1. Yp. MakcBenna B MHTErpaabHou u auddepeHumanbHo popmax.

Mop, sneKTpomarHuTHbiIM nonem (3MIM) cneayetr noHUmaTb cpeay,
NPOCTPAHCTBEHHO-BPEMEHHOE COCTOAHME KOTOPOM MONHOCTbIO onpeaensaeTca
4eTbIPbMA BEKTOPAMM:

E (x,y,z,t) — BEKTOP HaNpAXeHHOCTU 3N1EeKTPUYECKOTo NoNA.

D (x,y,z,t) — BEKTOP 3NEKTPUYECKOTO CMeLLLeHMA.

B (x,y,z,t) — BEKTOp MHAYKLMN MarHUTHOrO Nons.

H (x,y,2,t) — BEKTOP HaNpAXeHHOCTU MarHUTHOrO NOAA.

Byaem paccmaTtpumsatbe IMI B 06beme V € rpaHUYHON NOBEPXHOCTbIO S,
Ha KOTOPOWM NMPOUCXOAMUT CKAYOK CBOWMCTB cpeabl. Bo Bcex BHYTPEHHMUX TOYKAX
V, T.e. TOUYKax, He NpUHaANEeXKawmx S, BEKTOPbl NONA HENPEPbIBHbI BMECTE C
nepBo U BTOPOM NPOM3BOAHbIMM MO KOOPAMHATAM, @ TaKKe KOHEYHbl. ITU
BEKTOPbI .~ oD B o

1) rot H=0+— ; 2) POt BE=——r,
ot ot

3)divD=p; 4) div B=0:
y0B/NIETBOPAIOT YeTbipemM ypaBHeHMam Makcsenna (YM):

MepBoe YM — 0606L1eHne 3akoHa AMnepa, B COOTBETCTBMM C KOTOPbIM:
rot H=0

oD
B nepsom YM uneH 3¢ ~ M/IOTHOCTb TOKA CMeLLeHUA.

Ons nepexoga K WHTerpanbHou ¢opme 3anmcm nepsoro YM
Bocnosib3dyemca Teopemon CTOKCa [AnA HEKOTOpOM MOBepxHocTn S,
onupatouenca Ha KoHTyp | . NMpounHTerpmpyem obe yactn ypaBHeHUSA Mo S:

[ ror S = [ 55 + [ 22 a5
s S s o1

MpumeHsaAs K nesoi Yactn Teopemy CTOKca, NONYUYUM:

§HAI =1+1,

Fae I — anekTpuyecknim ToK Yyepes NOBEPXHOCTb S, I, - TOK CMeLLeHUA
Yyepes 3Ty NOBEPXHOCTb.
Btopoe YM — 0606ueHne 3aKOHa 3/IEKTPOMArHUTHON MHAYKLUMM.




NHTerpanbHas dopma 3TOr0  ypaBHEHUS nony4yaetcs n3
amobdepeHUManbHOM TeM Ke NYyTEM, YTO M NepBoe ypaBHeHue. B pesynbraTe
npumeHeHus Teopembl CTOKCa B 1€BOM YaCTh NOAyYaeMm:

—

S 0

TpeTtbe ypaBHeHMe MakKkcBenna saBasetrca 0606uWeHnem ypaBHEHUS
laycca-KynoHa Ha cny4yan npon3Bo/sibHOM cpeabl. [pumeHsa NHTerpupoBaHme
no V c rpaHuuen S K obemm 4actam ypaBHEHUA M UCNOAb3YyA Teopemy
OcTtporpaackoro-raycca K 1eBov 4acTu, NONYYMUM:

§DdS = [ pdV =¢
S V
YeTBepTtoe ypaBHeHne MaKcBenna yTBepXaaet OTCYTCTBME MArHWUTHbIX

3a PALOB U OAHOBPEMEHHO NOCTY/MPYET ero CnpaseaMBOCTb ANA Noboi
cpeabl. Te e AeNCTBUSA, KaK N B Npeablayllem cayyae, AaoT UHTErpasibHyo

opmMmy 3T0Iro daBHeHWunA: = _—
popmy yp § BJS — 0
5




2. 3aKOH COXpaHeHUsA 3apaaa U ero CBA3b C TOKOM cmewweHmna B 1-m YM.
LleHTpanbHbIM nocTynatom Teopun MaKeBenna ABAAETCA  3aKOH
CoXpaHeHunA 3apana. llonaraeTca, YTO CYMMaA 31EKTPUYECKMX B MUPOBOM
NPOCTPaAHCTBE MOCTOAHHA. 3apsiAbl HE BO3ZHUKAIOT U HE ucue3aroT. [IpuunHoit
VW3MEHEHHUS BEJIWYUHBI 3apsjia B JaHHOM 00beMe V SBJISETCS NEPEMENICHUE
3apsJioB, T.€. DJIGKTPUYECKUMH TOK YEpe3 OrpaHUYMBAIOIIYIO ATOT OO0BEM
MOBEPXHOCTh S MHaue roBopsi, MOXKHO yTBEPKJAaTh JJisl V ¢ rpaHuiiei S

9 _
dt

Mpeactasum g u I Kak:
qg= jp dv, f:§c§d§
I;f 51

Torpa: o d
$6dS=——[pav
AY dt Vv

MpumeHMM K neBon Yyactn Teopemy OcTporpaackoro-faycca n nonoxum,
4yTo V He 3aBUCUT OT t, NpM 3TOM NONYUMM:

j divo +
I:.r

nOCKOﬂbe obvem npomnssoJsieH, nocanegHee pPaBeHCTBO MOXKeET
BbINOJ/IHATCA TOJZIbKO NP yCAOBUMN:

op

ot

V=0

op
ot

[laHHOe ycnoBue Ha3blBaeTCA ypaBHEHNEM HENPEPbIBHOCTW.

divd = —




3. MaTepuanbHble ypaBHEHUSA U KnaccudurKauma cpes.

B o6mem ciaydae 3apucumocti D = D(E), B = B(H),5 = §(E) vmetoT anHeiiHbIN
xapaKTep.

Paccmotpum  BekTopHyto ¢yHKkumio D(E) wn pasnoxkum eé B pag

MaknopeHa: i s &80 o 3 w84
D(E)=D(0)+—=|E +=ET == oE +..
' oF 27 oE?
3pecb
E. - 55 s
s o - oD;\ &2 52D,
Bl i) =, &, g 9 2 L 50 4
. T Ty = of T\ oF, | oE? | OF,0F,

PaccMOTpMM /IMHEWHbIW CAy4Yal, KOrAa KBaAPaTUYHbIM M BbICLUMMMU
YNleHaMM PA3N0KEHUSA MOXKHO NpeHebpeyb:
=

E(E):;—E‘GE

Nnn B nogpobHoM 3anucu:

-

oD, oD, 0D,
D O0E, OE, OE. |, P
. éD, oD, éD, :
By == 5 E.
D CE, ©OE, OFE, £
- oD. oD. éD. -
oE, OE, ©OE,
O603HauYNM:
oD, oD, oD, cD.
Erx - s Eyyp = -~ > Exz = -~ Ty & =7
OF CF | OF. OF.
Beegem TeH30p:
& Y & Xy & Xz
8{? =€ yx 8_1_1 & =
& X 8.'1 & ZZ

Mcnonb3ys TEH30p AMINEKTPUYECKOM NPOHULLAEMOCTU, YpPaBHEHNE ANSA
JIMHENHbIX Cped, MOXKHO 3anucaTtb B caeaytouien popme:




D=¢g E

a

AHaNormyHbIMm ob6pasom BBOAATCA TEH30Pbl MAarHUTHOM MPOHULAEMOCTU
N yAeNbHOM NPOBOANMOCTMU:

B=u,H, 0=6E
Cpepsa Ha3blBaeTCA M30TPONHOW, ecam g;; = 0, npn ycnosum:
17 ], &5 =84, My =0mpui#j, puy=p, ucy; =0 npu i=j, o
Torga maTepuanbHble ypaBHEHUA UMEIOT BUA;:
D=¢,E, B=u,H,o6=cL

=0

Cpefa HasbiBaeTcA OAHOPOJHOW, echn &,, Al,, G He 3aBUCAT OT
KOOp/AMHaT B paccmaTpmMBaemom obbeme.

B npoTUBHOM c/lyyae cpeaa Ha3biBaeTc HEOAHOPOAHOMN.




4. N'paHUYHbIE YC0BUA ANA TaHFreHUMabHbIX COCTaBAAKOLWMNX BeKTopos IMI1

AT
Y . R
L Sunpungl ih l
g “””%S i
@ 8&2? -t]"}, _i h y W %W
) Al '

PaccmoTpum rpaHuLy pasaena AByx cpea;

[Ns TaHreHUMaNbHbIX COCTaBAAOWMIN SINEKTPUYECKOTO NONS:
Bblaennm snemeHTapHbIX NPAMOYFO/IbHUK BOAM3M rpaHuUbl, KOTOpas
OTBEYaeT cneayoWwmm yC10BUAM:
1. rpaHuULy B ero npeaenax MOXHO CYMUTATb NJIOCKON.
2. cpeabl 1 n 2 B npegenax aToro y4acTka ogHoOpPOAHbI.
3. NoAnA B npeaenax aToro y4actka He U3MeHAKTCA.
N — BEKTOpP HOpMaJIU K S;
T — TaHreHLHaJIbHbIM BEKTOD K S;
N — BEKTOP OMHOPMaJIH.
[aHHble TpU BEKTOpa 06pas3yoT NpaByto TPOMKY:
= [N, 7]
3anuwem BTopoe YM B nHterpasnbHon popme:

—.-

§Edf’ = —j—dS‘\*
MpnMeHMM ero K BblAeNEeHHOMY Y4aCTKy, MCNONb3Yys €ro CBOMCTBA:
fa o 2 0B,
| -1 ot

Meperigem K npegeny h — 0, yunTbiBasA, 4TO MPU 3TOM Ha rpaHULE
—_— 0B
Ei,He > oon > He = o nosny4um:
f(EI —E; ) =0

T. €. TaHreHuuanbHble cocTtasasawwme E HenpepbiBHbI NpU nepexoae
rpaHuLbl pasaena nobbix ABYX cpea.




,ﬂ,ﬂﬂ TaHreHuymaabHbIX COCTaBAAOWUX HaANPAXEHHOCTU MAlrHUTHOIO
nonsa.

3anuwem nepsoe YM B MHTerpanbHOM d)opme:

L[Hdr’ —ja dSN +j— dSN

5

MpUMeHMM [aHHOe ypaBHEHWE K paHee PacCMOTPEHHOMY Y4acTKy,
MCNONb3yA TPU ero CBOMCTBA:

ACE(H ) — B, )+ Ay =3 = 9D A g + ch ACKN

o1 Of i=1

" — oD
Nepenaem k npeaeny h — 0, npu atom Hy , He —> o U 5, He = o Ha S.

Ho p4nsa Toka TaKoe yYTBEPXAEHWUE HEBEPHO, MOCKONbKY nNpwu
onpeaeneHHom maeanmsaunm TOK MOMKET MPOTEKaTb MO MOBEPXHOCTU, He
3aHMMas 06beM (NOBEPXHOCTHbLIM TOK). TakaA cuTyauua BO3HWKAET B C/y4ae,

Korga oJHa M3 cpep npeanonaraetca uAaeanbHo nposogAllei. Beegem
NOHATME NOBEPXHOCTHOMO TOKA:

55 = lim ho
h—0

C yueTom BCEro 3TOro, Noay4yaem:
([, ~H,)=5N

T.e. Pa3pbIB TaHreHLUMaAbHbIX cocTaBnaloWwmx H paBeH NOBepXHOCTHOMY
3N1eKTPUYECKOMY TOKY.




5. (paHU4YHbIE YCN0BUA ANA HOPMAJIbHbIX COCTaBAAOLWMX BeKTopa DMI.
PaccmoTpum cneayroLmm >
UMAMHAQpuYeckmm obbvem. Obbem byaem
CYUNTATb 3/1EMEHTAPHbIM CO CAeayoLWmnmn
NPU3HAKaMMU:
1. B npegenax AV — AS miockasl.
2.8 npeaenax AVcpeabl 1 n 2 ogHopoAHbIE.
3. B npegenax AV nona B cpegax 1 un 2 He
U3MEHAKTCA.
3anuwem Tpetbe YM B UHTErpasbHoOM

dopme:

§DdSii=q= [ pdV
3 AV 7
MOCKONbKY CyLLECTBYIOT MOBEPXHOCTHbIE 3apsfbl, BBEAEM MOHATUE O
NNOTHOCTM NOBEPXHOCTHOTO 3apAja:
p. =limhp

h—0

Mepenuwem TpeTbe YM, yunTbiBan BCe NPU3HaAKM anemeHTapHoctn AV:

i=1
Nepenipa Kk npegeny h — 0, yuutbiaa D;, He » 0, K NO3TOMY

€~ — 00, NONYYUM:

060K

7y (Dl -D, ): Ps

T.€. pa3pbiB HOPMaAJIbHbIX COCTABNIAOLWNX 5 paBeH I'IOBerHOCTHOﬁ NAOTHOCTHU
/IEKTPUYHECKOTO 3apAaaa Ha I'paHl/I‘-IHOlZ NnOBEPXHOCTU.




30. YpaBHeHUsA BO36YXAEHUA BOJTHOBOAA CTOPOHHUMMU TOKaMM.
MpeactaBMmM BEKTOpa MOAS U TOKA B BUAE CYMMbl MOMEPEYHbIX M
NPOAO/bHbIX COCTaBASAOLMUX:

——

VA S - 2 S o A~ Rt ST A~ N~
E=E+EFE, H=-H +H, o,=0,+0,, 0,=o0,+0,
PeweHne ana E! fj7 MOXKHO WCKaTb B BUAE:

E'= Z(CSEE + ('.“'_55{5) ' - Z((Sﬁg " C‘_Sﬁi‘g)
S ’

Mcnonb3ya nonepeyHble M NPOAOJbHbIEe COCTaBAANOLWME YPaBHEHWUN
MaKcBenna MOMKHO TMNOKasaTb YTO pas3foXeHne Ana  NPOAOAbHbIX
COCTaBAAOLNX UMEeT BUA,:

')?{ 2 i Sy owm B 5*
E' Z(( EL+C (E! ) ‘ H' = ((.“_S.HS'.+C‘_5H'_'_5.)— S
Jjoe, S JofL,

NonHoe pa3noxeHne NonAa Tenepb MOXKeT 6bITb 3aNMCaHO B snae:

E:Z(c’gés+c’“_£ )— i,

B S i o
5 I e,
5!
A= z(c Hy+ CLgH g )~
I e,
PaccMOTpUM OTpPEe30K BOJIHOBOAA:
{/ )
o 7d 7
Al _{»
1] 2
e — z
LR 2
/ 0 =z ZN \
Sio S S

3anuwem nemmy JlopeHua ana obvema VI1:

E[{[ELHETSJ [E HJ}MS I("E é,ﬁ_s)dﬁ’l

1 1

Ons obbema V2:

L[{[E',ﬁs.] L [E; ﬁ}} fds = | (5‘;55 . ya )drg
&

S,




V]CI’IOJ’Ib3yFI ycnosme oOpToroHaabHOCTU cObOCTBEHHbIX BOJ1H, NOJZ1Iy4aEM:

. 4 5 .5 ST - 1 o e =
&, :Lj [ (c?eE_S 5 )dSldz Cy=—1| j(a‘eES —o‘mH_S.)dS_dz
0S, ' 8 .Zs,

N, =+

Nnn xe B gnudpdepeHuymanbHomn popme:

dCes _, 1 j((ifis—s H..
dz N, T




31. Cxembl BO36YXAEHUA BOJIHOBOAOB.
1. Bubpartop lepua.

B ApaHo cnyyae BAOL
JIMHEMHOro NPOBOAHMKA AJIMHOW

a5
L 3a4aH CTOPOHHWI TOK: -[: g 7

[CH! - Fr(}’[(r’
Ncnonb3ya ypaBHeHue T
BO3OYKAEeHMA B

paccmMaTpMBaeMoM cy4dae, Noayyaem:

¢, = \1 Ic5€E+Sde:%j‘fOE_SJ(?)dC . fa,ég(r-_)f(z)dc
- 0

S Vi Y

2. PamKa C TOKOM.
CTOpPOHHUM MArHUTHbIN MOMEHT,
CO3/71aBaeMblii PAMKOMN C TOKOM:

M = 7SI y

PUKTUBHbIN TIMHENHDBIN TOK BBEAEM KaK:

"7l = joM = joiSIu,

[N 3NeKTPUYEeCKoro AMNons nosiy4yaem:

. | _ ;
Cog =——nHg (1) jeoSIu,
_LNI"S-
3. Y3Kan Wenb B CTEHKE BO/IHOBOAA.
MycTb Wenb UMeeT ANNHY L. Tor,u,a €eCc/v BBeAeH IMHENHbIA MarHUTHbIN

TOK: j’m . F”Q)( )

m
Torga amnanTyaa Bo3byxaaemMblX BOIH MOXET BbITb 3anncaHa Kak:

]mj‘ HO FjhsZ @({)d":

. 1
(i.S': L mo




4. OKHO.

BBoaA OUKTMBHbIE CTOPOHHME
NOBEPXHOCTHblIE TOKM 4epe3 noJA
BO30Y)KAalOLLLEr0 UCTOYHMKA Ha OKHE:

ce | = 3 _:'m . g
o cin _‘:HﬂHﬁn:|° b cm __[H’Ecmi|

nosiy4yaem:




7. BanaHc 3Heprum B IMI1. Teopema YmoBa-MonHTHHra

[na coctaBnenmna banaHca sHeprum B NepByto ouepeab A0Ka3blBaloT TOXAECTBO:
div [E,FIJ:E rot E—Erot H
CynTaem ero AoKasaHHbIM. [peobpasya 1 n 2 YM K BuAY 3TOro TOXKAECTBA, NOYyYaeMm:
- - - - oD ~0B| ==
frot E - Erot H =div|E, i ]= {E—+ ac }— SE.
ot ot
B uHTerpanbHomn GpopmMmyanpoBKe:

5 oD - 0B D  70B|,,
;E[E,H]Q’S:—H OI ar}dV IbEdV——H Cr+Haf}dI/ P -P,.

— XaPaKTEPU3YET CKOPOCTb Y6bIBaHMFI 3anacéHHomn IHEPIrnm nonA.
— XapPaKTePU3YET MOLWHOCTb U3NTYyHEHNA Yepe3 NrPaHNYHYHO MOBEPXHOCTb S, Te.

BennuunHa Ha3blBaeTcA BeKTOpoM YmoBa-MoMHTUHra. OH YyKasblBaeT BeEANUYMHY
NAOTHOCTU NOTOKA SHEPrMKU U HanNpasBaeHUe pacnpocTpaHeHnA aHeprum IMIT.

Cyyétom ,yp. 6banaHca sHEpPrnm NPUHUMaET BUA,:

b adw
§S,dS + P, + —=P,,.
S dt

3TO ypaBHEHWE 3aKOHA COXPAaHEHWUA 3HEPruu, ectb Teopema YmoBa-loMHTUHra. TakKe

MOKHO 3anuncaTtb 1 B anddepeHumnanbHomn popme:

ow
d”’S +pr16+ 51 = Pem -




8. KomnneKcHblie AMnautyabl. Teopema o KomnneKcHO MOLWHOCTU

334341 3N1eKTPOAMHAMMNKM MOXKHO peLlaTh U B CNEKTPaibHOM 061acTu (pelleHure niieTca
ANA FapMOHMYECKUX npoueccos). CYMTAlOT, YTO YactoTa KonebaHuii Bektopos IMII
noctosiHHa. B aTom cnyyae npumeHstor Metoa KomnnekcHbix Amnautya. Mpu atom
BEKTOP B KOMM/IEKCHOM pOpMe 3aNmnCbIBAETCA TaK XKe KaK M KOMNAEKCHbIN CKansap:

—

U=U,, cos(wt+ @) = Relel*t, U = U,e/®.

. D Dy _; .
[unanektpuueckune notepu: &€, = == ﬁ—m e = ¢ —j€"'1a
m
. B _B i ,
MarHuTHble notepu: i, = == ﬁ—me —Sb= ' —ju’,
m

(v}

Yp. MaKkcBenna B KOMnaekcHor ¢opme MMeroT BUA,:
rotH = jwéaf +8cm»
rotE = —jwﬂaﬁ.
MyTém npeobpasoBaHMit, U3 3TOM CUCTEMbBI MOXKHO 3anucaTtb yp. 6anaHca sHepruu.
B anddpeperumnanbHomn popme:
divSo + Pl + 2jw(Wh — W1) = pe
B uHTerpanbHom popme:
3€ $,dS + PT + 2j(Wl —WT) = P,
S
Boigensaa Re u Im yactu, 3anuncoiBatoT TeopeMbl 06 aKT. M peakT. MOLHOCTH:
Ref S,dS +Pr =P, ; Imyg SodS + 20(WT —WT) =P,
s s

AKTMBHaA MOLWHOCTb: pacxoayetca Ha notepu B 06béme V M Ha aKTUBHYH MOLLHOCTb
NU3y4eHUnA Yepes rpaHunuy S.

PeakTMBHaa MOLWHOCTb: MOLLHOCTb, oOnpeaensemas KoNebaHUAMU 3SHEepPrun mexay
MCTOYHUKOM N NMPUEMHMKOM MPM 4YacTOTE UCTOYHWKA HEe PaBHOM Pe30HAHCHOM 4YacToTe
ob6béma.




9. BonHoOBbIe ypaBHEHUA

B cnyyae ogHopopgHoM cpeapbl 6€3 AUINEKTPUYECKMX U MArHUTHbIX NOoTepb (€4, Uy, O =
const), B Hell byayT TONbKO Oxoynesbl notepwu. YpaBHeHUa MakcsBenna Ans TaKow
CUCTEMDI:

— —

oD -, - 0B L= .
1) rotH = E-l_ 6; 2) rotE = —a—t;3) divD = p; 4) divB = 0.

MNpumeHuB K yp. 2 onepauyuto 1ot (rotrotf: —%rotﬁz —uarotﬁ) n

BOCNONb30BaBWMUCL yp. 3 U ToXKAecTBOM T0t rotfzgrad divE — V2E, nosy4yaem
(3 = oF + SCT) BOJIHOBOE Yyp. A/19 BEKTopa E:

VZE — g, az—E—u aa—Ezlgradp+u 90cr

are gtz ot g, * ot

B npaBoi yactm yp. Mbl MMeeM TONbKO (YHKLMM WCTOYHMKOB nons (u3 yp.

HenpepbIBHOCTU CaedyeT, UTO TOKM NPpOoBOAMMOCTN He CO34aloT pHPOB)'

NpoBepAa Ty e onepauma cyp. 1 (rotrotﬁ = %rotﬁ + rot?f) M Nonb3yacb yp. 2 n 4,

R
Moay4YMM BONHOBOE ypaBHeHWe ans H:
2—) —
— 0°E OE -
V°E — Saﬂaw — yaaa = —1rotd
BuAHO, YTO NeBble YacTW MONYYEHHbIX YP. OAMHAKOBbI, 3HAYUT B C/y4yae ecaun npasble

—

4acTU paBHbl HYNO (B OTCYTCTBMM UCTOMHWMKOB), BEKTOpA E v H vmetor OANHAKOBbIN
BOJIHOBOM XapaKTep.

KoadduumeHt &,u, Nepen BTOPON NponssonHOM E no BpPeEMEHUN nMeeT cmbica $pa3oBom
CKOPOCTW BOJIHOBOrO MpoLecca Vg,z, T.e. Vg =1/,/€a1q. OTO 3HAuuT, uto Pasosad
CKopocTb Ntobon OoTKpbITOM, 6e3rpaHMYHOM, W3OTPOMHOM cCpeabl onpepenserca eé
napameTpamun €, U U,.

T.0., TO YTO 3/IEKTPOMArHMUTHbIE MPOLECCbl MMEKT BOJHOBOWM XapaKkTep, cneayetr u3
ypaBHeHnn Makceenna.




10. dnekTpoaMHamuyecKue noTeHumnanbl

MoHatne 3/[] noTeHUMaNoB BBOAMUTCA ANA YNPOLLEHMA PACYETA BOSHOBLIX MPOLLECCOB C
YY4ETOM UCTOYHUKOB.

4 Yp. Makceenna: divB = 0.T.k. divrotd = 0, onpegennum B kak B = rotA.

— —,

2 Yp. MakcBenna: rotE = —Z—l:. NoactaBMm B Hero BbipaxkeHue ana B: rot (E + Z—f) =
0.

= GY
T.k.rotgrad = 0,T0 E = e grad.

T.0., A(T, t) — BeKkTOpPHbIN U (T, t) — cKanapHbI noTeHumansl In.MarH. nons E v B.

— —

Mone E n B He u3aMeHUTCA, ecnuM NoTeHUuManbl onpeaenntb Tak (f — npoussonbHas.
bYHK.):
of(x,y,2,t)

ot
Takoe onpepgeneHne HasblBaeTCA ycnoeuem Kanubposku nomeHyuanos. T.0., In.JuH.

noTeHUManbl MOryT 6biTb goonpeaeneHbl HaNoOXXeHWem nboro ycnosua CBA3KU, He
HapyLaloLero yc/JioBUs KaanbpoBKHU.

A = Z+gradf(x,y,z, t);, =

Ona dopmynnposkmn yp. A ncnonbsyem 1 n 3 yp. Makcsenna:
1 E . - p
ErotB = eaa—t + §; divE = E_a; Eq4, U, = const.
MoAacTaBAAs B HUX NOMYYEHHbIE PaHEE TOXKAECTBA, OKOHYATEIbHO MO/yYaeM:
- 924 0 S
rotrotA + Saﬂaw = —eauaagrad + u,6,

Kannbposku:

1)lopeHua: divd + eaua% = 0. Npnaaét yp. Hanbonee NpocTom BUA:

- %A -
VA - ga”aﬁ ~HqO,
2>
VZ—¢ o __P

a”aﬁ - ea.
2)KynoHoBcKas: divA = 0. MpumeHseTcA B cayyae, Korga HeobxoaAuMmo BblAENUTb
KBAa3MCTAaTUYECKYIO COCTaBMAKOWY 3/1. MOAA, COAEPrKALlylo pa3pbiB Ha rpaHMuLAX
NCTOYHWMNKOB. Torp,a KBa3nUCTaTU4eCKaa 4aCtb NOaA onpegendaeTca yepes , a guHamumn4ecKasn
yepes A:

- - 94 IR

El'=-V; E? = ~ 3 rne E' + E> = E.




BﬂeKTpl/l‘ICCKl/lﬁ BEKTOP Fepua HJIA l'lOJ'lﬂpl/l3a].ll/10HHl>li/i MNOTCHIIHAJI

A=¢ u
g aia A
OnpenennM BEKTOPHBIN MOTEHIIMAN Yepes dniekTpuueckuid Bektop ['epua [1€cnenyromum obpazom of

=g
. Ckanstipusiii norenuman @ onpenenum uepes 12 Tak, 4ToObl BBIMOIHSIOCH YCIOBHE KamuOpoBKH JlopeHia

acp . T3 a . e —
8(3;1(:5=—drvA=—.5‘aﬂuadwﬂ > Torma @ =—divii®.

a o
[Mom4epkHeM, 4TO yKa3aHHbIE ONPEIETICHNS BOBMOXKHBI TOJIBKO MPH P # 0, T.e. 171 YUCTO MEPEMEHHBIX TMOJIEH.
e

S| -
H=—rotA=¢ rot| —

2

ITpu BBenenuu I1€ nons E, H onpeaenstoTcs TOAbKO yepe3 oauH BekTop I1€: He '
~ o4 6‘25"’ e
E= 5 grad @ = —eﬂ,uu +graddivil® .
ot

—
Boisichum duznueckwii embicn [1€. J[iis 3Toro yctaHOBUM ero
UcTOUHUK. OOpaTUMCS K MOHATHIO MOJIIPU30OBAHHOCTH CPEJIbI U BEKTOPY MOJISPU3ALIAH P .

E[;st: = —ognz = — jpr_.‘tmb‘dV .
s V

Jnddepenumpys mo BpeMeH! U, UCTIONIB3Ys YpaBHEHHE HETIPEPIBHOCTH, UMEeM

dp  Op - - ap
i _ s <3
d”’g— o =divd,,, . v rorg =0 Oy =Lt rotda =01 +02,.
’ C yuerom toxkaectBa """ 4=V nonyuaem ot
——>
PaccmoTpum nasnee mpouLecchl, CBSI3aHHbIE TOJIBKO € SCT . And sToro ciydas YM npuHUMarOT BUL
GE 0P,
rot H = g, —+—= oH

* rotE=— Hy—
‘ot ot a
ot PaCCManI/IBaeMLII/I CJ'[y‘{aI/I MOKET COOTBETCTBOBATL, HAIIPUMED,

B030y>kaeHrto OMII ¢ momolLbio crucTeMbl Aunosieii, 00pa3oBaHHbIM Pa3OMKHYTHIMH TPOBOJHUKAMU C

—_ =
BO30Y>KJCHHBIM B HUX OT UCTOYHHKA CTOPOHHUM TOKOM. [loacraBum Beipaxkenus E, H, momydaem

e 0 0 11° .| oP,
g, rotrotl — |=¢&,—| —&, u,———+ grad div Il ¢ |+ —<.
¢ ot “or Y a2 at .
Hcnonb3ys B 1eBOM yacTy 3alIMCaHHOTO
) ~2 e =
- - c 2 rye c Pem
rre . e 2 e — =Nl +e y, ——- =0.
rot rot 11" = grad divil® —V~II". ot atla=5 £,
YpaBHEHUS TOXKIECTBO , ToJTyyaem :
- e o’ne p,
3 V2H<. —&, 1, - —_ Pem .
Korna Fria 0 okoH4aTenbHO UMeeM ot ¢a Wcrounukom I1gBnseTcs cTOpOHHS MOJspU3aLUs

Der» OTKY/Ia M HA3BAHUE 3TOTO BEKTOPA — MOJIAPU3ALMOHHBINA TOTEHIHAIT.




DuUKTHBHbIE MATHHTHBIE TOKH H 3apsaabl. HCPCCTaHOBO‘lHaﬂ [[BOﬁCTBeHHOCTL ypaBHe}mii MakcBesLia.

el
MarnuTHsblii BekTop I'epua [I™

MaruurtHoe 1ose paMKH € TOKOM i COOTBETCTBYCT IOJIKO MArHUTHOTO AUIIOJIA, T.C. MarHuTHbIM MOMEHT M

3aMKHYTOTO TOKA OIpEeeNsIeTcs] KakK M =ip,Si, e s T-BEKTOP-TUIOLIA/IKA, OXBaThiBaeMas TOKoM i. C apyroit
M =iu,Sn=1(q,,

N
CTOPOHBI MOKHO NPEACTABUTD, YTO A€ qy,-MarHuTHbIC 3apaabl JUITOJIA I[HHHOﬁ [. B cBOIO

L

m * . o o o .
ouepe/p, df  rpe i,,-pa3sOMKHYTBI MArHUTHBIHA TOK. TakuM 06pa3zoM, 3aMKHYThIH TOK | co3/iaeT nore,
noJo0HOe TOMY, KOTOpoe B0o30Yy>KAaeT pa30MKHYThIM MarHUTHBIN TOK i,,. Takue SKBUBANICHTHBIC G,y U iy,
Ha3bIBAIOTCS (PUKTUBHBIMU MAarHUTHBIMU 3apsgaMu U TokaMu. [Ipu BBeAeHWH (PUKTUBHBIX MarHUTHBIX TOKOB U

- 0E = oH -
rotH =e,—, rotE =—u, ——¢6 s divD =
. 3 Ly m> divD =0,
3apsioB YM nepernuchiBatoTCs CleAYOIUM 00pa3oM: ot {
SP — a cm
divB=p,,. "ot
JIns pa30MKHYTBIX MarHUTHBIX TOKOB, KaK U B 3JIEKTPUUECKOM ClTydae, UMEET CBA3b rie
Jer-HAMArHUYEHHOCTD CPEIbl, CO3/1aBaeMast &y, . Bropoe YM NpH 5TOM 3arichiBaeTCs B BI/IE
— - 7
" H o, E o
afwr){E:—,ua(_J -—, _ E=-p,rot 2 |
dt C! Bsegem MaruutHbIi Bektop ['epua 1™
) ~2 Fm i
H=—¢g,pt,———+ grad divIl".
ot [Tpn P 0 nonyvaeM crienyrolye BOJIHOBOE ypaBHeHue ans [I™
~2 Fpm T
2gm 1 Jr:m
Ve —e, p, — =




—_—
I'panuansie yeaosust as [1,°™ Ha monepeunbIX Z 1 NPOJO/IbHBIX HAEAILHO POBOAANIMX MIOBEPXHOCTSX

Jns Gompioi rpynmsl 3a7a4, OTHOCALIMXCS K PEeryJISIPHBIM BOJTHOBOaM U pe3oHaTtopaM, DMII moxeT ObITh
NPE/ICTaBICHO B BHJE cyneprno3uuuu mnomnepeuHo-wuiektpuueckux (TE) u nonepeuno-maruuthbeix (TM) nosneii.
[MockonbKy 5TH MO BhIpaXkaroTesi cooTeTcTBeHHO uepes I1,° u 1, Baxkuelinee 3HaueHne npuodpeTaeT
(dopmynupoBka rpaHiuuHbIX 3HaYeHUH(['Y) 11 9TUX GyHKUMI Ha UIeaTbHO MPOBOISILIMX MPOAOIbHBIX U
MOMEePeYHbIX CTeHKaX YCTpoicTB. Beenem 00001EeHHO-UMIMHAPUYECKYIO CUCTEMY KOOPIAWHAT (1, (o, Z, TAe
q1, g - 00001EHHbIe KPUBOJIMHEHHBIE a 00LIEM Cllyyae KOOPIMHATHI B IOMEpevHON K Z MIIOCKOCTH (3.
KoopavHatHble NOBEPXHOCTH B 3TOH CHCTEME ONPEAeISIOTCs CIeAYOINUM 00pa3oM !

1 g, = Const; 1q, = Const, :Z =Const .
0124, Q2192 05 T'Y naa Il Ze: OyJeM UCXOUTh U3 TOTO, YTO TAHTCHIIUATIbHAS

COCTaBJIAIOLI A Ena nuacajibHO HpOXOI[HH.IefI MOBEPXHOCTH SpaBHa HYJIIO. Takum 06pa30M
2 e e

— _ E = _ga-uﬂ—zzﬂ + grad
EZ 0.0, _0’ theff: Oy =0 5I2

. y &
3anumem [Tosoras mpoteccsl

e

E=KkZ ¢ + grad{aiz }, kK =w’e .

d ,
rapMOHUUYECKUMHU =~ = jw,UMeeM

at
o) 1 o f(emt) .1 o (emt) 5 oM
grad| —= |=¢———| — |+ €&, —— +Z 5
0z hy 0q,\ Oz hzoqzkaz 0z

14, hy- COOTBETCBEHHO METPUYECKHE
koadurmentsl Jlams 00001IEHHBIX KOOPJUHAT (4, G, . TakuM o6pazom, umeeM

), 0
— - e —
E. 0.0, — k +a 2 I 0,.0; =0. .
vz VYcioBue Ha MorepevHo cTeHke QzUMeeT BU/
1 & [al: d olr¢ oll¢
- | — = = c - By
q1:92 Q.a_h P [ '\-J‘Qa_o' a #0, ___Q.:,,__:.‘Q..:O'
12 912\ OF Takum obpazom, ecnu 9912 nonyuaem O Z ¢ n 'Y nas

I1,™: Gynem ucxoautsb u3 I'Y 11s HOpMasbHOM cocTapnstoweil H Ha WieanbHO TPOBOALIEH MOBEPXHOCTH

a2
2 o [
H =0, H, \ =0, H.|, =0. H-\of[’f + 2]”2 0, =0,
919 * g | QT Tz 0 Jnsa cocrapnstowmei H,umeem 0z OTKy/1a
,  8?
BBHJy TOTO, YTO cz noiyvyaem : Hns cocrapnsonmx Hy MOKHO 3amucath
1 ¢ [on” ‘ o 1ea” ‘ 0
g1 | hl aql oz 0O 8z hl aql 0 ?
U A qu
| o (e o 1 el &)
42 Q1=_’\ "|‘- QT="|_ 7 ’\H (@) =0' ;tO
2= hy 6q,\ Oz * 0zl hy 0g, ' . 0z
£ 7te - U3 s1tux ycnosuii npu crieayer
I. a m anm
Z _ =z —
— |Q“Q1 =0 .umm ‘S@K =0

hlf 2 8"5’1,_ 2 - o n




Cxema pemeHHsI BOJTHOBBIX 3a/1a4 (pery.Jsipubie BOJTHOBO/BI)

PaCCManI/IBaeM COOCTBEHHBIE BOJIHBI BOJIHOBOAOB, KOTOPbIC CYLIECTBYIOT BHE O6J'[aCTI/I, 3aHATOM UCTOYHUKAMHU,

ILm
T.€. B BOJHOBBIX ypaBHeHUsX i 177 P, = 0 1 J.; = 0. CTeHKH BOJIHOBOJIa MOYKHO CUUTATh UAEAILHO
MPOBOJSALMMHU, T.€. HA HUX CIIpaBeIUBbI ['Y. BHeKTpOMarHHTHLIe MPOLECCH TApPMOHUYECKHE, T.€. MOKHO
HCTI0JIb30BaTh ME€TOA KOMIUIEKCHBIX aMIUIMTY . HpH MEPEUNCIIEHHBIX YCIOBHUAX BOJTHOBOJHbBIE 3aJa4U CBOAATCA K

. B ., T . . L _
o VAT 2 KA 20, K2 =02 &y gy, 112/ Si =0,
CIIeYIOIIMM KpaeBbIM 3a1a4am uis I1; z z
laﬁr.r.n
= /5

- =1
- [T -
[y BOCHOJ‘IB?»yCMCS[ YCJIOBUEM PETYIIAPHOCTH BOJTHOBOAA +tZu—-Z HarpaBJICHUA paBHOIIPaBHbLI, a

NOCTOSAAHHAsA pacrnpoCTpaHEHUA BOJIH BAOJIb Z MOCTOSIHHA. Torz[a npeacTtaBUM UCKOMBIC PELICHUA JIA H%m B (bopMe
7. A-‘,H.' L £ F.m

" = ,) € s (g4
- v (G, q,) v g !:]_q)yHKuHﬂ

cedeHus U MmeMOpaHHas ¢pyHKuus, ['- mocrosHHas pacnipocTpaHeHus. PerieHue 3amucano B 00001eHHO-
¥

" 3nech AY™-koMIIeKCHAs aMIUIUTY A BOJH,

"'_"'l_
2eptan 2 prfam o i
\% ”__ =V | ”: + EH: 1
LMWJIMHAPUYECKON cUCTeMe KOOPIMHAT (4, qo, Z . IlpenctaBum .
e 2 (b a) o (o
z = -: ~ 2 ! .
by [ Ga (B g G, \h, oy, J hi(q1, qu). h‘[q_]* %) -MeTpuuecKkue K03 (UIIHEHTHI
0 S lm 25 hm .
.“”:1 =—F H__ i 2 5fm 1_ =2 e fom
Jlams st q4, q,. Yurtem, uto 02~ Torna Viliz" + [K r )HZ =0. B pesynbrare

MCXOJIHAs TPEXMEpHas KpaeBas 3aaya peayLupyeTcs K AByXMEpPHOM:

(1)=0.

¥
-
ch 3nech |-KOHTYp MOMEePEYHOro CeYESHUsI

m

c

Vzw'r'm +N2Wf_m =[l. NZ =K-2 - l!'-E! y;-f{f}=ﬂ:

BosniHOBoAA. [TocTtaBneHHas kpaeBas 3a1aya u3BecTHa Kak 3ajgava Lltypma-Jlyusumnis.




CBoiicTBa coOCTBeHHBIX QYHKIHUI H cOOcTBeHHbIX 3HaYeHn i 3anaun lllrypma-JInysunnsa

CoOcTBEHHBIE 3HAYEHHUST U COOCTBEHHbIE q)YHKL[I/II/I 3agadyun H_[Tpra-HI/IyBI/IJ'IJ'ISI O6J'IaI[aIOT pAaoOM crieHUaJIbHBIX

N

cBoiicT.l) *'v -nelicTBUTENbHBIC uKcia. [ qoka3zaTenbCTBa 3TOr0 BOCMOb3yeMes MepBoii TeopeMoii [ puHa :

el
VOV ypdS, + [V eds l dr. .
J Wran | h" 1= ‘;jf‘r o qﬁ:w:wﬁ m

INonoxum MpHUYEeM UMEET MECTO PAaBEHCTBO

f.m _ Lo

7 N2

" VMHOKas 3TO paBEHCTBO CKAIAPHO Ha noJry4aem
[V, ds,

2_sL

CFE,{-’ 1_{:.‘1'{- = .ﬂWL

Vi, + Ry, v =-w.Vy,.

2ds,

VYutem Takxe ceuc 'Y on HonyqaeM 81 CripaBa CTOMT BEILLECTBEHHOE, CTPOro

&

¥ =2 1] ( L] J} )
MOJIOXKUTENILHOE YHCITO, CIIEIOBATENBHO, U V -IedcTBUTENIbHOE nciio. 2) CoOcTBeHHbIE (PYHKIMU Woldi- 42

Wi H 5,

B3aUMHO OPTOTOHANBHBI HA 5 ('")-HyCTL W3BECTHBI JIBE COOCTBEHHbIC (DYHKIMH
"\‘.“ N2

OTBE€YarOLIHE

JTIpudeM N # \ j -3anuinem ypasHenue cHauana ans Wis sarem s Wi

Wi

COOCTBEHHBIM 3HAUCHHUSM
[lepBoe ypaBHEHHE YMHOXKMM CKaJIIPHO Ha Wj- BTOpOE- Ha

vV —wV i, =82 N

pe3ynbTaTe MoayduM [Ipounrerpupyem nosyuusiueecs rno S.(f).

J(w?w w.V* uf}) ds | —[\ J wad&
§ &

Y U3 MIEPBOTro pe3yJbTaTa BblUTEM BTOpoi. B

[IpumeHnsist k J€BOM yacTH ypaBHEHHUS ABAXKIIbl IEPBYIO

N
v, Lemr 2 ar=(5-) fowas.

on

Teopemy ['puHa nonyvyaem ' 5L [Momyuaem
[ wia. @) w (g, ¢.)dS, =0 npu ix. e )
nr W v er ' q
S0 3)CobcTBeHHbIe (hYHKIMH COCTaBJISOT MOJIHYIO

na S.(0). cucteMy QYHKLMH, T.e. Hellb3sl HAWTH TaKyro HOBYIO (DYHKLIMIO @ (':fl - 42 }’ KoTOpast Obla ObI
e,m '
OpTOrOHaJIbHA Ha S.(f). Beem GbyHKUIUAM ¥\ 310 o3nauaer, uto mobas byHKUIMSA @ [_fi"[ » 42 ‘} MOJKET OBbITh

wolar, a2 )

npejcTapjieHa Ha S.(0).B Buze paznoxxeHus B 6asuce




16. O6wme cBoicTBa BO/H E-TUNa B perynapHbIX BOAHOBOAAX

Beck HaGop E-BoinH onpejensieTcs cucteMoil peleHuni
0001 KOHKPETHOU 3a/1auun

o .
HfzzJH;,.l"HE Hi zdﬁwﬁg_.-"r]'.-z. j_‘r :ﬁlg _Nf
=1

S g
.

NS
KpaeBas 3agaua ns Vo By chopmyupoBaHa B ipenblayIeM pazzene. Pac-

CMOTpPUM KOMITIOHCHTLI nosei E-BoH:

=T =T T8
= P i el oIl . - - ¢ T
E, =k“Z,II., + grad 5_:‘ : 5_-—‘ =—JI: Tl ; K =o' &,

— Feae poad oy rye
H, = joérot( Z %, )
[TpomosibHAs COCTABIIAIONIAS €CTh TOJNBKO Y SIEKTPHYECKOTO MOJist E-BOJHBL:
E‘ _\'\\EH? _\N'.u‘_' qe $,|'i'_]'z Ilf.(_?
g Tyl gy A 1"41"? (-‘1-{';’1‘ GE}'

- &
Ormetm, uto 11~ ¢ TOUHOCTBIO 10 TOCTOSHHOTO (HO pa3MepHOro!) MHOKHTENS

coBnagaeT ¢ '~ . [Ipoananu3upyem najnee mornepeyHble COCTABISIONINE MTOJICH.

E,=—jlgrad JI:, =—jI A’e Ea 5
\hy 0q, by Oq, J

H,=H, = jwérot| Z,I° )= joi, Ale

[TomyunM HEKOTOPBIE CJIeNICTBHSI 3aMTMCAHHBIX POpMYIT

,.7,)

1. CocTaBuM ckalsipHOe TPOU3BeICHUE

’ —— 3 e — (PR - |
—ﬂ‘rZ !‘iGW‘F +iclf.fl-' 1 (6 1.:;}

{Ue |
v) KpaeBoii 3amaun. T.e. mus

2

g L

'h.l




B, 7. )= (1P Fr08,e 02052
i 1 J=d ;
Ey Hy |=\42) Fy0z,e X

XJLE‘{,&';: 1 6w, 1 0w, 1 oy ”

]khl éqy hy, 6q, Iy Oqy h, Oq,

E 1H,

Takum o6pazom, t . Ho xak cienyet u3 (6.15) E, onpeJeNsieTcsl TPaJueHTOM

a2 —

coOCTBEeHHOM PYHKIIUU Vv , ’Ha4e roBOpsI, rpauiecKu moiie E, COBIAJAET C

a

vy

rpaiieHTOM COOCTBEHHON (DYHKITUU

I_} v J—E vi

HOCKOJ'[BKy e y JUHHUHW HAIIPSXKCHHOCTH MAarHUTHOT'O ITOJIA ABJISAIOTCA

wvila,. q,)

JIUHUSMH YPOBHS =’ . Takum oOpa3zoM, MbI MOTYUUIH 3PHEKTUBHOE MTPABUIIO

rpauyecKoro MocTpoeHus mojei BoiHbl Thna E BonmHoBoOAA!

e —
vila:- 4,) y _E_.

1) SIBJISICTCS MEeMOpaHHOW QyHKIMEH ~Z;
E 4 f (G’ 1- 45 )

2) CUJIOBBIE TUHUU IV SIBIISIOTCS JINHUSIMH TPaiieHTa =7,

— &

H. 'y ( 1- 4> }

3) cUJIOBBIE TUHUK [V SIBIISIOTCS JIMHUSIMU YPOBHSI =\

re
2. BBeneM u paccurTaeM BOJTHOBOE CONPOTUBJIEHHE VvV Ui BOJH Tuna E:

HW' (e
]
[
0 (g
W = |I.g"_
I'ne \' @ BOJIHOBOE COIPOTHBIICHHE CBOOOIHOTO MPOCTPAHCTBA C
€a I H’F k
XapakTepucThuKkamMu “2* Ha- Hambomee mpocTo 3amuchiBaeTcss v , Koraa
- » 2T
k=, 1 =-—=="-)
DN Eq :
v A

neicTBUTENBbHOE unciio (Toraa
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B sToM ciyuae, yuuThiBas, 9to

" - IeficTBUTENIbHAS BEJIUYNHA, MOYKHO BBECTH OJIHO U3
BOKHENIIMX MOHATUI B Teopuu BB — KpuTH4YecKyro JUIMHY BOJIHBI V-TO THIIA
| i ¥ 1

-

|
v _ 27 W =wP 1-
M T A

BOJIH. Torpga




17. O6mmue cBoiicrBa H-BoJIH B peryJ/isipHbIX BOJIHOBOJAX

B CJIyda€ MarHUTHbBIX BOJIH UMEEM

]
125 pm ) ':'ﬂ_—'.
H,=k"Z,II_, + grad =

E, =—jop,rot(ZI%).

I = "yT (g q,)e™ )
I',u,e peweHne KpaeBou 3a4a4un.

lNpoaonbHaA cocTasaAloLLLaAA MarHUTHOM HaNpPAXeHHOCTU BOJIHbl BblpaXKaeTCA KaK
T w2 yym W2 ym _.-frZ m
H, =NII7, =N 4e v (@ 42).

MNonepeyHble e KOMMOHEHTbI Nosen MOXHO 3anucaTb B Bnae

o x i - 1
H‘n'f:iffv‘ﬂ:”gtjrlzgr“dWf‘ E\ :_I(JH "Im i IDT{ZDU ]

&, E,)=0.1e E, 1A, U
L v Vi YI' 1 npaBuna rpaduuecKoro n3obpaxeHms H-nonen

MOXHO CPOpPMYyNMPOBaTb TaK:

1) vy (q1- 45 ) SIBJISIETCS. MEMOpaHHOU GyHKIIMeH E :

H

: g
2) CuioBble TMHUU ~* 1V SBISIOTCS IMHUSIMY TPaHeHTa Vs,

m

¥y

3) CuioBble TMHUU ~— TV SBISIOTCS JTUHUSIMHA YPOBHSI

- H
BBoaA BONIHOBOE conpoTuBaeHne V' AnA BOJIH TMNA H, nonydmm

: _ 7
gt _ E, og, W v 2r
Y T . [, 2 T
vt v | 1" 2 L ‘i\‘_.
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18.T-BosHBI B HalnpaBJAOIIMAX CHCTEMAX

T nnam TEM — BONHaMM Ha3bIBAlOTCA TaKMe , B KOTOPbIX OTCYTCTBYHOT NPOAO/IbHblIE
COCTaBNAKOWME KaK MAarHUTHOTO, TaK U 3/IEKTPUYECKOTO Noien (nonepeyHble BOJHbI).

PaccmoTpum ycnoBus cyliectBoBaHus T-nonein. B cooTBeTcTBum ¢ obLien Teopuen

E,=(FR-r\m, H,=(F-r2)a

nmeem

E_=0.H_=0 k*=T2.

Nna Toro ytobbl B BONHE - = Heobxoanmo notpebosaTb T.

€. NOCTOAHHAsA pacnpocTpaHeHua T-Bo/HbI B BB AonKHa 6bITb paBHa k, T. €. MOCTOSHHOW
pacnpocTpaHeHus B cBO6OAHOM NPOCTPAHCTBE.

E,. H,:
3anuwem ypasHeHuAa 'enbmronbua gns

L e -y —

V2E, +FE, =0, V2H,

,,
Pasgenum onepatop YV Ha NOMEPEYHYHo U NPOAOAbHYIO YaCTy:

r

-

¥ E:: -
Vi=Vi+—=VI-TI,.

oz

2

E. @

Torpa ypaBHeHMUA ¥ npuHMmatoT BuA,

V2R, + (K —T2)E, =0, V2H,+(kF-T2)H,=0.

2
177y v 4

k= =1
[na T-BonH VW 3anuncaHHble AN5 3TUX BOJIH YPaBHEHUA peayLmpyloTca K Buay

ViE =0, VIH, =0.

Takum 06pazom, T-BOHBI SBISIOTCS pellleHUeM IMoMNepedHbIX ypaBHeHuii Jlamnaca. Kak
M3BECTHO, HETPUBUAIILHOE PEellIeHUE 3TUX ypaBHEHUHN NIPU IPAaHUYHBIX YCIOBUSIX THIIA

E.(1)=0. Hy(1)=0 CYILIECTBYET TOJBKO B MHOTOCBSI3HBIX 00acTsaX. [103TOMy B MOJBIX
BOJIHOBOJIax, MTONEpEeYHOe CeUeHNe KOTOPBIX MpeCTaBIsgeT OHOCBI3HYIO 00j1acTh, T-
BOJIHBI CyIlecTBOBaTh He MoryT. B BB ¢ nByXcBsI3HBIM cedeHreM (KoaKCcuallbHas JIUHMUS,
HarprMep) BO3MOXKHA OJTHO PellleHue, OTBevarollee pa3HbIM HalPaBICHUSIM MPOI0JIBHBIX
TOKOB Ha HUX. [Ipy TpexcBsA3HOM ceyeHnH (IKpaHUpPOBaHHAs JBYXIIPOBOIHAS JIMHUS,




HaAIprMep) BO3MOXKHBI JBE KOMOMHAIUH pa3eibHbIX [ 'Y B COOTBETCTBEHHO JBa THIA T-
BOJIH (CHH(a3HbIH 1 TPOTHBO(a3HbIiH). B 00111eM citydae M-CBsA3HO# 00J1acTH, OYEBHJIHO,
BO3MOJKHO cylllecTBoBaHWe M-1rumnoB T-BoH — 110 YuCTy KOMOMHALIUM pa3aenbHbIX Y.

Bo Bcex cityyasix cTpyKTypa MornepedHbIx E 1 H png T-ponn sBIsteTCs NaILIacoBoii, T..

TaKoOM ke, KaKo Moyly4daeTcsi CTPYKTypa IBYMEpPHBIX EunH MPU pelIeHUU CTaTUUYeCKUX
3a/1a4 JJis TOM ke KOHPUTypaly rpaHul] C 3aJJaHHBIM paclipeielieHheM 3apsiioB U
CTalMOHAPHBIX TOKOB.




19. lucnepcusi coGCTBEHHBIX BOJIH B PeryjsipHbIX BoJiHOBoAaxX. Pabounii n
3aKPUTHYECKHH JHANA30HBI

Jlucniepcueit cOOCTBEHHBIX BOJIH Ha3bIBAETCS 3aBUCHMOCTD OT pabodeil IITHHbBI

BOJIHBI (paboyeii 4acToThl) (ha30BOM U IPYIIIOBOI CKOPOCTH PacIpOCTPpaHEHHsI BOJH, a
TaKke 4aCTOTHAsl 3aBUCHUMOCTb BOJIHOBOT'O CONIPOTHUBIICHUS.

B cB0oOOaHOM MpOCTpaHCTBe, a Takke B ciydae T-BOJIH B MHOTOCBSI3HBIX JIMHUSIX

=k =,/ 41, .
IMOCTOAHHAA paCIIpOCTPaHCHUSA Ecmn IMOTEPb HET U

f{}ﬂ:f{!ﬂ‘ E{T:Eﬁ" 53 .
TO IIOCTOsAHHAA pacCIIpOCTPaHCHUA JCUCTBUTCIIbHA.

1
: @ @ _1 _
Fz)k:m e 1 = = : Ve =Vr =
W a a T £ i
I & Vr AN ﬂ'J'E i o
[Tpu sToM oT paboueit

4acTOTHI He 3aBUCAT, T.e. U1l T-BOJIH B cpesie 0e3 moTeps Aucnepcus oTCyTcTByeT. MHas
CUTyallUsl UMeeT MeCTO B BOJIHOBOJIaxX. 3/1eCh
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- KpUTUYecKasl IJTMHA BOJTHBI
® 2 ;
Iij=———= . THe Vay
Ju1st V-ro tuna BojH BB. ITockonbky Vo A,

- (ha3oBast CKOPOCTh pacnpocTpaHeHus V-it BoiHbl B BB, Y

THUIIA BOJIH BAOJIb OCH BB, JJIA OTUX BCJIIMYHMH UMCCM

- IJIMHA BOJIHBI TOI'O XK€
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3pecb CKOPOCTb pacipoCTpaHeHUs: BOJIH B CBOOOJHOM Mpo-

CTpaHCTBe, A - pabouas JJIMHA BOJHBI — IJTAHA BOJIHBI B CBOOOIHOM IIPOCTPAHCTBE Ha

paboueit yactore W. U3 popMyn criemyet, 4To Auana3zoH JJWH BOJH B TOUKE

-V

/l. = A k
? pasaciaaeTca Ajd JaHHOI'O V-TO TUIIAa BOJIH HA JIB€ pasindaroniuecs obmacTu:
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A< dr.. 3Reeh B
1) o NefiCTBUTENbHAS HEeHyJIeBasl BEIMYMHA, IO3TOMY

, _ O
e
V' - xoHeYHas BCJIMYMHA, BJOJIb BOJTHOBOJA palIpOCTPaAHICTCA  V-TO THUIIA

BOJIHA. DTO ,Z[OKpI/ITI/I‘-ICCKI/Iﬁ JAuaria3oH.

5 ¥
A< Ap,)
Takum 06pa3om, B OTCYTCTBHE MOTEPD, B JOKPUTHIECKOM pekuMe (T.e. IIpH i

IMOTOK SHEPTHUH BJOJIb OCH BOJIHOBO/JJa UMECT BEIECCTBEHHOC 3HAUYCHUE, T.€. HUCTO
AKTUBHBIN XapakKTep. CornacoBaHHBIN BOJIHOBO/J B 5TOM AHAIIa30HE ABJIACTCA YUCTO

- ¥
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* - % | = E
: _ _Lw
H‘L'?’ qepes Ev.r]i Hw = ErH*
aKTUBHOU Harpyskoi. st H-BoH, BeIpaskas ' Y meem
[ p 2
| |
] ——
1 B2 1\ |4
gH _ 1 Zwm _ 1 \ P E2
0wz 2 H’;,H* p) PVO vim*
H

N3 aToro crnexyet, uTo U [Jisi H-BOH B JOKTPUYECKOM pEKUME 0vz . neiicTBUTENBHAS
BeJTMYMHA, BOJTHOBOJIA TIPEACTABIISIET COOOM
B OTCYTCTBHH OTPaXCHHUH YHUCTO aKTUBHYIO Harpy3Kky. B o0oux ciaydasx mpu
v oo
A=Ay Son. =0
* = Y TIEPEHOCE PHEPTUM BAOJIb BOJIHOBOJIA Mpekpainaercs. [loatomy

KpUTHUYECKas 9aCTOoTa

f_".l _ ].
b 'FI':F‘} I -11- i
/I.-ip ﬁul & a }!I‘a o
4YaCTO Ha3bIBAETCSA YaCTOTOM OTCEUKH.
- 3V
(A>A) Iy
2) 3nech - YUCTO MHUMas BeimurHa (Mo-MpeKHEMY MBI IToJIaraeM
o) .
I'y=—-ja,
V@-F L
OTCYTCTBHE IOTEPH B JIMHHUH). [MOCKONbKY Y JICVCTBUTEIIbHAS YaCTh

s I
—> o0 o
]-_‘.-‘ paBHa HY/HO, J eV T. €. BOJIHOBOH IIPOLIECC HA V-M THUIIC OTCYTCTBYET, a I10JIE

yOBbIBaeT ¢ pacCTOSIHHEM OT UCTOYHUKOB SKCIIOHEHLIMATIBHO C TIOCTOSIHHOM 3aTyXaHUs
DTOT AMana3oH JJIVH BOJIH HAa3bIBAETCS 3aKPUTUYECKUM.  [10JI B 3aKpUTUYECKON
00JIacTh UMEIOT KBa3UCTaTUYECKUH, a He BOJIHOBOM xapaktep. OHM yObIBaIOT
3KCIIOHEHIMAJIBHO C YIaJICHUEM OT UCTOYHUKA C ITIOCTOSHHOM 3aTyXaHUs
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B 3aKpHUTHYECKOM Jana3oHe BOJHBI E-THITa UMEIOT eMKOCTHBIH

XapaKTEp BOJIHOBOI'O COIMMPOTUBIICHUA, H-Bonnbl — HH,HYKTHBHLIﬁ. CoOTBETCTBEHHO JJIA
HNCTOYHHKA 3aKPUTUYICCKHEC E-BonHBI CO34al0T EMKOCTHYIO Hany3Ky,H-BOJ'[HBI —
HHAYKTUBHYIO, YTO CJICAYCT YUUTHIBATL IIPHU COINIaCOBAaHUU B036}’)KI[aIOH_II/IX QJICMCHTOB C

=k

BOJIHOBOAHBIM TPAaKTOM.




20. E-Tunbl BOJIH B NPpAMOYIOJbHBIX BOJTHOBOAAX

Jlnist petieHus: KpaeBoi 3a/1aud B MIPSIMOYTOJIBHON 00J1aCTH BOCTIONB3yeMCs
NPsIMOYTOJIBHOM CUCTEMOI KOOPJMHAT U COOPEHTHPYEM €€ TaK OTHOCUTEIIBHO

KOH(i)I/IpraLII/II/I BOJIHOBO/IAa KaK ITIOKa3aHO Ha PHC.
L~

~ ~ ~ .l
Pasmep mmpoxoii cTeHKH —a, y3Koi-b. KpaeBast 3anava 11t COOCTBEHHOM (hyHKITUH ' B

PacCMOTPEHHOM ClIy4yae UMeeT BUJ
(6.23)

Vil +N2pf =0.
vy =0 npu x=0.a: y=0.b. (6.24)

Bocrnosb3yemcst MeToioM paszienieHust nepeMeHHbIX (MeTon Pypne). [IpeacraBum

e _ 1 Vi
vy, = X(x)-Y(») ¥ MIOJICTaBUM B ypaBHeHHe 6.23 :

X x8Y xy—o.
(6.25

}F ¥
dx~ dv®

PaB,I[eJ'II/IM 00e yactu Ha XY . pa3aeiisisi OMTHOBPEMEHHO IEPEMEHHBIC.

= 2

o -
1 d°X 1 d-¥ .
—_ 5 + }\v — i —? — I\ .
X dx- Y dy- ' (6.26)
[Tockonbky ciieBa u cripaBa B (6.26)pa3Hble iepeMeHHbBIE, 00€ 3TH YacTH MO-
I'yT OBITH TPU BBITOJHEHUH PABEHCTBA TOJIBKO KOHCTAHTOM, KOTOpas 0003HaYeHa KaK

]

'+, 9Ta KOHCTAHTa UMEET CMBICII ITOCTOSTHHOM pasaciiCHus . [Tonmoxum Takxke

N,
\QE \QE _ \Ql
N TN =N .
! 3 * . Torma monyumnm u3 ABOMHOrO paBeHCTBa (6.26)1Ba ypaBHEHUS:
2 2
d X . a’Y 7 o
+NIX =0, —-+N]¥=0.

2

dx dv”




3anuiieM ofl1iiee pelleHne napsl ypaBHeHui (6.27)

we = XY = (4, cos(N,x)+ By sin(N, x))-

-(A.l COS [ N,y ) + B, sin | Ny )) .

e e . omax . nay
Wy = Wy, =S - 811 .
Hcnonw3ys rpaHuYHbIE YCIOBUS, TTOJTydYaeM a
(6.28)
we
OOGuuiit MHOXKUTENb B~ ™ 110J105KeH paBHBIM equHUIIe. [ IoCKOIBKY
. . mr . . nr
I\x _I\xm o . "\}' _h}'m o b ?‘:i :ﬁim
a JUISL COOCTBEHHOTO 3HAYEHUS
P .2 2
\:e IRT mir [ 1T )
o — 4l ! +l
1\| a b
nMeeM

;Lé‘

KpHTquCKaH JUIMHA BOJIHBI ~ ™M1 IIPW 3TOM PaCCHHUTBIBACTCA KaK

- 2 2ab
‘;"mn = =

e [ 2
Nom  +/(na)” + (mb)
HauOonpmas KpUTHYCCKAad OJIMHA BOJIHBI OKAa3bIBACTCA Y E11-BOaHBL.
i 2ab = . X .
A = . Wy =sin— sin

| N 7
va© +b° a

4
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25. 3aTyxaHue BOJIH B 3aN0O/HAIOWEN cpeae

MNonaraem Ps =0, Px =0.
MoTepu B cpeae 1 BOHOBOE YNCNO0 M NOCTOAHHAA PACNPOCTPAHEHUA - KOMIM/IEKCHbIE:

L 7A VA | T —jA, — .7 T A
ga_gals_ga—]g a Ma_”a]”—ﬂa_]ﬂ a’

k=w/é 1y, = |k2—R82=8—ja.
— coyeTaHMe MHAEKCOB COBCTBEHHON BOHbI (MPAMOYT./KPYTA. BONHOBOA).
T.K. &, Y [l — KOMNNEKCHbIE, TO ANA NOCTOAHHONW PacNpPOCTPaHeHUA NOAYYaeM:
2af = w?eu,sin(Ap + Ay); B% — o = wle u cos(Ap + Ayy) — K2,

B npakTUyeckmn BaXKHbIX cayvasax a K f3, Torpa:
cos(Ap +Ay) > 1usin(Ag + Ay) = Ap + Ay
B aTom cnyvae:

B = \/wzgaﬂa — R%;
@l (A +Ay) T Ap+Ay

26 4 J1- @/




26. 3aTyxa|-w|e BOJIH, CBA3aHHOE C NOTEPAMM B CTEHKaX. YaCTOTHble 3aBUCMMOCTHU

[lotepu B meTasie ( g). Pep =0, Pz =0. [MpumeHnsasa 3HepreTUyYeckuni noaxon,
(Teopema 06 aKTUBHOM MOLLLHOCTU), KOMMOHEHTbI BOJIHbI MPEACTAaBNAAOT KaK

= _ 0 -tz _ 0 3.7 —anZ

E.=E (g, Q:)e ; _Er(q]’ q, Je R,

H, =8, )" =Hg, )" ¢,
[anee, ucnonb3ya NOHATME BeKTOopa YMOBA-[IOMHTUHIA, PaCcCYUTbIBAOT MOLLHOCTD,
NnepeHoCUMyto BOJIHOW Yepes nonepeyvyHoe ceyeHne BONIHOBOAA. Toraa BbiparkeHue gna
NOCTOSAHHOW 3aTyXaHuA:

dP,,
|
a,=—— dz
2 P,
Ona onpeaeneHns NnpoM3BoaAHOMN NPUMEHAIOT TeopemMy 06 aKTUBHOM
MOLLHOCTW ANA cCOBCTBEHHOM BOJIHbI B BOIHOBOAE (06bEM 6€3 NCTOYHUKOB):
dP:\' _ _i JZ?‘UH ‘EH
= 1% rm

dz 2

OKOHYaTeNbHbIN pe3ynbtat AONA NOCTOAHHOMN 3aTyXaHuA, CBA3AHHOWN C notepamun B
meTannanvyecCcKnx CteHKax BoJiIHoBoAa:

. lfmr :
2 [EH ]st

dakTnyeckmn, atm noTepun Bbi3bIBAKOTCA TOI-(aMM, TEKYWMMN B HENOEA/NIbHO NpPoBOAALLNUX
CTeHKax Bo/HOBOAA. TUNWUYHbIE YaCTOTHbIe 3aBUCMMOCTHU ANA Pa3HbIX TUMOB BOJIH:

1- BONHa B NPAMOYro/ibHOM B-BO/eE; oL A
]:

2- BOJIHA B KPYr/1iom B-BOAE;

3- BONHA B KPYrnom B-soje.

(PSS —




25. Jlemma JlopeHua

Nlemma JlopeHua — TOXAEeCTBO, BbiBOgMMmoe un3 yp. Makcsenna. CsAsbiBaeT ABa
rapMOHMYECKUX MONSA, HE CyLLEeCTBYOWMX OAHOBPEMEHHO, HO BO3DOYKAaeMbIX B OAHOM U
TOM e NPOCTPaHCTBe. Ba)KHO OTMETUTb, 4TO Npu BbiBOoAe NpuHATO: 1. Cpena NnHenHas,
2. £, V1 1, He ABNAOTCA TEH30paMU — cpesa M30TPOMHas.

C'-—IMTaeM HTO MCTOYHWK CTOPOHHWX TOKOB C MAOTHOCTbIO 661,8,,11 B03by»KaaeT none
=

E1, H1, a UCTOUHMK 662, Om2 - none EZ, Hz Cucremol yM AN1A 3TUX nonem

rotH1 = ]weaEl + 631 , rotHz = ]weaEz + 692 )

rotE1 = —]wuaHl 8m1 roth = —]wuaHz 6m2 :
B nepsoit cucr. yMHO)XXaem nepsoe yp. Ha Ez, a sTopoe — Ha H,.
Bo BTOpOit — Ha —E4 U — H, COOTBETCTBEHHO. PE3y/IbTaTbl CIOKUM:
div ([Ey, | — [Eo Ha]) = (Su1Bz — 8.8+ ) — (SpuaHy — Sy ).
Teopema OcTporpazckoro-raycca no3BosifeT nepenTn K MHTErpaabHon GopmyIMpoBKe:

jés ([El'ﬁZ] - [Ez,ﬁ1])ﬁd5:j

’ (3e1ﬁz - 3e2E1) - (§m1ﬁ2 - §m2ﬁ1) dv.




Bormpocsr k 3adety mo kypey «3J1 u PPB»
1. YpaBuenust MakcBesuia B U depeHIUaATbHON U MHTErpaIbHON (hopMax 3aricu
. 3aKOH coxpaHeHusA 3apAga 1 ero CBA3b C TOKOM CMELLLEHMA B NepBOM ypaBHeHMM Makcsenna
. MaTepuanbHble ypaBHeHuUA. Knaccudukauma cpea.
. [paHnYHbIe ycI0BUA 414 TaHFeHLUMaNbHbIX COCTaBAAOWMX BeKTopos IMI
. FpaHMyHbIe YyCNoBUA ANA HOPMAbHbBIX COCTaBAAKOLWMX BeKTOpos IMI
. FpaHnYHbIe yCc/I0BUA Ha NOBEPXHOCTU MAEa/IbHOIo MPOBOAHUKA
. BanaHc aHeprumn B IMI. Teopema YmoBa-lNONHTUHTA
. KomnnekcHble amnanTyabl. Teopema 0 KOMNAEKCHON MOLLHOCTH
. BonHoBble ypaBHeHuA

OO ~NOOTULDdWN

10. dneKTpoaAnHammyeckme noTeHuManbl A, d)

o = ¢ "
11. dneKktpuyeckmin sektop lepua " van NONAPU3ALMOHHbBIN NOTEHLMAN
12. OUKTUBHbIE MarHUTHbIE TOKM U 3apaabl. NepecTaHOBOYHAA ABONCTBEHHOCTb ypaBHeHMI Makcsenna.

—

MarHuTHbIN BeKkTOp Mepua nm

= em
13. lpaHuyHblE ycnoBuA ANA |_|Z Ha nonepeyHbIX z MU NPOAOJIbHbIX WUAEaNbHO NPOBOAALLUX

NoOBEpPXHOCTAX

14. Cxema pelueHua BONHOBOAHbIX 3a4ad (perynspHble BOAHOBOAbI)

15. CBoiicTBa cobCcTBEHHbIX GYHKUMI M COBCTBEHHbIX 3HaYeHul 3aga4um LUtypma-/inysunna

16. O6wme cBOMNCTBA BOH E-TUNa B perynspHbIX BOIHOBOAAX

17. O6wume cBoncTBa H-BOAH B perynsapHbIX BOJIHOBOAAX

18. T-BO/IHbI B HANPABAAOLWMX CUCTEMAX

19. incnepcus cobCTBEHHBIX BOJIH B perynspHbiX BONHOBOAAX. Pabounii U 3aKpUTUYECKNIN AnManas3oHbl

20. E-TMnbl BOJIH B NPAMOYrO/ibHbIX BOJIHOBOAAX

21. H-Tnbl BO/IH B NPAMOYrO/iIbHbIX BOIHOBOAAX

22. E-Tunbl BONH B BOJIHOBOAAX C KPYroBbIM ceyeHnem

23. H-Tnnbl BOAH B BOIHOBOAAX C KPYroBbIM CEHEHMEM

24. ®du3myecKasa KapTMHa pacnpoCTpaHeHUA BOJIH B BOJIHOBOAE. M3nyyatowme n Hemsnyyatowme wenm B
CTEeHKax BOJIHOBOAA

25. 3aTyxaHu1e BOJIH B BOIHOBOZaX, CBA3AHHOE C NMOTEPAMM B Cpesie, 3aMONHALOLLEN BONHOBOL,

26. 3aTyxaHue BO/H, CBA3AHHOE C NOTEPAMU B CTEHKAX BOIHOBOAA. YaCTOTHbIE 3aBUCUMOCTU NOCTOAHHOIO
3aTyxaHusa

27. Nlemma JlopeHua

28. Teopema B3aMMHOCTH

29. O6paTMMOCTb SIMHENHbIX W3OTPOMHbIX 3N1EKTPOAMHAMMUUYECKMX CTPYKTYP C 3aMKHYTbIMW MAEaNbHO
NPOBOAALMMU FPaHNLAMU

30. YpaBHeHMA BO3OYKAEHUA BONHOBOAA CTOPOHHMMM TOKaMM

31. CxeMbl BO3OYKAEHMA BOIHOBOAOB




