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3aBeyouni KaQeapol paAuoTEXHUKH U TEIEKOMMYHHKAIHH,
JIOKTOp TeXH. HayK, rmpodeccop 'mvmuaesuy 10.B.

Create PDF files without this message by purchasing novaPDF printer (http://www.novapdf.com)

43
BUBJIMOTPA@NYECKHA CIMCOK

OcHoBHas JuTepaTypa

1. Illoxano B.M. EnextpoamHaMika Ta NOIIMPEHHS pamioxBwib. Y.1.
OcHOBU Teopii €IeKTPOMAarHiTHOrO MOJsA: MiaApyd. it cryaeHtisB BH3 / B.M.
[lokamo, B.I. TIpasna, B.A. VYcin, B.C. Bynrecmepi, JI.B. I'penpkux; 3a ar. Pen..
B.M. Illokano ta B.I. ITpaBou. — X.: XHYPE, Bin-Bo «Koneriym», 2009. — 286 c.

2. Illoxano B.M. EnextpoamHaMika Ta TOIIMPEHHS pamioXBWib. Y.2.
BunpomiHroBaHHS Ta IMOMIMPEHHS €JEKTPOMArHITHUX XBUIb: MAPYY. JUIs CTY/ICHTIB
BH3 / B.M. Ilokamno, B.I. [Ipasna, B.A. Ycin, B.C. Bynrecmepi, [[.B. I'penpkux.
— X.: XHVYPE, Bin-Bo «Koneriym», 2009. — 435 c.

3. Canamatun B.B. OcHOBBI 3nekTpoavHaMuK{ (TpaJULMOHHOH U
reoMeTpuueckoi): yuaed. moco6. / B.B. Canamarun, WU.JI. Adonun; ITox pen. B.B.
CamamaTtuna. — CeBacromnons: u3na-so CesHTY, 2003. — 216 c.

4. Canamatun B.B. OCHOBBl TIeOMETpUYECKOM  3IEKTPOAMHAMUKU
BOJIHOBOZIOB MpPSIMOYTOJIbHOTO cedeHus:: yued. mocob. / B.B. Canmamartun, W.JI.
Adonnn, C.H. bepapimes. — Cesacronons: u3a-so CeBHTY, 2008. — 220 c.

JomonHuTenbHAS JIMUTEpaTypa

5. ®enopor H.H. OcnoBbl 3nektpomnuHamuku / H.H. ®emopoB. — M.:
Bercm. mik., 1980. — 399 c.

6. Mapxkos I'.'T. DnekTpoarHamMuKa U pacrnpocTpaHeHue paauosond / I.T.
Mapxkos, b.M. Ilerpos, I'.Il. I'pynunckas. — M.: Cos. paauo, 1979. — 376 c.

7. Hukonbckuii B.B. DnekrpoguHaMuka U pacpoCTpaHEHUE PaJIHOBONH /
B.B. Hukonsckuit. — M.: Co. paauo, 1976. — 543 c.

8. HomyxanoB M.II. Pacmpoctpanenue pamuosonH / ML.II. JlomyxanoB. —
M.: CBs3b, 1972. — 336 c.

9. I'puropeeB A.J[. Dnekrponunamuka u texuuka CBY: yued. s By30B
To criell. «JJIeKTPOHHBIE NPUOOPHI U ycTpolicTBa aBToMaTHkmy» / A.Jl. I'puropses.
— M.: Bercmn. mik., 1990. — 335 c.

10. CoopHuK 3amad 1O Kypcy «DJCKTPOIMHAMHKA M PACIPOCTPAHCHUE
paauoBoE»: yued. mocob. / C.M. backakos, B.I'. Kapramos, I'.JI. JIo6oB u np.;
Iox pen. C.U. backakoBa. — M.: Beicu. mix., 1981. — 208 c.

11. Buresckuii  B.b. COOpHHK  yNpakHeHHH W 3agady 110
aneKkTpoauHamMudeckuM muctuiuimHam / B.b. Buresckuii, O.H. Macnos, 3.A.
IlaBnoBckass. — M.: Pagmo u cBs3b, 1996. — 197 c.

12. Bomsman B.U. Texuuueckas anektponuHamuka / B.W. Bomeman, FO.B.
IIumenoB. — M.: CBs3b, 1971. — 402 c.

A AL
13. I'pynunckas I'.I1. Pacnpoctpanenue paguoBons / I'Il. I'pyauHckas. — ,;v{“ ls”-»,;-ﬂ
M.: Bercu. k., 1975. — 280 c. = =
14. Tompmmrerin  JI.J[. OJeKkTpoMarHWUTHBIC TOJIE W BOJHBI / J'[.Z[r:-: =
Tlonsamrreiin, H.A. 3epHoB. — M.: Cos. paauo, 1971. — 664 c. = E‘
o)

=

VYHIREPCHTET


http://www.novapdf.com
http://www.novapdf.com

42

rae Emax — MaKCuMaJibHasg aMIUIUTyJa HaHpH)I(éHHOCTI/I QJICKTPHUYICCKOI'O MOJISA B

pe3oHarope.

Jlo6poTHOCTh 0OBEMHOTO PE30HATOPA OMpPEAENACT KAaK OTHOIICHHE dHEPIUH
3NIEKTPOMATHUTHOIO TOJIs, 3amacéHHON B pE30HATOpE, K JHEPrHU TepseMoil 3a
Mepuo/i COOCTBEHHBIX KOJICOaHMI.

Jnst koneGannii tuna [, B IpsAMOYroIbHOM pe3oHaTope

:wp!vlg . abl(a2+lz)
2R, a’(1+2b)+F (a+2b)

(5.84)

0

Ecii pe30oHaTop 3amojiHeH JU3JIEKTPHKOM C HOTEPAMH, TO PE3yIbTHPYHOIIas
nodporrocts (), pasHa

0, = - (5.85)
—+tgd
Q

3
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BBEJEHUE

DIIEeKTpOIMHAMUKA U pacipocTpaHenue paanoBoiH (D[] u PPB) — 0Ga3oas
JUCIUIUIMHA ~ TPU  TOATOTOBKE  PaJMOWH)KEHEPOB U CHEeUUAIUCTOB
panuosnekTpoHHoro mnpo¢wuas. OcCHOBHas 3ajaya JUCHUIUIMHBI — HAy4UTh
CTY/ICHTOB OCHOBHBIM METO/IaM aHaJH3a CBOMCTB AJIEKTPOMArHUTHBIX BOJH (OMB)
B NIPUPOJHBIX YCIOBHSIX M YCTpoiicTBax cBepxBblcokMX 4actoT (CBY). Ocoboe
BHUMAaHHE YACISICTCS ONMHUCAHUIO cBoiicTB DMB B Hanpasnsromux cuctemax (HC),
00bEMHBIX pe3oHaTopax (OP), mpupomHBIX cpenax. JTa JAUCIUIDIMHA Oa3upyeTcs
Ha MHOTHX pa3jenax JWUCHUIUIMH: BbIcHIas MateMaTwka u ¢usuka. Hamboree
Ba)XHBIMU U3 HUX SIBJISIFOTCSL:

— BEKTOPHBIH aHaJN3;

— TeopHus MO,

— muddepeHInaTbHBIC YPABHCHUS;

— 3JIEKTPOMAarHeTH3M;

— DJIEKTPOMArHUTHBIE KOJIEOaH!Us U BOJIHBI.

«OnekrponuHamuka W PPB» sBiusrorcs 0a30BEIM  KypcOM JUIS  TaKUX
JICIUITINH, KaK:

— aHTeHHBI U ycrpolictBa CBY;

— anekTpoHHbIe TpuOopsl CBY 1 KBaHTOBBIE TPUOOPHI;

— yCTpOICTBa MUKPOBOJIHOBOTO JUANa30Ha;

— PaJiMOHaBUTaAIMOHHBIE IPUOOPHI U CHCTEMBI;

Juctmmumaa «3J1 u PPB» crynmenramm nHeBHOW (opMmBbl  00ydeHHs
n3y4aercs B 4 (mepBas 4acTh) U 5 (BTOopas yacte) cemecrpax. [lo kaxkmol wactu
c/1aércsi UTOTOBBIM DK3aMEH, BBITIONHSETCS J1a0OpaTOPHBIN NMPAKTUKYM B IISITOM
CeMEeCTpe M BBITIOJIHAETCS JIOMAIIHSAs KOHTpOJIbHAs paboTa Mo IepBOi yacTu B
4eTBepTOM  ceMecTpe  (TpeOoBaHHMs — 00pa30BaTENbHO-KBATH(DUKAITMOHHON
xapaxrepucTuky HanpasieHus 6.050901 — PaguorexHuka).
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rone a, b , l — TCOMETPUYCCKUE pasMeEpbl pe30HATOpa; UHACKCHI M, N, D
O3HA4YacT 4YrCJIo Bapnaum“l oJIA IO OCsIM X, ), Z COOTBETCTBCHHO.

OCHOBHBIM THITOM KoJieOaHWH B TPSIMOYTOJEHOM pE30HATOpE, HMMEIOIIHM
MUHUMAJIbHYI0 PE30HAHCHYIO YacTOTY, B 3aBUCUMOCTH OT COOTHOILIEHHS pa3MepOB

a, b w [l wmoryr 6wite H,y,, Hy,, E,, Hanpumep, npu b<a u b <1,

OCHOBHBLIM THIIOM KOJI€OaHUsI SIBIISETCS HlOl , COCTAaBJIAIOINIHUEC BCKTOPOB IIOJIA

KOTOPOIr'0 ONMChIBAKOTCA BBIPAKCHUAMMU!

E =0;
. . T . ™ . nz
E, =—-iop,c—sin| — [sin| — |;
a a [
E =0;
(5.81)
2
. ™
H =-c—sm|— |cos| — |;
al a
H, =0;
2
. T ™ . nz
H_=c|—| cos| — |smn|—
a a [
DHeprusl, 3amacéHHas B 00bEMHOM Pe30HATOPE JIFOOOT0 TUTIA
E? H?
W:J'sa—dV+J'ua—dV, (5.82)
2 2
v v
rne £ u H — ammuuTynHble 3HaYeHUS HAIPSKEHHOCTEH SIEKTPUYECKOrO M

MAarHUTHOTO TTOJICH; HHTETPUPOBAHUE BEAETCS IO 00BEMY PE30HATOPA.

o A

B uacruocty, st konebannit tunos H\, H,,, E,, B npimoyromsHo: “_-:-1““'! “"’6/,*
.. o =
00BEMHOM pe30HATOpE i B
- m
W—gSa max 400, (583; E"
= =

=
. )
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rae EO — MaKCUMaJIbHAasA aMIUIUTyda HaHpH)I(éHHOCTI/I QJICKTPHUYCCKOI'O IOJid B
BOJIHOBOJE.

MaxkcumanbpHas MEpeHOCHMas MOIIHOCTE B BOJIHOBOZAE  OIPENeNseTcs
MaKCHMAJIBHO JIOITYCTHUMOH (TTpOOMBHOM) HaNpsHKEHHOCTHIO BJIEKTPHYECKOTO MOJIS

kB

B BOJIHOBOZE. JJIsi CyXoro Bo3yxa mpu atMochepHoM gasnennn £ =30 —.
CM

Kosduument ocnabnenust Bonuel tuna f1,, B BONHOBOIE, paBeH CymMe

KO3(1)(1)I/IHI/IGHTOB OCJ'Ia6J'IeHI/IH, BbI3BAHHBIX NOTEPSAMHU B MECTAJUIMUCCKUX CTCHKAX U
B TUBJICKTPUKE

A oo :OLM+OLP;

Of

2

R 1+ Mo 20
2a a
o, = , (5.78)
7\' 2
Zb, 1-| =2
2a
rac RS :,‘ u;'.;a — MOBEPXHOCTHOC COMMPOTUBJICHUEC MCTAJlJia,
netgd,

(5.79)

5.7. O6béMHBIE Pe30HATOPHI

OOBEMHBIN  pe30HATOp  IPEACTABISIET COOOH  3aMKHYTYIO  IIOJOCTS,
OrPaHUYCHHYIO METAJUTHYECKUMHU CTCHKAMH, BHYTPH KOTOPOH CYIIECTBYIOT
3NIEKTPOMArHUTHBIE KONeOaHus.

Kongurypauuss o0bEMHOro pe3oHaTopa MOXKET OBITH JIO00H, OJHAKO,
HauOoJblIee  MPAaKTHYECKOe  MPUMEHEHHE  HAXOMIT  MPSMOYTONBHBIH,
JIMHIPUYECKUH, KOAKCHATIBHBIA U TOPOUAANBHBIH 00bEMHBIC PE30HATOPHI.

Pesonancnas wactora koneGamuit Tuna /- wm E, =~ mpsmoyrombroro

00BEMHOT0 Pe30HATOpa paBHA

2 2 2
1 mn nm pr
o, =——=-|— | +|—| +| = . (5.80)
g 1, a b l
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1. PABOYAS TPOI'PAMMA JUCHUIIJIMHBI

Beenenne
Mecto u 3HaueHue Kypca «DIEKTpPOJUHAMHMKA U PaCHpOCTpaHEHHE
paavoBONIH» B TOATOTOBKE  paauouHkeHepoB. (OCHOBHOE — conepxaHue
JUCIUIUIMHBL.  KpaTkuii ~ MCTOpWYEcKWi  O4YepK  pa3BUTHS  y4eHHH 00
JJIEKTPOMAarHETU3ME.

1.1. XapaKkTepHCTHKH 31eKTPOMATHUTHOT O NOJIS

BeKkTopsl 351€KTpOMAarHUTHOrO NOMs. DNEeKTPOMArHUTHBIE TapaMeTphl CPENbL.
Bugs! cpen: nuHeiiHble, HENMUHENHbBIE, OJHOPOAHbIE, HEOAHOPOIHBIE, U30TPOIHEIE,
aHU30TpONHbIE. MeXyHapoIHas CUCTEMa IEKTPOMATrHUTHBIX €IUHMII.

1.2. CucreMa ypaBHeHHUI 31eKTPOMATHUTHOI O NOJIS

VYpaBHenus MaxcBenia B MHTErpajbHOM 1 anddepeHnnansHon GopMax u ux
(u3nyecKknii CMBICI. Y paBHEHUE HETIPEPHIBHOCTH ToKa. CTOPOHHUE DIIEKTPUUYECKUE
W MarHuTHbIE CWIBl. YpaBHeHMs: MakcBemsla B KOMIUIEKCHOH —QopMe.
KomruiekcHble JuaiieKTpuueckas W MarHuTHas IMPOHHUIAEMOCTH. [ paHWYHBIE
ycnoBUsa. 3aKOH COXPAaHEHMS HHEPruu JUIsl JIEKTPOMAarHUTHOro mojs. Bextop
[ottnTuara. Teopema u BekTop I1oMHTHHTAa B KOMIUIEKCHOW (hopMme.

1.3. BosiHOBBIe ypaBHEeHUS U 3JIEKTPOAMHAMMYECKHE MOTEeHMAJIbI

BonHoBble ypaBHEHHS A1 BEKTOpOB Ioyid. BolHOBBIE ypaBHEHMS IS
3JIEKTPOJAMHAMUYECKUX MOTEHIIMATIOB. BOMHOBBIE ypaBHEHUS JIJ1s1 BEKTOpoB ['epiia.
BoHOBBIE ypaBHEHUS B KOMIUIEKCHOM (popme. YpaBHEHHUs [ ebMIoibIa.

1.4. CraTucTHYecKHe M CTAMOHAPHBIE IOJIS

Cratuctuueckue M CTallMOHApHBbIE TOJNS  KaK  4YacTHBIM  cioydaid
JNEeKTpOMarHuTHoro mons. CucreMa ypaBHEHUM JJIEKTPOCTATUKU. Y paBHEHHUS
[Tyaccona u Jlammaca. MeTon 3epKajbHBIX 0TOOpakeHUH. DieKTprdYecKas EMKOCTb.
OHeprust 3JMeKTPOCTaTHUECKOT0 U MOCTOSIHHBIX MarHUTHBIX MOJIEH. DJIEKTPHUUECKOe
W MarHUTHOE TIOJIE MTOCTOSTHHBIX TOKOB. BEKTOPHBII MOTEHIMal MarHUTHOTO TTOJISI.
WHIyKTUBHOCT ¥ B3aUMOMHAYKTHBHOCTD.

1.5. OcHOBHEBIE METObI PelICHUS 32124 3JIeKTPOAUHAMHKH

ITocTanoBka 3amauu B DJIEKTPOJMHAMHUKE. BHYTpEHHsST M BHEWIHAS 337a4d
9JIEKTpOANHAMUKU. KpaeBble yCIOBUS M yCIOBHS H3TydeHHs. ETMHCTBEHHOCTH
pemieHust 3amad  AUEeKTpoAMHAMHKH. OCHOBHBIE TIPHHIMIIBI U TEOPEMBI,
UCTIONIb3yEMBIE NPH PELICHUH 3aJ]ad dJIEKTPOIUHAMUKY: TIPHHIMI CYNEPIIO3UINN

3aJad  OJIEKTPOJWHAMHUKM: METOJ  3ala3[blBalOIUX IOTEHIUANOB, METOIS
pas/ieienus nepeMeHHbIX, Meton Kupxroda. IIpubivkeHHbIE METOBI PELICHHUsE
3aJa4 3JCKTPOAMHAMHKH: METOJ TE€OMETPHUYECKOM ONTHKH, METOJ BOJHOBOIZ

CERACTON

OB AT
TeopeMa B3aMMHOCTH, TEOPEMa SKBMBAIEHTHOCTH. CTpOrMe METOMbI PELICHHs “%

n,ﬁk

e

N ¥ BHHEIHYXAL
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OIITUKHU, METO/] KPACBbIX BOJIH, METO/] I‘eOMeTpPI‘IeCKOﬁ TCOpUHn I[I/I(l)paKHI/II/I, METO
QJICKTPOJAUHAMUNYCCKOIO MOAYJIMPOBAHU.

1.6. ILitockue SMB B oqHOPOIHON U HEOTHOPOXHOM cpeaax

Pemienne  BONHOBOrO  ypaBHEHWS I IUIOCKMX  BONH.  [liockue
9JIEKTPOMAarHUTHBIE BOJHBI B JIMIJIEKTPUKE, MONYIPOBOIHHUKE, ITPOBOIHHUKE.
[Monspuzamust  sneKTpOMarHUTHBIX  BONMH. [loHsTHE O  pacnpocTpaHeHHH
9JIEKTPOMAarHUTHBIX BOJIH B HEJMHEHHBIX W aHU3OTPOIHBIX cpeaax. M3mydeHue
9JIEKTPOMAarHUTHBIX BOJIH B OJHOPOJAHOW cpenme. Buusl  31eMeHTapHBIX
m3nmydareneil. CTpyKTypa noys B OJIMKHEH U JalTbHEH 30HaX.

OTpakeHre W TIPEJIOMIJICHHE JIMHEWHO MOJISIPU30BAHHBIX BOJH Ha IUIOCKOW
rpaHuIle pasjaena cpei. 3akonsl CHemnyca u hopmyibsl @penens. Yron bprocrepa.
VYTon IMOTHOTO BHYTPEHHEro OTpaKeHWs. SIBJIeHWE MOBepXHOCTHOro 3ddekra.
I'pannunbie  ycnoBust JleoHroBnya. I'paHuuHBIE YCIIOBHSI Ha IIOBEPXHOCTH
U/ICNTLHOTO MPOBOIHUKA.

1.7. Hanpapisionye cucTeMbl U HallpaBJjisieMble BOJIHbI. BoJIHOBOIBI

OO0mue CBeleHHUs O HANPABJISIONUX CHUCTEMaX WM HANpaBISIEMbIX BOJHAX.
OcHoBHBIE ~ OcOOeHHOCTH  BONH: monepedHslXx  (7), MarHuTHBIX  (H,,),
anekrpudeckux (E,,). IIpsSMOyrompHBI METAJUTMYSCKHI BOJTHOBOI: pPCIICHHE
ypaBHeHHs [ ebMronbpla JUiss MAarHUTHBIX BOJIH B BOJTHOBOJE. KpuTHueckas JinHa
BoyHBL. Da3zoBast U TpymmoBast CKOpocTH. J[avHa BONHEI B BOMHOBOAE. OCHOBHAsS
MarHuTHas BoiHa Hjo. DJEKTpUYECKHE BOJHBI B MPSIMOYTOJIBHOM BOJHOBOJE.
OcHoBHas nanekTpudeckas BomHa FEj,. Kpyrisii merauindeckuil  BOTHOBOA.
DIIEKTPUIECKUE M MATHUTHBIC BOJHBI B KPYTJIOM BOJTHOBOJE. XapaKTEPUCTHIECKOE
COTIPOTHUBJICHUE BOJTHOBOJIOB U 3aTyXaHHE AJICKTPOMATHUTHBIX BOJH B HUX. BrIOOp
pa3MepoB BOJTHOBOJA. Bo30yxaeHHE BOJTHOBOJOB M U3BIICYCHUE SHEPTUM W3 HHUX.
3aMeUIAIONINEe CUCTEMEI.

1.8. DilekTpOMarHUTHBIE MOJIS B 00BEMHBIX Pe30HATOPAX

OOBEMHBIN pe30HATOp Kak KojedaTenbHas CHUCTEMa C paclpeAenéHHBIMU
mapameTpamu. [IpsMOyroneHBIH OOBEMHBIN pe3oHaTOop. TUMBI KONeOaHWN B
MIPSIMOYTOJIEHOM 00BEMHOM pe3oHaTope. CoOCTBEHHass 4acToTa W JTOOPOTHOCTH
NIPSIMOYTOJIEHOTO ~ pe3oHaropa. LlumuHapuueckne u  0OBEMHBIE PE30HATOPEI.
TopounanbHble pe3oHaTOpBl. Bo30yxaeHne 00bEMHBIX pe30HATOPOB.
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- .nE X
H_=i——"-cos| — |e
a oy, a

—ihz

21 2%

2 2

rne h=+/B°€—g", — npomonsHoe BonHOBoE uncno; f=—; g=—" —
0 Kp

TONepedHOe BOIHOBOE YHCIIO.

XapaKTepI/ICTI/I‘IeCKI/IM COIMMPOTUBJICHUEM Z ¢ BOJIHOBOJA4, HAa3bIBACTCsA

OTHOLIEHHE TMOMNEPEYHBIX COCTaBIAIOmMUX BekTopoB £ u H . Jna Bomm
MAarHUTHOTO THUIa

7 (5.75)
JUJIL BOJIH SJICKTPUYCCKOI'O TUTIA
z o =
Q .
rac ZO = = _ XapaKTCPpUCTUICCKOC CONPOTUBJICHUE TIIJIOCKOW BOJIHBI B
€
0

CBO60)1HOM MPOCTPAHCTBE.
MOIHHOCTB, NEPEHOCUM YO BOJIHOM JIFOOOTO THIA B BOJIHOBOJIC, OIPCACIIAIOT
HUHTETPUPOBAHNUEM BEKTOpPaA IlotinTHHTa TIO nonepeyHoOMY CEUCHUIO BOJTHOBOAA

PW:%J.RG (Tz-[ExH*])dS. (5.76)
N

[MoncTaBinss BeIpaXKeHHS ISl COCTABIISIFOIIUX BeKTOpoB o (5.73) B (5.76),
nonyduM HopMyiTy JUIs pacdera MOIIHOCTH, TEpPeHOCHMOii BonHoi Thna H ) B

MIPSIMOYTOJIBHOM BOJIHOBOJIE

CEHACTONMILCHER

HA
‘g&\\! 1'1'6/,

ar
(5.77=

n,ﬁk

e
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X os| T e -ite 2. IEPEYEHD JIABOPATOPHBIX PABOT

2.1. HccnenoBaHue 3IEKTPOMAarHUTHOTO TONSi OCHOBHOM BOJHBI B
MIPSIMOYT'OJIGHOM BOJIHOBOJIE.

E =0; 2.2. UccnenoBanre JUCTIEPCUOHHBIX CBOMCTB BOTHOBOJHOW JIMHUU MIEpeIayu.
z (V3
(5.72) 2.3. UccnenoBanne  BOJIHOBOJAHOTO  OTBETBUTENS  Bpallarouiencs
I TIOJISIPU3AITUH.
H =i n H . sin unx sin ny e . 2.4. ViccnenoBaHue MOISIPU3ALUK SIEKTPOMArHUTHBIX BOJIH.
* gza 0 a b ’ 2.5. UccnenoBanre oTpakeHUs U MPETIOMIICHUS 3JIEKTPOMATrHUTHBIX BOJH.
2.6. VccnenoBaHue JIEKTPOMArHUTHOTO TTOJIST IPSIMOYTOJIBHOTO PE30HATOpA.
. . hmn mx )\ . ( mn 4
o, =i™ i cos| T |sin| T | itz
y 2 0
gb a b

H.=H, cos[nmx]cos[nny]eihz.
a b

OCHOBHBIM THIIOM BOJHBI B IPsAMOYTOJIBHOM BOJHOBOJAC HpUu A >'b )

sBsiercst BonHa [, s kotopoii 7\,Kp =2a , GmwxalIIMMK BHICHIMMHA THTIAMH

—somusl H,, H, H,,.

HanGonburee mnpakTideckoe 3HaudeHHe uMeeT BonHa Tthma [

npAMOYTOJIbHOM  BOJIHOBOJC. CocTaBasronme BCKTOPOB  IOJIA 9TON BOJIHBI
OIMMCBIBAIOTCA BBIPAKCHUAMMU:

B

E =0;
- : —ihz
Ey:Eosm[—]e ;
a
E.=0;
(5.73)
H =———E,sin| — |e ™;
0 ’ \QEAY
U, a e 6”‘&,
HyZO, % E

il
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3. METOJUYECKHUE PEKOMEHIAIIUN
IO N3YYEHUIO JUCHUITIJINHBI

OCHOBHOW 1IENBI0 TNpPU W3YYCHUH JUCHUIUIMHBI SIBISIETCS TOHMMaHHE
ypaBHeHHId MakcBeiuia, uX (PU3MYECKOr0 CMBICIIA U IIPUMEHEHHE ATUX YPaBHEHHUH
JUISl PEIIeHNs] TPUKIIaIHbIX 33124 PaJHOTEXHUKH.

MeroaMKa U MOCIIEA0BaTENbHOCTh U3YYEHHUSI Kypca COOTBETCTBYET IIEPEUHIO
TEM 1 METOAWYECKUM YKa3aHHUSM I10 UX U3YUEHUIO, TPUBEIEHHBIX HIKE.

Marepuan KaXaold TEMBbl HACHIIEH CIOXHBIMH  MaTeMaTHYECKUMHU
COOTHOUICHUSAMH, (H3MYECKass HWHTEPIPETalnusi KOTOPBIX 3a4acTyi0 JO0CTAaTOYHO
CIIOKHA, II03TOMY U3y4eHHe MaTepuaja TpeOyeT cepbE3HOM, BIyMUUBOU pabOTHIL.

3.1. XapaKkTepuCTHKH JIEKTPOMATHUTHOI' 0 MOJISI

B Hacrosimem nozapasnene CTyqeHT JOKEH YCBOUTD, YTO 3JIEKTPOMAarHUTHOE
Ioje MOJHOCTbIO  XapaKTepu3yeTcs JBYMs OCHOBHBIMH M YETBIPbMS
JIOTIOTHUTENEHBIMI BEKTOPAMH, KOTOPBIE ONpPEENSIFoTCs U3 (PU3NYECKUX 3aKOHOB.
OIEKTPOMarHUTHOE TOJIE CYHIECTBYET U PACCMATPHUBAETCSA B PA3IMYHBIX CpeAax,
KOTOpBIE KJIACCH(UIUPYIOTCS 10 BHIY 3aBUCUMOCTH WX 3JIEKTPOMAarHUTHBIX
MapaMeTpoB OT BPEMEHHU U MPOCTPAHCTBEHHBIX KOOPJAUHAT, a TAKXK€ OT BEJTUUUHBI
U HalpaBJIEHUs BEKTOPOB AIEKTPOMArHUTHOTO MOJIS, CYIIECTBYIOIIETO B JaHHOU
cpene. Bce MaTeMaTHyeckue COOTHOIIEHWS JAHHOTO Kypca 3allUCBIBAIOTCA B
MexXyHapoaHoi cucreme equaun CH.

Konmponvnoie eéonpocwl ona camonpogepku

3.1.1. B uém 3aximrouaercst pU3NIECKHI CMBICI BEKTOPOB, XapaKTEPHU3YIOLIHX
3JIEKTPOMarHUTHOE 1oje?

3.1.2. Kakoif BuA HMEIOT MaTepUAJbHBIE YPAaBHEHHUs [IsI BEKTOPOB
3JIEKTPOMArHUTHOTO MOJs?

3.1.3. Kak knaccuuipyrorcest cpeapl?

3.2. Cuctema ypaBHeHMIl 3JIEKTPOMATHUTHOT O 1OJISI

B »rom mnogpasmene HeoOXOOUMO YACHUTb, YTO ypaBHeHHS MakxcBenna
SIBIISIFOTCS PE3YyJIBTATOM 00O00IIEHUs OONBIIOr0 YHciia (GPU3MIECKUX 3aKOHOB TEOPHH
JNIEKTpOMAarHeTu3Ma, IPeACTaBIA0T coOoi (yHIaMEeHTaNbHbIE 3aBUCHUMOCTU
MaKpOCKOIIMYECKOH AJIEKTPOIUHAMHKH, ITO3BOJISIONINE IOJIYYUTh BCE OCHOBHBIE
COOTHOUIEHHS TEOPHUH AJIEKTpOMarHuTHoro noms. Cienyer oOpaTuTh BHUMaHUE Ha
TO, YTO MCTOYHUKAMH DJIEKTPOMATHUTHOT'O IOJISI B COOTBETCTBUM C ypaBHEHHSIMHU
MakcBema  SIBISIIOTCSL  DJIGKTPUYECKHE  3apsDKEHHbIE  YaCTHIBl;  4TO
JJIEKTPOMAarHUTHOE IIOJIE KaK BHJA MaTepuu oOJlajaeT SHepruei, s KOTopoi
BBIMOJHSACTCS ~ 3aKOH  COXpaHEHHs W TpeBpalieHus.  AHAJIUTHYECKHM
IpeCTaBICHUEM 3TOr0 3aKOHA ABJIAETCS ypaBHEHHE OajlaHca 3IEKTPOMAarHUTHON
9Hepruu — teopema YMona — IloiHTHHTA.
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Jnsgomu tuma £ w H B OpsMoyroasHOM BOIHOBOZE
2

o= : 2 (5.68)

m n

=1

a b

rme a,b — pa3mepsl MomepedHOro ceueHHs BOTHOBONA; /M, 1 — KOIMYECTBO

TIOJTYBOJIH, YKJIQJIBIBAFOIMXCS HA NIMPOKOM M Y3KOM cTeHKax BoiHoBoma (d u b))
COOTBETCTBEHHO.

Pacuernsie opmynsl st ha30BoOi CKOPOCTH, AJIMHBI BOJHBI B BOJHOBOJE U
TPYNIOBON CKOPOCTH UMEET BUA:

(5.69)

(5.70)

(5.71)

rage ¢ — CKOpPOCTh CBE€TA B CBOOOTHOM IPOCTPAHCTBE.

BHpa)KeHI/IH JUIA COCTABJIAIOINX BEKTOPOB HaHpH)I(eHHOCTeﬁ TUIa Hmn , B
IpAMOYTOJIbHOM BOJIHOBOZC 3aITUCBIBAIOTCS B BUJIC!
_&g!lﬂ.-rﬂ&
. . nn wmx \ . (7{ny ) i, = %
E_=-ion, ——H,cos| — [sin| — |e " ; o &
X a 2 b 0 ) = =
a = >
2 =
= =
E =
o =
2
- )
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€
tgp, = [—=. (5.65)
81

Cornacuo paseHCTBY (5.56) npu &,l, <€, Yrom mpeJaoMIeHUs OOoNbIe
yIIIa HajieHusl, O3TOMY eCIIH

E:
¢ = arcsin z—uz, (5.66)

g

TO MpenoMI€HHAas BOJHA OylIeT CKONb3UTh BJIOAb TPaHUIBI pa3fena U, B
COOTBETCTBHH C BbIpakeHHsAMH (5.57) n (5.59), koda(hdHUIMEHTH OTpaskeHUs Mo
MOJIYJIIO CTAaHOBATCS paBHBIMH eauHuie. C JalbHEHIIUM YBEJIHMYEHHWEM YTia

nagceHusd MOAYJIb OTPAKCHUSA F” , FL , ocTaéres PaBHBIM CIMHHUIIC; U3MCHICTCS

TONMBKO (haza ko3¢ uimeHToB. Takoe SIBJICHHE HA3BIBACTCS TOJHBIM BHYTPECHHUM
OTpa’KEHUEM.

5.6. BotHOBOOBI

BonHOBOA ~— mpeicTaBiseT  co0OH  MONYH — METAUIMYECKYH — TpyOy
MPOU3BOJILHOTO CEUYEHUsI, BHYTPU KOTOPOU PaclpOCTPAHSIIOTCS dJIEKTPOMArHUTHbIE
BoJHBI. Hanbosee 4acTo MPUMEHSIOT BOJTHOBO/IBI IIPSIMOYTOJIBHOTO CEUEHUS, PEKE,
KPYTJIOrO CEUeHHUS, eIl pexe — BOJHOBOIBI OONee CIOKHOTO CEUCHHs, HATIPUMEP
IT— ob6pas3usie 1 H — obOpasHbie.

B BONHOBOZAX ¢ WIEAIHHO MPOBOMSAIIMMHU CTEHKAMH W OJIHOPOIHBIM

3aOJIHCHHEM MOTYT PAaCIIPOCTPAHSTBCS BONHBI dliekTpudeckoro thma (£, ), y
xotoppix =0, a E #0 (nanpasienue ocu Z coBmaaer ¢ NPOLONbHOI
OCBI0 BOJNIHOBOZA, M BOJNHEI MarautHoro thma ([, ), y xoropeix £, =0, a
H_#0.

TIpe/nonokuM, 9T0 BOJHOBOJ 3allOJHEH JUIJIEKTPUKOM C OTHOCHTENBHOM

I[I/I[)JIGKT‘pI/I‘IeCKOﬁ NPOHUIIAEMOCTBIO € H MAarHUTHOI MPOHHUIACMOCTBIO !.,l :1.

Ka)KZ[BIﬁ KOHerTHHﬁ THUIT BOJIHBI B BOJIHOBOJIC MOKET PACIIPOCTPAHATLCSI B TOM
cjry4dae, €Ciin

A
= <Ay (5.67)
Je

rae 7\,0 — JJIMHAa BOJIHBI T'€HEpaTopa, a }\'Kp — KpUTHYCCKasd /JIMHAa BOJIHBI,

KOTOpas onpeacisAeTCsa pasMepaMmu U (l)OpMOfI MOMNEPEUYHOTO CCUCHHM BOJIHOBOAA.
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B MPAKTUYCCKUX TPUITOKCHUAX YaCTO HCHOJB3YCTCSA TapMOHHUYCCKaAd
3aBUCUMOCTb BO BPEMCHU BCIMYUH, BXOAAIINUX B YPABHCHUC MaKCBeJ’IJ’Ia, o3TOMY
JJIA UX NpeACTaBJICHUA y)lO6HO MNPUMCHSATH CHMBOJIMYECKUI METOA.

Konmponwnsie eonpocwl 01 camonposepku

3.2.1. Kakue sKCHepUMEHTaJIbHbIE 3aKOHBI JISKaT B OCHOBE YpPaBHEHHUH
Makcsenna?

3.2.2. B yem coctouT (pru3NUECKHid CMBICI TOKA CMEIEHNUS?

3.2.3. Yro cBs3bIBAIOT MeX Ty co00l ypaBHeHHs1 MaKcBena B MHTErpajIbHON
u nuddepeHmansHoN Gopmax?

3.2.4. Kakue sHeprerudyeckue COCTAaBJAIONINE MOTYT BXOAWUTh B YpaBHEHHE
0ayaHca SHEPrUU 3JIEKTPOMATHUTHOTO TTOJIs?

3.2.5. Kak 3amuceiBaercs BbelpakeHHe Juid Bekropa IloiiHTMHra B ciydae
TapMOHUYECKUX BO BPEMEHHU Mojen?

3.3. BoiHOBbIE YPaBHEHHS M JJIEKTPOJUHAMUYECKHE OTEHIHAJIbI

W3 ypaBHeHmii MakcBemia CleIyeT, 4TO JJIEKTPOMAarHUTHOE I10JIE MOXET
CYIIIECTBOBATh B BHJIC 3JICKTPOMATHUTHBIX BOJH. AJICKBATHBIMH COOTHOIICHUSIMH,
OMKUCHIBAIONIMMY  BOJIHOBOM XapakKTep JJIEKTPOMATHUTHOTO TIIOJS, SIBJISIFOTCS
BOJTHOBEIE ypaBHEHUS — aud(epeHIMaIbHbIC YPaBHCHUS BTOPOrO IOPSJKA B
YACTHBIX IPOU3BOJHBIX, KOTOPBIE MOTYT OBITH IONYYEHBI HEMOCPEIACTBEHHO M3
ypaBHeHH MakcBemta (quddepeHIuanbHbIX ypaBHEHUH B YaCTHBIX MPOU3BOTHBIX
mepBoro Tmopsnaka). s pemieHWs pa3iUYHOTO poja IPHUKIAJHBIX —3a/adu
UCTONB3YIOTCS OOBIYHO BOJHOBBIC YyPaBHEHUS I BEKTOPOB TOJS, JUIS
AJIEKTPOIMHAMUYCCKUX MOTEHIIMATIOB U BekTopa [ epra.

Konmponvnoie eéonpocwl ona camonpogepku

3.3.1. Kaxue BuABl BOJHOBBIX YPaBHEHHUH HCIONB3YIOT JUIsl pPELICHUs
ANIEKTPOAMHAMHYECKUX 3a7a4?

3.3.2. B uéM 3aKkiroyaeTcs CMbIC KaJIMOPOBOYHOTO COOTHOIICHHUS ?

3.3.3. B uém coctout orimuue ypaBHeHui JlamamOepa u ['enbpmronbiia ot
0000IIEHHOT'0 BOJTHOBOTO YPaBHEHUS?

3.3.4. NmeeTca 1M pa3HULA MEXKIY BEKTOPHBIM MOTEHLUATIOM U BEKTOPOM
I'epua B cirydae rapMOHHYECKOTO JIEKTPOMATrHUTHOTO TIOJIS?

3.4. CtaTH4ecKHe ¥ CTAMOHAPHBIE OIS

VYpaBHEHUs CTAllMOHAPHBIX U CTaTUYECKUX IOJIEH MONYy4aroTcs KaK 4aCTHBIN
cilydail W3 ypaBHEHHH SJIEKTpOJWMHAMUKK (ypaBHEHHMH MakcBeiia) IpH YCIIOBUH,
YTO WCTOYHHMKH DJIEKTPOMArHUTHOTO IOl JIMOO CTalMOHApHBI (HE 3aBUCAT O~

CTaTUYCCKUC TI0JId MAaTCpUaJibHbI, JII HUX BBIIIOJHACTCA 3daKOH COXPAHCHUA VZE

>
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OITMCHIBAIONIMX HWX T[IOBEJECHHE, HE COJCPKUTCS BPEMEHHOH 3aBUCHMOCTH
(manpumep, ypaBuenus [lyaccona u Jlamnaca).

Konmponwnsie éonpocel 01a camonposepku

3.4.1. Ilpu xakux ycloBUsX cucTeMa ypaBHeHUII MakcBemna pacnagaercs Ha
CHCTEMBI JIEKTPO- U MAarHUTOCTATHKH?

3.4.2. B uéM 3aKkiroyaeTcs CyTh METO/Ia 3epKaJIbHBIX OTOOpaKeHHH ?

3.4.3. UeMm onpeaensercs BeIUIMHA SHEPTUH AIEKTPOCTATUIECKOro Mons?

344. B uéM COCTOMT OTJIMYME CTALMOHAPHBIX AJIEKTPOMArHUTHBIX OT
CTaTUYECKUX Mosei?

3.4.5. Kaxoll BHMJ HMEIOT ypaBHEHUs BTOPOTrO IMOpsAKa B YaCTHBIX
TIPOM3BOJIHBIX JJISI CTATUYECKHUX U CTAIIMOHAPHBIX MOJIEH?

3.4.6. Kakuie MeTO/IbI UCTIONB3YIOTCSA JUIS PEIIEHUS 3a/1a4 SJIEKTPOCTATUKH ?

3.5. OcHOBHBIC METOABI PEICHUS 3a1a4 JIeKTPOAHNHAMHKHA

[Ipn m3ydyeHHH HACTOAMIErO pasjeia CTYAEHTHI JIOJDKHBI MO3HAKOMHTHCS C
0COOCHHOCTSIMU  (POPMYJIMPOBKM W pEIIEeHHWsT BHYTPEHHHX M BHEUIHUX 3a/a4
AIIEKTPOANHAMUKH, 3HAThH YCIIOBHS €IMHCTBEHHOCTH pemeHus
JJIEKTPOAMHAMMYECKUX 3a/a4 I OrPaHWYEHHBIX M 0e3rpaHHYHbIX 00BEMOB
MIPOCTPAHCTBA, OCHOBHBIE NPHHIMITEI U TEOPEMBI, HCIOJIB3YEMBIE ITPU ITOCTPOSHUH
pelIeHN NpaKTHYeCKUX 3a/4ad. V3yduTh OCHOBHBIE CTpOTHE M HPHONMKEHHBIE
METO/Ibl pelIeHus, 00paTHB BHUMaHHWE Ha TO, YTO PE3YJbTAaThl PEIICHUS 3a/adu,
TIOJTYYEHHBIE PA3HBIMU ITPUOIKEHHBIMA METOJIAMHU, OTIIMYAIOTCS APYT OT JApyra.

Konmponwnsie éonpocel 01a camonposepku

3.5.1. Kak ¢opmymupyloTcs BHYTpEHHHE ¥ BHCIIHHME 3aJa4d B
3JIEKTPOAMHAMHUKE?

3.5.2. B uéM cOCTOMT pONb YCIOBMSA U3IY4YEHUS NPHU PEIICHUH BHEIIHUX
3amaq?

3.5.3. Kak ¢opmynupyercss Teopema O €IWHCTBCHHOCTH PEIICHUS 3a]adu
ANEeKTPOAUHAMUKU?

3.5.4. Jlnd xakux cpel BBINOJHAETCA TeOopeMa B3aUMHOCTM M B UYEM
3aKJII0YaeTcs €€ CYIHOCTh?

3.5.5. Uro 1€KUT B OCHOBE METO/A 3aMa3/(bIBAIOLIUX TOTEHIINAIOB?

3.5.6. Korma BO3MOXHO HCIOIB30BaHME METOJAa  3ala3/bIBarOIIUX
MOTEHIINAJIOB?

3.5.7. K KakuM MeTrojiaM pEIIeHHS — CTPOrMM WM NPUOIMKEHHBIM —
orHocurcst meton Kupxrodga?

3.5.8. IIpu KakuX IPUOIMIKEHUSIX UCIOIB3YIOTCS METO/IBI T€OMETPUIECKON 1
BOJIHOBOH oNTHUKH?
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Ecmu BCKTOD E NEPHECHAUKYJIAPEH INIOCKOCTU MAaACHUA, TO KOS(l)(l)I/IHI/IeHT
OTpAKCHHUA U NPECIIOMJICHHUS BBIPAKACTCSA COOTHOLICHUAMU

_ Z,c089—ZcosQ,,

= . (5.59)
- Z,Co8Qp+Z,cosQ,,

T 27 ,cos

= . (5.61)
- Z,Co8Q+Z,cos0,,

Hns muonextpuueckux cpex I um 1 ymobHo mpenctaButh B Gonee
KOMIIaKTHOH (hopme

:_Sin(q)_q)np)_ (5.61)
+ sini(p+(pnpi’ '

glo-o,,)

I = : (5.62)
" tgle+o,)

B 2sin @, cOSQ

, ; (5.63)
sin{Q+¢o,,

2sin @, cOSQ

T = .
sin ((P+ (Pnp) COS((P_(PHP)

| (5.64)

Bo Bcex MPUBCICHHBIX q)opMynax npu HeO6XOZ[I/IMOCTI/I MOXHO HUCKIIOYHUTH

yron mpenomieHus @, ucrnons3ys sakoH Cuemmuyca. 3 dopmyner (5.62)

s
cienyer, uro mpu @+ Q@ :5 KOO(GUIMEHT OTpaKEHUS sl TUIOCKUX

OJICKTPOMAIrHUTHBIX BOJIH, BEKTOP E KOTOPBLIX JICKUT B IUJIOCKOCTH MNaJACHUA,
PpaBCH HYJIIO, U OTpa)KéHHaH BOJIHA Ha IrpaHUlEC pasaciia ABYyX HEMArHnuTHBIX CPEJ
HE BO3HUKaeT. YToj nagcHus, IpHu KOTOpOM Ha6J'IIOI[aeTCH TAaKO€ SBJICHUC
Ha3bIBAIOT YTJIOM Bp}OCTepa JJIl HCMArouTHBIX CpE/, KOTOpBIﬁ HaxXoJiaT U
COOTHOLICHUSA
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Ecnu Bektop IloiHTHHra nazgaromieid BOJHBI NEPIEHIUKYISAPEH TPAHUIE
pasnena, To
A
I==¢2_—<. (5.53)
Z c2 +Z cl
27
T=—"2_| (5.54)
Z c2 +Z cl

rne /Z g ¥ V4 ¢ — XapaKTEPUCTUKU COTPOTUBJIEHHUS CPELL.

IIpy HakJIOHHOM TaJ€HUW HamNpaBleHUs PACHpPOCTPAHEHHs] BOJH IO
OTHONICHUIO K TPaHUIE paszjesia 3aJaloTcsl YIJIaMH, U3MEpSiEMble OTHOCHUTEIHHO
HOpMaMH K OJTod rpanuue. Ilnockocts, coaepxkamasi BekTtop IlodHTHHTra
najarouieil BOJHBI M HOpPMalb K TpaHUIE pas3jesia, Ha3bIBAIOT IJIOCKOCTHIO
nazgeHus. M3 rpaHUYHBIX ypaBHEHHH CIIEAYET, YTO YIJIbl MaJeHUs (P, OTpakKeHHs
(¢, ¥ mpenomieHus (@, CBS3aHBI 3aKOHOM 3€PKANIbHOr0 OTpakeHHs @ = @, u
3akoHoM CHesnyca

sing _ B,

: (5.55)
sm (Pnp Bl

rJe UHACKC | OTHOCHTCS K Cpefe, coAeprKallel Mmaaronryro BonHy. Tak kak s
cpen 6e3 oTepb

B=omyep, . 10 e _ [Baba (5.56)

sm o, &l

Koa¢dumments! otpaskenus [ u npenomuaenus I IS 3aJaHHOTO 3HAYEHMS
yriia NajeHusi 3aBUCIT OT OPUEHTAlMU BEKTOPOB AJIEKTPOMATHUTHOrO MOJS MO

OTHOIICHUIO K INNIOCKOCTH ITaJACHU . Ecmu BCKTOp E JIEXKUT B OTOU IIIOCKOCTH, TO

B Z, cosQ,, —Z, cosQ

| = . (5.57)
Z.,C08Q+Z  cosQ

T 27 ., cos

Z,cos¢, +Z,cosQ
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3.6. IL1ockme 31eKTPOMATHUTHBIE BOJHBI B OTHOP OHOMH

U HEOTHOPOJHOM cpeaax

Ilpn wn3ydeHWM HACTOSIIEro pasferna, CIeAyeT HAHTH METOH pa3zieneHHs
TIepeMEHHBIX B JIEKapTOBBIX KOOpAMHATAaX pelmeHue ['enbMronbla st BEKTOPOB
9JIEKTPOMAarHUTHOT O TT0JIS1 B BUJIE TFIOCKKMX BOJH. [Ipu 9TOM HE00X0aMMO 00paTUTh
BHUMAaHHE Ha pasjM4YHble MaTeMaTHyeckue (OpPMBI 3aliCh BBIPAKEHUH JUIs
IUIOCKOM  BOJHBI, B3aUMHYI0  ODHEHTAlMI0O  BEKTOPOB  HAIPSHKEHHOCTH
9JIEKTPUYECKOTO M MarHUTHOTO Tosiell n Bekropa IloiHTHHra, a Takke Ha CBS3b
MEXIYy HUMHU U 3JIEKTPOMAarHUTHBIMHU TapaMmeTpamu cpeipl. OOpaTHTh BHUMaHHE
Ha OCOOEHHOCTHM  paclpoCTpaHEHWs] IUIOCKOW BOJHBI B JIUDJIEKTPHUKE,
TIOTYTIPOBOJHHKE. YUecTh ClelU(pHUKY PaclpOCTpaHEHHs IUIOCKOH BOJHEI B cpeiax
C MpPOBOAMMOCTBIO, KOTOpas 3aKII0YaeTcss B OKCIOHEHIMAJIbHOM YOBIBAHHH
aMIUTUTYAbl C PAcCTOSHHEM W IIOSIBICHWH JYTOBOTO CABHIa MEXAY BEKTOpaMH
HaNpPsDKEHHOCTH, @ TAKXKe SIBJIICHUE UCIEPCHH, 3aKIIIOYAIOIIEHCS B 3aBUCUMOCTH OT
4acToThl ()a30BOM M TPYNIOBOW CKOPOCTH PACHPOCTPAHEHUs! AJIEKTPOMAarHUTHBIX
BOJIH.

[Tpn n3ydeHnu BoIpoca U3ITy4YeHHs 3JIEKTPOMAarHUTHBIX BOJH B OJHOPOIHON
cpene HEeoOXOIMMO YSICHUTH TNOCTaHOBKY 3a/ladd, a TaKkKe TO, YTO H3JIydeHHe
BBI3BIBACTCS TOJIBKO 3apsDKEHHBIMH YACTUIIAMH, JBMXKYLIMMHUCS C YCKOPEHHEM.
CTyIeHT NOIKEH YCBOWTBH IIeJIb BBEACHHS MOHSTHS 3JIEMEHTApHOTrO W3JIydaTels,
BUIBI MOJIETIEH DJIEMEHTAPHBIX M3JTy4aTeed U METObI pacyeTa UX XapaKTepPHUCTHK.
Cnenyer  oOpaTuTh  BHUMaHHE  Ha OCOOCHHOCTH  pacHpeleseHus
9JIEKTPOMArHUTHOTO TOJIST  BJEMEHTApPHOTO M3JIydarens B 3aBHCHMOCTH  OT
paccTOsIHUSL M YIJIOBBIX KOOPJMHAT: MPU STOM HENb3sl 3a0bIBaTh, YTO B JaJIbHEH
30HE NPUCYTCTBYET JIMIIb aKTUBHAS COCTABJISIONIAS IIOTOKA SHEPTUH, B TO BPEMs
Kak B OypKaWiiell 30He MMeeT MECTO aKTHBHAs W PEaKTHBHAS COCTaBJISIOLIWE.
Heobxonnmo Takke 3HaTh OCHOBHBIE TEXHUYECKUE XapaKTEPUCTHKH H3ITydaTenei,
Takue, Kak JuarpaMma HalpaBJIEHHOCTH, MOIIHOCTh ¥ CONPOTHBIICHUE U3IIyUSHNS,
K03((HUIMEHT HAITPABIEHHOTO JAEHCTBUSI.

[Tpn w3mydyeHHH BOIPOCOB OTPa)KEHMSI M MPETOMIICHUS 3JEKTPOMAarHUTHOW
BOJIHBI Ha IUIOCKOM TpaHMIE pasfjeia YICHHTh IOCTaHOBKY 3a/a4d W (H3HKU
siBlieHui. CreqyeT N3y4uTh COZIep)KaHWE M CMBICT HMOHSTHH: IIOCKOCTD IaJeHus,
TUIOCKOCTh OTpakeHHs, Yroi bprocrepa, yroja HOJHOrO BHYTPEHHETO OTPa)KEHHS,
TIOBEPXHOCTHBIH 3P QEKT, MOSIpU3aIys IIIOCKUX BOJH.

Konmponwnsie éonpocel 01s camonposepku

3.6.1. Kaxue ocHOBHBIE CBOMCTBA MIOCKOH 3JE€KTPOMArHUTHOMN BOJHEI?

3.6.2. Kakoil xapakTep HOCHUT BOJHOBO€ YHCJIO B JUIJIEKTPUUECKOMH,
MOTYIPOBOJSAIIEH U MPOBOASAILEH cpenax?
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3.6.4. KaxoBa npupoja siBleHUs AUCIEPCUH MPU PaCHpOCTPAHEHUH IUIOCKON
BOJIHBI B IOJTYNPOBOAHUKOBOU cpeae?

3.6.5. K uemy mnpuBOAMT HEIMHEWHOCTh M AHU3OTPOIUS Cpelasl MpuU
pacnpocTpaHEHUH ITOCKOW BOIHBI?

3.6.6. Kakue BuAbpl mNoONApU3alM MOTYT HMETh MECTO B 3ajauax
ANEeKTPOAUHAMUKU?

3.6.7. Jlna yero BBOAUTCS MOHATHE JIEMEHTAPHOI O U3JTydaTens?

3.6.8. Kak Qopmymupyercs 3amada W3Iy4eHHsS 3JICKTPOMATHHUTHBIX BOJH
9JIEMEHTAPHBIM H3ITydaTenem?

3.6.9. Ha xaxue 30HBI NPUHATO JENUTh NMPOCTPAHCTBO B 3aBHUCUMOCTH OT
PacCTOSIHUS 10 U3ITydaTess, KaKOBbI KPUTEPHHU pa3zieeHus?

3.6.10. Kakue sHepreTHueckue COCTABISIOIIME IEKTPOMArHUTHOTO MOJS
HMEIOT MECTO B PA3JIMYHBIX 30HAX M3ITydeHHsI?

3.6.11. Kakue Moaenu HCHONB3YIOTCA JJIS OINUCAHHUA 3JIEMEHTapHBIX
H3JIyyaTenen?

3.6.12. B uém 3akmovaercs (u3uKa SBICHUH OTPa)KEHHs W TPETOMIICHUS
TUTOCKO BOJIHBI Ha TpaHHMIIE pasena?

3.6.13. Kax onpenensercs mnoispuzalus dJIEKTPOMArHUTHOW BOJIHBI,
najarouiei Ha rpaHully pasjena’?

3.6.14. B uem 3akimoyaercs (U3MYSCKHIA CMBICI SBJICHUS IOJNHOU
HoJsIpU3aluu?

3.6.15. Kak m3MmeHstoTcss Monyib M (a3a Kod(pHIMEHTa OTpa)KeHUs! NpHU
T1a/ICHNH TUIOCKOM BOJIHBI HA TPAaHUILy pasjena?

3.7. HanpagpJsiioliue CMCTeMbI M HanpagpJisieMble BOJHbI. BOJIHOBOIBI

B nanHOM pazzene cieayeT U3y4HTh BHIBI HANPABISIOMIMX CHCTEM, THUIBI U
OCHOBHBIE OCOOCHHOCTH 3JEKTPOMATHUTHBIX BOJIH, PaclpOCTPAHSIONIMXCS B HHX.
PaccMoTpeTh pelieHHMe BOJHOBOTO YpPaBHEHHs] B MPSIMOYTOJIEHOM M KpPYIJIOM
BOJIHOBOZIaX, OOpaTWB BHHMaHHE Ha TO, YTO pELICHHE IOJIy4aercs B BHIE
CYNEpNO3UIMN PA3IUYHBIX TUIOB KOJE€OaHWH. YSICHUTH OCHOBHBIE MapaMeTphl,
XapaxTepusyromue paboTy BOJIHOBOJA, Takhe, KaK KPHUTHUYECKas JUIMHA BOJHEI,
JUIMHA BOJIHBI B BOJIHOBOJIE, (pa30Basi M TPYIIIIOBAsi CKOPOCTH, XapaKTEPUCTHYECKOE
CONPOTHUBIIEHHE BOJIHOBOJAa. HeoOXomuMo 3HaTe M yMETh BBIOpaTh pa3Mepsl
BOJIHOBOZIA TpH paboTe Ha 3aJaHHOM THHE KoneOaHuil. Cremyer Takke HMeETh
MIPEJCTAaBICHUE O PACIpPOCTPAaHEHUH TOKOB Ha CTEHKaX BOJIHOBOJAA M CHCTEMax
BO30YXKIEHHS 1 CBSI3U BOJTHOBO/IOB.

Konmponwhute 6onpocwt 0ns camonposepku

3.7.1. Kakue Tumbl HampaBISIONMX CHCTEM paccMaTpUBAIOTCA B
3JIEKTPOAMHAMHUKE?

3.72. B uém 3aKkimoyaercd OTIMYUE DJIEKTPUYECKUX, MArHUTHBIX U
MTONTEPEYHBIX AJICKTPOMATrHUTHBIX BOJTH?
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IockonbKy ypaBHeHHs MakcBela JIMHEHHEI, 1002 KOMOMHAIUA KX
pemennii Takke spnsercs nuueinbM. B wactwoctn, ecmn E 1w E 1
PpElIeHns UCXOIHBIX yPaBHEHHI, TO
E=E1+F

L (5.49)

TOXKE €CTh pellieHHe ypaBHEHHi MakcBesia W, CJIEI0BATEIbHO, OHO OMHCHIBACT
pacmpocTpaHeHHe B MPOCTPAHCTBE HEKOTOPOH BONHBL B  3aBHCHMOCTH OT

COOTHOUICHUA MCKAY (baBaMI/I n aMIUIUuTygaMu Ex u Ey B Ka)KI[OfI TOYKEC

IPOCTPAHCTBa KOHEl[ BeKTopa E Oyaer nepeMemarses 10 SJUIMICY ¢ PasindHbIM
OTHOILIEHUEM M OpHeHTauuel ero monyoceil. Takas BomHa Ha3bIBae€TCS BOJIHOH ¢
IUIMNTAYECKON mofsipu3anueil. OTHOIIEHHE OOJNBIION ITOJYOCH DJUIMIICA K MaJIoi

Ha3bIBaIOT KO3(1)(1)I/IHI/ICHTOM SJIITUIITUYIHOCTH KBH . Jluneiino MoJigspru30oBaHHas

BOJIHA TPEJACTABISET COOOM ONWH W3 MpPEAETbHBIX CIy4aeB SJUTUNTHYHOCTH
MOJISIPU30BAaHHOM BOJHBI. BTOpoil mpenenbHbI ciydall HMMeeT MecTo mpu
PaBEHCTBE aMIUIMTY/l UCXOAHBIX IMOJeH M caBure (a3 Mexay HUMH, paBHOM 90

rpaaycoB. 3/iech KOHEI| BeKTopa F mepememaercs mo OKpPYXKHOCTH, W BOJHA
Ha3bIBae€TCs BOJHOM € KpyroBou mnomsipu3auued. [lome Takod BOJHBI MOXKHO
MPEICTaBUTh BBIPAKEHUEM

E,=E 1, =E +E =E(1 til), (5.51)

+

= E ~ =\ = E [~ .=
re £ =— (l,+11 );Efz A(1,—11 ), (5.52)
+ 2 x y 2 X y
TO ecTh JII00as BOJHA C JIMHEHHOW IONspu3anyeil MOXKeT OBITh IpelcTaBiIeHa

CYMMOii ZIByX BOJIH C KpyroBO#i mossipusanmeit, Hanpumep, £ = E, + E .
5.5. OTpaxxeHue U MpejiOMJIEHHE INIOCKUX 3JIEKTPOMATHUTHBIX BOJH

[Ipu pacnpocTpaHEHWH IUTOCKOH 3JIEKTPOMATHUTHOW BOJIHBI Ha TPaHUIIC
paszena cpei BO3HHMKAIOT OTPAXEHHBIE M MPEIOMJIEHHBIE BOJHBI, KOMIUIEKCHBIE
aAMIUTUTYIBI KOTOPBIX CBS3aHBI C KOMIUIEKCHOW aMIUTUTYAOH MaIarolleil BOJHBI

K03(HUIMEHTOM OTpaXkeHHs ¥ KO3 (HUIIMEHTOM MPEIOMIIEHUs! (TIPOXOKIECHHS)
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Bekropubsie ypaBHeHus (5.36) 03HAuUalOT, YTO JHO0Aas KOOpJAWHATHAS

27 27
COCTaBIIAIONIAs BEKTOPOB TOJs ynoBieTsopsier ypasuenumio V U +7°U =0,
HMEIOIIYIO B IEKAPTOBOH CHCTEME KOOPHHAT, YACTHOE PEeIIeHHe

U= Cexp[— iy(vxx+vyy+vzz)J. (5.45)

rne C — KOHCTaHTa, a V_, V A% — KOMIUIEKCHBI€ IIOCTOSIHHBIE,

x? y? z

YAOBJICTBOPAIOIIUEC YCIIOBUIO
2 2 2
vi+vy+v.=1. (5.46)

Ecmu V., V,, V, — BEIUECTBEHHbIE 4HCNIA, TO BhIpaxkeHue (5.45)

yr vz

OIMCBHIBAET  OJHOPOAHYIO  IUIOCKYIO  BOJHY,  pPAacIpOCTPaHAIONIYIOCA B
MIPOU3BOJILHOM OTHOCHTEIBHO HCXOIHOM CXEMBl KOOPIWHAT HAalpaBieHHH. OTY
BOJIHY Y100HO BBIPa3UTh (hOPMYIIOi

U = Cexp[-iy(vr)]. (5.47)
Uucna Vv o v o Vv, UMEIOT  CMBICJI  HampaBJISIOIMMX  KOCHHYCOB,
(PMKCUPYIONMX PacCIpOCTpaHEHHUE BOJHBI, & /' — €CTh PaJuyC — BEKTOP TOYKH

(x, v, Z) Ecnn xotss Obl OOHO M3 YHCEN Ve V A% KOMILIEKCHOE, TO

y2 Vz
BeIpaxkeHue (5.45) onuchIBaeT HEOMHOPOIHYIO TUIOCKYIO BOJHY

U=cexp{-iRe[y(v,x+Vv,y+v_z)|-Im[(v . x+V y+Vv_2)]}, (548)
y KoTopoii a30BbIi PpOHT 3a7aéTcsl ypaBHEHUEM
Re[y(v,x+Vv, y+v_z)]=const,
a IJIOCKOCTb PAaBHBIX aMIUIUTY — YPAaBHCHUCM
Im[y(v,x+v, y+v_z)]=const.

B o6miem ciydae (a3oBblii GPOHT U IUIOCKOCTH PaBHBIX aMIUIUTY[ 00pa3yer
MEXIy cOOOH MPOU3BOIBHBIN YTOJI.
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3.7.3. Kakue rpaHuyHble YCIOBUS HCIOJB3YIOT NPHU PEIIEHUH BOIHOBOIO
YpaBHEHUS B BOJIIHOBOAE?

3.74. Ilpm  Kakux  yCIOBHSAX  HaONIOAAeTcs  PaclpocTpaHeHHe
9JIEKTPOMAarHUTHOM SHEPTUH B BOJTHOBOIE?

3.7.5. B xakux mpezenax MOTYyT MEHATHCS (a3oBasi U TPYIIIOBasi CKOPOCTH
9JIEKTPOMAarHUTHBIX BOJIH B BOJHOBOJIE?

3.7.6. Kaxoii T xone0aHuii NPUHITO Ha3bIBaTh OCHOBHBIM?

3.7.7. HUcxoms W3 KakuxX YCIOBWH, MPOWU3BOTUTCS BBHIOOP IONEPEYHOrO
CEueHHs! BOJIHOBOJA?

3.7.8. Kakum 00pa3oM MOXHO BO30OYAWTH 3JICKTPOMATHUTHBIC KOJICOAHUS B
BOJIHOBOJIE, M KAKOBHI TPEOOBaHUS, IPEABBIIIEMbIE K YCTpOHCTBaM BO30YXIeHNMs ?

3.8. DeKTpOMArHUTHBIE N0JIS1 B 00bEMHBIX Pe30HATOPax

[Tpn m3ydeHun sToro pasjena HEOOXOAMMO YETKO YSICHUTh Ha3HaYeHHE U
KOHCTPYKTHUBHbIE OCOOCHHOCTH pa3IMYHBIX BHUIOB OOBEMHBIX PE30HATOPOB.
O3HaKOMUTBECS C METO/IOM DELIEHUs] BOTHOBOTO YpPaBHEHUS I MPSIMOYTOJIBHOTO
00BEMHOr0 pe3oHaTopa, TUIIAMHU M CTPYKTYpaMH MPOCTEHIINX KoieOaHuid B HEM, a
TaKOKe ¢ METOJaMU pacuera JOOPOTHOCTH pe3oHaTopa. CienyeT 3HaThb OCHOBHBIE
TUNBl  KOJNeOaHWH B HWIMHIPUYECKUX OOBEMHBIX pE30HATOPAX, CIOCOOBI
oIpesieNieHus COOCTBEHHOM PE30HAHCHOH uacTOThl M pa3MepoB PE30HATOpa,
METO/bI BO30YK/I€HUS PE30HATOPOB.

Konmponwnsie eonpocwl 01 camonposepku

3.8.1. Kaxue Tunbl 00bEMHBIX pE30HATOPOB UCIIONB3YIOTCSI B MUKPOBOJTHOBOH
TEeXHUKe?

3.8.2. Kakme THmel KomeOaHWH MOTYT CyIIECTBOBaTh B  OOBEMHBIX
pe3onatopax?

3.8.3. Kak omnpezensercst JoOpOTHOCTH 00BEMHOT0 pe3oHaTopa?

3.8.4. Kak onpenenstorcst pa3Mepbl BOTHOBOTHBIX 00BEMHBIX PE30HATOPOB?

3.8.5. Kakme crnocoObl BO3OYKIEHUS DPE30HATOPOB HCIIONB3YIOTCS Ha
paxkTuke?
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4. SAJJAHUE HA JJOMAIIHIOIO KOHTPOJIBLHYIO PABOTY

4.1. O0mue peKoMeHIAUUT

VY4eOHBIM IIJIaHOM N0 JUCHUILIMHE «JIEKTPOJMHAMUKA U PACIpOCTpaHEHHE
PazMOBOIHY MPEIYCMOTPEHO BBHIOJIIHEHUE OIHOW KOHTposbHOW pabots! (KP) B 4
cemectpe. OHa COCTOUT U3 JIBYX YacTel, BKIIOUAIOIIMX 110 6 3a/1a4.

Homep BapuaHTa J0/KeH COBIAJATh C MOCIeIHed nudpoii HoMepa 3a4€THON
KHIDKKH CTYJICHTA.

Tunuunble  OmMOKM, JIOMyCKAaeMble CTYAGHTaMH TIPH  BBHIIIOJHEHUH
KOHTPOJIBHBIX padoT:

— HCTOJIB30BaHUE PA3IUYHBIX CUCTEM EIUHUIL,

— HCIONIB30BaHME OTHOCUTENBHONW JUAJIEKTPUYECKOM UM MAarHUTHOM
MIPOHHUIIAEMOCTE BMECTO UX aOCONIOTHBIX 3HAUCHUI;

— HeBepHOe O0O3HaYeHHWE pPa3MEPHOCTEH  BBIYMCISEMBIX  BEIMYHH
(HanpspkEHHOCTEW  DJIEKTPUYECKOTO WM MAarHWTHOTO — TOJIeH,  MHAYKIHUH
AJIEKTPUYECKOT0 X MarHUTHOTO TIOJIEH U T. 11.);

— OmMOKN B ITPeoOpa30oBaHUSIX NPHU NEepexoie OT BEKTOPHOH K CKaISIPHOU
(bopMe 3anucH BEIpaKEHUI;

— apuQMeTHIecKre OUIMOKH NP pacyeTax.

4.2. TpeOoBaHus K 0(popMJIEHUIO KOHTPOJIBLHOI PadoThI

4.2.1. OOe uyacTM KOHTPOJNBHOH paOOTHl BBINOJHSIOTCS B OOBIYHBIX
YUEHHYECKUX TeTpausixX (IBEHAAUATWINCTOBBIX). OHM JOIDKHBI OBITH aKKypaTHO
oopmiteHbI ¥ pa30opuYMBO HamucaHbl. J{Js 3aMedaHuid MpenoaaBaTesst Ha KaXKaou
CTpaHHUIle OCTABIAIOTCS 1mojis mmpuHor (3 ... 4) cM. Bee cTpanuipl HymepyroTest.
BosmoxxHo oopmiienne oboux 4actell KOHTPOJIBHOW paboThl Ha IMEPCOHATHHOM
komsiotepe (1K) Ha cranmapTHbIX arcTax Gopmara A4.

4.2.2. Ha obnoxke TeTpaau yka3blBaeTcsi (aMHiMs, UMs, OTYECTBO, IpyIIa
cTyzeHTa, mWUdp, TUCHUIUIMHA, HOMEpP KOHTPOJIBHOI'O 33JaHUs, aJpec CTyIEeHTA.
Amnanornynasi tHGpOpMAaIMs BHIHOCUTCS Ha TUTYIbHBINA JucT KP mpu BhIMONHEHNN
ee Ha [1K.

4.2.3. PucyHku, rpadukd, BBIIOJHEHHE KOTOPHIX TpeOyeTcsi B 3aJaHuM,
JIOJDKHBI OBITH ClleNIaHbl aKKypaTHO. ['paduku cTposiTcs Ha MIJUIMMETPOBO# Oymare
¢ yKaszaHHMeM pa3MepHocTell 1o ocsaM. Iloompsiercs MCIOIb30BaHUE MPUKIATHBIX
MIPOrpaMM JyIsl pacyeToB.

4.2.4. PacuérHple (hOpMYIIBI JOJKHBI IPUBOANTHCS B TEKCTE pabOTHI B 00IIEM
BU/Ie C OOBSCHEHNEM OYKBEHHBIX 3HAUCHHH.

4.2.5. Pacuérsl HEOOXOMMO BBITIOJIHUTH JI0 TPEX 3HAYAIUX LUDD.

4.2.6. B xoH1Ee pabOThl NPUBOANUTCS OMOTMOrpa)UUecKUil CIMCOK, TO €CTh
WCIIONIb30BAaHHBIE WCTOYHMKHM HH(OpMaImy, OQOPMIIEHHBIH B COOTBETCTBHUH C
JIEWCTBYIOIIUMH TOCYIapCTBEHHBIMH CTAHIAPTaAMH.

Create PDF files without this message by purchasing novaPDF printer (http://www.novapdf.com)

31

®da3oBas CKOPOCTh

C
1 b
& (l+w/l+tg283)/2

A= 7”0\/5 (5.43)

\/8(1+1/1+tg283>y2 |

OtHomenue (a3oBOW CKOPOCTH B CpeA€ K CKOPOCTH CBETa Ha3bIBAIOT
K03 PHUIMEHTOM TPETOMIICHUS
n=.eW.

U3 ypaBHeHuit MakcBemia cleayer, 4YTO B Ciy4dae IUIOCKOH BOJIHBI

V, = (5.42)

St

a JIJIMHa BOJIHBI

KOMIUJICKCHBIC aMIUIMTYAbl BCKTOPOB E u H CBsA3aHbl XAPAKTCPUCTUICCKUM
COITPOTUBJICHUEM CPCAbI

(5.44)

TakK 4ToO

XapaKTepI/ICTI/I‘IeCKOG COINPOTUBJICHUE UI1 HEMArHUTHBIX CPE/] (].,l a = !"LO )

1,8
Z.= M (1-itgs, )2 =22 (1 1g 5 ) ve T L om.

© \eg, Je

ApryMeHT NpHUHUMAET 3HAUYCHUE OT HYJS (AMAIEKTPUYECKUX HOTeph) 10 90
rpajaycoB (MaeaIbHBIN MPOBOIHUK).
XapaKkTepuCcTUUECKOe CONIPOTUBIEHHUE [T BaKyyma

_&g!lﬂ.-rﬂ&

Z, =1 =120n =377 om.
€9

n,ﬁk

CEBACTONGILCHERH 'H'F
i
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Ileppoe  cmaraeMoe  COOTBETCTBYET IpsAMod  (majaromieil)  BomHe,
pAacrpocTpaHsoLIeiicss B HanpaBiIe€HUM MONOXKUTENBHBIX 3HAYEHWH Z , BTOpoe
cnaraemMoe — 00OpaTHOH (OoTpax€HHOH) BONHE, pacHpoCTpaHAOIIEics B
HamnpaBJIeHUH OTPULIATENbHBIX 3HAUEHUH Z .

IMockoneky €, =¢€ a(l—tg53),u:u +> TO KOMILIEKCHBIH KO3 dHIHEHT

pacnpoCcTpaHEHUs ONPENETSETCS BRIpaXKEHHEM

1=P-ia=ojom i, s

Kosdduiment paser 3 xapakrepusyer usmenenue (aszbl TapMOHMYECKHX
KoneOaHWH TIpH pacnpocTpaHeHHHM BONHBL. PaccrosHue, Ha KOoTopoM (hasa
U3MEHSIETCS Ha 27T pajiiaH, Ha3bIBACTCS JIIMHOM BOJIHEI

27
HJ'IOCKOCTB paBHBIX (1)33 Ha3bIBACTCA (1)33OBBIM (prHTOM BOJIHEBI, a CKOpOCTB

MepeMeNIeHHs 3TOH IOCKOCTH — (pa3oBOil CKOPOCTHIO

V, Sy (5.39)

A

Koaddumument daszpr 1 k03D GUIMEHT OCIa0NeHUs] MOTYT OBITh BBIPAXKCHBI
crneayronmMu hopMyIaMu

1
B_zn\/g 14+4/1+tg?8, A

5.40
A > (5.40)
p bl
2ne | A1+1tg75, 1
=== > . (5.41)
0

Taxum 06pa30M, MCKAY HUMU CYHICCTBYCT COOTHOUICHUC

o :Btg[s—;] )

4.3. 3ajaHus K KOHTPOJIBLHOI padoTe, 9acTh 1

4.3.1. 3agaua 1.1

15

4.3.1.1. Onpesienute rpaMeHT CKASPHOTO TIPOM3BEIEHHUS IBYX BEKTOPoB A

u B . Vcxonusle nannbie npuseaens! B Tadmue 4. 1.

Tabnuna 4.1 — Mcxonnsle naHHable K moanyHKTy 4.3.1.1 3amaun 1.1

Homep BapuanTa A B
1 _x3+Ty4+TZS Txx+Tyy+Tzz
2 1.2+13+14 13x+12y+1z
1.5+L6+L7 1.2x+1,3y+ 12z
4 16+1,2+13 Lax+14y+1z
5 14+15+12 1.5x+15y+15z
6 13+1,5+13 16x+16y+162
7 1.4+14+14 L7x+1,7y+ 17z
8 1L5+15+1L5 1.8x+18y+18z
9 1L6+16+L16 L9x+1 y+Lz
0 L7+L7+17 Lx+15y+14z

4.3.1.2. BektopHoe moie 3amaaHo (yHKIHEH A. Ormpenenute div A

rot A BEKTOPHOT'O ITOJIA. I/ICXOZ[HBIG JIAHHBIC TPUBCICHLI B Ta6n1/1ue 4.2,
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Tabnuna 4.2 — Vcxonnsle naHHBIE K TOANYHKTY 4.3.1.2 3amaun 1.1

Homep BapnanTa A

1 £x+1y+12

Lxy—1xz+1yz
1.20sin(x/7)+ 1 3y?
1,8sin(x/4)+ 1 3cos(y/6)
1.0,5sin (ot —kz)

Txxyz+Tyxy+Ix

I,sinx+Tyxy

1sinxy+ 1 xz

1. cosx+1 xyz

S (| ([ X | & | | & | W | N

1, sinx+ 1 xz

4.3.2. 3amaua 1.2
B cpene ¢ mapamerpamMu € W G CO3AaHO 3JCKTPUYECKOE MMOJIE, UMEIOIICEe

qacToTy f u aMIUTUTYydy Em . Berauciure AMIUTUTYAHOC 3HAYCHHUC U (baBOBLII:I

YTOJI BEKTOpa IUIOTHOCTU MOJIHOIO TOKA, CYIIECTBYIOIIETO B KaXKA0M TOUKe JaHHOU
cpenpl. VIcxoaHbIe TaHHBIC IPUBEACHKI B Ta0muIe 4.3.

Ta6muna 4.3 — Ucxonguble qanHsle K 3agave 1.2

Neo 1 2 3 4 5 6 7 8 9 0

€ 3,0 3,1 3,2 3,3 34 3,5 3,6 3,7 3,8 3,9

0,67 | 0,68 | 0,69 | 0,70 | 0,71 | 0,72 | 0,73 | 0,74 | 0,75 | 0,76

/s 550 | 560 | 570 | 580 | 590 | 600 | 610 | 620 | 630 | 640

m? 10 11 12 13 14 15 16 17 18 19
B/m
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1 cpdV
= J' = (5.33)
drne, 5 R
rae B gaHHoi Gopmyne R — muHa oTpe3ka Mexkay TOYKAMHU HAONIONEHUS U

HUHTCTpUPOBAHUS.
BaxupIM moHsATHEM QJICKTPOCTATUKU  ABJIAIOTCA EMKOCTb CHCTEMbI ABYX
MMPOBOJHHUKOB

C= i, (5.34)
U
e U =|(p1 —(p2| — abCONMIOTHRIE 3HAYEHHS PA3HOCTH IMOTEHIHMANIOB MEXAY

IIPOBOTHUKAMM.
DHEPrust JIEKTPOCTATUYECKOTO OIS, 3anacéuHas B 00béMe J

W, :lj'ﬁdV. (5.35)
2V

5.4. Ilnockue 31eKTPOMATHUTHBIE BOJTHBI

[Inockue BNEeKTPOMArHUTHbIE BOJHBI  CYHIECTBYIOT B  OJAHOPOJHBIX
OC3rpaHMYHBIX cpemax. B ciaydae Toned, H3MCEHSIONIMXCS BO BPEMEHU 110

rapMOHMYECKOMY 3aKOHY, KOMIUIEKCHbIE ammuTyasl E u H  ynosnerBopsror
ypaBHeHUsAM [ enpMromnbia

VE + yzE; =0;
(5.36)

V2H +y2H =0,

rae Y= Mg N, = B — 10l — KOMIUIEKCHBIIA K03(huIMEeHT pacnpocTpaHeHUs;

B — kod(pduimeHT ¢as3pl, WIK BOJHOBOE YHCIO, O — KO3QQUImEHT
ociabeHus.

Penrenue ypaBHeHus ['ebMrosbiia OMUCHIBAET OJHOPOIHYIO IDIOCKYIO BOJIHY.
Ecmu miockas BOJMHA pPAacmpOCTPaHSETCS BIOJNb OCH Z JCKAPTOBOH CHUCTEMBI
KOOPJIMHAT, TO YKa3aHHOE PEUICHUE NMECT BUJT

ar

E(z)=E,(0)e™ + E,(0)e™. (5372
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Be3BI/IXpeBOI71 XapaKTep SJICKTPOCTATUICCKOrO MOJISA MMO3BOJIACT OIMUCATH €0 €
TMOMONIBIO TIOJISI CKAJISIPHOT'O 3JIEKTPUUYECKOrOo MOTE€HUIMana (P, ONpPENEnvB CBS3b

MCKAY BEJINYNHAMHA E u (p COOTHOICHUEM

E =—grado. (5.28)

Pasnocts NMOTCHIIUAJIOB MCKAY ABYMS NPOU3BOJIbHBIMU TOUYKaAMH

2
P~ 9, =IEdl. (5.29)
1

HE 3aBUCHUT OT BBIBOJIa KpUBOM, coeJuHstonled Touku 1 W 2, BAOIL KOTOpOH
MIPOU3BOIUTCS UHTETPUPOBAHHE.

CosmectHoe paccmotpenne ypauenus divD =p u E =-grado
MIPUBOMUT K ypaBHeHUIo [IyaccoHa

divgrado=v? =—F (5.30)
€

a

KOTOpOe sBIsieTCS HauOoiee OOUIMM YpaBHEHHEM I OJHOPOAHOH Cpesl,
coziepkaield 0ObEMHBIC SIIEKTPUYECKHE 3apsjbl. ECIH B HEKOTOpOW o00mactu
MPOCTPAHCTBA O3TH 3apsAjabl OTCYTCTBYIOT, TO CKaJSIPHBIA 3JIEKTPUYECKHIA
MOTEHIMAJ TOIYUHSAETCS ypaBHeHuto Jlamnaca

Vie=0. (5.31)

Toueunslif 3apsn ¢ B BaKyyMe XapakTepusyercs  chepHdecKu
CUMMETPUYHBIM pacIpeeieHUueM NOoTeHIMaa

o(r)= y 1 (5.32)
T

Ecnu BHYTpU OrpaHHueHHON 00macTH V' pachpesnesieHsl 3JIEKTPHIECKHE
3apaibl ¢ 00bEMHOI INIOTHOCTBIO P, TO HA OCHOBAHHU NIPUHLUIA CYHEPIIO3UIUU

PCUICHUC YPABHCHUA HyaCCOHa 3aIlMMIICTCA B BUAC
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4.3.3. 3agmaua 1.3
Ormpenenute HaNpsXKEHHOCTh DJIEKTPUYECKOTO MOJIA U EMKOCTh IUIOCKOTO

KOHACHCATOpa. Hnomazu, IIJTaCTUHBI S , PpacCTOAHUC MCKAY IUIaCTUHAMU d )
OTHOCHUTEJIbHAsI JUAJICKTpPUUYECKasi MPOHUIIAEMOCTh &£, MNOTEHIMAI OI[HOﬁ u3

INIAaCTHH paBCH HYIIIO, I ol — . I/ICXOZ[HI)IG JaHHBIC ITPUBCACHBI B Ta6n1/1ue
0

4.4, Yka3zaHue: TNpUMEHUTE YypaBHeHUe Jlamnaca W TpaHUYHBIE YCIOBUSL Y
MOBEPXHOCTHU UACATLHOTO MPOBOTHUKA.

Ta6muna 4.4 — Ucxonguble gaHHble K 3agaue 1.3

No 1 2 3 4 5 6 7 8 9 0

S; 1 2 3 4 5 6 7 8 9 10
cM
1\6/51\/; 0,1 0,2 | 03 0,4 | 0,5 0,6 0,7 0,8 0,9 1,0

€ 4,0 3,8 3,6 34 3,2 3,0 2,8 2,6 2,4 2,2

q]); > 10 20 30 40 50 60 70 80 90 100

4.3.4. 3anaua 1.4
Bo MHOTMX MUKPOBOJHOBBIX YCTPOHCTBAaX JUIsl YMCHBIICHUS OMHYECKUX
MOTEPh TOKOBEAYIIHMEC IMOBEPXHOCTH IOKPHIBAIOT TOHKHM CIIOEM cepedpa.
Onpenenute TONIMHY CepeOPSIHOTO CIOs, MPU KOTOPOH IJIOTHOCTh TOKA HA €ro
BHYTPCHHEH TOBEPXHOCTH YMEHBIIACTCS B /1 pa3 MO CPAaBHEHUIO C IUIOTHOCTHIO
TOKA Ha TPaHMUIIC pa3Jielia MeTalT — BO3ayX. YacTtora moist — f , I'Tu. Ucxomueie
JTAaHHBIC TTPUBEJICHEI B Ta0muIe 4.5.

Tab6muna 4.5 — Ucxonuble qannsie k 3anave 1.4

Neo 1 2 3 4 5 6 7 8 9 0

n 160 | 170 | 180 | 190 | 200 | 210 | 220 | 230 | 240 | 250

. 10 15 20 25 30 35 40 45 50 55

4.3.5. 3amaua 1.5

ITnockas QJICKTpOMArHuTHas BOJIHA C 4acTOTOU f PacipoCTpaHsCTCd 1 @Q\!“ﬂﬂﬂ »

ar
cpeze ¢ mapamerpamu €, t€8,, W =1. Onpenennre pasoByr CKOPOCTb, JIHH=

=
BONHBI U Koddduiment ocnabnenus. McxonHble NaHHbIE MPUBEIECHBI B TaONUILE
4.6.

CERACTHIIMI

=

n,ﬁk

N ¥ BHHEIHYXAL

e
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Tab6nuna 4.6 — Ucxongusle gaHHble K 3agaue 1.5

No 1 2 3 4 5 6 7 8 9 0

f’ 0,6 0,7 0,8 0,9 1 1,1 1,2 1,3 1,4 1,5
ITo

€ 2,0 2,1 2,2 23 124 | 25 2,6 2,7 2,8 2,9

tgd, | 0,06 | 0,07 | 0,08 | 0,09 | 0,1 | 0,11 | 0,12 | 0,13 | 0,14 | 0,15

4.3.5. 3agmaua 1.6
B cpene ¢ mapamerpamun €, [L=1, 6 =0 pacnpocrpansiercs miockas
OJICKTPOMArHuTHas BOJIHA C aMHHHTyZ[Oﬁ HAIPS)KCHHOCTHU DJICKTPUYCCKOTIO IOJIA
Em. Onpenenure IUIOTHOCTh IOTOKA MOIIHOCTH, MEPEHOCUMON BOJIHON B

HaIlpaBJICHUU UX PACIIPOCTPAHCHU. HCXOJ_'[HI)Ie JIAHHBIC TPUBCICHLI B Ta6m/1ue 4.7.

Tab6muna 4.7 — Ucxonusle qaHuele K 3agave 1.6

No 1 2 3 4 5 6 7 8 9 0

€ | 205 2,10 | 2,15 | 2,20 | 2,25 | 2,30 | 2,35 | 2,40 | 2,45 | 2,50

Ey» 80 &5 90 95 100 | 105 | 110 | 115 | 120 | 125

B/m

4.4. 3ajaHus K KOHTPOJIBLHOI padoTe, 4acTh 2

4.4.1. 3agaua 2.1
[Tnockast JMEKTpOMArHWUTHAs BOJHA TaJaeT HOPMAJIbHO M3 BaKyyMa Ha

IrpaHMIly pasziena co cpejoi, umeromieil napamerpel €, W =1, G. Onpenenure
KOMTILIEKCHbIE K03 durmentsl orpaxenus I u npenomnenus 1 Ha wactore f
a TaKKe TAHTCHC yIva JMANEKTpHYeCKHX moreps tgO, . McxomHble IaHHbIE

nipuBeieHbI B Tabnue 4.8.

Ta6muna 4.8 — Ucxonuslie gaHHbIE K 3a7aue 2.1

Ne 1 2 3 4 5 6 7 8 9 0
€ 81 | 81 75 70 65 60 55 50 45 40

0,1 4 1012 | 0,1 | 0,09 | 0,08 | 0,07 | 0,06 | 0,05 | 0,04
Cm/™m

. 0,1 |10 ] 03 | 05| 07 1,0 1,2 1,4 1,6 2,0

27
(= =1 0|l (s - , e = - =
—mvhx5d=5-5QHD+HB)+8E t B+ H . (522)
; : :
Bexrop IloitHTHHTa
T=[ExH]|. (5.23)

XapaKTCPU3yeT IVIOTHOCTh MOTOKA MOIITHOCTH HU3JTYYCHUS.

I[J'IH nonef/i, U3MCHAIOIUXCA IO BPEMCHHU IO T'apMOHUYCCKOMY 3aKOHY,
MPUHATO BBOAUTH KOMILIEKCHBIN BCKTOD IloitaTHHTA

Hzakaﬁ (5.24)
JleficTBUTENbHAS YaCTh 3TOTO BEKTOpa
M, = Re[ExH"| (5.25)

paBHa CpeHEMY 3a IIePUOJ IOTOKY MOIHOCTH U3JIy4eHHUS.
5.3. CraTu4yeckne M CTAMOHAPHBIE YIEKTPOMATHUTHBIE IOJIS

DJIEeKTPOCTaTHIECKOE TT0JIE YIOBJIETBOPSIET ypaBHEHUSIM (5.26)

rotE =0,
(5.26)
divD =p.

Cucrema ypaBHeHHH (5.27) XapakTepu3yeT MarHUTHOE IIOJIE TOCTOSHHBIX
TOKOB

rotH = J,
s2n
R Ay o
le B = 0 . ;q" 6-‘/_;
: D

il
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tgd, :i.
€

a

Ha rpanune pasgena [AByX MaTepUanbHBIX Cpel C  Pa3IMYHBIMU
SJIEKTPOJAMHAMUYECKUMHU MapaMeTpaMH BEKTOPHI MOJI JOJKHBI YJOBIETBOPATH

OIpe/IcIEHHBIM TPAHMYHEIM YCIoBMAM. Kaxapli u3 BexkTopos (Hampumep, E ) B
TOYKE TPaHHUIGI TPHUHATO pasjaraTh HA HOPMAIbHYI0 M TaHTEHIUAILHYIO
(kacaTebHYI0) COCTABIISIONIHE

E:EH.TH-FET.]_T’

rae ]7-1 u 11_ — OpTbl HOPMAJBHOIO W TAHTCHUOUAJIBbHOI'O HaHpaBJ’IeHI/Iﬁ
COOTBETCTBCHHO.

HOpMaJ'IBHBIe COCTaBJIAIOIIUC I/IHI[yKHI/Iﬁ U TaHI'CHIMAJIBHBIC COCTaBJIAIOIIUC
HaHpH)KéHHOCTefI HCIIPCPHIBHLI B Ka)KI[Oﬁ TOYKE I'paHUIIbI pa3jaciia JUIJICKTPUKOB!

DlH:DzH; Elr:E ;

21
(5.18)
B

1u :B2H; le :HZT'
Ecnu onnoii u3 Cpen ABJIACTCA UaCalbHO HpOBO}IHIHI/Iﬁ METaJl1, AJIA KOTOPpOro

O —> 00, TO Ha €ro MOBEPXHOCTH TAHTE€HIIMAIBHAS COCTABJISIONIAS 3IEKTPHYECKOrO
BEKTOpa OTCYTCTBYET

E =0.
Ha HOBerHOCTI/I HpOBOI[HI/IKa UMECTCA 3J‘IeKTpI/I'1e(:KI/II71 TOK C HOBerHOCTHOﬁ
IINIOTHOCTBIO
.=l xH] (5.20)

OJeKTpOMarHUTHOE IojJe fABIAeTCs HocuTeneM sHeprud. OObéMHas
TUIOTHOCTB HEPTHH B JIOO0W TOUKE MPOCTPAaHCTBA

W:%(ﬁ+ﬁ). (5.21)

3akoH COXpAaHCHHUA SHEPIrUH HAXOAUT CBOE OTPpA’KECHUEC B TCOPEME IloitaTHHTA
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4.4.2. 3amaua 2.2

Onpezenute mnapamerpsl cpemsl €, G, tg0,, ecnu WU3BeCTHO, YTO

KOMIUTEKCHBIH ko duiment orpaxenus [ =—1'€¢ " wa wacrore f .

Honoxwure | = 1. Mcxonuble naHHble mpuBeeHs! B Tabmuie 4.9.

Tab6muna 4.9 — Ucxonguble qaHHble K 3agaue 2.2

Ne 1 2 3 4 5 6 7 8 9 0
r 0,4 0,5 06 | 07| 08 | 085 | 0,75 | 0,65 | 0,55 | 0,45

0,13 | 0,09 | 0,08 | 0,1 | 0,01 | 0,15 | 0,16 | 0,17 | 0,18 | 0,2
pan

f’ 6 11 8 9 10 11 12 13 14 15
ITo

4.4.3. 3amaua 2.3
ITnockas 3meKTpOMarHUTHAs BOJIHA MaJaeT MOA YIVIOM () Ha IOBEPXHOCTb

cpenpl. Ompenennure MOIynMH KOI(QHUIMEHTOB OTPaXEHHWs ISl HOPMajJbHO- U
napaJieNbHO- TONAPU30BaHHbIX BonH. Ilapamerpwr cpensi: €, =1, 6=0.
VYron @ wusmenserca or 0 no 90 rpamycos. Iloctpouts rpaduku 3aBucuMocTel

r=f ((p) HcxonHble faHHBIE IpUBECHBI B Tabmue 4.10.

Ta6muna 4.10 — HcxonHsle aHHbIe K 3aga4de 2.3

N | 1 2 3 4 5 6 7 8 9 0
€ 5 10 20 30 40 50 60 81 2,4 2,1

4.4.4. 3anaua 2.4
Kaxue TUIIBI BOJIH MOTYT pacnpoCTpaHSThCS B NPSIMOYTOJIBHOM BOJIHOBOZE
ceueHueM 23X 10 MM, 3alOJHEHHBIM JAMVIEKTPUKOM C  OTHOCUTEJIBHOU
nponunaemocteio € ? Yacrora konedanust 10 I'Tu. Onpenenure aauHy BOIHBI B

BOIHOBOZE, (ha30BYI0O M TPYIIOBYIO CKOPOCTH BOJHBI Tuma FH. 10 - Hcxommbie
JTAaHHBIC TIPUBEJICHEI B Ta0mIe 4.11.

Ta6muna 4.11 — Hcxoansle naHHble K 3agaue 2.4

40 Ha -r%

’

n,ﬁk

No 1 2 3 4 5 6 7 8 9 0

€| 20 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 3,0
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4.4.5. 3anaua 2.5
B npsmoyronsHOM BonHOBONE ceueHueM 48X 24 MM pacnpocTpaHsETCs

§DdS =[pdr;
N vV

BonHa Tuna H 10 - YacroTa xonebaHui — f , I'Tu, nepenaBaemasi MOIIHOCTh —

10 kBt. Onpenenure mMakcUManabHOE 3HAUEHHE HANPSHKEHHOCTH SJIEKTPHUYECKOrO §§ dS =0
nonst. VicxonmHble qaHHbIe TpUBeneHb! B Tabnume 4.12.
s
Tabnuna 4.12 — VcxonHble qaHHbBIE K 3aqa4e 2.5
Yacro MIPUXOJUTCS paccMaTpuBaTth 3EKTPOMarHUTHbIE oJs,
N 1 2 3 4 5 6 = 3 9 0 HM3MEHSIOIMECS BO BPEMEHU IO FapMOHMYECKOMY 3aKOHY ¢ yacToTod . Ilpu
7 9TOM ypaBHEHHE MakcBea 3aluCchIBalOT OTHOCUTENBHO KOMIUIEKCHBIX aMILTUTY]L
> 4,1 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 HOJIEH:
I'Tu

rotH =1wé E + j,.,;
4.4.6. 3apaua 2.6
Llunuuapudeckuii  pesoHatop amameTpoM d W JIMHOM [ 3amomHeH
JIUDJIEKTPUKOM C 3aJIaHHOW JMDJIEKTPUUECKON MpoHuIaeMocThio €. Kakoil Tum
KOJIcOaHU! B KOHTYpE SBISCTCS OCHOBHBIM? BEIUMCIINTE PE30HAHCHYIO YacTOTY, ) (5.15)
JIOOPOTHOCT, M TOJIOCY IPOITYCKaHUsl PE30HAaTOpa Ha 3TOM THIE KolieOaHWH. divD = p;

Martepuall CTeHOK — MeJlb. TaHreHC NUINEeKTPUYEeCKUX MoTeps tg 53 =2x10"

rotE:—imuaH;—jﬂ.M;

Hcxonmubie TaHHBIC IPUBEICHBI B Ta0Owme 4.13. div E =0.

Tab6muma 4.13 — Mcxonusie naHHbBIE K 3aaa4e 2.6 .
B >Tn ypaBHEHUs BXOAAT KOMIUIEKCHBIE IMINEKTPUYECKass €, W MarHUTHas

M| 1 |2 [3[4]57[6 78790 L. pommuaeMocTH:

d P} h ! b . ! . n

So160 | 61162163 | 64| 65| 66| 67| 68 | 69 & =¢ —ig"; oo=pl —ip!

l Hanuume MHUMBIX dYacTeu IMPOHUIIAEMOCTH YKa3bIBACT Ha HeO6paTI/IMBIe
Cl\:[ 550 551 552 553 554 555 556 557 5’8 5’9 NpEeBpalICHUEC YaCTU SHEPrur SJICKTPOMATHUTHOI'O MOJISI B 3HCEPTUIO TEIIJIOBOI'O

- 53 X 77 7% 79 30 31 4 25 21 JBHXXCHUA. Ecnn norepu B Cpe€A€ CBA3aHbI TOJBKO C€ HAaJIW4YHUEM TOKOB
5 ) ) 5 5 s s 2 2 2 npoBOAUMOCTH, TO

: . 0
€,=&,—1—; L, =Hu,. (5.16)
®

B texnuke Pa3JIMYHBIC BCHICCTBA MNPUHATO XAPAKTEPU30BATH MNPU IMOMOUIIA
TAHTCHCOB YTJIOB IUBJICKTPUYCCKUX MArHUTHBIX IMOTEPhb:

8” "
tgo, =—*; tgd = Mf’ )
€

a a

(5.17 SN,

’l
A

B ciry4ae (5.16)
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MarepuaibHble ypaBHEHHS DSJIEKTPOMATHUTHOIO TIOJIT MOYHO 3alucath B
dopme:

D=¢E; B=nH,; J=cok, (5.11)

rne DD — Bextop snexTpuueckoro cMemenus (Maayknuu), Kn/m; B — Bexrop

o 2
MarHuTHOH uHAykuud, B6/M° wmmm T, €, — abcomoTHas aWdJIEKTpHYECKas

IIpOHHUIIACMOCTBD, (D/M; — abCcoJII0THAs MarHUTHAs II OHUIaCMOCTh I'u/M; ©
a 2 b

— yIeNbHas POBOIUMOCTS BerecTBa, CM/M.
B pacuérax yacTo UCHONb3yIOT OTHOCUTEIbHBIE IPOHUIIAEMOCTH:

8—"; 1) Zh. (5.12)
€ Ho

VYpaBHenuss MakcBemna B nuddepeHmaibHoil hopMe Ui MaTepHaTbHBIX
cpen:

rotﬁzﬁ—D+cL_?+jm;
ot '

- B -
rotE :—6——jcm;
Ot '

(5.13)
divD =p;

divB =0,

TA€ J. . Je, — INIOTHOCTH CTOPOHHHUX 3JIEKTPHUECKOrO H MArHHUTHOIO TOKOB.
VYpaBHenus MakcBenia B MHTETpaIbHOH (hopme:

fﬁdiz§(%+c§+]‘m]d§;

L N

(5.14)
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5. METOJUYECKHUE PEKOMEHJAIIUU K BBIIIOJIHEHUTO
KOHTPOJIbHOM PABOTHI 1
OCHOBHBIE TEOPETHYECKHUE CBEJIEHUA

5.1. D1eMeHTBI BEKTOPHOI0 AHAJIN3a

I[J'IH OIIMCaHUs (l)I/I3I/I‘IeCKI/IX mmojen MPUHATO HUCII0JIB30BaTh ux
MAaTeMAaTUYCCKUC MOJCIIN — CKaJISIPHBIC W BEKTOPHBLIC ITOJIA. B HpHMoyFOJIBHOﬁ

(mexapToBoil) cucTeMe KoopauHar ckajspHoe mnone U mpuobperaeT BUI

Hexortopoil Qymkmun U (x, ¥, Z), NPUHUMAIOIIEH UHWCJIEHHBIE 3HAYEHUS —

JeHCTBUTENLHEIE WM KOMIUIEKCHBIe. BexropHoe mome A 3amaéres Tpems
MIPOCKIMSMHA Ha CTUHUIHBIC BEKTOPHI (OPTHI) CUCTEMBI KOOPIUHAT

A=A -1+A4,-1 +A 1.

I[J'IH XapaKTCPpUCTUKU BCJIMYUHBI W HAIPABJICHUA CKOPOCTU U3MCHCHUA
CKaJIIPHOT'O ITOJIA B IPOCTPAHCTBE BBOJAAT I'PA/IUCHT 3TOI'O MOJIA

gradU:a—U-Tx +6—U-T +6—UTZ (5.1)
Ox oy oz

BekropHoe mone A TPUHATO XapaKTepU30BaTh CKAISAPHBIM TIOJEM —
nuseprenmmeii (div A ) u BekTopHBIM MOEM — poTtopom (1ot A4 ).

I[I/IBepFeHHI/IH BCEKTOPHOI'O ITOJIA A B I[eKapTOBOfI CUCTEME KOOpAHAT
04, 0A, A,

divd=—=4+_—2Ly4 = (5.2)
ox Oy Oz

POTOp BCEKTOPHOI'O ITOJIA A B I[eKapTOBOﬁ CUCTEME KOOpANHAT UMECCT BUJ

1 1 1
— |7 o4, ~ _ (o4, _
rot A=|4, A, AZ:((?‘AZ_ yj'lﬁ(%_%j'lﬁ( y_anj'lz.(ss) »
o o0 0 o oz 0z Oy ox oy AT
& oy oz
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JuddepeHunansapie onepanyuyd co CKaJISPHBIMH W BEKTOPHBIMH ITOJISIMH

yI00HO 3aMMCHIBATE ¢ TIOMOLILIO oneparopa I'amunsrona V (Bexrop «Habnax). B
JIEKapTOBOM CHCTEME KOOpJMHAT O3TOT CHUMBOJIMYECKHH BEKTOD 3alHCHIBAETCS
CIIeIYIOIHM 00pa3oM

V:£i+iT +E-TZ’ 5.4
Ox oy oz

agrad U, div A u rot A umeror Bu:

grad U=VU, diVZ:(V-Z), rotZ:[VxZ]. (5.5)

U3 nuddepeHnnanbHbIX BEKTOPHBIX ONEpanyii BTOPOro IopsijiKa MIMpOKOoe
2 .
NpPUMEHEHWE B 3JIEKTPOJIMHAMUKE HAXOAUT Omeparop: V~, 3akoH jaedcTBHSA

KOTOPOIr'o0 Ha BEKTOPHOC IOJIC A OIIUCBIBACTCA COOTHOLLICHUEM
27 7 i
VA =graddiv A —rotrot 4 . (5.6)

JuddepeHumansuas omepanust BTOpOro IOpsAKa, JIGWCTBYIOIAs Ha
CKaJIIpHOE TI011€, 3a7aéTcs oneparopoM Jlamnaca

V?=A=divgrad U

Omneparop Jlamiaca B 1ekapTOBOM cucTeMe KOOPAUHAT

_o'U  0U  oU

ANU + +
o’ oyt o

(5.7)

Jnst rpaduyeckoro u300paKeHUsS BEKTOPHBIX TIOJNEH MPHHATO CTPOUTH
KapTUHY HMX CWIOBBIX JMHUM. B Kaxxnol TOYKE CHIOBOM JIMHUM BEKTOP MO
KacaTeJIeH K Hel.

IMone sBisercs comeHompmansHbiM, xorza div A =0, u moTeHIMANBHBIM,

pHY BBIITOJTHCHUHN YCIIOBUS rot4A=0.

I[I/IBepFeHHI/IH BEKTOPHOI'O IMPOU3BCACHUA IBYX BEKTOPOB paBHA

div [le_?]:l_?rotZ—Zrotl_?. (5.8)
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5.2. YpaBHenuss MakcBeJsjia
VYpaBHeHuss MakcBesia OMUCHIBAIOT COBOKYITHOCTh SMITUPUYCCKUX CBEICHHNA
00 2JIEKTPOMArHUTHOM Toe. [ Bakyyma BBOJST JIBa BEKTOPHBIX O0BEKTa —

HaIIPSHKEHHOCT BJIeKTpHueckoro nois £ [B/M] n HanpskEHHOCTL MarHUTHOIO

nons H [A/M]. KpoMe Toro, ckajdpHOE IOIE ONPENENIIOT O00BEMHON
IUIOTHOCTBIO  3JIEKTPUYECKOro 3apsga P [Kn/M’] ® BekTopHOE TmOME —

= 2 )
IUIOTHOCTBIO JIEKTpHYecKoro Toka J [A/m7]. Cucrema ypaBHeHuit MakcBenna ams
BaKyyMa JiIsl OTHOCHTEIBHO MEPEUNCIICHHBIX BEIMYHH 3aMUCHIBAIOTCS B BUJIC:

_ E -
rotstof;—t+j;

— OoH
rotk =—pu,—;
Ko ot
(5.9)
divE ="
€
divH =0,

e €, u W, — busmueckue koucrantsi: €, =107 / 361 ®/m — snekTpuueckas

-7
nocrosiHeas 1 W, = 47-10"" /M — MarauTHas HOCTOSHHasL.

IlepBoe ypaBHEHHE CHCTEMBI TIpeACTaBIIeT co00H IUbPepeHIIaTbHYIO
(bopMy 3ammcu M3BECTHOTO 3aKOHA AMIIepa, JTONOIHEHHYIO BEKTOPOM INIOTHOCTH
TOKa CMELICHHUS

o0E

iy 5.10
ot ©.10)

Jouw =8

Bropoe ypaBHeHue cuctembl (5.9) OMMCBIBa€T 3aKOH JIICKTPOMATHUTHOM
uanykin  @apanes. U3 Tperbero ypaBHEHHUS CIEIYET, YTO DIICKTPUICCKUE
CUJIOBBIC JIMHUU MOTYT HAYMHATHCS M OKAHYHMBATHCS TONBKO HA AJIEKTPHUUCCKUX
3apsgax. YeTBEpToe ypaBHEHUE YKa3bIBACT HA TO, YTO B BAKyyMe CHJIOBBIC JTUHHUH

MarHUTHOTO TIOJS BCET/Ia 3aMKHYTBI. et
&
B NpHCYTCTBHM MaTEpHAlbHBIX CPEJ TeopHs MakcBemia JOMKHA ObITIS B
JIOTIOJIHEHa PSIOM HOBBIX IPEJCTABIEHHUI], YIUTHIBAIOMIMX MUKPOCKOIMYECKYKS =
] =
CTPYKTYpY BeIecTBa. 2 Z
= =
o =
2
- )

=
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