘50‘.}0‘}1' (116)

AmnanornyHo nonctasiss Gopmyy (1.13) ms Es TPEThE ypaB-
HeHue MakcBeruta u ucrionbiys (1.15), momyuum
3D _ Pem

AD —ggpig —3
ot £

(1.17)

a



Taxkum 06pa30M, mIECTh HpOCKHI/Iﬁ SJICKTPOMATrHUTHOT'O IOJIA

(Tpu IpoeKIMU BEeKTOpa E W TPH NPOEKINHU BeKTopa H ) MOTYT OBITH
OIpe/IeNIeHbI C MMOMOIIBIO YETHIPEX CKATSIPHBIX (DYHKIMH — TpeX Mpo-

ekl BeKTOpHOTO moTeHnuana A u ckamsiproro norennuaia O. He-
00X0IMMO OTMETUTB, uTO (hopmybl (1.16) u (1.17), kak u Ans BEKTO-

poB E u H, sSIBISIOTCS HEOXHOPOIHBIMH ypaBHeHHsMH Jlamambepa,
OJTHAKO TpaBble YacTH YpPaBHEHWI JUIS MOTCHIUAIOB MMEIOT Oojee
npoctoi BUA. VIMEHHO 3TUM U OOBSACHSETCA 11eJIeco00pa3sHOCTh UC-
MOJIb30BAaHUS BBEJICHHBIX MMOTCHIMAJIOB JUIsl PEIICHUS] TPAKTUIECKUX
3ajadu.

VYcnosue HopMUpOBKH JIOpeHIa He SIBISIETCS] €AUHCTBEHHO BO3-
MOKHBIM. VICTIONB3YIOT TaKkKe U IPYTHe COOTHOIICHUS MEXIY JJIEK-
TpOIMHAMUYECKUMHU ToTeHInanamu. Ogaako yciosue (1.15) okasbl-
BaeTcs Hanbosee yoOHBIM, TaK KaK MPUBOJUT K OJHOTHITHBIM BOJ-
HOBBIM YpPaBHEHHSIM I BEKTOPHOTO M CKAJISIPHOTO IMOTEHIINAJIOB.

Haiinem wactubie pemenust ypasuenuit (1.16) u (1.17), cum-
Tas W3BECTHBIMH CTOPOHHHE HCTOYHHKH. PaccMoTpuMm pemieHue
JUTS CKaJISIPHOTO MOTEeHIIANA.

[Ipenmnonoxum, 4TO AEKTPUUYECKOE I0JIE CO3/1aeTCS TOUSUHBIM
HEMOJIBUKHBIM 3apsiioM ¢(f), paclioJIOKEHHBIM B Hadyajle KOOPAWHAT.
Cpena ogHoponaHas 1 u30TporHas. Toraa B Jil000H TOUYKe MPOCTpaH-
CTBa, KpOME Hadala KoopAuHaT, W3 BeIpakeHus (1.17) momydaem

0OBIYHOE OTHOPOHOE BOTHOBOE ypaBHEHHE:
~2

o-@
ot
N3 chepudeckoit cHMMETpHH 3a1adul CICAYET, ITO pEIIeHUE 3a-
BHCHUT JIMIIb OT PACCTOSHUS O TOYKHM HAOJIOACHWS 7 U TOSTOMY B
cthepuaeckoi cucreme koopauHat (1.18) mmeeT Bua
1 0( ,00 . o*D
— P ey, —
rror\ or @ or
[Tony4yeHHoe BhIpaKeHUE TPEACTABISET COOOH U3BECTHOE YpaB-
HEHHE AJIS DJIEeMEHTapHOH chepryeckoil BOIHBL, 00Iee pelieHne Ko-
TOPOTO €CTh CYNEPIO3UIHSI CXOSIIEHCS 1 pacXoseics cepuue-
CKHUX BOJIH

=0, (1.19)



U(t+r/v) N U,(t—r/v)

r r

®=

(1.20)

rne Ut + r~v) m U(t — r/v) — NPOM3BOIBHBIE JIBAKIBI

muddepeHnupyembie GYHKIIMA CBOMX apryMEHTOB, V = l/ WJEM, —
(ha3oBast CKOPOCTH BOJIHBI.

[TockonbKy HMCTOYHUK TIOJISI COCPEJOTOYEH B OrpaHMYEHHOH
obyiactu, TO cxonduasica cdepryeckas BOJIHA MOXKET BO3ZHHKHYThH
TOJIBKO B pe3yJbTaTe OTPasKeHUs pacxousieiics chepuaeckoil BOIHBI.
Tak kak MOPOCTPaHCTBO CUUTAETCS OAHOPOAHBIM, TO OTPAKCHHOU
BOJIHBI HE MOXKET ObITh U QyHKIMIO U (7 + 7/v) MOJICHO CUUTATh PABHOK
HYJIIO.

O4eBUAHO, YTO 3HAYCHMS MOTEHLIHUAIA JOJIKHBI ONPEACIATHCS
WHTEHCUBHOCTBIO MCTOYHHKOB TIOJIA, a BeIpakeHHe Uit @ moimkHO
OBITH CIpaBeUIMBBIM IPH JI0O0M 3aKOHE U3MEHEHUSI HHTEHCUBHOCTU
9THX UCTOYHUKOB.

s cratmueckoro ciyyast (3akon Kymnona) uz gopmynst (1.13)
CIIEIyeT, UTO

q é; oD
"dre, r or

Qp

E= (1.21)
" IIO2TOMY IIOCJIC I/IHTGFpI/IpOBaHI/IH MO’KHO HaWTH BCJIMUMUHY CKaJISIP-

HOT'O ITOTEHLIHAJIa
g
4ze, r

= (1.22)

B ciyuae ecnu 3apsa M3MEHSAETCSI OT BPEMEHH, €CTECTBEHHO
MPEANoNIOKUTH ¢ yuetoM (1.20), uto

o(r =241 (1.23)

dme ¥
Ecin 3apsin  cocpemotodeH B o0beMe V¢ IIOTHOCTBHIO

Pen = Pen(F51), TO CKAJISIPHBINA MOTEHIMAN, O0YCIOBICHHBIN MPOU3-

BOJIBHBIM PacIipe/ie]ICHHEM CTOPOHHHX 3apsiioB B 3TOM 00beMe, MO-
JKET OBITh HaMJIEH C MTOMOIIBIO CIEAYIOIeH (pOpMYJIIbI:

O(7.1) = jﬁﬁrrh_”ﬁkv. (1.24)

=

4re, ; r—r

10



HOCKOJ’IBKy YpaBHCHUA AJid BEKTOPHOI'O U CKAJIAPHOI'0 MOTCHIIU-
AJIOB OAHOTUIIHBIC, HACTHOC PCHICHNUEC YPABHCHUSA AJI1 BEKTOPHOT'O 110~
TCHIKaJla UMCCT BUI:

A1) :ﬁjjﬂ”(r L= ‘i,_r ) e (1.25)
4z F—7

V

[Tomyuennsie Boipaxenus (1.24) wu (1.25) wHazwpBaroTCA
3ara3/bIBaoIiMHU MOTEHIIHAIaMH, TaK KaK UX 3HAYEeHHUS B 3a/laHHON
TOYKE B 33/1aHHBII MOMEHT BPEMEHH OIPEJIEISIIOTCS COCTOSHUEM HC-
TOYHHUKA B O0Jiee paHHUI MOMEHT BpEMEHH.

Kpome BEKTOPHOro M CKaJISIPHOTO MOTEHIMAIOB, YacTo AJs 00-
JIETYCHUS! PEIICHHUS HCIIOIB3YIOT TaKyI0 JOMOJHUTEIBHYIO (DYHKIIHUIO,

Kak BekTop 'epiia G . B otmmune ot A u ® BBeseHME BekTopa ['epua

JIa€T BO3MOKHOCTB JUIsl HaxoxkJaeHus Bektopo £ m H wncnonsso-

BaTh OJIHO BEKTOpHOE ypaBHeHue wist G .
ITockonbKy BEKTOPHBIM U CKaJSpHBIA NOTEHLIHUAJBI CBA3aHbI CO-

otHoteHueM (1.15), To MOKHO BBECTH (PYHKIIHIO G, KoTopasi o0pa-
aeT ero B ToxiecTBo. OYEeBUIHO, UTO
o oG
& =-divG, A=ua8a5. (1.26)

B sTOM citydae HanpsHKEHHOCTH MOJISt MOTYT OBITh IIPEICTaBICHbI
yepe3 BekTop 'epua ciexyrommm oOpazom:
5=

E=-¢,u, %tZG + grad(divél H=¢, gtroté . (1.27)

[lyreM TOACTAaHOBKM A3THX BBIPXKCHUH B TEPBOC YpaBHEHHE
Maxkcsemia cuctemsl (1.8) HeTpynHO mMmoka3aTh, 4TO BeKTop I'ep-
I[a YAOBIICTBOPSICT CIEAYIONIEMY HEOJHOPOJHOMY BOJHOBOMY
YpaBHEHUIO:

AG—Eaﬂa?:—jgﬂdf'. (1.28)

[Tony4yeHHOE COOTHOILIEHNE HECKOJIBKO cioxkHee Gpopmyi (1.16),
(1.17), Tak kKaK coAEep>KUT B MpaBoi yacTu uHTErpan. OgHaKo B psje
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CllyyaeB OKa3blBaeTcs yJAOOHEe MpH aHaJM3€ HCIOJIb30BATh BEKTOP
I'epua.

OueBuaHO, YTO pemieHue ypaBHeHus (1.28) moxer ObITH Hpea-
CTaBJIEHO Yepe3 3aIa3/(bIBaroIlnii MOTEeHIINAT

G@F.0) _——jdV j T PO =FI) 4 (1.29)
d7e, |r '

Onrcanue UCTOYHUKOB H3JIYyUCHU 4€PE3 BBCACHHBIC PAHCE CTO-
POHHUC MArMTHBIC TOKH W 3apsAaAbl IMO3BOJIAIOT BBECTU MAarHUTHBIC
IIOTCHIINAJIbI. BLIpa)KeHI/IH, OIIKCBhIBAOIIUE UX CBA3b C HCTOUYHHKAMMN
I10JI1, aHAJIOTMYHBI IMOJYYCHHBIM BBIPAXKCHUAM I DJICKTPUYCCKUX
TOKOB H 3apsIIOB C COOTBETCTBYIOIIEH 3aMEHOI MapaMeTpoB, UCXOAS
13 IPUHIMIIA IBOMCTBEHHOCTH ypaBHeHU MakcBemia. B pesynbrare
IIOJIyYUM:

E= —rotAM/ga ,

r 7 M M

H=-04 /8t—grad¢ R (1.30)
¢ = —divG" , A" = g,u,0G" Jor.

BBGI{CHHI)IG MOTCHUHAJIBI YAOBJICTBOPAOT aHAJIOTMYHBIM HCO/-
HOpPOJHBIM ypaBHeHMSM JlamamOepa (C cOOTBETCTBYIOIEH 3aMeHOM
TOKOB U 3aps7I0B), KOTOPBIE UMEIOT PEIICHNUs B BUIE 3aIa3/[bIBAIOIINX
MAarduTHbIX ITIOTCHIIUAJIOB.

PaccMmoTpuM ciaydail rapMOHHUYECKOIO HOJIsI, KOTOPOE CO34aeTCsl

TapMOHHWYCCKUMU CTOPOHHHUMU TOKAMH U 3apaaaMu. HpCZ[CTaBJ'Iﬂﬂ BC-
JIMYMHBI, OMUCBIBAIOIIUC 3JICKTPOMATrHUTHOC T10JIC, YEPE3 KOMITJICKC-

HBIC aMIUTUTY/IBI (}TT (r.t)= Re(ﬁm (7)- exp(—iax’)]._ TIOJIyYUM YCIIOBUE
KaITMOPOBKHU:
divd,, —ioe u, @, =0. (1.31)
Toraa 1js KOMIUIEKCHBIX aMIUIMTY/I BEKTOPOB TIOJISI UMEEM Clie-
JIYIOIIIUE BBIPAKEHUS:

Ei,, =m§m —grad((i)m]—zmz +i Mdﬂ—AJ Pj’m:rotjlm/ﬂa. (1.32)

WE L,
s BexTopa ['eplia mosryyaroTcs ClieAyIomue COOTHOICHHS:
= —divém._ A, =—ioue,G,,. (1.33)
12



= 2 = . = = . . =

E, =0 u,g,G, + gmd(dszml H, =—iwe,rotG, . (1.34)
[TpuBeneM sBHbIN BUJ 3aBUCUMOCTEH AJIs1 KOMIIIEKCHBIX aMILIU-

Ty HaNpsKEHHOCTEH MO P 3aJaHUU UCTOUYHUKOB Yepe3 MarHuT-

HBIE TOKU U 3apsbl

A M - . d\dival! |
E,=-%n g —jai &Y oA : (1.35)

=
g, DEL N,

M
rae A, — KOMIUIEKCHasi aMILUTHTY/[a MATHUTHOTO BEKTOPHOTO MOTEH-
[paa.

MarnutHbslé BekTop ['epua BBOAUTCS aHAIOTHYHO. BhIpaskeHus,
OTIPEICISIIONINE HAPSXKEHHOCTH 101, UMCIOT CIICTYIOIINM BU:

E —Iﬂ)ﬂa?‘GIGM ﬁ' = &’ L&, Gw +gmd(dnGMJ. (1.36)
B ciyuae rapMOHMYECKOTO TIOJSI BBIPAKCHUS ISl HAXOKICHHUS

KOMIUICKCHBIX aMIUIUTYyA MOTCHIMAJIOB 4Y€pPE3 3aIlaHHBIC KOMILJICKC-
HBIC aMIIIUTY bl CTOPOHHUX HCTOYHUKOB UMCIOT cneuy}omﬂﬁ BU:

[ Peen )0 7D,

d (7= ,
n (") 47e, 5 F -7
. -k—'-_—'-r
4,()= J“’”"”( )fxpff F iVDa’V', (1.37)
4, : F—7
= T, 7 — 7
Gm(?_:) _ 1 J‘JCHT?H(F ) EXP(I |'V F |)dV',

. - =
dmime, s, F—7
rae k = w./&,1, = @V — BOIHOBOE YHCIIO0. AHAIOIUYHBIC BBIPaXKe-

HUA MOT'YT OBITH 3aIUCAHEI U IJId cilydas, Koraa Ajid 3aJaHus uCTo4-
HUKOB U3JTYUYCHUS UCIIOJIL3YIOTCS MAarHUTHBIC TOKU U 3apsAAbl.
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1.3. XapakmepucmuKu noJ/s u3J/y4eHus
npou3eo0/1bHOl cucmembl

Kak 0pu10 MoKa3aHo BeIIE, B 00IIEM CiTydae 3JIeKTPOMarHUTHOE
MoJie, CO3/1aBacMoOe W3IYy4alolmell CHCTeMOH, MOXKET OBITh
MIPEJCTABICEHO Yepe3 3ama3zbIBalollie MOoTeHIuai sl. B ciydae
TapMOHMYECKOW 3aBHCUMOCTH OHH ONPEAETSIOTCS COOTHOIICHUSIMU
tuna (1.37). DT BbIpaxeHNs SBISIFOTCS CTPOTUMH U IPUMEHUMBI TTPU
JF000M B3aMMHOM PACIOIOKEHUH TOYEK HCTOYHUKOB M HAOJII0IEHUSI.
OpHako Ha TPAaKTHKE ¢ WX TOMOIIbIO, KaK MpaBWIIO, HE yAaeTcs
MOJYYUTh AHATUTUYECKUE BBIPAKEHHUS U M3ITyYaIOUINX CHUCTEM.
[llupokoe pacrnpocTpaHeHHE TMOJNYYMI TOJXOJ, TO3BOJISIONINNA
C TOMOUIBI0 YHPOUIAIOIIMX MPEANOJI0KEHUA HaWTH TPUTOHBIE
pemienus. DTH YIPOIIEHUs CBs3aHBbl ¢ pa3OMeHHEeM MPOCTpaHCTBA
Ha OJIMKHIOI, MPOMEXKYTOUHYIO U JAIBHIO oOiiacTu. PaccMoTpum
JUTS TIpUMeEpa BEKTOPHBIN MOTEHIINAN, CO3/IaBAEMBI SJIEKTPUIECKIMHU
TOKaMH, PACIIOJIOKEHHBIMH B 00J1acTH V, nMeromeid MaKCUMaTbHBIN
MUHEHHBIN pasmep L (cm. puc. 1.1).

’
I3
e s

#

X

Puc. 1.1. 'eomeTpust 3agaun U3J1yueHUs

= o "u JCHT
4 (F) =% ”
() 4:4

() etk =)

-7

(1.38)
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B cdepuueckoii cucteme KOOpAUHAT BEINYMHA \77 - 7'\ MOJKET
OBITH OMpe/ieNieHa CIEAYIONINM BhIPaKCHUEM:

= = .2 )
|F—r'|=\/i” +7"* —2rr"Cosy . (1.39)

Ecnamn Touka HaOmomeHHs HAaxXOAWTCS BHE 00beMa, B KOTOPOM
PaCTOIOXKEeHBI HICTOYHUKH, TO ' > L, r > ' u popmyiy (1.39) MoxkHO

NpEACTABUTH B BUJC PA3JIOKCHHUSA 10 CTCIICHAM r/r:
2

' 2 .
F—7|=r 1—£Cos,v + 1(1] Sin'y + l[ij St 9Cosy + ... |. (1.40)
r 2Lr 2\ r

JlabHIOI0 30HY WCTOYHHMKA W3IYUYEHHs OIPENeIsIFOT HepaBeH-
CTBOM 7 > L, BcreactBue 4ero 7 > r'. [loaromy B 3HameHarerne (1.38)
MOKHO OCTaBHTH TOJBKO OIHO (IIEPBOE) cllaraeMoe, a B IOKasaree
AKCITIOHEHTHI — JIBa 4iieHa. B aTom cirydae (1.38) MOXHO TIpeICTaBUTh
KakK

A (F) :%Wij:jmm(?')-exp(—fkT'Cosy)dV'. (1.41)

[Ipenebpexenne dieHaMu BTOPOTO U 60JIee BBICOKOTO TOPSIKA
BEJIMYMHBI 7'/ B TIOKa3aTelle SKCIIOHEHTHI COOTBETCTBYET TOMY, YTO
OTOPOIIEHHBIE YWIEHBI MaJIbI [0 CPABHEHHIO C 277. DU3NYECKH 3TO 03-
HA4YaeT, YTO Pa3HOCTh XOJa MEXKAY JIY4OM OT TeKyIIeld TOUKU MHTe-
TPUPOBAHUS JIO TOUKU HAOJIOJICHUS U JIy4OM OT Hayalla KOOpAWHAT
JI0 TOYKH HaOJOACHUS IPEHEOPEKMMO Majla M 3TH JIyYd UJIYT MpaK-

TUYECKH TapauienbHo (yron y = 0). ['paHuily NpIMEHUMOCTH BbIpa-
skeHust (1.41) MOXKHO OLIEHHUTH 110 BEIMYUHE TPEThEro (OTOPOIICHHO-
r0) cllaraeMoro B Iokazareie dKCIOHeHTh. PasHocTh (a3 aTHX ABYX
nmydelt ¢ yuetoM Tperbero uiena B (1.40)

Ag = kSin*y 1 /(2r). (1.42)

[Mockonbky 7' < L/2, To dazoBas ommobdka A¢g < kL?/(8r). OObI4HO

TOJIaraoT, 4To A¢ = /8, M TOrJa HMKHAA (BHYTPEHHSSA) rPaHULA
JabHel 30HBI ONpeeIsIeTcs KakK

Foin 2 2L/ 2, (1.43)

mi
rae 4 = k/(2n) — nnuHA BONHBI M3ny4YeHus. O4eHb 4acTo AalbHIOK
30HY Ha3bIBAIOT 30HOI DpayHrodepa.
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Bripaxkenune ans HaxoxxaeHus: noreHiuaia (1.41) MoxHo npea-

CTaBUTh B BUJIC POU3BEICHUS CKAISIPHOU U BEKTOPHON (DyHKIIHH:
ex: zkr
4, (7) = %Pﬁ(ﬁ,@), (1.44)

4

T1€ COMHOXUTECIIb PE J‘JCM” exp( —ilk' Cos V]dV 3aBUCUT

JIMIOB OT YIJIOBBIX KOOPJAWHAT TOYKU Ha6J’IIO):[eHI/If{.

B cjydac €CJIM UCTOYHHKU M3JIYyYCHHS 3aJJat0OTCSA MarHUTHBIMU
TOKaMH M 3apsaiaMu, IOTCHIHAJIbI MOTYT OBITE NpEaACTaBJICHBI HO}:[O6-
HBIMU BBIPAKCHUSAMMU.

13 ¢opMya BEKTOPHOTO aHAIIM3a POTOP OT IPOM3BEICHUS CKa-

JSIPHOH f# 1 BEKTOPHOH (PyHKIMIA N paBeH’
rot(ﬂﬁ)z S -rotN + [grad,B X ]\7], (1.45)

rIe l& x bJ — BEKTOpPHOE TPOM3BEICHUE BEKTOPOB. DTO TO3BOJISET
MIPEJICTAaBUTh BBIPAYKEHHE JUII MarHUTHOTO 107151 U3 (1.44) B BUze

L= L{M rotP% + {gmd[m] x P? }} (1.46)
4 r r

HOCKOJ’IBKy B C(i)epI/I'ICCKOI/I CUCTCMC KOOpJAUHAT C OpTaMu

(er,eg,e

I

1| 1 &N, ﬁ(rN,;,) = 1[8(rN,) SN,}
- - +e,—| —Z—— |, .
;[ O } %r[ or 06 (1.47)

rm{@@@“ﬂ:f{aW@wﬂé [f :]amuﬂe (149)

F

TO B JIAVIbHEH 30HE YJICHAMH, UMCIOIIUMHE PAHALHYIO 3aBUCUMOCTD
1/7? , MmoxHO IpeHebpeus. B pesynbrate nuMmeeM

\(p2.5,-P:3,). (149

b= ik exp(zk"r[ PE] 1 exp(ikr)
" 4r r 20 1

Torna w3 mneporo ypaBHeHusi MakcBeiula B 00JIaCTH, IZie
OTCYTCTBYIOT HCTOYHUKH U3TYUCHHS, TTOTYIUM
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= rotH iZ, exp(iky) (.5 = E 3
E, =T ;—BL(P o6, +P%,8,)  (1.50)
—iwe, 24 r
rae Zy =+l {4, /€, —BOIHOBOE (XapaKTEPHCTUIECKOE) CONPOTHBICHUE
CpeJibl paCpPOCTPAHECHHUSL.
Kak criemyer U3 HaliIcHHBIX 3aBHCHMOCTEH, MOJEe B JajbHEH

30HE WMEET TIOMEePEeYHBIH XapakTep, BEKTOPHI E u H B3aumno
OpPTOTOHAITBHHBL. B OKpecTHOCTH JIF0001 TOUKHN HAOIIOICHNS B JATbHEH
30HE KOMIIOHEHTHI £, 1 H¢ , & TAaKXKe Ew u H, naxonarcs B pase u nx
OTHOIIIEHUE PABHO XapaKTEPUCTUIECKOMY COTIPOTHUBIICHHUIO CPEJIbI:

=Zy, t=-Z,. (1.51)

3aBUCHMOCTh TIOJISI OT PACCTOSIHUS MMEET BHJ PacXoJslieics
cepuueckoii BoiHbI exp(ikr)/r. Hamnpasienue u aMIuIuTyia BEKTO-

poB Em u H ,, 3ABUCHT OT UHTEHCUBHOCTU U OPUEHTALIMU CTOPOHHETO
HCTOYHHUKA U YIIOBBIX KoopauHat @ u ¢. Iloatomy B obuiem ciyyae
9Ta BOJIHA HE SBISIETCS OJHOPOIHON chepruecKoil BOITHOM.

VYTri0Boe pacrpenesieHHe COCTaBIISIOLINX 3JIEKTPOMArHUTHOTO
I0JIs1 B JAJIbHEH 30HE HE 3aBUCHUT OT PACCTOSIHUS 7 K MOXKET OBITH OITH-
CaHO C IOMOUIBIO CIIEAYIOUINX XapaKTePUCTHUK:

Fg(Hs(O): Eﬁ(e’(o) Fw(g,(ﬂ): EW(H,gp)
‘Eﬁmax(017¢)1) ’ ‘Ezpmax(gp(pz)

rue 491, P, u (92, ¢, — YIJIBL, 7151 KOTOPBIX UMEIOT MECTO MAaKCHMaJlb-
HBIC 3HAYCHUA JId COOTBETCTBYIOIIMX KOMIIOHCHT ITOJIA. (DYHKHI/II/I
F, u Fw Ha3bIBAIOT HOPMHUPOBAHHBIMU XapaKTEPUCTUKAMH Halpas-
JICHHOCTH I10 TOJIFO JIJIi COOTBETCTBYIOIIUX cocTaBistonux. ['padu-
YECKOEC I/I306pa)KeHI/Ie OTUX KPHUBBIX HA3bIBAIOTCA HOPMHPOBAHHBIMH
JIuarpaMMaM# HAIpaBJICHHOCTH 10 TIOJIIO.

Cpennee 3a mepuoj 3HAYCHHE IUIOTHOCTH TOTOKAa MOIIHOCTH
(cpennee 3HaueHue BekTopa YMoBa — lloiiHTHHTA) B maimbHEH 30HE
OTIPEIEISIETCSI COOTHOIIICHUEM

. (1.52)

=

1 [« =.] & (. 2. 2
HzERe[Em <H, }:%[\Ems(e,(p)\’ +|E,, 6.9] ] (1.53)
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W3 (1.53) cnenyer, uto BekTop YMoBa — [loiiHTHHTa B nanbHEH
30HE HAIMpPaBJICH B PaJIMATIbHOM HAIPABJIICHUHU, @ MHUMAs 4aCTh CPE/l-
HEro 3HaueHUs IUIOTHOCTH IMOTOKAa MOIIHOCTH paBHa 0. O4eBUJIHO,
YTO 3aBUCUMOCTH

\ﬂ(e,m\

F*(6,0)=
ol

(1.54)

rae ‘I:I (6 ,qao)‘ — MaKCHUMAaJIbHOE CpeAHee 3HAYCHUE MOy BEK-
Topa YMoBa —mﬁOﬁHTHHFa, 3a]1aBaeMoro yriuamu 6, ¢, ONHUCHIBACT
YTJIOBOE paclpeiejieHne MIOTHOCTH MMOTOKa MOUTHOCTH M Ha3bIBaeT-
Csl HOPMHPOBAHHOM XapaKTEPUCTUKON HAIIPABJICHHOCTH IO MOIIHO-
CTH, a ee rpadUK — HOPMUPOBAHHOU JHATpaMMOIl HANPaBICHHOCTH
10 MOIITHOCTH.

PaccmoTpum moBeieHre MOJs N3TYyUCHUS B TPOMEKYTOUHOM 00-
nactu. Ee Takxe HazbiBatoT 30H0M Dpenens. B aTom ciyyae npu onpe-
JICJICHUH TIOJISI B COOTBETCTBHM ¢ (hopmyroii (1.38) B 3HaMeHaresne
MOXHO, KaK ¥ ISl JAIbHEH 30HBI, OTPAHUYUTHCS MPHOIIHKCHHEM

[F —7'|=r, a B nokasarene SKCIIOHEHTHI y4eCThb TPH CIAraeMbIX
B pasznokern# (1.40). Torma BeIpaskeHHE TSI BEKTOPHOTO ITOTEHITHA-
na (1.38) mpuHUMaeT BUI
1 exp (ikr) o F'Sin’y ,
A (F) = “47J']CM exp[ ikr (Cosy—T)]dV . (1.55)

'

Jlyist onpeJiesieHusi KOMIIOHEHT HAMPSHKEHHOCTH OISl HEOOXOIH-
MO BBINIOJTHUTh OTEPAIMH #0t U OTOPOCHTH, KaK U MPH HAXOXKJICHUH
OJIS B JanbHe# 30He, wieHsl 1/72 u 1/73. OgHako MoyYeHHbIE BhI-
paKEHHUSI TIPU MTPOU3BOIHLHOM XapakTepe pachpeieieHUus] CTOPOHHHX
TOKOB OyayT UMETh O0Jjiee CIOXHBIA BH. OIEeHKH TTOKa3bIBAIOT, UYTO
npuommkenue 306 Openens (1.55) oka3pIBacTCS CIpaBEITUBBIM
JUISL PACCTOSIHUH, yIOBIICTBOPSIONINX YCIOBHIO

1/3 2
L L(L 2L
—+— ( ) <r—. (1.56)
4 2\A
[TepBoe crmaraemoe B (1.56) yIUTBIBa€T aMIUTUTYIHYIO OITHOKY,
BO3HHKAIONIYIO M3-32 OTOpachIBaHWS B 3HAMEHATENEC WICHOB (7/7)",

HauuHas ¢ n = 1 B paznoxenuu (1.40) u BoIIIE.
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B ClIy4dac aHa/in3a IoJid B OmmKHEH 30HE H606XO,I[I/IMO HCIIO0JIb-
30BaTh TOYHYIO q)OpMyJ'Iy JJI ONIPEACIICHUS BCKTOPHOI'O IMOTCHIHA-
na. B 9T0i1 30HE MOJIe UMEET Kak MOonepeyHyr, Tak U MpPOAOJIbHYIO
COCTAaBJIAIOIIYH0, 3aBUCUMOCTH OT PAaCCTOSAHHUA UMECT HGperJ’IHpHBIfI
XapakTep. B 3HauuTenpHOM CTeNeHu OoHAa OIPCACIACTCA XapaKTECpOM
HpOCTpaHCTBGHHOI\/'I 3aBUCUMOCTHU pacnpeacsiCHUus CTOPOHHUX UCTOY-
HHUKOB.

1.4. [loaspuzayuoHHble napamempul N0 U3/1YYEHUS

Kak cinenyer u3 momy4yeHHbix Beipakenuit (1.49) u (1.50) B gans-
HEell 30HE SJIEKTPOMArHUTHOE TOJe HOCHT MOMEPEUHBId XapakTep.

Jlis onucanus noBeeHus Bektopa E (wim H ) B muiockoctu, nep-
MEeHIUKYJISIPHON HAMpPaBICHUIO PACIPOCTPAHEHUS H3ITy4YEHHUsS], BBO-
JIUTCS OHATUE ToNsApu3anuu. Ecau BBeCTH TOKaIbHYIO JEKapTOBYIO

CHCTEMY KOOP/MHAT, B KOTOPOH OPT €, COBIAaJaeT ISl TOUKH HaOIIo-

JIEHNs C €, B UCXOIHON CHCTEME KOODPIMHAT, a JBa APyrux 0003Ha-

YNTh €, U €,, TO B IUIOCKOCTH MEePNEH/MKYIAPHON HalpaBIeHNIO
pacnpocTpaHeHHs TApMOHHYECKOH BOIHBI £ MOKeT OBITh ITpeacTaB-

JICH B BUJI€ COBOKYITHOCTHU ABYX COCTABJIAIOIIUX:
E_=E, Cos(at—kz+4.)=Re(E_exp(—ior))

_ ) _ (1.57)
E =E,Cos(aX—kz+¢,)= Re(E}. exp( —zwr)].

e r=t-(kfo)z=t-z/v, E =E,exp(-ig). E,=E, exp(~ig,).

ak , Emy, b, ¢y — IIOCTOSTHHBIE TCHCTBUTEIBLHBIC aMILTUTYIBI B (Da3bI

OPTOTOHAJBHBIX COCTaBIISIONMX BekTopa E. Uckmrouus u3 (1.57)
BPEMEHHON MHOXKHTENb, TOJYYHM ypaBHEHHE, KOTOPOE OIHCHIBAET

COCTOSAHUC MOJIApHU3alluv BOJIHBI:
2 2

E E
X n Y _ 2 E
E,. E E

rae A= ¢y —¢.

E'L’ .2
X < \CosA =Sin"A, (1.58)

mx Sy
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VYpasuenue (1.58) ecTb kKaHOHMUYECKOE ypaBHEHHUE 3JUINIICA, TO
ecTb B 00IIEM cilydae MpH paclpoCTPAaHEHUHU BOJIHBI KOHEIl BEKTOPa

E nBUXKeTCs 1o JUTMITUYECKON TpaekTopuu (cM. puc. 1.2).

Puc. 1.2. Dnnunc nongpusanun

[Ipu A = 7/2 + 7n ocu PIUTUTICA COBIIATAIOT ¢ OCSIMH KOOPAMHAT,
anpu £ =FE 3UIMIC BBIPOKAAETCS B OKPYKHOCTh. B 3THX cityuasx
mx my
TOBOPST OO JJUTMOTHYECKON W KpyroBoWl mojspu3zanvu. B ciydae
MIpaBO TMOJSIPU3AIMH BEKTOP BPAIAeTCs 10 YacOBOH CTpeJKe, eCin
CMOTpETh B HaIlPaBIIEHUH PACIPOCTPAHEHWS BOJHBI, & B CiIydae
JIeBOH — TPOTHUB dYacoBou crTpenku. Ha pwme. 1.3 mpexacraBieHo

NPOCTPaHCTBEHHOE M3MEHEHHE BeKTopa £ mpu pacmpocTpaHeHHH
BOJIHBI C KPYTOBOM MOJISIpU3aLUei.

[lpu A = +zn u3 (1.58) cnenyer, uro BexkTop E koneGuercs
B INIOCKOCTH, UMEIOLIEH YTOJl HAKIOHA , , OTHOCUTENIBHO OCH X:

B 3TOM cityvae mossipu3anusi Ha3bIBaeTCs TMHEHHOM.
CocrosiHUE TOSIPU3AIMHA MOKHO XapaKTEPU30BaTh C TIOMOIIBIO
MHOKUTEINS ToJisipu3anui (pazopa):
E. E,
P=_X="m 0 (1.61)
E,  E

¥ my
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Puc. 1.3. TTonosxenne BekTopa MpH KPYTOBOH MOISPH3AIAN

[Ipu komruiekcHOM P monsipu3anus 3IEeKTPOMArHUTHOW BOJIHBI
SJJIMNITHYECKAS, €CJIM P — 4MCTO MHUMOE, TO OCH JJUIMIICA COBHAJAIOT
C OCsAMH KoopauHAT. KpyroBoil momspu3aliii  COOTBETCTBYET
3HaueHue P =i (1oJ0XUTeNbHBIN 3HAK [T TPABOH, 8 OTPULIATEIIbHBIH
— JUTsI JIEBOH TToIIsIpu3aIu ). JIMHeHO# monsipu3aiu COOTBETCTBYIOT
JIeliCTBATEIbHEIC 3HaYCHUS P.

[IpuBenennoe B (1.57) paznokeHue mpeaCcTaBIseT cOOOW pas-

JIOKCHUE B JIMHEHHOM TOJIIPU3aLMOHHOM Oasuce (e ,é’_). B nexo-
TOPBIX MPHJIOKECHUSIX yA0OHEe MPEeICTaBIsATh COCTOSIHUE MOJSIpU3a-
LUH TI0JIS1 B BUJE CYNEPIO3UINN BOJH C MPaBOH M JIEBOM KPYroBOM
noJsipu3anueil (pasyiokeHue B KPyroBOM IMOJISIPU3ALMOHHOM Oasuce

(€z,€;)). CBsA3b MEXKIy KPYTOBBIM W JIMHEHHBIM OPTOHOPMHPOBAH-
HbIMU Oa3zucamu omnpezesnsiercs GopMmyiaMu:

éo=(6 +ie.)j\2. 6, =6 -ie )/ \2
fn on (o, o~ : (1.62a)
(622 ):L € -¢ ):L 6z ¢, ):0
é]lz(éR+él)/ﬁ= é_:f(él_é}z)/ﬂﬁ- (1.626)
B sroMm cnyuyae moisie ¢ NpOU3BOIBHOM MOJSIpU3aLMENd MOXKHO
npeacTaBUuThb B BUJC

E=E

LT

+E € =Ee,+E €. (1.63)
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DJNEeKTpOMAarHuTHBIE  BOJHBI  paJMOIMana3oHa  OOBIYHO
MOJISIPU30BaHbl. B OTIMUYME OT 3TOTO 3JEKTPOMATHUTHBIE BOJIHBI
ONTUYECKUX IHANa30HOB MOTYT OBITh KaK MOJSPHU30BaHBI, TaK
U HE MOJSIPU30BaHbl. B cilyyae HErapMOHHYECKOTO HCTOYHHMKA
u3IyueHus mapamerpel E ., E ¢ (/Sy B BbIpaxkeHun (1.57)
He OyAyT TOCTOSHHBIMH BO BPEMEHHM M TIOBEJICHHE BEKTOpa E
B TIONIEPEYHON HAPABJICHHIO PACHPOCTPAHEHUS! BOJIHBI IIOCKOCTH
Oyzer wuMeTh CIOXHBIM Xapakrep. CocTosiHME MOJIIpU3aLUN
JUTS HEMOHOXPOMATHYECKOW BOJHBI (TaK e, KaK U TapMOHUYECKON )
MOXHO XapaKTepH30BaTh pa3IW4YHBIM o00pazoM. OdeHb YaACTO
HCHOJB3YI0T napaMeTpbl CTOKca, KOTOpbIE B MPHUHATHIX 0003HaYe-
HUSIX IMEIOT BUJL:

I=EE,+EE, =E,  +E, .
O=EFE,-EE, =E, ' -E,°,
U=EE,+EE, =2E,.E, CosA,
v =i\t E, -E E,|=2E,E,,SinA.

(1.64)

@U3NYECKUNH CMBICII KOMIIOHEHT: / — IOJIHAas MHTEHCUBHOCTh
BOJIHBI, ) — Pa3HOCTh MEXJy MHTEHCHUBHOCTSIMHU BOJIH C ABYMS JIH-
HEWHBIMU OPTOTOHAJIBHBIMM MOJSpU3aLUsiIMU, U — pasHOCTb MEXKIY
MHTEHCUBHOCTSIMH TIOJISI IIPU TIOBOPOTE CHCTEMbI KOOPJMHAT Ha 45°
n 135, V — pa3sHOCTh MEXIy WHTEHCHBHOCTSMH COCTABIISFOIIMX
C IIPABOM U JIEBOU MOJISIpU3ALIUEH.

JI15 IOJTHOCTBIO HEMOJIIPU30BAHHOM BOJIHBI

0’ =U?=v?=0, (1.65)
a IJId MIOJIHOCTBIO HOHHpHSOBaHHOP'I
2 2 2 2
I"=0°"+U"+V", (1.66)

CrerneHn MoJiApru3ali BOJIHBI MOYKHO XapaKTEPHU30BaATh KaK

Py = +UP VI (1.67a)

CTEIEeHb JIMHEWHOH NOJIIpU3alun —

p =~Q*+U /I (1.676)
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CTCIICHb prFOBOﬁ HOJ'IHpI/IBaLII/II/I —
p.=V/I (1.67¢)

Toma MHTCHCHUBHOCTH HOHHpHSOBaHHOﬁ YyaCcTu BOJIHBI MOKHO
npeaACTaBUTh KaK

I,=p,I, (1.68)
a HEMOJISIPU30BAHHOMN —
I,=01-p)I. (1.69)

C nomotnpto napamerpoB CTOKCa MOKHO ONPEAETUTh MOJspU3a-
LU0 11000 BOJHBI, B TOM YHUCIE U [IPHU CYNEPIO3UIIH HECKOIBKUX
BouiH. [Tapamerpbl CTokca pe3ysibTUpPYIOIIEeH BOJIHBI OyIyT omnpese-
JIATBHCS Kak cyMMa napameTpoB CTOKca OT/JIEJIbHBIX BOJIH.

Koumponvrvie 6onpocsi

1. O6BsicHUTEe PU3UUECKHI CMBICT CTOPOHHHUX TOKOB H 3apsiI0B.
CyIecTBYIOT JI B AUAIIEKTPUKE?

2. [IpuBeauTe MONHYIO CUCTEMY ypaBHeHHH MakcBeuia ¢ yde-
TOM CTOPOHHUX UCTOYHHKOB.

3. llpuBenure n OOBSICHUTE KIacCU(UKAIMIO 30H dJIEKTpOMar-
HUT-HOT'O TIOJISA, JOPMUPYEMOTO MTPOU3BOIBHBIM HCTOUHHUKOM.

4. YeM NpUHLUMIHAIBHO OTIMYAETCS IOBEACHUE MOJISI B OJIMKHEH
30He U B 30He PpayHrodepa?

5. Kakue XapakTepUCTUKU HUCTOJB3YIOTCS AJISl OMHCAaHUs MPO-
CTPaH-CTBEHHOTO PACIpeACICHUS U3IyUCHHUS B JaJIbHEH 30He?

6. IlomyunTe COOTHOLICHUS MEXAY CAWHUYHBIMH BEKTOPaMHU
B JIM-HEWHOM M KPYT'OBOM MOJISIPU3ALIMOHHOM Oa3uce.

7. Hanmmnte, Kak cBsi3aHbl napamerpbl CTOKca Ul ABYX IJIO-
CKUX BOJIH €AMHUYHOW MHTEHCHBHOCTH, OJIHA U3 KOTOPBIX SBISETCS
MOJTHO-CTBIO MOJIIPU30BAHHOM, a BTOpasi — MOJHOCTHIO HEMOJISIPU30-
BAHHOM.
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2. l/ls.nyqelme JICKTPOMArHUTHBIX BOJIH
JJIEMEHTAPHBbIMHU HU3/1y4YaTe/JIAMHA

B xadectBe m3mydartenel 3JIEKTPOMArHUTHBIX BOJH (PHEPTHN)
WCTIONB3YIOTCS] CUCTEMBI (QaHTEHHBI), yIOBJIETBOPSAIONINE OTPEACIICH-
HBIM TpeOoBanusIM. OCHOBHOE TPEOOBAHNE — MUHIUMYM PEaKTHBHOMN
MOIIHOCTH, KOTOpasi HETIOCPEACTBEHHO CBsi3aHA C aHTEHHOW W HE W3-
JydaeTcsl B MPOCTPAHCTBO. B TpeanonoxkeHnn o0 TWHEHHOCTH Tpo-
IIECCOB JIF00YTO U3TYHAIONIYI0 CHCTEMY MOKHO PacCMaTprBaTh B BUJIE
COBOKYITHOCTH AJIEMEHTapHBbIX H3iyuareneid. Torma moje aHTEHHOH
CUCTEMBI B COOTBETCTBHH C IIPUHIIAIIOM CYTIEPTIO3UIINN MOXKHO TIPe-
CTaBUTh KaK TEOMETPUIECKYIO CYMMY TTOJIEH AJIEMEHTapHBIX U3Tyda-
teneid. PaccMoTpum gacTabIe ciydan. OHH MTO3BOISIOT TOJTYYHUTh BbI-
paXeHHUs UII KOMITOHEHT JJIEKTPOMAarHUTHOM BOJHBI B SIBHOM BHJIE
u OoJiee meTaabHO MPOaHATM3UPOBATE MPOTECC (POPMHUPOBAHUS IO
M3ITydeHUs M UCCIIEZIOBATh €T0 XapaKTePUCTHUKH.

2.1. 3nemeHmMapHblil 31eKmpudeckuli su6pamop

[Ton sneMeHTapHBIM DIIEKTPUYECKUM BHOPATOPOM MOHUMAETCS
KOPOTKHUI 110 CPaBHEHUIO C JUIMHOW BOJIHBI NPOBOJ, MO KOTOPOMY
MPOTEKAET NEPEMEHHBIN DIIEKTPUUECKUI TOK, aMILTUTYAa U (a3a Ko-
TOPOI0 HE U3MEHSIFOTCS BJIOJIb ITPOBO/IA.

DJeMeHTapHbI DIIEKTPUYECKU BHOpATOp SIBIISETCS MaTeMa-
TUYECKOH MOJIE/Ibi0 Jumosst ['epiia, mpencrapisomero codoi jaBa
METANTMYECKUX I1apa, COeJIWHEHHBIX TOHKMM IPOBOJIOM; K Pa3phbl-
BY IIPOBOJIA MPUCOEAMHEH C ITOMOIIBIO JIBYX IPOBOJAHON JIMHUU HC-
tounuk nepemenHoi DJ{C. Ecnu HampskeHHe HCTOYHUKA U3MEHSTh
10 TAPMOHUYECKOMY 3aKOHY, TO 3apsjbl HA IIapax TOXKE MEHSIOTCS
10 BPEMEHHU 110 TapMOHMYECKOMY 3akoHy. Ilox Bo3aeiicTBuem cro-
POHHETO MCTOYHHKA MEKIY KOHIIAMH BHOpaTOpa Te4eT IepeMEeHHBIN
Tok. Takoit u3mydarens ObUT BriepBbie co3aH [. ['epriem, moaTromy oH
Y TIOJy4HJI Ha3BaHue nunois [epua, wiu Budparopa ['epiia.

BBenem cucteMy KOOpAMHAT C HAdajioM B IIGHTpe BUOparopa
Y OCBIO z, COBMAJAlOMIed C ero ochbio. KOMIUIEKCHYIO aMIUIUTYIy
IJIOTHOCTHU TOKA MOXHO CUUTATh ITIOCTOSIHHOM B IIpejieax IPOBOHU-
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Ka. DTO MO3BOJISIET OT MHTETPUPOBAHUS IO 00BbEMY TMEPEUTH K WH-
TErpupOBaHMIO 1O JunHe BuOpaTopa L. Ilockoneky I, =const, TO
BbIpakenwue (1.37) mpuoOperaeT ciaeayronuii BU;

. 7.k gl =
xim (F) _ My My J- CXp (jk|?‘_ﬂ ¥ Ddf' - (21)
aTr i, F—7

Ecmu paccMmarpuBaTh II0JIE HAa PACCTOSHUAX, CYLIECTBEHHO
MPEBBIIAOIIUX JUIMHY BHOpaTOpa, TO Majas JjuHa BuOpatopa L
[0 CPaBHEHHMIO C JUIMHON M37Ty4aeMOil BOJHBI MTO3BOJISIET HA OOJBIINX
pacCTOSHUAX paccMaTpUBaTh €ro Kak TOYeUHbIH U (2.1) MokHO mpes-
CTaBUTh KaK

exp (ikr) ‘

A, (F) = 458, (2.2)

rne 4, =1 o, L/(47). OTMeTHM, 4TO C/ENAHHOE MPEIONOKEHHUE
0 MaJIOCTH pajiiyca BUOparopa 1o CpaBHEHHUIO C ero JITMHOM He SBIIs-
eTcs HeOOXOAMMBIM. J{0CTaTOYHO CUNTATh, UTO 2a < 7.

[Tockoubky B chepruecKoi CHCTEME KOOPMHAT BhIPAKEHHE JIIIS
poTOpa MPOM3BOJILHOTO BeKTOpa ompenensercs dopmynoin (1.47),

a BEKTOp A, HAIpaBIeH [0 OCH Z U HE COIEPXKHT B CHepHIeCKOi

cucTeMe KOODAMHAT a3MMYTaJabHOM COCTaBJIAIOIIEH, TO BEKTOp I,
HAMEET TOJIBKO OJJHY KOMIIOHEHTY:
- . 2
. 1 |élrd 04 i LYy |, .
H,,=— (A—"’”;)—A—’”’ =—4k’| ——| —| |Sin6-exp(ikr). (2.3)
ur|  or o6 kv \kr

310 oTpaxaer TOT (aKT, YTO MPSIMOJIMHEHHBIH TOK MOXKET CO3-
JaTb TOJIBKO KOJIBLIEBbIE MAarHWTHBIE CHJIOBBIE JIMHUH, JIEXKallHe
B TUIOCKOCTSIX, IIEPIIEHINKYJISIPHBIX OCH BUOparopa.

Bripaxenue (2.3) mo3BoJsIeT HOITYYUTh (POPMYJIBI ISt KOMIIOHEHT
9JIEKTPUYECKOTO TOJIS:

3 2 3
E, _ 24k [i] +i[$] Cos 6 - exp (ikr),

we, |\ kr
(2.4)
. 3 2 3
E = o) 1 —i[i] + [i] Sin@ -exp (ikr).
we, | kr \kr kr
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s IMPUBEACHHBIX 3aBUCUMOCTEH CJICOYCT, UTO BCKTOpP Hamps-
JKCHHOCTHU 3JICKTPUYCCKOI'O ITOJISI UMECT IBC COCTABJIAIOIINE, @ BEKTOP
HaIMpsA>KEHHOCTU MarHuTHOTO MOJISA — OAHY. Takum O6p330M, B Ir000M

TOYKE MNPOCTPAHCTBA BEKTOP E nexwur B MepeﬂHaHaﬂLHOﬁ IIJIOCKO-
CTH, T. €. B IINIOCKOCTH, npoxozmmeﬁ quepes3 OCb BH6paTopa " paccMa-

TPHBAEMYIO TOUKY, a BEKTOp H — B a3MMyTanbHOIl IIIOCKOCTH, T. €.
B IUIOCKOCTH, MIEPICHINKYJIIPHON OCU BUOpaTOpa.

OTMETHM, YTO XapakTep IOJIs BOJIHBI B OOIIEM Cliydae He sIBIIsi-
€TCsl YUCTO TOMEPEUHBbIM. B AIeKTpoIMHAMUKE TPUHSATO KIACCH(H-
LIUPOBATh TAKKE BOJIHBI [0 HAJMYUI COOTBETCTBYIOIICH KOMITOHCH-
ThI TIOJIE B TIPOJIOJIBHOM HAITPABJICHUU. DJIEKTPHUYSCKUMHU BOJTHAMH
(E-BoJIHAaMU) HA3BIBAIOT BOJHBI, Y KOTOPHIX BEKTOP HAIPSKEHHOCTH
MarHMTHOTO TIOJISl JISKUT B TUIOCKOCTH, MEPICHIUKYIIIPHON HaIpaB-
JICHUIO PacpOCTPAHCHUS BOJHBI, 2 BEKTOP HAIPSKEHHOCTH DJICKTPH-
YECKOTO IOJII UMEET KaK MOTEePEYHbIC, TaK U MPOJIOIbHBIEC COCTABIISI-
OIIHE.

MaruautHbiMu BosiHamu (H-BoHamu) Ha3bIBalOT BOJIHBL, Y KO-
TOPBIX BEKTOP HANPSHKEHHOCTH AJICKTPUYECKOTO TOJIS JIGKUT B TIIO-
CKOCTH, IIEPIICHIUKYJIIPHON HANIPABICHHUIO PACIIPOCTPAHEHUS BOJIHBI,
a BEKTOP HAIMPSHKEHHOCTU MAarHUTHOTO TOJISl UMEET KaK IOTePEYHEbIC,
TaK U MPOJIOJIbHBIC COCTABJISIONINE.

Kak cnienyer u3 dpopmyn (2.3) u (2.4), 3eMEeHTapHBIH dIIEKTpHYe-
CKUU BUOpATOP CO3/aCT MICKTPUUECKUEC BOJHBI.

BreimonHuM aHanu3 CBOWCTB 3JIEKTPOMArHUTHOTO ITOJISL AJIEMEH-
TApPHOTO AJIEKTPUIECKOTO BUOpATOpa B 3aBUCUMOCTH OT PACCTOSHHUSL.
W3 Beipakenuii (2.3) u (2.4) BUAHO, YTO MOBEJACHUE aMILTUTY/] OTIpe-
JISJIICTCS BETMYUHOM k7. B 3aBUCUMOCTH OT 3HAYEHUS STON BEITUUHHBI
BBIJICJISIIOT, KaK M UL OOILETO Cllyyast, TPH 30HBL: danbhiow (kr << 1),
onudicrioro (kr << 1) u npomescymounyro (kr =1).

B Gmmxkneit 30ne kr << 1 wnu 27zr < J. OnpHako GOpMYIBI I
TI0JIsI 3JIEMEHTAPHOTO BUOPAaTOpa ObLITH BEIBE/ICHBI B IIPE/IIOJIOKEHUH,
YTO PACCTOSHUE /IO TOYKU HAOFOICHUS 3HAUUTEIILHO OOJIbINE IMHEH-
HBIX pa3MepoB BuOparopa. [loaromy Oosiee TouHOE yCIIOBUE OJIMKHEH
30HBI JIS DJIEKTPUYSCKOTO BHOpATOpa UMEET CIEYFOINN BUJI:

L< r< A/Q27x). (2.5)
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B sTOM cityuae B BeIpaK€HHMSX B KBaJpaTHBIX CKOOKax (opmyn
(2.3) u (2.4) MmoxkHO mpeHeOpeysb claraeMbIMU C MaJOi CTENEHBIO.
Kpowme Ttoro, mpu kr << 1 exp(ikr)=1. B pe3ynbraTe BbIpaKeHHS
JUIsSl KOMITIOHEHT KOMILJIEKCHBIX aMIUTUTY/I TOJIsl MPHOOPETAIOT B

- Sin@ - 2i4,Cos @ - A, Sin@
Hm{;':AO—25Emr:LA0—3’Em9:h40—3' (26)
F a)EaF &)Ea}’

B OmmxHel 30He OTIUYHBI OT HYJISI BCE TPU COCTABIISIOLIHE OIS
H,,, E, . E,p. Oy GbICTPO YOBIBAIOT C PACCTOSAHHEM MPOTIOPIIH-
OHAJILHO KBaJpaTy W KyOy paccrostHus. B mpenenax OnvxHEH 30HBI
HE TPOSIBIISIETCS N3MEHEHUE (hazbl TIOJIS C PACCTOSTHUEM, T. €. OHO UMe-
€T KBa3WCTAIlMOHAPHBIN XapakTep.

OTMETHM, 9TO COCTABISIONINE HANPSHKEHHOCTH JJIEKTPUIECKO-
0 ¥ MarHuTHOrO rnosiedl B (2.6) caBuHyThI 110 (aze Ha 90°, mosTomy
KOMIUTEKCHBIHN BekTop [loiHTHHTa OyAeT YiCTO MHUMOI BETNYHHOM,
T. €. OTCYTCTBYET aKTHBHAsl COCTaBISIONIAS W COJIEPKUTCS TOJIBKO
peakTUBHAs COCTABJISAIONIAsA. DTO O3HAYAET, YTO OJHY YETBEPTH IIe-
pHoJia SHEPTHSI OTAAETCS HCTOYHUKOM OKPY>KaIoIeMy IIPOCTPAHCTRY,
a IpyTryIo 4eTBEPTh MEepHO/Ia ITa IHEPTHU BO3BPAIIACTCA K NCTOYHH-
Ky. MruoBeHHbI# BekTOp [I0fHTHHTa IMEET TOIBKO KOJIEOTIONTYIOCS
COCTaBJISIONIYIO, U IOSTOMY €T0 CpeqHee 3HaUYeHHue 3a repruoj Oyaer
paBHO Hym0. OnHAKO HE O03HAYaeT, KOHEYHO, YTO B OJIDKHEH 30HE
OTCYTCTBYET u3nyudenue. Kak u B gajnibHel 30He, 3/1eCh B BRIPAXKEHUSAX
JUISL TIOJISE MIMEIOTCSL cllaraeMble, IPONopIoHanbHbie 1/(kr) KoTopbie
OTIPE/IETISIOT M3ITydaeMyro dHepruro. OHaKo uX abCONIOTHBIE BEJH-
YUHBI MaJIbl 10 CPABHEHHIO C a0COJIIOTHBIMU 3HAYEHHUSIMH COCTaBIIS-
IOINX, onpeaensseMbix hopmynamu (2.6).

Heo0xoammMo OTMETHTD, 4TO B CiTydae cpeibl 0e3 MoTeph IMOTHbIE
MOTOKH DHEPruu B OJVDKHEW W JaibHEH 30HaX OJUHAKOBBI, & IJIOT-
HOCTb MTOTOKA PHEPTUH B ONMKHEW 30HE 3HAUNTENLHO OOJIBIIE, YeM
B nanpHel. O4eHp yacTo OMMKHIOI 30HY HA3BIBAIOT 00IACTHIO PEaK-
TUBHOTO OJIMYKHETO TIOJIS.

[TockonbKy B MpOMEXYTOYHOM 30HE kr=1, mpu aHaIu3e HaJO
HCIIONB30BaTh BCE claraeMbie B cooTHomeHusxX (2.3) u (2.4). Iloato-
My B IPOMEXYTOYHOM 30HE TI0JI€ U3JTyUYeHHUs] U peaKTUBHOE OKa3bIBa-
IOTCSL OJTHOTO TIOPSIKA.
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Paccmotpum nosezenue moist B nanbHel 30He. U3 dopmyn (2.3)

u (2.4) npu kr >> 1 crenyer, uto £, =0 u

H, =2 Gino - exp (i),
¥

mg

E .= — iAok i, f€,Sin6-expikr).
F

[IpuBeneHHBIE COOTHOIICHHSI TIOKA3bIBAIOT, YTO COCTABIISIOIINE
0JIsE KOJICOIOTCS CUH(pA3HO M UMEIOT XapaKTep pacXOsieics ot

2.7)

Bubparopa chepuueckoit Bonusl. Komnonenrst £,y u H,,, B3auMHO
OPTOTOHAJIHHBI U JISKAT B TUNIOCKOCTH, MEPIICHANKYIISIPHON HarpaBJie-

HUIO U3TydeHust. Mexay codoit E,,p u H me CBSI3QHBI II0 BEIHYMHE

4Yepe3 BOJIHOBOE COMPOTUBIICHHE Z g = A/ 1L, /€, , KOTOPOE XapaKTEPHO
IUTSI THTOCKOM BOJTHBL. TakuM 006pazoM, B TaimbHEH 30HE Ha JJOKATBHBIX
ydacTKax (ppOHT BOTHBI MOKHO CHHTATH TUIOCKUM.

[Ipu omHOM M TOM K€ pacCTOSTHUH OT BHOpaTopa 1mosje 0ymeT pas-
JIUYHBIM B 3aBUCUMOCTH OT yTJia. AMIDIUTYAA HAPSKEHHOCTH TIOJS
MaKCHMaJbHA B TNTOCKOCTH, TPOXOISIIEH Yepe3 cepeanHy BuopaTopa
TIePIEHANKYIISIPHO ero och (6 = 7/2), U paBHA HYJIIO B HaIIPaBICHUH
aToi ocu, T.e. ipu  =0u 6 = 7.

Kak cnemyer m3 dopmynsl A HANPsSHKEHHOCTH TOJS, HOPMU-
pOBaHHAs JuUarpaMMma HalpaBIEHHOCTH AJIEMEHTApHOTO JIIEKTpHYe-
CKOTO BHOpaTopa COBIAIaeT ¢ IOBEPXHOCTHIO TOpPa, 00OPa30BaHHOTO
BpallleHueM KpyTa, Paauyc KOTOPOTO PABEH PACCTOSHHUIO OT IIEHTpa
KpyTa 110 ocu Bpamenus (puc. 2.1).
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Puc. 2.1. lnarpamma HanpaBJIeHHOCTH 3JIEMEHTAPHOTO
ANEKTPUIECKOTO BHOpaTopa

OueBUHO, UTO KOMIUIEKCHBIN BekTop [loliHTHHTa B paccmaTpu-
BaeMOM CITy4ae SIBJISIETCS YUCTO BEIIECTBEHHOW BeIMINMHON. CpeHsas
3a MepHo/ IIIOTHOCTh TIOTOKA SHEPTUHN paBHA
2

2

Hlee[: xﬁm“]=
2

Zs i Sin’e -é’r. (2.8)
2| 4(ar)

N3nyueHue 31€KTPOMAarHUTHOW 3HEPrUM MaKCMMaJIbHO B Ha-
NpaBJICHUsX, IEPICHIUKYISIPHBIX OcH BUOparopa (6 = 7/2), u He 3a-
BUCHUT OT yriia ¢. Baonb cBoeii ocu (€ = 0 u 6 = x) Bubpatop He u3-
JIy4aer.

Onpenenum CpeHIOI0 MOITHOCTh, U3Iy4aeMyl0 B IPOCTPAHCTBO
3JIEMEHTAPHBIM 3JIEKTPUYECKUM BUOPATOPOM, HAXOIALIUMCS B Cpesie
6e3 noteps. [1ockosbKy OHA OMpeneseTcsi CPeHUM MOTOKOM MOIII-
HOCTH 4epe3 JII00YI0 3aMKHYTYIO IOBEPXHOCTH S, OKPY’KaIOIIyI0 BU-
Oparop, To, mojiarasi B Kauectse S cepy ¢ IEeHTPOM B Hadayie Koop-
JMHAT ¥ JOCTATOYHO OOJBLIMM PaJiyCcoOM, HMEEM clielytoliee Bblpa-
KEHHE:

. 2 3
L~ - 7 Pcm ‘ = . 2x
P, =[Tlds ==2 1= [Sin’6d6 [ dp. (2.9)
5 2 4x o
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Brruncnenust nHTErpasia mo3BOJISIFOT MOIYYUTh (POPMYITY:

. 2
p | Fomalt | 225
A

3 (2.10)

[lo amamormm c OOBIYHBIM BBIPAKEHHEM JJIsI MOIHOCTH,
pacxoayemMol B CpeHEM 3a MEPHUOJ B AIIEKTPHUUECKO cXeMme Ha ax-
TUBHOM comnpoTuBieHnu (3akoH JDxoyms — JleHma), moiydeHHYIO
(hopMyITy MOXKHO TIPEICTAaBUTH B BUJIE

1. g2
PE:_‘Imm| Ry, 2.11)
2
rae
2x(LY
R =""|=|2z,.
s==5 ) 2o (2.12)

Bennuuna R HaswiBaetes conpomuenenuem uziyyenus. B ciydae
U3JTy4€eHust B CBOOOHOM npocTpancTse (£, = Z, = 1207 Om)

2
L
RZ=80;71'2 ik (2.13)

2.2. InemeHmapHsIll MAZHUMHbII 8UGPAMOpP

B paszmene 1 Hapsiigy cO CTOPOHHUMH TOKaMH OBIIM BBEICHBI
Y MarHUTHBIE CTOPOHHHME TOKH. DTO TMO3BOJIMIIO YYECTh MCTOYHUKH
T0JI51, KOTOpBIE YZ0OHEe OMMCHIBATh B TAKOW TPakToBKe. PaccMoTpum
AJIEMEHTApHBIA MATHUTHBIA BHOPATOP.

[Tox snemeHTapHBIM MarHUTHBIM BUOPATOPOM IMOHUMAETCS dJe-
MEHT MarHMTHOTO TOKa, aMIUIMTyAa U (ha3a KOTOPOrO OJMHAKOBBI
BO BCEX €ro TOYKax.

B kayectBe ¢u3mueckoid MOJENH 3JIEMEHTAPHOIO MAarHHTHOTO
BHOpaTOpa MOKHO HCIOJIB30BaTh CTEPKEHb, BOKPYT KOTOPOTO pac-
[I0JIO’)KEHA paMKa C TOKOM. MarHuTHas NMPOHUIAEMOCTh CTEPIKHA
JOJDKHA OBITH OOJIbILIe, YeM MAarHWTHAas MPOHHUIIAEMOCTh OKpYIKaro-
LIero MpocTpaHcTBa (Hampumep, hepput). B xauectBe Bo30yxaaro-
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mero YCTpOI\/'ICTBa MOXXHO HCIIOJb30BaTh ICTIIIO, 06TeKaeMon TOKOM
MIpOBOJAUMOCTH. B otnuune ot DJICMCHTAPHOT'O 3JICKTPUUYCCKOI'0 BU-
6paTopa Ha MMOBCPXHOCTU CTCPIKHA BBIIIOJHACTCA KpPAacBOC YCIOBUC,

COTJIaCHO KOTOPOMY KacaTeyibHasi COCTABJIAIOLIAS BEKTOPA Em OTJINY-
Ha OT HYJIAL U HC U3BMCHACTCS BAOJIb CTCPIKHA N3-34 PABHOMCEPHOT'O 110~

TOKa BEKTOpPa MAarHUTHON WHIYKIIUU B BlIOJIb cTepkHs. [locnennee
AMEET MECTO B CiIydac OOJIBINON BETMYWHBEI MarHUTHOW TPOHUIIAC-
MOCTHU CTEpkHs. ['eoMeTpust U HaIllpaBJIEHUE BEKTOPOB MPE/ICTaBJICHbBI
Ha puc. 2.2.

-

. ""'““““"““’;i

=
N

s
P )

J”
T
3
b ,’
o
A3
Vi
%
=
=
\“

Puc. 2.2. Mojienb 371IeMEHTapHOTO MAarHUTHOT'O BHOpaTopa

3amaHne KacaTeIbHON COCTABIIAIONICH BEKTOpa Ha TIOBEPXHOCTH
CTEepIKHsI SKBUBAJICHTHO 33JaHAI0 KOMIUIEKCHOHN aMITIUTYbI TNIOTHO-
CTH TIOBEPXHOCTHOTO MarHuTHOro Toka. OOBEMHOE pacrpesesieHre
IJIOTHOCTH MAarHUTHOTO TOKa TOTA, KaK W JUI MOJEIH dJIeKTpude-
CKOTro BUOpaTopa, MOKHO MPEICTABUTh B BUJE

Jou =1 ;ﬁmm(x)@(}’ﬁ(«?)éz- (2.14)

B xauectBe BapuaHTa MAarHuTHOT'O BH6paT0pa MOJXHO TaK»X€ pac-
cMaTpuBaTh paMO‘IHBIﬁ n3J1y4aTeiib. Tak Ha3bIBAIOT prrﬂblﬁ BHUTOK
13 IPOBOJHUKA, IO KOTOPOMY HNPOTCKACT 3HCKTpI/I‘leCKI/Iﬁ TOK. PaI[I/I—
YC 5TOr'0 BUTKa MHOT'O MCHBIIIC JJIMHBL I/I3J'Iy"Ia€MOI\/'I BOJIHEI. BHCKTpI/I—
YECKUU TOK BBI3BIBAET MAarHUTHOE moJjie, KOTopoec 6y,I[CT MepreHan-
KYJSIPHO TIJIOCKOCTU PaMKHU. M3-3a manoctu pa3MEpoOB paMKH (1)333.
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TOKa BO BCEX €€ TOYKax OyneT oJnHaKoBOW. [lo3TOMy Takyro pamky
C TOKOM MOKHO pacCMaTpuBaTh Kak 3JEMEHTAPHBIA MarHUTHBINA BU-
OpaTop, OpUESHTHPOBAHHBIN MEPIICHANKYJIISPHO €€ IIOCKOCTH, a cepe-
JIMHa BHOpATOpa COBIMAJACT C IICHTPOM PAMKH.

Ecnu no paMke Te4eT BbICOKOYACTOTHBIN TOK aMIUIUTYI0U 10, TO
3Ta pamMKa 00JIaJJacT MArHUTHBIM JUITOJIBHBIM MOMEHTOM:

Y =18, un. (2.15)

re Sp — TIOAb PAMKH, /I — eIMHHYHBIA BEKTOP HOPMAIH K paMKe
(cm. puc. 2.3). C npyroil CTOPOHBI, TOCKOIBKY AIEKTPHUSCKHHA H-
MTOJIEHBIA MOMEHT CBSI3aH C 3apsAaMH ¢, PACTOJIOXEHHBIMH Ha pac-
CTOSIHUM L COOTHOLLIEHUEM

p=qln, (2.16)

TO MO aHAJOTWU MOXKHO BBECTH (DMKTHUBHBII MarHUTHBIA 3apsa g,
KOTOPBIH CBSI3aH C TOKOM, TEKYILIUM I10 pAMKE.

Ecnu paccmarpuBath dJeMEHTapHBI MarHUTHBIN BUOpAaTOp Kak
LUJIUHADP C HONEPEYHBIM CEUEHUEM Sp U JUIMHOW L, 10 KOTOpOMY Te-

YeT MarHUTHBIA TOK, C KOMIUIEKCHOW aMILTUTYI0M I f = 'ﬁS pé'z.
TO W3 ypaBHEHH HempephiBHOCTH (1.2) mMpu TapMOHHYIECKOM TOKE
MO>KHO TIOJTYYHTb CBSI3b KOMIUIEKCHOW aMITTUTYABI 3TOTO (DMKTHBHO-
T0 MarHATHOTO TOKA BIOJb OCH Z C DJIEKTPHUECKUM TOKOM, TEKYIIIHM
10 paMKe:

. _
I, L=-ioul,s,. (2.17)
A2 z
+qﬂf_f
i

L
M
q

Puc. 2.3. Moaens 35ieMEHTapHOTO MarHUTHOTO BHOpaTopa
B BUJIE PAMKH C TOKOM
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JIis HaXOXKOeHHUs TOJISl U3IYUCHHUS SIEMEHTAPHOTO MAarHUTHOTO
BUOpaTOpa MOKHO BOCIIOJNB30BaThCs MPHHLUIIOM ABOHCTBEHHOCTH
ypaBHeHUH MakcBenia. BelpaskeHus A1 KOMIUIEKCHBIX aMIUTUTY
COCTaBIISIIOIINX BEKTOPOB IOJIS, CO3AaBaEMOr0 3JIEMEHTapHBIM Mar-
HUTHBIM BUOPATOPOM, MOTYT OBIT MOTy4eHbI H3 popmy (2.3) u (2.4)
JUISL TIOJISL 9JIEMEHTAPHOTO 3JIEKTPHUECKOr0 BHOpaTropa, B KOTOPBIX
HYKHO TOJIbKO B COOTBETCTBUH C MPUHIMIIOM JABOHCTBEHHOCTH Clie-
JaTh HE0OXOAUMBIE 3aMEHBI. B pe3ysbTaTe MOTy4nM CIeIyIONIHe BbI-
paKeHHS:

. InIR[ i 1Y
E, =-—""— ——[—] Sing - exp (ikr).
Ar |k \kr
ey ’
L 1)L Cos 6-exp(ikr), (2.18)
2mop, |\ kr kr

H‘-M Lks 2 3
i ! ;[%] +[$] Siné - exp (ikr).

o 7 M
B ciyuae snemeHTapHON paMku ¢ TokoMm BenwuuHy I, L He-
m
00X0MMO 3aMEHUTH COOTHOIIEeHUEM (2.17). B pesynbraTe Gpopmysst
I ONpeACICHUA COCTABIIAIONIUX ITOJIA IPUHUMAKOT BUL

2

siE1 1y
o :M —+i|— | |Sin@-explikr),
Az o \kr
, ou 1,5 [ 1 :
H, sl [i] +i[i] Cos @ -explikr), (2.19)
2rou, |\ kr kr
LS} Py
ms:M lﬂ[l] _[i] Sing-explikr).
drowp, |k \kr) \kr

W3 dopmyn anst monst 31eMEHTapHOTO MarHUTHOrO BuOparopa
CIIEAYeT, YTO BEKTOP HAIPSKEHHOCTH BIIEKTPUYECKOro IOJII HMe-

€T OAHY COCTAaBJIAIOIIYIO Emw, a BCKTOPp MArHuMTHOTO IIOJA — ABE

cocraisitomme H, .. H

s H mes» T. € BEKTOP E B 3TOM CiIy4dae JIEKHUT
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B a3UMYTaIIbHBIX TUIOCKOCTSIX, @ BEKTOP H -8 MepHUIUaHATBHBIX.
Taxum 00pa3oM, MarHUTHBIA BUOPATOp M3Ty4YaeT MarHUTHBIE BOJHBI
(H-BoHET).

Paccmotpum mone B nanpHEW 30He. B aTOM ciydae, mpenebOpe-
ras 10 aHaJOTUH CJIaraeMbIMHU, HMEIOIIIUMHU TTOPs 0K 1/(kr)? Bbiie u3
(2.18), momyuaem

.M

E om LS' 8- exp (ikr).
=—=2_5SIng-expll
e p (ikr ).

mg@

(2.20)

sy A L
H, ,=—2m""5in@-explikr)
"6 2Z '

L

Kak n AT DJICKTPUYICCKOTO BH6paTopa, IoJIe, Co3JaBacMO€ 3JIC-
MCHTAapHbBIM MAarHuTHbBIM BI/I6paT0p0M B ,Z[aJILHGﬁ 30HC, MMPEACTABIIA-
€T HCOAHOPOAHYIO C(bepnquKon BOJIHY C LOCHTPOM, COBIAAArOIIUM
C ICHTPOM BI/I6paTOpa. B ,Z[aJ'IBHeﬁ 30HEC €CTh TOJIBKO JIBC KOMIIOHCHTBI

- E, o U H,,, OHA U3MEHSIOTCS CHH()A3HO, B3AMMHO OPTOTOHAIbHBI
U JIEXKAT B INIOCKOCTH, NEPIEHAUKYIIPHON HANPABIEHUIO U3ITYUEHUS,
T. €. UMEIOT XapaKTep MOoNepeyHor BOJIHbL. Mex 1y co0oi OHM CBs3a-

HBI 10 BEJIMYHHE Yepe3 BOIHOBOE COMPOTUBIICHUE Z, = /1, /€, -
HopmupoBanHbIe XapaKTepHUCTHKN HAMIPABIEHHOCTH dJIEMEHTap-
HOTO MarHUTHOTO BHOpaTopa B AajbHEH 30HE MOXKHO OIMCATh KaK

F,(6,p)=Sing. FG(BZEIZ,(;J):L (2.21)
WznyueHne MakCUMMabHO B 9KBaTOPUABHOM IIIOCKOCTH 6 = 71/2.
Brone cBoeit ocu (ocH z) 35ieMEHTAapHBIA MarHUTHBIA BHOPAaTOp HE
u3nyyaer. JluarpaMmMbl HalpaBJIEHHOCTH 3JEMEHTAPHOIO MArHUTHO-
ro BUOpaTopa 1o MOIIHOCTH COBMIAIAIOT C MarpaMMaMH HaNpaBJICH-
HOCTH SJIEMEHTaPHOTO AJIEKTPUIECKOro BUbparopa.
MoIHOCTh U3IYYeHHUST MArHUTHOTO BHOpaTopa OMpeaesseTcs
dopmynoit

7 (LY p 1
R AVICE

j'r_‘.{

£y

2
2 2r (L

s Gy =—| = | . 2.22
[Gs. Gy 323[/1] (2.22)
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3,Z[CCL, B OTJIMYHMEC OT 3JICMCHTAPHOT O 3JICKTPUICCKOT'O BH6paT0pa,
HCIOJIb3YCTCA IIPOBOAUMOCTD U3JTyHUCHUS GZ , IOCKOJIbKY MarHUTHBIN

M
TOK I, ~WMMEET Pa3MEPHOCTh HATIPSIKEHUS.
Jlns u3nyuenusi, co31aBaeMoro 3JIeMEHTapHON paMKOM ¢ TOKOM
B ,HaJILHGfI 30HC, BhIpaXCHUA AJId COCTABJIAIOIINX I1OJIA UMCIOT BU

,7,8 . .S
= 7; 2 Sing -exp(ikr), H, , = — ;2 2 Sind-exp(ikr).  (2.23)
F r

mao

MoIHOCTh U3Iy4YeHUs onpeaensercs Gopmynoit

873 (L,S,Y . 1

2
Z:T 7 VA :EID sz* (2.24)
27 fﬁsp *
rae Rpg = 3| 2 Zp — CONPOTHBIICHUE U3ITyYCHUS PAMKH.

2.3. Inemenm l'oiiceHca

IIpu u3ny4eHun 3J€KTPOMATHUTHBIX BOJIH PA3jUYHBIMU CHCTE-
MaMH MO>KHO BBIICTTUTH 33791, PEIICHUE KOTOPBIX MOKET OBIThH CBE-
JIEHO K PEUIEHUIO JIByX HE3aBUCHMBIX YaCTHBIX 3a7a4, COOTBETCTBY-
FOIIMX UCTOYHUKAM, KOTOpble co3aatoT E nu H — BosiHbl, T. €. AeiicTBU-
TEJIbHBIC WCTOYHUKH 3aMEHUTH JKBUBAJICHTHBIMH (DJIE€MEHTAPHBIN
AJIEKTPUYECKHI M MATHUTHBIN BUOPATOPBI, SJIEMEHTapHAs paMKa C TO-
KOM, 3JIEMEHTApHBIN MIEIeBOM M3aydaTenb). OMHAKO YacTo MPH aHa-
JIN3€ pacipeeseHue TOKOB MOXKET OBITh JJOCTATOYHO CJIOKHBIM JTHOO0
HEU3BECTHO. B 3TUX ciydasx moJie U3ay4eHHUs] MOKHO HAaWTHU HEMOo-

CPEICTBEHHO M3 3HAYEHUH EwuH na HEKOTOPOH MOBEPXHOCTH, T. €.
T10JIe B TIPOCTPAHCTBE MOXKHO PACCMaTPHUBATh KaK Pe3yibTaT U3Jyde-
HUS MCTOYHHUKOB, KOTOPBIE PACTIOIOXKEHBI HA HEKOTOPOH MOBEPXHO-
ctu. CoriacHo mpuHOHITY | TolTeHca, KaXablii 2JIEMEHT TIOBEPXHOCTH
(bpoHTa BOJHBI, KaK BTOPUYHBIN MCTOYHUK, M3ITy4aeT AJIEKTpOMAr-
HUTHYIO BONHY. [loJie B Touke HaOIIOIEHNS €CTh Pe3ybTaT CylepIio-
3WIAN 3TUX DJIEMEHTAPHBIX AJIEKTPOMArHUTHBIX BOJNIH. MaTemarnde-
CcKoe 000CHOBaHNWE TIPUHITAIIA BIIEPBBIC ObTa JaHo Kupxrodowm, u ero
0OBITHO HA3BIBAIOT MpUHITUTIOM [ TolireHca — Kupxroda.
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[Mpunnun [Noiirenca — Kupxroga Hamen mmupokoe npuMeHeHne
[IPU pacueTax anepTyPHBIX aHTEHHBIX CHCTEM (pyTOpHbIE, TNH30BHIE,
3epKalibHbIE ¢ pa3auyHOi (popMmoii moBepxHOCTH), ocobenno B CBY
n KBY nuana3oHax paguoBOIH, I/i€ TUHEHHbIE aHTEHHBI UMEIOT Ma-
nyto 3QQPeKTBHOCTE. MeTo T03BOJISIeT HAXOAUTh M0JIe W3TYYEeHUS
Yyepe3 paz0dueHue MOBEPXHOCTH, KOTOpasi OKpy»kaeT 0baacTs, Gopmu-
pYIOILYIO TOJIe, Ha 3JeMEHTapHble Miomanku AS, 1 UCIOIb30BaHUE
MPUHIUIA CYNEPIO3ULIUN IIPU CYMMUPOBAHUH MOJIEH, CO31aBAEMOT0
STUMH 3JIEMEHTAPHBIMU TUIOIIAIKaMHU. DTH MaJIbIE JJIEMEHTHI TOBEPX-
HOCTH C 33JIaHHBIM PACIPEAECICHUEM T0JIS SABIISIFOTCS AIIEMEHTAPHBIMU
n3nyyaTtenssMu. OHU Ha3bIBatoTCs 3ieMeHTaMu [ tolirenca. B npunIm-
e, caMble Pa3HOOOpa3HbIe TIOBEPXHOCTH MOTYT OBITh MPEICTABIICHBI
B BUJI€ COBOKYITHOCTU TaKUX KOMIIOHEHT.

Haiinem mone, k0OTopoe CO34aeTCsl KaKAbIM MIEMEHTOM IIOBEPX-
HocTH. Paccmorpum mpocredmuii sneMeHT ['roiireHca B Buje die-
MEHTa MOBEPXHOCTU AS, KOTOpBIN MapasuieneH (pOHTY BOJHEIL, T. €.
npeacTaBiIseT co00 31eMeHT (GpOHTa BOJHBI (CM. puc. 2.4). Di1eMeH-
TapHbIA U3JIydaTelb MOXHO IPEACTABUTh KAK COBOKYIIHOCTH JJIEK-
TPUYECKOr0 U MAarHUTHOI'O IOJIs, JEHUCTBUE KOTOPHIX HA MOBEPXHO-
cTH AS MO’KHO 3aMEHUTh 3KBUBAJIEHTHBIMI MarHUTHBIM IyM =-EAx
u ojiektpudeckuM [ = — H Ay Tokom, taie E, H COOTBETCTBYIOT 3Ha-
YyeHusM nodist ipu x = y =z = (. Takum oOpa3zom, anemenT [toiireHca
MO’KHO paccMaTpUBaTh KaK 3JIeMEHTapHbIN W3TydaTellb, 00TeKaeMbli
9MIEKTPUYECKMMH U MAaTrHUTHBIMHM TOKaMu. OmNpenesnnuM ero Harpas-
JICHHBIE CBOWMCTBA, IPEANOaras rapMOHUYECKAN XapaKTep MOJIs.

O4eBHIHO, YTO PKBHUBAJIEHT MOBEPXHOCTH MOXHO IPEICTaBUTh
B BUJIE COBOKYIHOCTU PpACIHOJIOKECHHBIX IEPIEHAUKYISIPHO JpYr
K IPYTY BJIEMEHTapHBIX 3JEKTPHUYECKHX M MarHUTHBIX BHOPaTOpOB
C IUIOTHOCTSIMU TOKOB:

Jom, = 0L 8(0)8(1)8(2),

M

. o (2.25)
Jem, = €1, 8(x)8(¥)5(2).
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AN P X
Y—
Ax
6)

Puc. 2.4. T'eomeTpus 3an1aun k uCTOUHUKY [ 'toifreHca

Ucxons m3 Buma 3aBucumocta (2.25) B dhopmyse s BEKTOP-
Horo nortennuana (1.38) menecoobpa3Ho mepeT K JeKapTOBOU CH-
creMe KoopJiMHat. Toraa 3JIeKTpUYECKU 1 MarHUTHBIN MOTEHIIMAIIBI
Ha PACCTOSIHHIX, 3HAUUTEIHHO MPEBHITIAIONINX Pa3Mephl TUIOIIAIKH
(manpHSS 30HA), 3AMUIIYTCA TOCIE MHTETPUPOBAHUS B CIETYIOIIEM

BUC:

) -
:—ﬁHOM—EXp(I )

47 2 x’
M _%a p Ag SXPUT) (Imé’l_.
Ax F :

b s

m

(2.26)

h

B »ToM cirydae B cepruueckoii cucreMe KOOPAWHAT TPOSKIINH

MIOTCHIINAJIOB MOXKHO ITPEACTABUTH B CIICAYIOIIEM BUIC:
. . M M o acs
A=A SinBCosp, A =4y, SintSing.
Iimg = _r‘imeGS 0Cos @, ;i;:fe = Jf'l,f:f CosOSinp,  (2.27)

Ao =—A,Sing, 1&;:{3] = Ajgc,‘osq).
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[Ipr BO30Y>KAECHUHM TMOJSI CTOPOHHHM ODJIEKTPUUECKUM TOKOM
(97eKTprUEeCKHii BUOPATOpP) B JaJIbHEH 30HE BBIPAXKECHUS IJIs1 KOMIIO-
HEHT I0JIs UMEIOT BUJ

= kZyH AS (= 3
E - _%(esc.as 6Cos@ — BGSfﬂ(P)eXP (ik).

m

4

H = _IKHAS (é’sSinqo + é’QC‘os 6Cos (p)exp (ikr).

i

(2.28)

i

31ech, Kak U paHee, ObUIH OMYyIIEHbI WieHbI opsaka 1/(kr)? u Biie.
AHAJIOTUYHO BBIPAKEHHS 1T KOMIIOHEHT IMOJISi OT MarHUTHOTO
TOKa (3JIEMEHTApPHOr0 MarHMTHOTO BHOPAaTOpa) MMEIOT BU

EZ, _— IKE\AS (é’sCos @— é’GCos 6Si n(p)exp (ikr).
47
- ikE, AS (229)
H, =——w (é’SCos 6Sing + é’QCos (p)exp (ikr).
AarZ

B

[Homyuennsie dpopmynsl (2.28) u (2.29) MO3BOISAIOT HAUTH CyM-
MapHoe 1oJe, popmMupyemoe 35eMeHToM [ foiirenca:

fm =— KEAS (1+Cos 9)(?:59(?03 o- E;'G, Sing )exp (ikr),

4 (2.30)
H = IKEyAS (1+Cos 6)(395’1}140 + 39 Cosg )exp (ikr).

dmz,

3nech Z, = EO/HO.

W3 mpuBenenHsix BeIpakenuit (2.30) ciemyer, 4To B JajbHEH
30HE BEKTOPHI HANPSHKEHHOCTH AIIEKTPHUECKOTO U MATHUTHOTO TIOJIEeH
WMEIOT TI0 JIBE€ OPTOTOHAIBHBIE COCTABIISIONINE, KOTOPHIE HAXOISITCS
B TUIOCKOCTH, TIEPIICHAUKYIISIPHON HAMPABICHUIO PACTIPOCTPaAHEHUS
n3mydeHus. Tak jke Kak IS DIeMEHTapHBIX BUOPATOPOB, TTOJIE H3-
JydeHue areMeHTa [loiireHca mMeeT BUA HEOTHOPOAHOU cheprue-
CKOH BOJTHBI.

HopmupoBanHbIe XapaKTepUCTUKH HANPaBICHHOCTH JUIS dIle-
MeHTa [ TolireHca B cootBeTcTBUU ¢ hopmymamu (1.52) umMeroT BUa

_1+Cos6 _1+Cos@

FQ(Q,QJ—T,F@(H,@) (231)
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Jmnarpamma HanpaBIeHHOCTH, Kak clieyeT U3 Bbipaxenus (2.31)
B NIPOU3BOJIBHON MepearaHaIbHON TNIOCKOCTH (¢ = const) UMEeT BUJ
kapauouasl (puc. 2.5a). [IpocTpaHcTBeHHasi IuarpamMma HarpaBb-
neHHocT (puc. 2.50) mpencraBiser coOOi MOBEPXHOCTh, KOTOPAS
o0pa3zoBaHa BpallCHUEM KapAHOHIbl BOKPYT OCH, COBMAJaroleil ¢
HalpaBJeHHUEM HOpMalu K aneMmeHty [toiirenca. B ortnuuue ot xa-
PAKTEPHUCTUK HAIIPABJIICHHOCTHU AJIEMEHTAPHBIX BHOPATOPOB, YII0BOEC
pacrnpesieieHie HEeCMMMETPUYHO OTHOCHTENIBHO OCH. MakcuMyMm
MMeEeT MECTO B HampaplieHuH Briepes € = 0, B 00paTHOM HaNpaBICHUH
6 = 7 u3ny4eHue OTCYTCTBYET.

Cpennee 3HaueHue BekTopa YMmoBa — [loliHTHHTa A1 371eMeHTa
['tolireHca MOKHO MPECTaBUThH BBIPAKEHUEM

1 Uﬁ@AS]ﬂ+Cm9fé
S 27, 4 .

=

7o (2.32)

HopmupoBanHas xapakTepHCTHKA HATIPABICHHOCTH IO MOIITHO-
ctu (1.54) uMeeT crneayromuii BHUI;

, 1+ Cos8Y
F~(9,¢):(—T_

, (2.33)

L > 90°
180°
a) 6)

Puc. 2.5. lnarpamma HanpaBieHHOCTH dnemMeHTa [ tolirenca
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KOHmpOJZbele 60NnpoCHI

1. ITosicauTe, B 4eM 3aKITI0YAETCS HAeaTN3aIlNs TOHITHS dJIEMEH-
TapHBIA ICKTPUUCCKIH (MarHUTHBIN) BUOpaTop?

2. UeM oTaudaeTcs 1oJjie, U3IIydaeMoe dJIeMEeHTapHBIM BHOpATO-
pOM, OT TIOJIS, M3IIYy4aeMOTO 3JeMEHTAPHBIM MAarHUTHBIM BHOpaTo-
pom?

3. B kakoii 30He, qajbHel WK OJrKHEH, O0JIbIle IIJIOTHOCTh I0-
TOKa MOIITHOCTH HICAJTLHOTO BUOpATOpa U ImoueMy?

4. Hapucyiite quarpaMMy HampaBICHHOCTH TSI MarHUTHOU CO-
CTaBJIAIOMIEH OIS IS JIEMEHTAPHOTO JIEKTPUIECKOTO (MarHUTHO-
ro) BuOparopa.

5. Yem ompezenseTcs MOIUTHOCTh, M3JIydaeMasi dJIeMEHTapHBIM
AEKTPUIECKUM BHOpaTopom? UTO TMOKa3bIBa€T COMPOTHUBICHHUE W3-
JTy-deHus?

6. Uem ompezenseTcsi MOIUTHOCTh, M3JIydaeMasi dJIeMEHTapHBIM
MarHMTHBIM BHOpaTtopom? UTO MOKa3bIBaeT MPOBOJUMOCTh H3Iyde-
HUS?

7. Uem oOTiaMYaroTCs XapaKTEpUCTUKHA HaIIPaBJIEHHBIX CBOMCTB
M3-JTy4eHHS JIEMEHTapHBIX BUOPATOPOB U neMenTa | toiirenca?
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