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AHHOTAIINA

B crarbe paccmarpuBaercs 3aja4ua paccessHs MOHOXPOMATUIECKOI 31K~
TPOMAarHUTHOU BOJIHBI HA BBITSHYTOM TeJjie, pa3Mepbl KOTOPOI'O BEJIUKHU II0
CPaBHEHUIO C JJIMHOU BOJIHBI 11a/IaI0IIEr0 I10J1d B IIPOJO/ILHOM HallpaBJIeHUU
1 MaJbl B norepedroM. [Ipesioxkena mporienypa MOJIyUYeHus aCUMITOTUKA
Toka Ha rpanuiie. Ilosydensl siBHble DOPMYJIBI JIJIsl [VIABHOI'O 3HAYEHUS U
repBoro npubsimkenusi. Ha ocuoBe hopmyst jijisi TOKa MOJIyYeHbl BBIparKe-
HUsI JUIsT IarpaMMbl HalnpaBieHHOCTH. ClesaHbl BBIBOJBI O XapaKTepe u
CBOICTBaX PacCEeAHHOT'O I0JId.

KiroueBnbie ciioBa: ,ZLI/ICI)pELK]_[I/IS{7 QJIEKTPOMarHuTHBIE BOJIHBI, TOK, JUarpaM-
Ma HaIIPpaBJIEHHOCTH
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1 Bsexnenue
HyCTb Ha BBITAHYTOE TEJIO Q IIaJ1a€T MOHOXpOMaTHUYI€CKasd IIJIOCKasA BOJIHA
E¢ = E°exp(—ikr)

H° = H® exp(—ikr)

rie k BosHOBOI BekTOD, k = iw/c BOJIHOBOE YHCIIO, W YACTOTA, ¢ CKOPOCTH
cBeTa B BaKyyMe.

CkassipHblii ciryuail panee 6b11 pacemorper B [1]. Ciryuait 6eckoneqHO-
ro IWIMHIPA ¢ MEIJICHHO MEHSIOIIAMCS JUAMETPOM IOIEPEYHOIO CEeYCHUS
paccmoTpen B [2].

B obmactu R/ 3amommennoit n30TpOIHOi 0HOPOIHOM cpeoil (Bakyy-
MOM ) BBIIIOJIHSIOTCs ypaBHeHusi Makcsesuia

FE=V xH (1)
ikH= -V x E (2)

[Ipeamnonaraercs, 9To Tesao ) SABISETCS BBITSHYTHIM TEJIOM BPAIIEHUS C
IVIAJKON IIJIaBHO MEHSIOMeHca IpaHuIiel, T.e. BBIIIOJJIHSAIOTCS yCIOBUSA

kU1, kpmas < 1 (3)

rae [-71yHa Tesla, Pmar - MAKCUMAJILHBIN PAJIYC MOMEPETHOIO CEYEHHUS.
Ha rpamnnre tena S = 0 BBITOTHSIIOTCS KOHTAKTHBIE YCIOBUS

nx [E' - E?=0,nx [H' - H? =j, (4)

rJe j -TOK Ha T'DAHUIE.

[IpeirtooykuM, 9TO HAIIE TEJIO SIBJISETCS UJI€AJTbHBIM IIPOBOJIHIKOM, T.€.
BHYTPU TeJia JeKTpoMaruuTHoe mnoje orcyrersyer (E = 0, H = 0), a Tok
COCPEJIOTOYEH Ha TPAHMUIIE.

2 Tok ma rpanute

Ji1st Havyasta paccCMOTPUM CIydail MaIeHns I0CKOH 3J1eKTPOMArHUTHOM BOJI-
HbI HA KOHEYHBIN KPyroBoi muauniape. [IpemmosiokumM cHatasa, ITO BOJIHA
naJlaeT NepleHnKyaapHO K obpasyromieit muinHapa, T.e. ke, = (

BBejieM MUIMHAPUIECKY IO CUCTEMY KOODAUHAT (p, , Z), TOI/Ia ypaBHEHUe
HaIllell TOBepXHOCTH OyieT: p = a,| z |[< b

Bozmoxkno 2 ciayydast:



e BekTop H° neprennukyssipen obpasymorreil muaunapa, T.e. H%, = 0,
e BekTop H¢ napasuresen eit, T.e.H® X e, = 0;

Paccmorpum mepsoiit cirygaii. [lycThb m10CKOCTH, B KOTOPOI PacIioiozxKe-
Hbl BeKTOPbI E u H Kacaercs MOBEPXHOCTH IUJINHIpa B Touke P = (a, g, ).
[TostHOE TIOJTE CKJTAIBIBAETCS U3 JIBYX YACTEil: aIaI0Iero Mo U IOJIsd, Pac-
CesIHHOI'O Ha TeJie

E=E°+E°
H=H*+H’
Bynem nckaTh paccestHHOE T0OJI€ B BIJIE BEKTOPHOIO MOTeHIHAa 8 A

H*=V x A (5)

B nanbheiineM, eciii B 9TOM HeT 0c000i HEOOXOIUMOCTH, 3HAYOK S Oy1eM
onycKaTh. Hamps»KeHHOCTD 9JIEKTPUIECKOTO MOJIsI Oy/IeT BHIPAXKATHCS depe3
HoTeHIAal A cilenyomuM o0pasoM:

(
ik
VuuThiBas, 4TO B TOYKE KacaHWs BbIIOJHseTca yciaosue He, = 0, a
Takke (5), eCTeCTBEHHO MPE/IIOI0KUTh, ITO

E = V(VA) + k*A) (6)

A=A, (7)
O6o3na4uM
Az - 1/}
CkajgpHasl BeJIMYUHA 1) YIOBJIETBOPSIET yPaBHEHUIO | eIbMIobia
(A+ K =0 (8)

[Honyuum st He€ rpaHUYHbIE YCJIOBUS

Ha rpamnurnie mo/2KHBI BBITOJHATHCS CJIEIYIONINE YCIOBUA: BEKTOD JIEK-
TpUYIECKO HalpsizKeHHOCTH E u KacaTejbHbIe MPOU3BO/IHBIE HEIIPEPBIBHBI,
BEKTOP MArHuTHON HamnpsizkeHHOCTH H nMMeeT cKavwok Ha IpaHuIle. Y YUThI-
Basl, ITO TeJIO §) SIBJISIETCsI, 110 IIPEIIIOJI0KEHUIO, UealbHBIM ITPOBOIHUKOM,
T.e. BEyTpu Tena B, H = 0, momy4unm, 9TO Ha IpaHuIle ¢ BHENIHeH CTOPOHLI
JOJI2KHO BBINOJIHATBCs yesioBue E = 0

Bamumiem (6) B IUIMHIPUYIECKO cucreMe KoopamHat. YuntbiBas (7),
nMeeM:

d(pA.) 0A,

1
A=-
v p( 0z 0z
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T.€.
%A,
0pdz

V(VA) + k*A = e, +

2 2
L e (g + ) Ace (9)
p 00z 022
OueBuHO, YTO TVIaBHBLIN ujeH HoTeHnuasta A, s ciaydas JIJIMHHOIO IH-
JIMHIPa BHE OKPECTHOCTH KOHIOB JIOJIZKeH COBIAJATL C MOTEHIINAJOM st
HECKOHEYHOTO IIIHHIPA, KOTOPLIH, KAK JIETKO BUIETH, SB/IAETCA PEIleHIeM
sajaun Jlupuxiie /I IIOMepedHoro cedeHns. B caydae HOpMAJILHOTO Hajle-
HUsI OH paBeH IaJaioleMy oo Ha rpanune u Tok (0A,/0p nnsa p = a)
[IOCTOsSTHEH Ha TpaHuiie. 1109ToMy ecTecTBEHHO MPEAIOIOKUTh, 9TO B (Op-
myste (9) Bce ciaraemMble KpoMe MOC/IEIHEro BJISIOTCA MONpaBoYHbIMU. Ta-
KM 00pa3oM Jjist TOTeHIuaa ¢ = A, B IJIABHOM IPUOJIMXKEHUU TI0JIYIaeM
3a/1a4y:

(A+E)Yp=0 in R*\Q (10)
=19 on S (11)

rae ¢ = iEe, "BHEIIHWI " TOTEHIAJ, CO3MaHHbII aJalonuM MojaeM. By-
JeM UCKATh (PYHKIUIO ¥ B BUJIE TMTOTEHIINAJIA ITPOCTOTO CJIOS

1 [ exp(kR) .
= /S I jdSs (12)
[Tokaxkem, uro Ha S
0
%AZ =H, (13)

HeiticTBuTeIbHO, /11 9TOrO 3anuiineM V X A B MUJIUHIPUIECKON cucTeMe
KOODJIUHAT

104, 0A 0A, O0A 1 0(pA,) O0A
A= (= = _ 7 el d (AT TP .
V x (p8§0 Oz )ep—l_(az 8p)e@+p( 8p 8@)e
orciona, yaurbiBas (7), noaydum Ha S
0A,
V X A. — —TPQ@ (14)

WM, 9TO TO Ke camoe (13).
ITokazkem, 4TO B HalleMm ciydae "BHeIIHHiI"TOK, CO3JaBaeMbIil IIa1ai0-
M MarHUTHBIM IIOJIEM H, He BHOCUT BKJIa/ B A



HeitcTBUTEIBHO:
J=nxH®= Hsinpe, (15)

MOCKOJIBKY, B cuity yenaosus (3) H€ maso mensiercs Ha S. Torma, nomcrasiisis
(15) B maTerpas (12) BuguM, 9T0 HHTErpas OOPATUTCS B HOJIb.

Bepst Touky nabionenust Ha rpanuie, u3 (11) moaydumM mHTErpaabHOE
ypaBHeHue Jjisi Toka j(p, z)

e 1 exp(kR) .
(U __E/ST‘]CZS (16)

HomonauM rpanuily S 10 OECKOHEYHOIO MUIMHAPa Sy, 100aBUB K HEil j1Ba
110J1y0eCKOHEeYHBIX UauHApa Sy, S_ cupasa u cjesa:

So=SUS,US_

Pemenne nnrerpanbuoro ypastaenusi (16) 6yzeM mckaTh METOJIOM ITIOCTIEI0-
BATE/JIbHBIX IPUOJINKEHUI:

j — ](0) _|_j(1) + +(2) + ...

['naBHbIiT YieH j(o) HAXOAUTCs U3 ypaBHeHus () j1iist 6ECKOHEYHOTO IIJINHIDA
Sp U coBmagaer ¢ pereHneM 3aja4du JlupuxJe Jyisi BHEITHOCTH KpyTa

j = E; (17)

Cuemyomee nputmuxenne j) = jf )+ jg ) HaXOJIUTCs U3 ypaBHEHUIT

0= L [t 0 (18)
e
1 = [ s (19)
-

Paccmorpum dysKIMIO f_s_l), Ha S MMeeM:

/

2=
)+ (=) 0)

R2(gp, z; 90/, z,) = aQ(cosgp — cos @,)2 + a2(sin<p — sin g0/)2 +(z—2
o—¢

4a? sin®(
’
B 00JIACTH | 2 — 2 [>> @ mosrydmM:

R(¢,2¢,7) = 2= 2 | (1+ O(ka)) (21)



Bosmoxxubl Tpu ciydas:

b—2z=0(a), (22)
ka < k(b—2z) = 0(1) (23)
k(b—2z)>1 (24)

st QYHKIIAN fJ(rl) MMeeM BbIparKeHue:

fJ(rl)( _ika / /27r exp( kR S (25)

Paccmorpum ctydaii (22). ITockosbky muTerpas (25) He 3aBHCHT OT @,
MOXKHO TIOJIOKUTD ¢ = 0 . C npobjieMoit 6eCKOHETHOCTH MOYKHO CITPABUTHCSI,
100aBJIsIst HEOOJIBIITYI0 MHAMYIO TACTD B BOJTHOBOE THCIIO k =k +ic. Benem
HOBBIe [IEPEMEHHbIE 5 = 2a sin( %5 ) t=b—2 >0,7=b—z> 0 HOCKOIbKY

z < b,z > b, rorga noyunm: Takum oGpasoM HMeeM:

R() ~y/s?+ (t+7)2
dgpl = ;ds
i o
YunreiBast (22), umeem kR < 1, r.e. exp(kR) ~ 1 u cienoBaresbHO st
QYHKIMM TOJTy IHM:

ex 1 .
)~ [ /¢ pt+72\/1—52d8dt:cl(7—)lka

rae 0 < c1(7) < 3

/ / !
Beejiem pacrsinyTbhie KOOpJuHaThl s = ks,t = kt,7 = k7 (mrpuxu B
JaJbHeimeM 6yieM OIyCKaTh), TOrIa

ka §
(1) exp(— k) 1 d @t
AN 2 / / N \/1 — (%) °

Ic

’ZLHH ITIOJIO2KUTEJIbHBIX BEJIMYUH MMEeT MECTO HepaBeHCTBO
a? +b% > 2ab

Torna nmeeMm:

ka
PO // exp(—(3)t) 1 dsdi
| £ 27r V2s( t—l—T \/1_ (%) s

k
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CitenoBaTesIbHO:
| fJ(rl)(T) |< eVkaVkT < c1ka (26)

[Tosyunm onesky st caydast (23). meem R ~ t + 7, u ciiejoBaTeIbHO

O i<ka [
< ka dt kaln < c1ka 27
0 | Pl (r) < (27)

Paccmorpum corydait (25), Kak U B IIpeJIbLIyIIEeM IIyHKTe, uMeeM R ~ {41
U CJIEIOBATEJLHO:

D)~ b [l i),
f+ (T) 2 t+ 7

[Tpumennm K unTerpaty (27) hopmyiy HHTErpHPOBAHUS MO YACTSIM, TOLJIA

ka1 1 [ i(k +1
I o 1 e 2%)

)~ =5 (29)
(1) .
Torma mis Toka ji ', KOTODBIH, HAIIOMHMM, SIBJISIETCs PeHICHHeM HHTe-
rpajibHOro ypauerust (18), moyydnm ciieyronye OlneHKu:

|3 1< cik(ka) for k(b—2)=0(1)  (30)

ka
jsrl) ~ @km exp(ik(b—z)) for k(b—2z)>1 (31)

(1
AHaIOrnIHbIe OMEHKYN MOYKHO TIOJYUUTh JJIsT (DYHKIUN j(,).

HamomuuM, ©TO BCe BBIMEIPUBEICHHDBIE (DOPMYJIBI OTHOCATCS K CJIYIal0
HOPMAaJILHOTO NaieHus. 1IpenmomoKmM Teneps, ITO BOJIHA TAIA€T IO, YTIIOM

B OCHU IIWJINHJPA, PA3JI0KUM BOJTHOBOM BekTOp Kk Ha 1Ba

kie, =0 (32)
kH ><€Z:0
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By,ueM HNCKaTb pelieHnune B BUe:
A = eXp(ik”Z’)A(k}J_) (33)

Bce nonyuennbie hopMysIibl COXPAHATCS, €CJi B HUX k 3aMeHUTDb Ha k| .
PaccmoTpuM Teneph BTOPO#t Cilydaii MOJSIPU3AIIAN, KOTJIa BEKTOD SJIEK-
TPUUIECKON HAIPSIYKEHHOCTU KACACTCS IUJINHIPA, T.€.

E=F_,e,
H=H.e,

B srom caydae mamaiomias BOJIHA HE MOXKET CO3/IaTh 3HAYUTEIbHBIA TOK,
IIOCKOJIbKY CyMMapHO€ JIeKTPUIECKOe 110J1e, B cuity (4), I0/2KHO ObITh PABHO
HYJIIO Ha TPAHUIE, & MaJAoIee MoJie MaJIo MeHsIeTcs. Kenm TOK 1 BO3HUKHET,
TO OH Oy/IeT UMETh OYeHb MAJICHBKYIO BEJIUYUUHY MOPAIKA Ka.

3 /Imarpamma HanpaBJIEHHOCTU

[Mosyunm Ternepsb BBIPAasKeHUsI JJIsI JUAIPAMMBI HAIIPABIEHHOCTH IIOJISI, PAC-
CesSTHHOTO Ha TeJie ), JJIst 9TOrO MOy IUM aCHMITOTHIECKHE BHIPAYKEHUS IPU
r — oo unTerpasa (12)

Nmeem:

R=f(w—aP+y—y)+ (-2
Beesiem cepuueckue koopaunaret (1,6, @) ¢ ocbio z , Torga npu r > 1

T ’ zZ 1
R=r+22 +%y +2; +0(-)
r r r r

S|

r+ acos(p — ¢ )sind + z cosf + O(=) (34)

[IycTs Ha Teso ) majaeT IJIOCKasi BOJHA MEPBOH MOJIAPU3AIUH IO YIJIOM

0o.

kJ_ = k‘SiIl@o
k” = kCOS@o

Haiinem numarpaMMy HaIpaBJIEHHOCTH PACCESHHOTO HA TeJie IOJIst

4 = A(p, 0) 2PURT) (35)

T



[Moncrasisist (34) B (12), mouayaum st 121() BBIPAYKEHHE:

1 /
Ay=, / exp(ik=' (cos 6 — cos 6))j (k1 )dS (36)
m™Js
['1aBHOE 3HAYMEHNUE 15T IIArPAMMbI HAIIPABJIEHHOCTH MbI [IOJLY 9UM, €CJIH TIOJT-
craBuM B (12) ruiaBHOe 3HauYeHue st Toka (17):
A 1
A() = —
0 4
ik 2Tr b / ’ /
EY cos «904— / / exp(ikz (cos — cosby))dy dz =
mJo Job

g sin(kb(cos @ — cos b))

z

/Sexp(ik:z, (cos @ — cosbp))7° (kL )dS = (37)

(38)
cos f — cos Oy

Haiinem nuarpaMmy HaIpaBIeHHOCTH JJIsI 3JIEKTPOMATHUTHOIO IIOJIST, Pac-
cessHHOrO Ha Teje. st aroro 3amumeMm V X A B cepudeckoil cucreMe Ko-
OpJMHAT:

1 0 ) 0
VxA= m {%(T S 91490) — %(TA@)} (79 (39)
1 0 0 170 0
— A, — —(rsi —|=—(rdy) — =A, 4
rsin 6 [&pA or (r smHA@)}eg + r [87’ (ro) 00 }e@ (40)
Nnmeem:
A =A,e, = A,cosbe, + A,sinfey (41)

[Tpuvem B ruiaBubIx npubimxkenusx A, = A,(r,0). Takum obpasom B dop-
Myste (5) ocTaHeTCs TOJIBKO |JIeH IIPH €,

1.9 )
Vx A= [-(rdg) — 5o Alle, (42)

Torma Ha GeCKOHEYHOCTH (NP 7" — 0C) MOJIYYUM:

H=VxA ~ Age, = A(f)sin GeXp(TZkT)e@ (43)

AHaJIOrmYHbIM 00PAa30M HAXOJIUTCs JMarpaMMa HalPaBJIEHHOCTH JIJIsl DJIEK-
TPUYECKO} HampsizkeHHOCTH E.

Takum 00pa3oM MbI BUIUM, UTO PACCESHHOE IOJIE€ IPEJCTaAB/IAET cOOOit
KOHMYECKYIO BOJTHY C OCHIO COBIAIAIOIIEH € OCHIO IMJINHJIPA 1 UMEIOIIEe MaK-
CUMYM IIpU yIJVIe pacTBOpPa PaBHOI'O YIVIy IIaJeHUs, IIPU 3TOM MaKCUMAaJILHOE

10



3HAYEHNE MTPOTIOPIIHOHAIBLHO TIIOMIAIN TOBEPXHOCTH Teta (). DToT dakT co-
XPAHUTCA U JJI IPYTUX CIIyIaeB.

HOKa)KeM, 9TO OH mMeeT MeCTO, B YaCTHOCTU, JIJId SJIJIMIITUIECKOr'O ITu-
JIMHJIpa. DTO OyJeT cjieJloBaTh u3 Toro dakra, 4TO IJIABHOE 3HAYEHUE TOKA
COBIIQJIAET C TOKOM Jjisl 3aja4u Jlupuxjie Bo BHEITHOCTH I'PAHUIIBI [TOTIEpEd-
HOTO cevenusi. VI3BeCTHO, UTO 9TO peIeHne BhIPAXKAETCSI ¢ TIOMOIIBIO (DYHK-
1Y, JaloMeit KoHPOPMHOE 0TOOpaXKeHne PAHUIbl HA e IMHUIHBIN KpyT. s

DJLJIUIICA 9 9
T y\2
) +(G) =1
OHa paBHA!
1 a-+b
z:g((a—b)w—i- » )
u pemeHI/Ie 3a a9 ,HI/IpI/IXJIe:
Y =In(lw])

Kak u st kpyra, mpousBoiHasi 0 HOPMAaJIM HA TpaHUIle Oy/eT MOCTO-
sSIHHA U, CJIEJOBATEIbHO, COXPAHUTCA TOT BBIBOJ, KOTOPBIA ObLI CIae/IaH JJIst
cJIydasi KpyroBOro IIMJINHIPA, YTO MaKCUMaJIbHOE 3HAUEHUEe TuarpaMMbl Ha-
MTPaBJIEHHOCTHY MPOTOPITMOHAJHO TJIOMIA /I TTOBEPXHOCTU TeJIA.

[Ipemnosoxum Terepb, 9To {2 TeJ0 BPaIleHusI ¢ MEIIEHHO MEHSIFOIIMMCST
pasmepoM cedenust. I[lycTh ypaBHeHNE ero HOBEPXHOCTH

p=plez), |z[|<b
ekl

OdeBuHO, UTO, KAK U B CJIydae KPYroBOrO IUJIHMH/PA, OCHOBHOMN BKJIAJ]
JAcCT BOJIHA TIEPBOY MoJIIpU3alueil, T.e. IJIOCKas BOJIHA, Y KOTOPOH BEKTOD
3JIEKTpUIecKoil HampsizkeHHOCTH K HampaBieH nmapaJseabHo ocH z. ['maBHOe
3HaYeHUEe TOKa OYIET CKJIAJIbIBATHLCI M3 TOKa JJIsd 3aaadun Jupuxie s mo-
IIepevHOr0 CeveHns], YMHOKEHHOTO Ha ITpoeKInio BekTopa E Ha och 2

7O = ik(nk)ES (44)

CremoBaTe/ibHO, COXPAHSIIOTCA BCE BBIKJIAJIKN W BBIBOIBI, CIAEJaHHBIE IJIsI
KPYTOBOTO IUJIUH/IPA.

Bce paccMmoTpeHms ceraHbl B IIPEJITOJOXKEHAN, YTO HA TEJIO MaJIaeT
ILJIOCKAsT BOJIHA, OHAKO JIETKO CJIeJaTh 0000IeHrne Ha cayvail, Koraa maaaio-
1ee moJjie Bo30YKIaeTCsT JIIOOBIME, JOCTATOTHO-Y/IAJIeHHBIMA UCTOIHIKAMT,
TAKUMHU, YTO MOJI€ B OKPECTHOCTU TeJia 33/Ia€TCs JIyIE€BbIM PA3JIOXKEHUEM.
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4 BpiBoabl

[Tosne, paccesiHHOE Ha BBITSIHYTOM TeJji€, TPEICTABISET COOOH JIMHEIHO IO~
JIAPU30BAHHYIO BOJIHY, C BEKTOPOM 3JIEKTPUUIECKOH HampsikenHoctu K Jie-
JKAIUM B IUIOCKOCTHU, 0Opa30BaHHOI JIYYOM U OChIO Tejia. [J1aBHOoe 3HadeHne
JArarpaMMbl HAIIPaBJIEHHOCTHU 3aBUCUT TOJIBKO OT MHTErPAJIbHBIX XapaKTepu-
CTUK TeJIa. DTOT CBOWCTBO UMEET MECTO, KaK JIJIsi TeJI BPAIEHUs, TaK U JIJIs
TeJI He sIBJSIONINXCA TaKOBhIMU. VIMeeTcs MpoCToil aJlrOPUTM JIJTsi HAXOXK Ie-
HUS CJIEJIYIONIUX IPUOJINKEHIH JIJIsi aCUMIITOTHK TOKa U TIOJIs.
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