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Ha3Banue IUCHUILUIMHBI: DJIEKTPOANHAMMKA.

1. I_Ie.]'ll/l H 3aJ1a4M OCBOCHUSA NUCHHUIIJINHDBI:

Llenu: n3y4yeHune KIacCUIeCKOH 3JICKTPOINHAMHUKH, U3y4EeHHE OCHOB TEOPHUH ITOJISA,
yrayOieHre 3HaHWH B 00J1aCTH AJICKTPUYECTBA U MAarHETU3Ma, MTOJIYYCHHBIX B Kypce
obmeit hu3uKH.

3aa4un: MO3HAKOMUTh CTYAEHTOB C COBPEMEHHBIM IIO/IX0I0OM K 3JIEKTPOJIMHAMUKE KaK K
TEOPHH I10JIs1, 1I0KA3aTh HA IIPUMeEpe IEKTPOJANHAMUKH paboTy OOLIUX METOJ0B TEOPUU
HOJIs1, YIIOPAJOYHTD U YIITyOUTh 3HAHUS, TIOJTYYEHHBIE B Kypce o0miel (Gu3nKu.

2. TpeGoBaHus K pe3yJIbTaTaM OCBOEHHS CO/IEPKAHUS IMCUMIIJIMHbI:

B pe3ynbpraTe 0cBOSHUS NUCHUIUIMHBI O0yUYatOUIUIICS TOJIKEH:

3HaTh: OCHOBBI KJIACCUYECKOM AJIEKTPOJAMHAMUKH, OCHOBBI KJJACCUYECKON TEOPUU OIS,
MOHUMATh MECTO KJIACCUYECKOMN AIICKTPOIMHAMUKH B COBPEMEHHOU (pr3uKe.

YMertb: GopMynupoBaTh KOHKPETHBIE 33[]aul HAa OCHOBE 3aKOHOB U 3aKOHOMEpPHOCTEH,
OCBOCHHBIX B KypC€; IOJIy4aTh PEIICHUs, TPOBOJIUTH HX MaTEMATUIECKYIO0 00pa0OoTKY.

Baajgerb: pacueTHBIMH METOJAMU DCEIICHMS 3aJay, HaBbIKAMH IIOMCKAa [AaHHBIX B
OTKPBITHIX UCTOYHUKAX (B TOM YHUCIIE, B UHPOPMAIIMOHHBIX 0a3aX JaHHBIX) U MPUMEHSATH
UX IPU PELICHUH NPAKTUYECKUX 3a1a4.

IIpuoGpecTn onbIT 1eATETBHOCTH: B aHANIN3€E, GOPMYJIMPOBKE U PEIIEHUH KOHKPETHBIX
3ajlay, UHTEPECYOUNX GyHAAMEHTAIbHYIO HAyKy U PaKTHKY.

3. CoaepixaHue ¥ CTPYKTYpa IHCUMILIMHBI

3.1. Conmepxxanue pazgenoB gucuumiuael (K —  kommokBuym, T —
camocTtosTenbHas pabora (tect), PK - pyOexnas koHTponsHas padota, I3 — qomarinee
3ananue, PI'3 — pacuetHo-Tpaduueckoe 3agaHue)

IIPOBEPOYHAs

OTHOCHUTCIIBHOCTHU

MIPUHIIAIT OTHOCUTEIILHOCTH OWHINTEHHA.
KoopanHaTtsel coOBITHS, YEThIpEXMEPHOE
MIPOCTPAHCTBO,  METPUYECKUN  TEH30p.
WNHurepBan, HWHBApUAaHTHOCTh WHTEpBAA,
npeobOpazoBanus Jlopenna, 4-Xx MepHbIE
BEKTOPHI U TEH30pbl, KOHTpaBapHUaHTHbIE U
KOBapHUAHTHBIE  KOMIIOHEHTBI,  TpyIIa
Jlopenna u Ilyankape. PenarusBucrckas
KWHEMAaTHKa, CIIOKEHHUE CKOPOCTE.

No HaumenoBanue Coneprxanue pasnuena ®opma
paznena paznena TEKYLIETrO
KOHTPOJIS
HnepunanbHbie CHCTEMBI oTcuera
1 CrnenuanbHasi Teopus pu > 3
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DJIEKTPOANHAMUKA U
TEOpUs I10JId

[IpuHIIMIT HAWUMEHBIIETO JICHUCTBHUS B
KJIaCCUYECKOM MEXaHMKE, JIeiicTBHe,
byHKIUSA Jlarpanxa, YpaBHEHUS
Jlarpamxka. PensruBucrckas — QyHKIUsS
Jlarpanxa, peNSTUBUCTCKOE JCHCTBHE.
VYpaBHeHUs ABM>KEHUS B 3-X MEpHOH U 4-X
MepHOH ¢opMax, CBsS3b DJHEPrUH U
HMITYJIbCA.

3apsal BO BHELUIHEM 3JIEKTPOMarHUTHOM
noJsie: 4-moTeHuMan 3JIEeKTPOMAarHUTHOIO
nonsi, gAewctBue, Gynknus Jlarpanxa,
raMuiIbTOHMAH IS 3apsiia BO BHEIIHEM
3JEKTPOMArHUTHOM  MOJe.  YpaBHEHHUs
JBUKCHUS B TPEXMEPHOU u
YEThIPEXMEPHOU dbopmax. Tenzop
NEKTPOMAarHuTHOrO  MOJIsL, CBSA3b €
HaIPsYKEHHOCTBIO AJIEKTPUYECKOT0 MOJs U
C MHAYKIIMEH MAarHUTHOTO TOJIS.

JleficTBre AJi1 3JIEKTPOMArHUTHOTO MOJS.
MukpocKonuecKue ypaBHEHUS
Makcgenia, pENSATUBUCTCKAS
VHBApHUAHTHOCTh ypaBHEHUN Makcseia.
3aKOH COXpaHeHus 3apsja, SHEPIuw,
HUMITyJIbCA, MOMEHTa HMIyjbca. Bekrop
[ToiinTHHTA. KamubpoBounas
WHBApUAHTHOCTb.

J13, PK

Marematnueckuit
anmnapar

BekTopHbIli aHanM3 Kak MaTeMaTU4YeCKUN
arrapar KJIacCUYECKOU JIEKTPOAUHAMUKH.

3

DIeKTpOoCTaTUKA

VYpaBHEHUSI DIIEKTPOCTATUYECKOTO IOJIS.
CxayipHpli  NOTEHLHMAN.  YpaBHEHUS
Ilyaccoma w  Jlammaca. I'paHnuHbIe
YCIIOBHS TUIst MOTEeHIMana Ha
MTOBEPXHOCTAX MIPOBOJTHUKOB u
JADJIEKTPUKOB. Teopema 0
€IMHCTBEHHOCTH pemeHus. Teopema o
MUHMMYME€ M MaKCUMyMeE IMOTEHIHama.
[Ipsimbie u oOpaTHbIe 3a7a4u
3JEKTPOCTATUKU. MeETO/Abl pelieHus 3a1a4y
BJIEKTPOCTATUKH: obmiee pelieHne
ypaBHeHus1 Ilyaccona, Meron paszieneHus
MEepEMEHHBIX B Pa3UYHBIX CHCTEMax
KOOpAMHAT. MyJIbTUIIONBHOE Pa3IOKEHUE
JUTS DJIEKTPUYECKOTO TTOJIS.

3

ToxkocTaTtuka

VYpaBHEeHHS] TEOPUH MOCTOSHHBIX TOKOB B
npoBoaden cpene. ['paHnuHbIe yCIOBUS
Uis  TUIOTHOCTH — Toka.  dopmanbHas
AHAJIOTHS C AIEKTPOCTATUKON, IPUMEPHI €€
WCIOJIb30BaHUSA U1 DPELICHHUS TOKOBBIX
3ana4y. ComnpoTuBieHue, 3akoH Jxkoyis-
Jlenma. 3akonbl  Kupxroda, merong

A3




KOHTYPHBIX TOKOB.

MaraurocTaTuka

YpaBHeHust MarHiuTHOTO TOJIS
IIOCTOSIHHBIX TOKOB. BexropHslii
MOTEHIMa]. YPaBHEHHE JI1 BEKTOPHOIO
MOTEHIMajda B OJHOPOJHOW Cpele M €ro
pewenne. 3akoH buo-Capapa-Jlamnaca.
CxansipHblid TOTEHIIMAI MAarHUTHOTO TOJIS.
MarHuTHBI JINCTOK KaKk DJKBHBAJICHT
JUHEHHOTO KOHTYypa C TOKOM. AHAJIOTHS
MEXKTY MardHuTOCTaTHYECKUMU H
3JEKTPOCTATUUECKUMU ITOJISIMH.
MynbTUNONIBHOE pasyioKEeHHE TS
MarautHoro noiis. Ilojiss HaMarHUYeHHBIX
TElL. 3ameHa HaMarHM4eHHOCTH
SKBUBAJICHTHBIMHU AIEKTPUIECKUMU
TOKaMW WJIM MArHUTHBIMU  3aps/laMH.
MaranTtHble 1ienH. lloHaTre MarHuTHOTO
conpoTuBiieHus. 3akoHbl Kupxroda mist
MarduTHBIX IIeTIeH.

I3, PK

KBaszucranmonapusie
MPOLIECCHI

KBa3zucranuonaphsie IIPOLIECCHI B
MPOBOASIIMX  cpedax. Pacmpenenenue
MIEPEMEHHbIX  MOJel ¥  TOKOB B
npoBoAdIeM nosynpoctpaHcTBe. CKuH-
¢ dexr. I'pannunbie yCIHOBUSA
JleonTOBMYA. KBa3zucranuonapssie
MPOLIECCH] B ILIETISIX C COCPENOTOYECHHBIMU
napamerpamu. 3akoHbl Kupxroda s
L[eTIeN MIEPEMEHHOI0 TOKA.

113

YpaBHeHUs
Makcgemia

Maxkpockonuueckue YpaBHEHUs
MaxkcBemia (B auddepeHManbHOl U
UHTErpaJbHOM Qopme) ans  mons B
MaTepualbHOM Cpele Kak  pe3ysbTar
yCpEIHEHHUs MHUKPOCKOIIMYECKUX
ypaBHeHUH. lIoHATHE BEKTOPOB CpeIHHUX
MaKpOCKOIMYECKUX HaNpsUKEHHOCTEN
JJEKTPUYECKOTO M MArHUTHOTO IOJIEH,
JIEKTPUYECKON u MarHUTHOU
nosispu3anuu. MartepuanbHble ypaBHEHUS
JUIS pa3MuHBIX cpel. JudnexkTpudeckas u
MarHuTHas IIPOHUIIAEMOCTH,
npoBoAUMOCTh. [loHsATHE BpeMeHHOW u
MIPOCTPAHCTBEHHOU JIUCIIEPCUH.
['pann4HbIE YCIOBHS U1l pa3IUYHbIX CPELl.

A3

DJIEKTPOMAarHuTHbHIE
BOJIHBI B
MIPOCTPAHCTBE

BomnHoBrle YpaBHCHUA JIA IMOTCHIUAJIOB.
I'panuenTHas MHBAPUAHTHOCTH. Y CJIOBHUE
kaymOpoBku  Jlopenna.  OmHOpOIIHBIE
IIJIOCKHEC BOJIHBI B HGHOFJIOH.[E[IOH_[GI\/‘I
HU30TPOIHOM cpeae. OpueHTalus BEKTOPOB
QJICKTPUYCCKOI0O W MArHuTHOrO  IOJIA.
JlucniepcuonHoe COOTHOIIEHHE.

3
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[lonspuzanus BOJHBI, [UIMHA  BOJIHBI,
(dazoBasi CKOpPOCTh, XapaKTEPUCTUUECKUUN
uMIieanc  (BOJHOBOE COIPOTHUBIICHHE).
[10THOCTP TOTOKAa JHEPIHM B IUIOCKOU
BoJiHe. Illockue BOJIHBI B IOIVIOLIAIONIEH
cpene. IlpeobpazoBanue Jlopenma st
BOJIHOBOT'O BEKTOpa u YacTOTHI.
Jucnepcusi U IUCIEPCUOHHOE ypaBHEHUE
JU1s BOJIH. JIeBble cpe/ibl ¥ BOJIHBI B HUX.

10

DNeKTpOMarHuTHbIC
BOJIHBI B BOJTHOBOJIAX

HeonHopoaHbie BOJIHBI B BOJHOBOJAX M
pe3oHartopax, (a3oBble U TPYIIIOBBIC
ckopoctd. BomHel B pe3oHaATOpax.
OTtpaxkeHue U MPEeIOMIICHHUE TUIOCKUX BOJIH
Ha IpaHULIe pasjiena JABYX Cpell, pasjela
nByx  cpen  (popmynsr  Dpenens).
Hopmansnoe nasicHue, HAKJIOHHOE
najieHue, yron bproctepa, monHOe
BHYTpPEHHEE OTpakeHue. BO3HMKHOBEHHE
HEOJHOPOAHBIX  IUIOCKUX BOJH  MpHU
IIOJIHOM  OTpaxkeHMH. M3nmydenue u
paccesiHie, paualliOHHOE TPEHHE.

113, PK

11

Hudpaxius u
uHTEepdepeHIus

WNuTtepdepentius u qudpakius BOJIH, 30HbI
Openenss u  Dpaynrodepa. Ilpunnun
I'oitrenca-®penens; SKBUBAJICHTHBIE
BTOPUYHBIE HMCTOYHUKHU.
KopotkoBonHOBbIE ~ OpuUONMKEHUS B
TEOPUH T paKIum. Merton
r€OMETPUYECKOM OIITHKH. Meton
¢busnueckoin OIITHKH. [IpunHIUIIBL
rosiorpadum.

113

12

N3nyuenue BoiH

3anmazapiBaronue  noreHuuansl.  Ilose
CHUCTEMBI 3aps10B Ha 00IBIINX
pacCTOsIHUSAX, JUIIOJIBHOE,
KBaJPYyIOJIBHOE W  MAarHUTO-AMIIOJIBHOE
n3nydyenue. Bexrop I'epua. EcrectBennas
IIMPHUHA JINHAH.

A3

3.2. CTpyKTypa JUCHMITIIMHbI

OO0mmas TpyI0eMKOCTh TUCIUTUIHHBI cocTaBiser 102 vaca, W3 HUX JICKIIUU — 36 4acoB,
ceMHHaphI — 36 yacoB, camocTosATeIbHas padora — 30 gacos.

Bun paboTst Cemectp 5 Bcero

OO0mast Tpy10eMKOCTh 102 102
AynuTopHasi padora: 72 72

Jlexmn (JT) 36 36

[Mpaktryeckue 3anstus (I13) 36 36
JlaGopatopusie padorsi (JIP) | O 0
CamocTosiTe1bHAs1 padoTa 30 30
Buja nToroBoro KOHTpoOJIs 3a4er




Pa3[[eJ'IBI JAUCHUIIIIMHBI IO CEMECTPpaM

Ne HaunmenoBanue pa3nena KonuuecTBo yacos
pazznena Bcero AynutopHas pabota | BHeaymuropHas
JI 113 JIP pabora
1 CrneuunanbHas Teopus 10 4 4 2
OTHOCUTEJIbHOCTH
2 DJeKTpOoIUHAMUKA U 10 4 4 2
TEopus MOJIs
3 Marematuyeckuit 6 2 2 2
anmapar
4 DJIEKTPOCTAaTUKA 8 4 2 2
5 TokocraTuka 6 2 2 2
6 Marnurocratuka 8 2 4 2
7 KBasucranuonapHsie 10 4 4 2
MPOIIECCHI
8 YpaBHeHust MakcBesia 10 2 4 4
9 10 4 2 4
DNEeKTPOMarHUTHbHIE
BOJIHBI B IPOCTPAHCTBE
10 8 2 4 2
DNEeKTPOMarHUTHbHIE
BOJIHBI B BOJTHOBOJIaX
11 8 2 2 4
Hudpakmus u
uHTeppepeHIus
12 8 4 2 2
WN3nydenue BoinH
Vtoro 102 36 36 30
3.3. [IpakTryeckue 3aHATHS (CEMUHAPHI)

No No Tema Kon-Bo
paznena | 3aHsITHs 4acoB
1 1 dusuka u MmateMaTuka crennaibHoi TO. 2

2 PensTuBuCTCKAs MHBAPUAHTHOCTh U KUHEMAaTHKA. 2
2 3 JlnHamuKa peasiTUBUCTCKON YacTUIIBI. 2
JluHamuKa 3apsiia BO BHEIIHEM DJIEKTPOMArHUTHOM IIOJIE.
4 [evictBue n ypaBHeHUs MakcBelia 3J1€KTPOMAarHUTHOTO 2
noJist. TeH30p PHEPTUH-UMITYIIbCA IIEKTPOMATHUTHOTO
TIOJIS1.
3 5 Krnaccudeckast 21eKTpoAHAMHKA €€ MaTeMaTUYeCKUn 2
anmnapart (BeKTOPHBIM aHaIK3, onepanuu, GopMyIbl).
4 6 YpaBHEHHsI SJIEKTPOCTATHUECKOT0 ToJisi. TeopeMbl o 2
€IMHCTBEHHOCTH, MUHUMYME W MaKCHUMYyMe TTOTEHITHAIIA.
[Ipssmble u oOpaTHBIE 33a7a4u dIEKTPOCTATUKHU. MeTObl
pelieHnus  3a7ad  JJIEKTPOCTATHKH.  MYIbTHIIOIBHOE
pa3noKeHue s DNEKTPUIECKOTO TOJIs.
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YpaBHEHUS] TOKOCTATUKHU B MPOBOJIAILEH CpeJie, aHAIOTUS
C DJIEKTPOCTATUKOU, TPUMEPDI €€ UCITIOJI30BAHUS.
3akonbl Kupxroda, MeTo1 KOHTYPHBIX TOKOB.

VYpaBHEHUSI MarHUTHOTO TIOJS IOCTOSHHBIX TOKOB.
VYpaBHeHHE ISl BEKTOPHOTO MOTEHIIMAJIA U €T0 pPelleHue.
CkanspHblii TOTEHIMAJ MAarHUTHOTO TOJs. AHAaJIOTUs
MEX/1y MarHUTOCTaTUKON U 3JIEKTPOCTATHUKOM.

MYHLTI/IHOHBHOC Pa3I0XKECHUE [JIA MArHuTHOI'O IIOJIA.
Ilons HaMarHWYEHHBIX TEJI. 3aMEHAa HaMarHWYCHHOCTHU
OKBHBAJICHTHBIMHA SJICKTPUYCCKUMHA TOKaMM 50048
MardvMTHBIMU 3apaadaMu.

10

KBasucrammonapHelie mponecchl B MPOBOISIINX cpeax.
Cxun-3¢dexr. ['pannynsie yciaoBus JleonroBuya.

11

KBa3I/ICTaIII/IOHapHI)IC IMpoUcCCChl B LICIIAX C
COCPCAOTOUYCHHBIMHU ITapaMETPaMU.

12

Makpockonudeckue ypaBHeHUss MakcBeiuia B cpeax.
MarepuaiabHble YpaBHEHUS JUIsl pa3IMUHbIX CPEl.

13

JysnexTpuueckasl U MarHUTHasE IPOHULIAEMOCTH,
IIPOBOJIUMOCTh. BpeMeHHast 1 pOoCTpaHCTBEHHAs
nucnepcuu. ['paHndHbIE YCIOBHS JUIsl TPAHMIL pa3Jena.

14

BonHoBble ypaBHEHUS 17151 TOTEHIIMANIOB. OTHOPOIHBIE
IUIOCKHUE BOJHBI B HEMOMIIOIIAOIIEN U30TPOITHON CPELE.
Jlucnepcusi U TUCTIEPCUOHHOE YpaBHEHUE JIs1 BOJIH.
[1moTHOCTH MOTOKA YHEPTUHU B IJTIOCKOM BOJIHE.

10

15

HeongHopoaHbie BOIHBI B BOTHOBOAAX U PE30HATOPAX,
(ha3oBBIC U TPYITIOBBIE CKOPOCTH. BOTHBI B pe30HATOpAX.

16

OTpakeHue 1 MPEJIOMIICHHUE IJIOCKUX BOJIH Ha TPaHUIIC
paszena IByX cpel, paszelia IByX Cpell.

11

17

Wntepdepentus u audpaxust BoiH. [puHumn
['tolirenca-®penenst, TPUHLIMIIBI rosiorpaduu.

12

18

3aHa3,HBIBaI-OH_II/Ie MOTCHIUAJIbI, U3JTYUCHUC BOJIH!:
AUTIOJIBHOC, KBAAPYIIOJIbHOC 1 MAarHUTO-AUITIOJIbHOC
HU3JTyUYCHHUC. EcrecTtBeHnHas 1pUHAa JIMHUU.

3.4. CaMocTOSITeIHHOE H3YYCHUE PA3/IeNIOB TUCIIUILUTHH

paszzuena

No

BOIIpOCa

No

Bornpocsl, BBIHOCUMBIE Ha CAMOCTOSITEIBHOE
V3y4YeHUe

Komn-Bo yacoB

4-Xx MepHbIe BEKTOPBI U TEH30PbI

TeH30p SHEeprun-uMITyJIbCca MoJsl.

BekTopHBIM aHANIN3, KPUBOJMHENHBIE KOOPAUHATHI.

MynpTUIIONIBHOE Pa3I0KEHUE

Meton KOHTYpHBIX TOKOB, npumeHeHne TOKII.

S(I)q)eI(TI/IBHBIC MAarHuTHBIC 3apA bl U MOHOIIOJIN

Bricoko4acTOTHBIE CBOIICTBA MAaTEPUAIIOB

MarepuanbHble YpaBHEHUS

OO |NOOAIWIN -

OO N0 WIN|F-

ITpeobpazoBanne Oypne

[EY
o

[EEN
o

[IpuMeHeHre BOJTHOBOIOB U PE30HATOPOB

[
[

[N
[N

[Tpununs! ronorpaduun

[N
N

[EEN
N

PannoBoTHBI U paiMOCBSI3b

NN IBERINININDNININDN




4. Oopa3oBarejibHbIe TEXHOJIOTHHU

4.1, I/IHTepaKTI/IBHBIG 06p330BaTeJ'H>HBIe TEXHOJIOTHUH, UCIIOJIB3YEMBIC B ayAUTOPHBIX

3aHSTHSIX
Cemectp Bun WuTepakTiBHBIE 00pa3oBarenbHble TeXHOIOTUN | Koi-Bo yacoB
3aHATHS
5 Jlexmuw, MYJIbTUMEAUHHBIN MPOEKTOP, MPE3CHTAIHS, 72
CEMHUHAphl | MHTEPAKTUBHAS JJOCKA
Utoro 72

5. OueHoYHBIE CPeICTBA ISl TEKYLIEro KOHTPOJISA YCIIeBAeMOCTH M IIPOMEKYTOYHOM
aTTecTaluM

3agauu A pyOeKHBIX KOHTPOJIbHBIX padoT

1. BeiBectr (opmyisl mpeodpazoBanust JlopeHia, pelsTHBUCTCKHA 3aKOH CIIOXKECHHUS
CKOpPOCTEH.

2. Bpewms, uzmepsieMoe 4acam, MOKOSIIUMHCS OTHOCUTEIBHO TeJla, HA3bIBAETCs COOCTBEHHBIM
BpeMeHeM 3Toro Tena. Kak coOCTBEeHHOE BpeMsi IBIIKYILIETOCs TeJa CBA3aHO CO BpEMEHEM B
“HeMOABMXKHOMN crucTeMe oTcyeTa (¢ BbIBOJOM). Kak CBsI3aHbI NTMHBI CTEPIKHS B
“HEMOABUAKHOI CUCTEME OTCUETa U B CUCTEME OTCUETa, HEMOABUKHON OTHOCUTEIBHO CTEPHKHS
(c BBIBOJIOM).

3. Ilnockoe 3epkano ABUKETCS CO CKOPOCTHIO VB HampaBlieHWH cBoed Hopmanu. Ha 3epkano
najaeT MOHOXpOMaTH4ecKasi BOJIHA Moj yrioM 6 k HopMmanu. Cuuras, 4yTo JUIsl MOKOSILErocs
3epKajia CHpaBeUIMB OOBIUHBIM 3aKOH OTpaK€HUs, OMPEACNUTh YacTOTy W HaIpaBlieHUE
OTPa>X€HHOM BOJIHBI.

4. Haiitn JABUKCHHUC peHHTHBHCTCKOﬁ 4qacTUulbl MacChl MU 3apsaa, € ICPHCHIAMKYISIPHBIX

IEKTPUIECKOM U MarHUTHOM moysix E, H .

5. Haiitu wactoTy KojeOaHMIl 3apsHyKEHHOTO TPEXMEPHOTO OCIHMIUIATOpA, MOMELIEHHOTO B
OJIHOPOAHOE MarHuTHoe mnoiie. OOCyIUTh TPAEKTOPHIO ABHKEHUS.

6. Haiigure HanpspKeHHOCTH, MOTEHIMAN TTOJISI TOYEYHOTO 3apsijia ¢, pacloyoKeHHOro Ha
paccrossHuu d OT HEHTpa mpoBoAsIIeH chepbl paauyca a. PaccMorpure Tpu cirydas: cdepa
3a3eMJIeHa, cepa U30JIMPOBAHA U HE UIMEET COOCTBEHHOTO 3apsiia, chepa n30IMpoBaHa U UMEET
3apsaa Q. Uemy paBHa MOBEpXHOCTHAS IUIOTHOCTD 3apsiia Ha cepe?

7. (a) Ulap pagumyca R umeeT OJHOPOAHYIO MOJSPU3ALIUIO P . Haiitu HaIPSDKEHHOCTh U
MOTEHITMAI BHYTpHU M BHe Imapa. (6) OO0bemHas TJIOTHOCTH 3apsia BHYTPH Iapa paamyca
R 3amana BeIpakeHHeM p =a-I, T/Je aTIOCTOSHHBIA BEKTOp, I - paguyc BEKTOp W3 IIEHTpa

mapa. HaliTu HanpsiK€eHHOCTh MOJISI BHYTPH M CHAPY’KH I1apa.

8. Haiitu TeH30p KBaIpYIMOJBHOTO MOMEHTa OIHOPOJHO 3apsHKEHHOTO  AIUIUIICOU[A
OTHOCUTEIILHO ero IieHTpa. HalTu snekTpuueckoe TMoie Ha OONBIIMX PACCTOSHHUSIX OT
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smriconia. HallT MOTEHIHMA 3JICEKTPUYIECKOTO TOJIsl Ha OOJIBIIUX PACCTOSHHUSX OT CHCTEMBI
3apsAnoB: (,—2(,( , pacnonoxeHHsx B Toukax 0,0,a; 0,0,0;0,0,—a.

9. OmpenenuTh MOTCHIUATHHYIO DHEPTHIO B3aMMOJCHCTBHS IBYX JJICKTPUUYECKUX AMIIONCH C

MoMmeHTamMu  O,,d,, MarHMTHYIO DOHEPrHI0O B3aUMOJCHCTBHS MAarHUTHBIX JHMIOJIEH C
MOMEHTAMHU [, , I, .

10. KoH1ibl IByX TOHKHX IMPOBOJIOYEK KacarOTCs TOPU30HTAIBHOW MOBEPXHOCTH AJIEKTPOJIUTA,
HaJUTOTO B IIMPOKUA M TIIYOOKHH cocyld. Mexay HuMHU mpomyiieH Tok cwibl | .  Haiitn
IUIOTHOCTh TOKA | B 3JICKTPOJIUTE.

11. beckoneuHrbIi MIPOBOJIAIINNA clIon UMEET HEOJTHOPOIHYIO MPOBOJUMOCTD
U(X)=C,/|X| +¢&,£>0. Ocp XmepneHAWKYISpHA TpPaHUIAM CJIOS, UMEIOIIUM KOOPIWHATHI
X=2a. Mexay rpaHuuamMu MOAAEPKUBACTCS IOCTOSIHHAsA pa3sHOCTh noreHmuanoB U . Ilpu
& — Omnaiitu: (a) 00BEMHYIO IJIOTHOCTb JIKOYJIEBBIX IMOTEPH B CII0E q(X), (6) conporusiieane R
Y MOIITHOCTD MOTEPh Ha €AUHUILY TUIOIIA/IH.

12. IocTosiHHBINA TOK cwibl | TedeT B HampaBieHWH HeKoToporo neHtpa O, rae mpoucXOoIuT
HakoIUIeHHWe 3apsna. Haltu MarHuTHOE Iosie Ui CHEAYIOIIMX PpaclIpefesieHU TOKa B
IIPOCTPAHCTBE.

A) JIuHEeWHBIH TOK, TEKYIIHA 10 TOIYPIMOii, oOpbiBatoreiics B Touke O .

b) TIloBepXHOCTHBIH TOK, pAaCHpPENENIEHHbII 1O IUIOCKOCTH PaJualbHO-CUMMETPUYHO
otHOocHUTENbHO O .

B) PagnanbHo-cuMMeTpUYHBIN 0O0bEMHBIH TOK.

13. Tlo mmockoctm z=0 Te4eT MOBEPXHOCTHBIH TOK ILIOTHOCTBIO | = Yl,COSkX. Haiitu

MArguTHOC I1OJIC 3TOI'O TOKA.

14. Ha mnacTWHBI TUIOCKOTO KOHJIEHCATOpa MmomenieHbl 3apsasl +(. B moment t=0cpena

MEXy IUIAaCTHHAMHM TPUOOpETaeT KOHEYHYIO IPOBOAMMOCT O =CONSt, u3IeKTpuYecKas
NPOHMIIAEMOCTh cpenbl  &. Haiitn, mnpeneOperas kpaeBbiMU d(ddekramu TOK paspsjaa
koHeHcaropa | (t) u MarauTHOE TOJIE MEXTy TTACTHHAMY .

15. 3apspkeHHast yacTUIa ( IBHXKETCSI OT OJTHOM OOKJIaJIKHM TJIOCKOTO KOHJEHCATOpa K APYTrou co
CKOPOCTBIO v(t). OOkagku KOHACHCATOpa COCIMHEHBI Yepe3 amriepMeTrp. HailTu 3aBUCUMOCTH
TOKa B LICTINA OT BpeMeHI/I.

16. Yactuma maccoiMu 3apsioM EMpojieTaeT Mo AMaMeTpy Iapa paauyca R, BHyTpu
KOTOPOTO paBHOMEPHO pacmpezeneH 3apsaa Q. 3apsasl 4yacTULBl U IIapa MPOTHBOIOJIOKHOTO

3Haka. [lepex BieTom B map yactuma nmena sHepruro E,. Onpenenuts snepruto E, Tepsemyro
YyacTULIEH Ha JUIOIBHOE U3ITYYEeHHUE.

17. BexkTOopHBI MOTEHUMAT IUIOCKOW JIMHEWHO-TIOJISIPU30BAaHHOM BOJIHBI HMMEET BHJ
A=l F(a)t—kf), rae - NOCTOSHHBIA BekTop, @ =KC, F -muddepenuupyemas dynkuus. B

paccMaTpUBaeMOl KaTMOPOBKE CKAJISIPHBIN MOTEHIIMAT PaBeH HYJII0 TokAecTBeHHO U diVA=0.
Onpenenuth BekTop [loliHTHHTa U 00BEMHYIO TIIIOTHOCTh SHEPTUH.
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18. ToueuHbIil 3apsn ( ABUXKETCS MO OKPY)KHOCTH pajauyca ac IMOCTOSHHOM CKOpOCTbIO V .

Haiitu BekTOp AMMOJBHOIO MOMEHTAa M TEH30p KBaJPYMNOJbHOIO MOMEHTA JIaHHOIO 3apsjaa
OTHOCUTENIbHO IIeHTpa opOuThl. HailTu u cpaBHUTH MeXIy cOO0OW cpeaHHe IO Mepuoay
MOIIHOCTH M3JTyueHus Ha nepBoit P, u BTopoii P,, rapmonukax, roe o=V /a.

19. Onpenenuth MEKTPUIECKOE W MATHUTHOE IM0JIE TAPMOHUYECKU KOJICOIIOMIETOCs TUTIONS Ha
pPacCTOAHUAX I MHOTO OOJIBIIMX pa3Mepa WMo @, HO HeoOs3aTeIbHO OOIBIINX UIMHBI BOJHBI

A.

20. I[Be MOHOXPOMATHYECKUEC BOJIHBI, ITOJAPHU30BAHHBIC II0 KPYr'y MU B IIPOTHUBOIIOJIOXKHBIC
CTOPOHBI, MMCKHOT OJWHAKOBBIC aMIUIMTYAbl W PaCOpPOCTPAHANOTCA B OJHOM HAIPABJICHUMU.

YacToTel BOJIH pasHBIC W YAOBJICTBOPAIOT YCIIOBHIO |a)1 — 6()2| <y t+a,. Ol'[peI[eJ'II/ITB

MMOJIApU3aluIO pGSYJ'ILTI/Ip}IIOH_[eﬁ BOJIHBI.

Bonpochl 1151 TOATOTOBKH K 3a4€eTYV:

. CriennanpHast TeOpHUsl OTHOCUTEIBHOCTH (KHHEMATHKA).

. CnenmanbHasi TEOpUs OTHOCUTEIIBHOCTH (JIMHAMUKA).

. YpaBHeHust MakcBeinia B 4-MepHOM BHJIE (BBIBOJ).

. YpaBuenust Makcsenia B 3-MepHOM BHJIE (qudepeHranbHas 1 HHTerpaibHas (OPMBI).

. YpaBHeHMst MakcBelia B BELIECTBE, TUIIbI TPAHUYHBIX YCIOBHH.

. DnexTpocraTuka (ypaBHEHHUs, IOCTAaHOBKA 3a/1a4, METO/Ibl PELIEHUSI, OCHOBHBIE PE3YJIbTATHI).
. MarautocTatuka (ypaBHEHUs, IOCTAHOBKA 33]1a4, METO/bl PELLICHHsI, OCHOBHbBIE PE3YJIbTATBI).
. DIEKTpUYECKOe U MAarHUTHOE TOJIsI Ha OOJIBIINX PACCTOSHUAX (MYJIBTHUIIONBEHOE PA3IIOKEHHE).
. TokocTaTuka (11emu MOCTOSTHHOTO TOKA).

10. KBa3ucranroHapHbi€ SBICHHS (TN IIEPEMEHHOTO TOKA).

11. BosHBI B BaKyyMe U BELLIECTBE, OTPAKEHUE U NTPEIIOMIIEHHE BOJIH.

12. Bonnsl B BonHoBoAax (TE u TM BounHbr).

13. M3ny4eHue BOJIH: JUIIOJIBHOE, KBaAPYIOJIBHOE, MATHUTO JUMOJIBHOE U3ITyUEHHE.

14. OcHOBHBIE OnIEpallii BEKTOPHOTO aHalIn3a (IpaJiueHT, IUBEPreHIINs, POTOP, TEOPEMBbI
Octporpazckoro-I'aycca, CTokca, KOpOTKHE 3a/1a4H).

O 01N DN b W~

Bonpocsl J1Jis1 IOATOTOBKH K 3K3aMEHY:

1. IIpyHIKII OTHOCUTEIBPHOCTH M KOHEYHOCTb CKOPOCTH PAacIpOCTPAHEHHUS B3aUMOJEHCTBUS.
CoObITus, YETBIPEXMEPHOE NPOCTPAHCTBO COOBITHH, MHpOBas TOYKa, MHUPOBAs JHHUS, 4-
BEKTOPBI U 4-TEH30PHI.

2. VuTepBan, ero WHBapHWAaHTHOCTh, IMPOCTPAHCTBO MUHKOBCKOTO. BpemeHHUNomoOHbIE U
IPOCTPAHCTBEHHOIO100HBIE HHTEPBAJIBL.

3. TlpeoOpazoBanmst [ammmes w npeoOpazoBanus JlopeHma. 4-BEeKTOpbl H  4-TEH30DHI,
KOHTPAaBApUAHTHBIE U KOBAapHAHTHBIE KOMIIOHEHTH. DPU3NUYECKUE BEINYUHBI, SBISIOIIMECH 4-
BEKTOPaMH U 4-TEH30paMH.

4. T'pynnsl npeobpazoBanuit Jlopenua u Ilyankape, IpuHIMI MHBAPHAHTHOCTH B (Qu3MKe. 4-
BEKTOpPbl M 4-TE€H30pbl, KOHTPABAPUAHTHBIE M KOBAPUAHTHBIE KOMIIOHEHTHI, METPUYECKUI
TEH30D.

5. PensTuBucTCKasg JMHAMUKa 3apsOKEHHOM YacTHIBl B TpexMepHOH dopme: QyHKIHS
Jlarpan»xa, ypaBHEHUs ABHXKEHHSI, UMITYJIbC, SHEPTHs (TpexmepHas popma).

6. PensTuBHCTCKas JAMHAMHKA 3apsHKCHHOW YacTHIBI B UeThIpexMepHOW ¢opme. DyHKIusS
Jlarpanxka, ypaBHEHHUS IBW)KCHHUS, HUMIYJIbC, dSHeprus (uersipexmepHas ¢opma). Tenzop
JNIEKTPOMAarHUTHOTO IOJI.

7. HeucrtBue siekTpoMarHuTHOro noss. Ilepsas nmapa ypaBHeHud Makcseiia B 4ETBIpEX U B
TpeXMepHOU (opMax (C BBIBOJIOM).
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8. JelicTBue 3JEKTpOMarHUTHOrO moJid. Bropas mapa ypaBHeHuil MakcBeria B 4eThIpEX U B
TpexMepHo (opmax (C BBIBOJOM).

9. VYpasuenus [lanambepa u kanmuOpoBouHas nHBapuaHTHOCTh. Kanmnbposka Jlopennia, Kynona.
10. OcHOBHBIC ypaBHEHUS SIEKTPOCTATUKU U UX 00IIee penieHne B 06CKOHEUHOM IPOCTPAHCTBE.
OcHoBHBIE 33]]a4! AJIEKTPOCTATUKH B OTPAaHUYECHHBIX 00JIaCTIX.

11. VYpaBuenus Jlamnaca u Ilyaccona nexapToBOd, HIMIMHAPUYIECKON U CPEepUIECKOi cucTeMax
KoopauHAT. MeToa pa3zieneHus epeMEHHBIX.

12. Metozpl peuieHus 3a1a4 3JISKTPOCTATUKU: MPUHIUI CYNEPHO3UIIMU, METO M300paKeHUH,
TeopeMa B3aUMHOCTH (C IPUMEPAMH ).

13. IloTeHuman »3IEKTPUYECKOTO JUIOJS, MYJIbTUIIOJBHOE pa3jiokKeHHE. JIUNoJbHBIM U
KBaJPYHOJIbHBIA MOMEHT. DJIEKTPUUYECKOE MOJIE HIIEMEHTAPHOIO JUIIOJIA.

14. DnexTpuyeckre U MarHUTHBIE MOJIS B BELIECTBE, MHYKIIUS U HAMPSX)KEHHOCTb.

15. YpaBuenus MakcBesuia B BemecTse (B J11000# (hopme), 3aKOH COXpaHEHUS 3apsia.

16. Conpotusnenue, 3akonsl Oma u Jlxoyns-Jlenna, 3akonsl Kupxroda, KOHTypHBIE TOKH.

17. Boanbl B IpoBOASIIIUMX cpeaax, cKuH 3P QeKT. BomHbl B MPOBOASIINX cpeaax, HOpMAIbHbBIN U
AQHOMAITBHBINA CKUH-3()(hEKTHI, MOBEPXHOCTHBIN UMITEAHC.

18. YpaBHEeHHs BEKTOPHOTO MOTEHIMANIA TOCTOSTHHBIX TOKOB M €T0 PeIlleHuE.

19. BonHOBBIE ypaBHEHUS, TUIOCKUE OJTHOPOIHBIE MOHOXPOMATUYECKUE BOJIHBI.

20. DHeprus >MeKTPOMAarHUTHOTO ToJisl, BeKTOop [1oiiHTHHTa, 3aKOH COXpaHEHHsI SHEPTUU.

21. OtpaxkeHHe U TPEJIOMIICHHE IIOCKUX BOJIH HA TUIOCKOM IPaHUIIC ABYX Cpe.

22. ®opmynsl Openens, yron bproctepa u yroi HoJIHOT0 BHYTPEHHETO OTPAKEHHUS.

23. HeogHOpoaHBIE BOIHEI B IPSIMOYTOIBHOM BOTHOBOIE. TE 1 TM BOJHBI.

24.YpaBHeHUs AJi MOTEHLIUAJIOB MPU HAIMYHUU 3apSA0B U TOKOB, 3aMa3/IbIBAIONINE IOTCHIHAIBI.
25. TokocTaTuKa: ypaBHEHHUS TEOPHUH JJIS IIOCTOSTHHBIX TOKOB, TPAHUYHBIE YCIIOBHS TSI TOKOB.
26. JlunonbHOE, KBaAPYIIOJIbHOE M MATHUTO-AUIOIBHOE U3TyYEHHE.

277. MarauTHOE 1oJie CUCTEMbI TOKOB, MYJIbTHIIOJIBHOE Pa3JI0KEHNE, MATHUTHBII MOMEHT.

28. Llenu mepeMeHHOr 0 TOKa, METO] KOMIIJIEKCHBIX aMILTUTY/I, KOMIIJIEKCHBIN UMITEAHC. .

29. lucpakuus u npunuun I'roiirenca-dpenens.

30. UnTepdepennys, noHaTue o rogorpaduu.

6. YueOHO-MeTOAMUYECKOE 00ecIeYeHNe TUCIUIIINHBI

6.1. OcHOBHas JUTEpaTypa
1. JL.A. Jlannay, E.M. JIudpmmun. Teopus [Tons. M., Hayka, 1982.

2. JIx. xekcon. Knaccuueckas snexkrpoannamuka. M., Mup, 1965.

3. B.B. bareirun, U.H. Tonteirua. COopHUK 3a1a4 1Mo 3ekTpoauHamuke. M., Hayka, 1970.

6.2. JlonoaHHUTENbHAS IUTEPATYpa

D.J. Griffiths. Introduction to Electrodynamics. Prentice Hall, New Jersey

J.R. Reitz. Foundation of Electromagnetic Theory. Addison-Wesley Publishing Company,
London, England.

MartepuanbHO-TEXHHYECKOe 00ecriedeHne U CUMILTUHbI

JIeK1IIMOHHBIE 3aHTUS IPOBOJATCA B CIELUAIBHO 000PYA0BaHHOMN ayAUTOPHH C
MYJIbTUMEAUHHBIM 000pyI0BaHrneM. BeriomMorarenbHbI MaTepuall B BUIE IPE3CHTAIMN 1
JJIEKTPOHHBIX YUE€OHBIX MaTepHAJIOB JOCTYIEH CTyJ€HTaM Ha caiiTe (hakyybTeTa.
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Discipline name: Electrodynamics.
1. Purposes of discipline familiarization:

Obijectives: study of classical electrodynamics, learning the basic notions of field theory,
improvement of knowledge in the field of electricity and magnetism, obtained in the course of
general physics.

Problems: acquaint students with the modern approach to electrodynamics as a field theory,
demonstrate how the general field theory methods work in electrodynamics, streamline and
deepen the knowledge gained in the course of general physics.

2. A discipline Place in structure OOP VPO

The discipline concerns block V-PD in a preparation direction «Applied mathematics and
physics»

Structural element of OOP BIIO - BM (the bachelor of the Moscow State University) in a
preparation direction «Applied mathematics and physics»

The discipline concerns to Bapuatusnoii parts of an educational cycle.

3. Requirements to results of development of the maintenance of discipline:

(1) Universal (OK):

(a) General scientific:

Possession knowledge of a subject and objects of studying, methods of research, modern
concepts, achievements and restrictions of natural sciences: physicists, chemistry, biology,
sciences about the earth and the person, ecology; possession of bases of methodology of
scientific knowledge of various levels of the organization of a matter, space and time; ability,
using interdisciplinary system communications of sciences, independently to allocate and solve
the basic world outlook both methodological natural-science and social problems for the purpose
of sustainable development planning (OHK-1);

Possession of methodology of scientific researches in professional area, knowledge of bases of
business dialogue (OHK-4);

Readiness to use knowledge as tools for the complete decision of informative and professional
problems (OHK-5);

Possession of base sections of mathematics, physics, chemistry, computer science and the
programming, necessary for the decision of problems in professional area (OHK-6);

Ability to use in professional work base knowledge in area of mathematics, physics, chemistry,
computer science and programming (OHK-7);

Ability to create mathematical models of typical professional problems and to interpret the
received mathematical results, possession of knowledge of restrictions and borders of
applicability of models (OHK-8);
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Possession of knowledge in area of technics, technology and innovation, necessary for practical
development of modern technical systems and technologies, for the decision of research and
practical problems in professional area (OHK-9);

(b)The tool:

Possession of norms of Russian literary language and functional styles of speech; ability to show
in speech dialogue personal and professional culture, spiritually-moral belief; ability to put and
solve communicative problems in all spheres of dialogue to operate processes of an information
exchange in various communicative (MK-1 environments;

Possession of skills of use of software and work in computer networks uses of resources the
Internet; possession of the basic methods, ways and means of reception, storage, and information
processing (MK-3);

Ability to use modern computer facilities and the specialized software in research work (MK-4);
Possession of the basic methods of protection of the industrial personnel and the population from
possible consequences of failures, accidents, acts of nature (K-7);

Possession of means of independent, methodically correct use of methods of physical training
and health strengthening, readiness for achievement of due level of physical readiness for
maintenance high-grade social and professional work (K-8);

Possession of methods of patent search and knowledge in the field of the patent researches,
necessary in professional work (MK-9);

Possession of skills of management of the information for writing of reports, reports, reviews
and articles (MK-10);

Possession of methods of the tool researches necessary for carrying out of experimental works in
professional area (MK-11);

Ability to the analysis of knowledge and their synthesis in professional work sphere (MK-12);
Ability to the organization and planning of experimental and theoretical researches in
professional work and to forming of strategy of research work (MK-13);

(c) The system:

Ability to creativity, generation of innovative ideas, promotion of independent hypotheses (CK-
1);

Ability to search, the critical analysis, generalization and ordering of the scientific information,
to statement of research objectives and choice of optimum ways and methods of their
achievement (CK-2);

Ability to independent training and working out of new methods of research, to change of a
scientific and research-and-production profile of activity; to innovative scientifically-educational
activity (CK-3);

Ability to put knowledge into practice (CK-4);

Ability to working out of projects and their management, ability to leadership (CK-5);

Ability to the initiative and business, ability to work independently (CK-6);

(2) Professional (personal computers):

Possession of skills and methodological culture of application of the received fundamental
knowledge in area of mathematics, physics, chemistry and biology for performance of scientific
researches (PC 1);

Ability to work with the modern software, devices and installations to apply experimental and
theoretical methods of researches and to process the received experimental data for performance
of a concrete research and engineering problem (PC 2);

Ability to apply the theory and methods of mathematics, physics and computer science for
construction of qualitative and quantitative models (PC 3);

Ability to work with the scientific literature, readiness to compare known experimental and
theoretical results with the received original

By experimental and theoretical results and to do substantiated conclusions (PC 4);
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Readiness to discuss in the scientific environment the received experimental and theoretical
results and to do conclusions; ability to state the received scientific results in the oral form
(presentations and reports at conferences) and the written form (articles, reviews, messages) (PC
5).

Possession of skills of planning and control of performance of the established plans in
professional work sphere (PC 6);

Ability to active search of the new information, ability to work with various sources of the
information; readiness to analyze and solve engineering problems with use of the
interdisciplinary approach (PC 7);

Readiness for creation of competitive production on the basis of the received fundamental
knowledge (PC 9);

Ability to participate in working out of breadboard models of products and their modules and to
apply instrumentation to definition of technical characteristics of breadboard models (PC 10);
Ability to combine research and engineering-industrial activity for working out of the high
technologies providing creation of substances, materials and complex artificial systems with the
set properties (PC 11);

Readiness for search of technical and technological innovations, susceptibility for innovations
(PC 12);

Readiness for carrying out of experimental works on check and development of technical and
technological innovations (PC 13);

Readiness for working out of programs of carrying out of research and engineering-industrial
works on all chain of an innovative cycle (PC 14);

Readiness for commercialization of scientific workings out (PC 15).

Readiness for communications and work as a part of collective of executors in scientifically -
research and engineering-industrial spheres (PC 16);

Possession of skills of management of research and engineering-industrial activity for creation of
a healthy, safe and productive working environment, maintenance of conformity of products of
professional work to the quality standards (PC 17);

Possession of the basic methods of a management: statements and distributions of problems,
delegation and control, feedback and an estimation of execution, training on a workplace,
individual and group decision-making (PC 18);

Readiness to show in practice aspiration and ability to realize the potential (knowledge, abilities,
experience, personal qualities) the expert of new generation for the economy based on
knowledge, for successful productive activity in professional and social spheres (PC 19);

As a result of discipline familiarization a student must:

To Know: foundations of classical electrodynamics, classical field theory basics, understand the
place of classical electrodynamics in modern physics.

To be able: formulate specific tasks based on the laws and laws developed in the course; receive
solutions, carry out their mathematical treatment.

To own: settlement methods of the decision of problems, skills of search of the data in open
sources (including, in information databases) and to apply them at the decision of practical
problems.

To gain activity experience: in the analysis, the formulation and the decision of the specific
targets, interesting fundamental science and practice.

4. The Maintenance and discipline structure
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frontier control work, HW - homework, SGT - the settlement-graphic task)

The maintenance of sections of discipline (C- a colloquium, T — testing work, FCW —

Section
#

Section name

Section content

Form
of
contol

Special theory of
relativity

Inertial reference systems, the principle of
relativity. Coordinates of the event, 4-
dimensional space, the metric tensor. Interval, its
invariance, Lorentz  transformations, 4-
dimensional vectors and tensors, contra-variant
and covariant components, Lorentz and Poincare
groups. Relativistic kinematics, addition of
velocities.

HW

Dynamics of a
relativistic particle

Principle of extreme action in classical
mechanics, action, Lagrange function, Lagrange
equations. Relativistic Lagrange function, the
relativistic effect. Equations of motion in three-
dimensional and four-dimensional forms, the
relationship of energy and momentum.

HW

Electrodynamics as
classical field theory

Charge in an external electromagnetic field, 4-
potential of the electromagnetic field, the action,
Lagrange function, the Hamiltonian for the
charge in an external electromagnetic field.
Equations of motion in three-dimensional and
four-dimensional forms. The electromagnetic
field tensor, the relation with the electric field
strength and magnetic field induction.

Action for the electromagnetic field. Maxwell's
equations, the relativistic invariance of Maxwell's
equations. The charge conservation law, the law
of conservation of energy, Poynting’s vector.
Gauge invariance.

HW,
FCW

Classical
Electrodynamics
and mathematical

technics

Classification of electromagnetic phenomena:
electrostatics, current-statics (constant currents),
magneto-statics (constant magnetic field), quasi-
stationary processes, the wave field. Vector
analysis as a mathematical formalism of classical
electrodynamics.

HW

Electrostatics

Electrostatic field equations. Scalar potential.
Poisson's and Laplace's equation. The boundary
conditions for the potential on the surface of
conductors and insulators. Uniqueness theorem
for the solutions. A theorem on the minimum and
maximum potential. Direct and inverse problems
of electrostatics. Methods for solving problems of
electrostatics general solution of the Poisson
equation, the method of separation of variables in
different  coordinate  systems.  Multi-pole
expansion of the electric field.

HW
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Current-statics

Equations of the theory of permanent currents in
the conductive medium. The boundary conditions
for the current density. Formal analogy with
electrostatics, examples of its use to solve current
problems. Electrical resistance, Joule-Lenz.
Kirchhoff laws, the method of loop currents.

HW

Magneto-statics

Magnetic field equations of direct currents.
Vector potential, equation for the vector potential
in a homogeneous medium and its solution. The
Biota - Savant- Laplace law. The scalar potential
of the magnetic field. The analogy between the
magneto-static and electrostatic fields. Multi-pole
expansion of the magnetic field. Field of
magnetized bodies. Replacing magnetization by
equivalent electric currents or magnetic charges.
Magnetic circuit. Concept of magnetic resistance.
Kirchhoff's laws of magnetic circuits.

HW,
FCW

Quasi stationary
processes

Quasi-stationary processes in conducting media.
Distribution of alternating fields and currents in
the  conductive  half-space.  Skin  effect.
Leontovich  boundary  conditions.  Quasi-
stationary processes in circuits with lumped
parameters. Kirchhoff's laws for AC circuits.

HW

Maxwell's equations

Macroscopic Maxwell’s equations (in differential
and integral form) for a field in a material
medium as a result of averaging the microscopic
equations. Vectors of average macroscopic
electric and magnetic fields, electric and magnetic
polarization. The material equations for different
mediums.  Permittivity and  permeability,
conductivity. The notion of temporal and spatial
dispersion. Boundary conditions for different
mediums.

HW

10

Electromagnetic
waves in an infinite
medium

Wave equations for the potentials. Gauge
invariance, Lorentz gauge condition. Uniform
plane wave in a non-absorbing isotropic medium.
Orientation of the vectors of the electric and
magnetic  field. Dispersion relation. Wave
polarization,  wavelength, phase velocity,
characteristic impedance (wave impedance).
Energy flux density in a plane wave. Plane waves
in the absorbing medium. Lorentz transformation
of the wave vector and frequency. Dispersion and
dispersion equation for waves. Left medium and
waves therein.

HW

11

Electromagnetic
waves in the
presence of
boundaries

Inhomogeneous waves in waveguides and
resonators, phase and group velocities. Waves in
the resonators. Reflection and refraction of plane
waves at the interface of two media, two media
(Fresnel’s formulas). Normal incidence, oblique
incidence, Brewster angle, total internal

HW,
FCW
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reflection. Occurrence of inhomogeneous plane
waves in total reflection.

Natural line width

12 Diffraction and Diffraction and interference of waves, Fresnel’s | HW
interference zones and Frau_nhofer’s zones. Huygens-Fresnel’s
principle, equivalent secondary sources. Short-
wave approximation in the theory of diffraction.
The method of geometrical optics. The method of
physical optics. Principles of holography.
L Retarded potentials. Field of the system of | HW,
13 eISc?t?é?;I:;ngi c charges at Ia_rge d_istances, t.he.dipole, quadrupole | FCW
waves and magnetic dipole radiation. Hertz vector.

4.2.  Discipline Structure

The general labour input of discipline makes 2 test units (72), of them 1 - lectures (36 hours), 1 -
independent work of students (36 hours)

Work kind The Semester 3 All
The general labour input 72 72
Auditornaja work: 36 36
Lectures 1 (36) 1 (36)
Independent work 36 36
Kind of total control Offset, 6
examination

Sections of discipline with respect to semesters

Ne The section Name Quantity of hours

section In total Auditornaja work Out-of-class

JI I13 JIP work
1
2
3
4
5
6
7
8
9
Total:
4.3.

Section | Ne Title of laboratory works Number of

# LW hours
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4.4, Seminars
Section | Seminar Seminar topic Number of
# # hours
1 1 Physics and mathematics special theory of relativity. 2
2 Relativistic invariance and relativistic kinematics. 2
2 3 Dynamics of a relativistic particle. 2
3 4 Dynamics of charge in an external electromagnetic field. 2
5 Action and equations (Maxwell) for electromagnetic field. 2
6 Frontier control work (seminars Ne 1-5) 2
4 7 Classical Electrodynamics its mathematical apparatus 2
(vector analysis, operations, formulas).
5 8 Electrostatic field equations. The uniqueness theorem, the 2
minimum and maximum potential.
9 Direct and inverse problems of electrostatics. Methods for 2
solving problems of electrostatics. Multipole expansion of
the electric field.
6 10 Current-statics equation in a conducting medium, the 2
analogy with electrostatics, examples of its use.
11 Kirchhoff laws, method of loop currents. 2
7 12 Equation of the magnetic field of permanent currents. 2
Equation for the vector potential and its solution.
13 The scalar potential of the magnetic field. The analogy 2
between electrostatics and magnetostatics.
14 Multipole expansion of the magnetic field. Field 2
magnetized bodies. Replacing magnetization equivalent
electric currents or magnetic charges.
15 Frontier control work (seminars Ne 7-14) 2
8 16 Quasi-stationary processes in conducting media. Skin 2
effect. Leontovich boundary conditions.
17 Quasi-stationary processes in circuits with lumped 2
parameters.
9 18 The macroscopic Maxwell equations in media. The 2
constitutive equations for different environments.
19 Permittivity and permeability, conductivity. Temporal and 2
spatial dispersion. Boundary conditions at interfaces.
10 20 Wave equations for the potentials. Uniform plane wave in 2
a non-absorbing isotropic medium.
21 Dispersion and dispersion equation for waves. Energy 2
flux density in a plane wave.
11 22 Evanescent waves in waveguides and resonators, phase 2
and group velocities. Waves in resonators.
23 Reflection and refraction of plane waves at the interface 2
of two media, two media.
24 Frontier control work (seminars Ne 16-23) 2
12 25 Interference and diffraction of waves. Huygens-Fresnel 2
principle, the principles of holography.
13 26 Retarded potentials, radiation waves 2
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| 27 | Frontier control work (seminars Ne 25-26) \ 2

4.4. The Term paper (possible themes)

4.5.  Independent studying of sections of disciplines

4.6.

Ne Ne The Questions which are taken out on independent Number of
section | question studying hours
1 1

2
3
2 4
5
6
3 7
4 7
5 8
6 9
7 10
8 11
9 12

5. Educational technologies

5.1.  The Interactive educational technologies used in ayauropusix employment

Semester An employment Kind Interactive educational technologies at o'clock
Multimedia projector, presentation, interactive board 36

Total 36

6. Estimated means for current control of progress and intermediate certification

Problems for frontier control works (semester 5)
1. Derive formulas Lorentz transformation, relativistic velocity addition law.

2. Time measured by the clock at rest relative to the body, is called proper time of this body. As
the proper time of a moving body is associated with time in "fixed" reference system (with
output) . How are the length of the rod in the "fixed" reference frame and the reference frame
fixed relative to the rod (with output).

3. Flat mirror moving at the direction of its normal. To the mirror, monochromatic wave falls at
an angle & to the normal. Considering that for the rest mirror just ordinary reflection law is
applied, to determine the frequency and the direction of the reflected wave.
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4. Find the motion of a relativistic particle mass m and charge e perpendicular electric and
magnetic fields E, H .

5. Find the frequency of oscillation of the charged three-dimensional oscillator placed in a
uniform magnetic field. Discuss the motion path.

6. Find strength and potential of electrical field of a point charge q located at a distance qfrom

the center of a conducting sphere of radius a. Consider three cases: the sphere grounded sphere
isolated and has no intrinsic charge sphere isolated and has a charge Q . What is the surface

charge density on the sphere?

7. (a) A ball of radius R has a uniform polarization P . Find strength and potential inside and
outside of the ball. (b) Bulk density of the charge inside a sphere of radius R given by the
expression p =a-r where dconstant vector, r - the radius vector from the center of the ball.

Find the field intensity inside and outside the sphere.

8. Find the quadrupole moment tensor of a uniformly charged ellipsoid with respect to its center.
Find the electric field at large distances from the ellipsoid. Find the electric potential at large
distances from the system of charges q,—2q,q : located at the points 0,0,a; 0,0,0;0,0,—a.

9. Determine the potential energy of interaction between two electric dipoles with
moments d,,d, , the magnetic interaction energy of magnetic dipoles with moments z, i, .

10. Ends of the two thin wires touch the horizontal surface of the electrolyte, poured in a broad
and deep vessel. Current passed between them | . Find the current density in the electrolyte j .

11. Infinite conductive layer has a non-uniform conductivity o:(x) = C\/N+g, £>0.Axis X is

perpendicular to the layer boundaries, having the coordinates x = +a . Between the boundaries
maintained at a constant potential differenceU . When & — 0find: (a ) bulk density of the Joule
losses in the layer, (b ), the resistance and the power loss per unit area.

12. Constant current | power flowing in the direction of a center O where there is an
accumulation of charge . Find the magnetic field following the current distribution in space.
A) Line current flowing through the half , cutting off at the point O.

B) Surface current distributed radially in a plane symmetrically relative O.

B) radially symmetric volumetric flow.

13. Onaplane z =0 flow the surface current density flowing i = Vi, coskx. Find the magnetic
field of the current.

14. On the plates of a plane capacitor placed charges+q. At the time t = 0of the medium
between the plates acquires a finite conductivity o = const , dielectric constant of the medium ¢ .
Find neglecting the edge effects of the capacitor discharge current I(t) and the magnetic field
between the plates.

15. A charged particle moves from one plate of capacitor to another one with speed v . Capacitor
plates are connected through an ammeter Find dependence of the current in the circuit from time
to time .
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16. Particle mass m and charge eflies in diameter sphere of radius R, inside of which is
uniformly distributed charge Q . Charges of particles and the ball of the opposite sign . Before

pouring in the sphere particle has energy E,. Determine the energy lost by a particle on the
dipole radiation.

17. The vector potential of a linearly polarized plane wave has the form A=1F (a)t — IZF), where
| is a constant vector, w=kc, F being a differentiable function . In our calibration scalar

potential is identically zero and divA=0. Determine the Poynting’s vector and the volumetric
energy density.

18. Point charge g moving in a circle of radius aat a constant speedV . Find the dipole moment
vector and the quadrupole moment tensor given charge to the center of the orbit. Find and
compare between them the mean over the period of the radiation power at the first and second
harmonics , wherew =V /a.

19. Determine the electric and magnetic field harmonically oscillating dipole at distances much
greater than the size of the dipole a, but not necessarily larger than the wavelength.

20. Two monochromatic waves circularly polarized in opposite directions and have the same
amplitude and spread in one direction. Wave frequencies are different and satisfy

|a)1 — a)2| << @, + @ . Determine the polarization of the resulting wave. Variants of examinations

Questions for preparation for examination (a semester 5):

Special relativity (kinematics).

Special relativity (dynamics).

Maxwell's equations in 4-dimensional form.

Maxwell's equations in three -dimensional form (differential and integral forms).
Maxwell's equations in matter, types of boundary conditions.

Electrostatics (equation, setting goals, methods, main results).

Magneto-statics (equations, setting goals , methods, main results).

Electric and magnetic field at large distances (multi-pole expansion).
Current-statics (DC).

10. Quiasi-stationary conditions (AC circuits).

11. Wave in vacuum and matter, reflection and refraction of waves.

12. Waves in waveguides (TE and TM waves).

13. Wave radiation: dipole, quadru-pole , magnetic dipole radiation .

14. Basic operations of vector analysis (gradient , divergence, curl , Gauss-Ostrogradskii
Theorem , Stokes , short tasks )

CoNoAEWNE

7.Uchebno-methodical maintenance of discipline

7.1. The Basic literature (semester 5):

L.D. Landau, E.M. Lifshitz. Field Theory. Nauka, Moscow, 1982.

J. Jackson. Classical Electrodynamics. Wiley, New York, 1965.

V.V. Batygin, I.N. Toptygin. Collection of problems in electrodynamics. Nauka, Moscow,
1970.
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1.2. The Additional literature (to a semester 5):
D.J. Grffiths. Introduction to Electrodynamics. Prentice Hall, New Jersey

J.R. Reitz. Foundation of Electromagnetic Theory. Addison-Wesley Publishing Company,
London, England.

1.3.  Periodicals Magazines:
1.4. Internet-resources:
1.5.  The Software of modern information-communication technologies

Discipline Material support
Lectures are held in specially equipped classrooms with multimedia equipment. Supporting
material in the form of presentations and training materials available to students online faculty.



