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BB BakyyMm, 6€3 3apsay u TOKOBe ypaBHeHusTa Ha Makcyes peMuHaBaT B IO-CUMETPUYHA (DOpMa:

V.E = 0, (Gauss'slaw) (1a)
V.B = 0, (Gauss'slaw for magnetism) (16)
5 o B
VxFE = —aa—t, (Faraday's law) (1s)
VxB = uoaoaa—f, (Ampere’s law) (1r)

Sagaun:

1.1 TTokaxkere, ue TEM pbsina (HanpeuHa eeKTPUYHA M HAIPEYHA MAPHUTHA BbJIHA) OT BUJA (3AMUCAHA B IUIMHIPUIHA

KOOD/IUHATH )
. Acos (kz — wt - Acos (kz — wt
Flro ot = |A8®2=wt) o ol Bla et = o, A8z =0
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MOXKe 1A Ce PA3MPOCTPAHSIBA B KOAKCUAJIEH U OE3KPANHO AbJIbl BLIAHOBOL NMOKa3aH Ha @urypa ?7. [lpuemere, e crenure HaA
BBJIHOBOJIA (BLTPEIIHUAT PAIUYC € a & BHHITHUAAT € b) ca uaeaju HPOBOIHUIIN.
YobrBaHe: MOXKe Ja W3MOA3BATE CICIHUTE ONEPAINH B MIIAHIPHIHN KOOPTAHATH:

VB = L0 gy 10 O
(78), - Lhie om
(@x8), - L0sm)_1om

Qurypa 1:

1.2

3a mpenuIHATA 3a/7a9a CMETHETE KaKBa 1€ € MOBbPXHUHATA ILUIBTHOCT HA 3apPAIUTe BbPXY BBHTPEIIHUAT TPOBOIHUK C
paJuyc a, KAKTO U TOKA KOMTO Tede IO Hero.

1.3

KakTo curypro Bede cre 3abessizaniy, ypapHeHusTa Ha Makcyes BbB BakyyM 0e3 3apsiii U TOKOBE €3 J0CTa CHMETPUYIHH.
CumerpusTa ce HapyIIaBa, KOraTo UMaMe 3apaau U TOKoBe. ToBa HsMaIle J1a € TaKa aKO B IPUPOATA ChIIECTBYBAT MArHUTHI
3apsau (MAUHUTHE MOHOIIONM) TOraBa ypaBHeHuAT Ha Makcyes iigxa aa upupobudar cumerpudanara hpopMa OT BUAA:
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Moskere Jin Jla HATIWIIETE 3aKOH aHAJOTHYEH Ha 3akoHa Ha KysioH 3a ciaydail Ha MArHUTHU 3apsiu. A Kax IIe u3riexkia
cunara Ha JIOpeHIr, ako CHIMECTBYBAT MATHUTHU 3aPSIN.
1.4
Hawmepere:
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1.5

HOKa}KeTe, Ye MAarHuTHOTO IIOJI€ Ha MaIlHUTEH MOHOIIOJN TpH6Ba Ja € OT BUuJa:

5 H0Qm o foGmd (T)
B () = drr3 | 3 "

3a Ja ce yJoBjeTBopaBa 3akoHa Ha layc B marnerusma (V - B (7) = 0). Peanna dusuuna curyarys, B KOATO HMaMe TaKOBa,

[oJIe € MAarHuTHOTO IOJe B OJIU30CT A0 BbPXBT Ha AbJbI IINPOH, HJIK IbJbI U TbHBK IIpaB COJICHOHI.
1.6
Ako BEKTOPD INOTEHIIHAJ Ha MarHuTeH JUIIOJI €

— wo { - T
A - - 5
(7) g (mx 7“3)

K'bJIeTO 17, € MATHUTHHST MOMEHT Ha 1umosa. To HaMepeTe MarHHTHOTO moue B (7) ma marmnTHEST unoa (B (7) = V x A (F)m
B (F) rpabBa 1a ynoBiersopsasa 3akoHa Ha Layc 3a MaruurHOTO T01te V - BB (7) = 0).

1.7

N3non3eaiiky pe3yarara OT MPEANIITHATA JEKIHs 32 HAIbIKHATA KOMIOHEHTA Ha, [JIOCKa BhJIHA KOSITO Ce PA3NPOCTPAHSIBA
B JIbJI'bI' BbJIHOBOJL:

0? 0? w\2 5 0? 0? w\2 5
[81‘2+8y2+(0) k:|EOZ(I7y)O7 [W+8y2+<c) k}BOZ(z,y)O,
Wiy B UMIUHAPUYHU KOOPAMHATHU:

10 OEy, (1, @) 1 9?Ey, (r, ) w\ 2 9 B
ror ( or )ﬂz o ((5) —#) Beria) o

Hamepere TM pemenneTo 3a MAIHHAPHYEH OE3KPANHO IbILI BhIHOBOM, C HACIAHO MPOBOISIIIN CTEHH.



Peurtenusa:

1.1
Boana or Buga:
" Acos (kz — wt
Blrozt) — {COSUW,O%
T
. Acos (kz — wt
Blrost) — {O,wS('zw)ﬁ},
rc

MOXKE TIa Ceé Pa3NpOCTPAHSBA BbB BbLIHOBOIA AKO VIOBJIETBODsIBA YPABHEHUATA Ha Makcyes BbB BaKyyM 3a€IHO C rpa-
Huyanure yciaoBud. [Iposepasave V.E u V.B:

== 10 10E, O0E. 10 10 [ Acos(kz—wt)

VE = S5 0B i T et ”—Tar(?“ ; >—0

== 10 10B, 0B. 10B, 10 [Acos(kz—wt))

VB = T r”raa*azraaraa(m >0
cera mpoBepsiBaMe W APYruTe 1Be ypaBHenuss Ha Makcyen. Ot VxE= 783—? =

- = 10E. 0B, OB\

(VXE)r T rda 0z =0 ( 8t> =0,

(6 y E) _ OE. 0OE, _ _ kAsin (szwt)7 0B _ 7wAsm(szwt)7

@ 0z or r ot rc
- 19(rE.) 10E, _ 9B\
(VxE), = 175" 7 =" (‘&) -0

aorVxB=2%2E=

S 10B, 0B, kAsin (kz — wt) 1 OF wAsin (kz — wt)
B = —_ — = — [ -~ 7
(V X )r r da 0z rc ’ <62 ot ) rc? ’
. OB, 0B, 1 0E
B) = _ — 2= =
(V . )a 0z or 0 <02 ot ) 0
- = _ 190(rB,) 10B, _ 10E\
(VXB)Z T or o 1 O =0, <02 8t> =0,

HOCJIEAHATE JIBE CHCTEMH Ce YIOBIETBOPSABAT KOraro k = w/c. ['paHMYHNTE yCIOBHA Ha NOBLPXHOCTTA HA BLTPEIIHUAT U
BBHIHUAT MMPOBOIHUK Ca:

Bl =
BJ_

Kowuro cbimo ce yaoBaeTrBopsasar.

1.2
3naem, 4e eJeKTPUYHOTO 1101 10 yCJOBHETO Ha IPEIMIIHATA 33,1348 € caMo pajuaino u e B, = r~1Acos (kz — wt), raka

Je HeKa MPUJIOKWUM TeopeMaTa Ha layc B mHTerpaaHa ¢opMa 33 TOBbPXHUHA [UJINHIbLD C PAguyC 7 =

{JE.as =

l
g < 2nAcos (kz —wt)l = :— = 0 = 2meggAcos (kz — wt).
0 0

3a 78 HAMEPUM TOKa, KOUTO Tede TI0 BHTPEIIHUSIT TPOBOJHUK MpUJIaraMe 3aKoHa Ha AMIep 3a IMUJINHIbLD ¢ pajguyc r =

A kz — wt 27 A cos —wt
%ﬁd?:MOI@M%W:uoIéI: wAcos (kz w).
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Ob6bpHeTe BHUMAHUE, Y€ B TIOCTIEIHOTO yPABHEHHE TOKA HA OTMecTBaHe Ha Makcyer mpe3 Taka u30paHusT KOHTYD € Hysa
[IOHEXKE eJIEKTPUYHOTO II0JIe UMa CaMO PaJuasIHa IIOCOKa.

3apsi/ila ¥ TOKA HA BBHINHATA, CTEHA HA BBJHOBOIA €A TOYHO [MPOTUBOIOJJOKHYU HA TE3W HA BHIPEITHUTE. 3a0a4aTa MOKE
Ja Ce pelu OT TPAHUYHUTE YCJIOBHUS 33 TOKA U 33 TMOBBPXHOCTHUAT 3aPAJ] BbPXY METAJHUTE MOBBPXHOCTH:

50EL = o0,
Bl ,
—_ = J.
Ho

1.3
Bagagara e caMo 3a MpOBEpKa Ha BaNIaTa (PU3MYHA WHTYUIIHS.

Or 3akona na Kynon nmawme:
1 Ge19e2
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3a Jlopenmopara cuia uMaMme:
. . . R S
F=q (E+17>< B) +qm (B— = xE)
c

1.4
cMsATaMe OTJIETHO
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HEKa Ja [IPOBEPUM JaJii HAucTuHA V - (7,’—3) = 0, 3a mesrta na U3M0JI3BaMe TeopeMaTra Ha layc oT aHasaM3a M MHTErpupame
BBPXY cdepa ¢ paauyc R:

- - T 2T - = T P2 2
7 T - T T o R* . _ R
/v (r?)> av = ) (Ts) -dS:/O /0 SR sln@dﬁdtp:%’/o 5 sinddo = 4z

cera HeKa 1a u3bepem r = R — 0 =
/v- (;) dV:47T:/47r6(F)dV
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T
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1 L,
Al =] =—4n6(7)
r
1.5
aKO M3IOJI3BaMe CJIETHUST PE3YITAaTa OT TPEeAUITHATA 3312494
\Y ") 476 ()
5 ) =Amo(r
BIKJIAME, Ye 3a Ja ce yJoBierBopu reopemara Ha [ayc 3a marnuraoro nosue (V - B () = 0 mau B uaTerpasna Gopma
§p B (7) - dS = 0) To B nonero B (F) TpsabBa fa nMa 9IeH OT BHAA
_ MOQm(S (7?) 7:»
3 9
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KOHTO Ja KOMIIEHCHPa TOYHO IIOTOKa Ha MarHUTHOTO IIOJI€ CBb3JaJ€H OT MAarHUATHHWA MOHOIION C II0JIE:

Ho4m F
4rd
= MaruuTHOTO moJie TPpsAOBa 13 € OT BUIA:

5 Hodm - ,UOQma ('F‘) —
B(7) = 37— T
4mr 3
TOraBa IIOCJEIHOTO IIOJIe OTTOBapd He Ha €JUHHNYEH W U30JIUPaH MarHUTeH MOHOIIOJI a Ha IIoJe OT HO.Hy6€3KpaeH U MHOTO

THHBK cojieHon . Pasbupa ce ¢dopmara Ha TO3M COJEHOM] He € (DUKCUPAHA M TOH MOXKE J[4 € KaKTO [paB TaKa U Ja UMa
BcakakBa (opMa: TOBa e Taka Hapedenara crpyna na Jdupak (dur. 2)).

1.6
nonexe B (7) = V x A (7) =

Ho o 7 Mo | o

w2 (1Y Lo(L
= 47r[7"3 +mT.V<T3> m.V(r3

B(7)

obaue

= Mo [2m 1 S 1
po [ mo 3. Ho LT\ T

- K - 3.l ) L
4 [ 73 + 7D T} 473 [( m r) r m}

ocrasa na 3amecrum B () 8 V - B () = 0 3a 1a IpOBEPHM JaId TaKa HAMEPEHOTO II0JIE YJOBJICTBOPABA 3aKOHA Ha Layc 3a
MarHETH3MA.
1.7

[lonexke mmame HieasleH MPOBOAHUK TO €JIEKTPUYHOTO W MArCHHUTHOTO IIOJI€ B IPOBOJHMKA 33 HYJIA U MMaMe CJIeJIHUTE
TPAHUYHE YCJIOBHA HA MOBBPXHOCTTA HA MPOBOTHUKA:
El =0= Ey. (a,0) =0
Topcum ga pemum TM BbaHA CIeI0BATETHO HMaMe yPABHEHHETO:
19 [ 0Fy. (r,a) 1 9?Ey. (r, ) w
—l\r— |t 55—+ (

2
c) —k2> Ey, (r,a) =0=0.
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PermaBame ro ¢ pasgensiHe HA TPOMEHIUBHUTE, KaTO nomoxuM Fy, (r,a) = R (r) © (o) =

@(a)i((i(r aff”)) ()i2 a(‘“)+R(r)@(a)((“Z)2—k2)E0z(r,a) SN
RZr)c’iﬂ (T81j9£ )) * 9204) 62;(2&) +r ((i)z - kz) =0
Sla) 97

——n2

9?0 ()
da?
= O (a) = Csin (na + ap) HO TpsibBa Ja UMaMe MEPUOAUIHOCT TI0 & = O (a) = O (o + 27) =

+ 120 (a) =

sin (na 4+ ag) = sin (n (o + 27) 4+ ag) = sin (na + ap) cos (2mn) + cos (na + ) sin (27n)

=>n=012.=

O*R(r)  10R(r) , ((W)Q_kz_ "Q)RW —0

or? r Or c r2

Axo cera cvennM npomenymBaTa r = x/f3, 3% = ( ) —k? =

ﬂzd -’1() ﬂzldR() <52 Bn 2)R(x) = 0«

dx
d*R (z) dR (z)
22
dx? T dx

+(z®=n*)R(z) = 0

Tlocnennoro ypasuenne e ypapaeHune Ha becen, 9uuTo pemenue e
http://mathworld.wolfram.com/BesselDifferentialEquation.html

R(x) = AJ, () + BY,, (z),

R(r) = AT, <r (%)2 = k2> + BY, (r (%)2 _ kz) 7

2
kbaero J, (z) u Y, (z) ca dyurupu Ha Becen or wbpeu u Bropn pox. IloHexke Y, (r (2)" - k2> — 0o koraro 7 — 0

nJjan

0= B=0=

Ey, (r,a) ZAJ ( ( )2 k2>sin(na+ao)

n=0

2 2
a or rpaamaHOTO ycaosme Fo, (a,a) = 0= J, (a (%) — k2> =0= Zpm = a (%) — k2, KbIeTO Ty, €A KOPEHHUTE

Ha ypasuenuero J, (z) = 0. Torasa 3a AWCIEPCHOHHOTO yPABHEHUE UMAME:




