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Ha3BaHue 1M CHMIIIUHBI. 3HeKTp0I[I/IHaMI/IKa CIVIOIIHBIX Cpea.

1. Ilean u 331241 OCBOEHHS JUCIHHILIHHDI:

HGJII/II HU3YUCHUC OCHOBHBIX (1)I/I3I/I‘-I€CKI/IX SIBJICHUH SJICKTPpHUYCCTBA U MArHCTHU3Ma B
CINIOIIHBIX CpE€aax, OBJIaACHUC (bYHI[aMCHTaJ'IBHBIMI/I MNOHATHUAMHA U 3aKOHAMHU KypcCa, a
TaK)XC 3HAKOMCTBO C OCHOBHBIMHU IIOHATHUAMHA (1)I/I3I/IKI/I KOHACHCUPOBAHHOI'O COCTOSHUA.

3anaun: chopMHUpPOBaATH Y CTYJECHTOB MPEACTaBICHUE 00 IJIEKTPOJUHAMUKE CILTOIIHBIX
Cpel, MOJrOTOBUTH CTY/IEHTOB K N3YUEHHIO KYPCOB MO (PU3MKE KOHJICHCUPOBAHHOTO CO-
CTOSIHHSI.

TpeGoBanusi K pe3yibTaTaM 0CBOEHHS COAEPKAHUS JUCHUIINHBI:
B pe3ynbpTaTe 0CBOCHUS AUCITUIUTMHBI 00YJarOITUHCS JTOJKEH:

3HAaTh. OCHOBEI QJICKTPOAMHAMHUKHU CIVIOIIHBIX CPEH, OCHOBHLIC ITOHATHUSA U HpO6JICMBI
COBpeMeHHOﬁ (1)I/ISI/IKI/I KOHACHCUPOBAHHOI'O COCTOSHHA.

YMertb: GpopMynHpoBaTh KOHKPETHBIC 33[jaud HA OCHOBE 3aKOHOB M 3aKOHOMEPHOCTEH,
OCBOCHHBIX B Kypce 3JEKTPOAMHAMUKH CIUIOMIHBIX CPE; MOIydYaTh JaHHBIC, IPOBOAUTH
UX MaTeMaTH4ECKYI0 00paboTKy, 0000I11aTh MTOJIyY€HHbIE PE3YIbTATHI.

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

IIpuoGpecTn onbIT 1eATEIBLHOCTH: B aHAIN3€E, GOPMYJIMPOBKE U PEIIEHUH KOHKPETHBIX
3ajjay, UHTEPECYONX QyHAAMEHTAbHYIO HAyKy U MPAKTHKY.

3. CoaepixaHue ¥ CTPYKTYpa IHCHMILIMHBI

3.1. Conepxxanue pasnenoB muctuminHel (K — xomnokBuyMm, T — mpoBepodHas camocTosi-
TenbHasg padota (tect), PK - pyOexxHas koHTposibHas pabota, JI3 — nomamnee 3ananue, PI'3

— pacueTHO-Trpaduyeckoe 3a1aHue)

Ne pa3- | HammeHnoBanwme paszae- Coneprxanue pasjena ®dopma
nena na TEKYILEro
KOHTPOJIS
1 DneKTpOMarHuTHbHIE MUKpPOCKOIIHYECKUE U MAKPOCKOIINYE- 13, PK
MOJISl U YpaBHEHUS ckue 1nojsi. @opMbl 3aMUcH ypaBHEHUN
Makcgeuia B Mmatepu- | MakcBeuia it MaKpOCKOITMYECKUX
albHBIX Cpeaax. 3JIEKTPOMAarHUTHBIX Nojiel. MaTtepuanb-
HBIE YPaBHEHHS, BUBI MaTEPUATHHBIX
YPaBHEHHUHU.
2 ®enomMeHnosorndyeckoe | [lonspuzarusa 1 HaMarHUYEHHOCTH Cpe-
OMMCaHUE JIEKTPOMAr- | Jibl, BEKTOPbI MHIYKIUU U HAMIPSKEHHO-
HHUTHBIX CBOMCTB Marte- | cTel moJjieid. TeH30pbl TUAJIEKTPUIECKOM
pHUAIBHOU Cpe/bl. Y MarHUTHOM MPOHUIIAEMOCTH, TEH30P
MMPOBOAMMOCTH. MarHuTHasi TUIPOIUHA-
Muka. [IpocTpaHcTBeHHas: U BpeMeHHas
JUCTIEPCUH, TIOTJIONIEHUE, COOTHOIICHHS
CUMMETpPHUU U cooTHomeHus: Kpamepca-
Kponura. O6001meHHast AudIEKTpUIeCcKast
MIPOHUIIAEMOCTh U 0000IIIEHHAST TPOBO-
IUMOCTb. [ [oHIepOMOTOPHBIE CHJIBI.
3 DNeKTpOMarHuTHBIC
JlucnepcroHHOE ypaBHEHUE, pa3IMUHbIE




BOJIHEBI B CpE€aax.

MTOCTAHOBKH 3a/1a4 00 3JIeKTPOMAarHUTHBIX
BOJIHAX, KOMILJIEKCHBIH IT0Ka3aTesb Ipe-
JIOMJICHUS, 3aKOH JIucriepcuu, ¢pazoBas u
IpyNIoBas CKOPOCTb. AHU3OTPOIIHEIE,
HETMPOTPONHbIE, TUPOTPOIHBIE CPEIBL.

Knaccuueckue moaenu
JTUDJICKTPUKOB.

[TonsipHble M HEMOJISIPHBIE AUAJICKTPUKH.
Teopus Jlopenin-Jlopentia. Hopmaibabie
3JEKTPOMArHUTHBIC BOJIHBI, TOJIIPUTOHBI.
JleGaeBckas penakcaius

DNeKTpoAMHAMUKA
METaJUIOB

Mopnens [pyae, npoBoauMocTh, 3hdext
Xouna, yacrotHas pucnepeus. Cratuctu-
Ka ®epmu-/lupaka U MOJENb
3ommepdenbaa, MOHATHE O KBa3HHUM-
nysbsce, nopepxHoctu @epmu. Ilapamar-
HUTHasi BOCIHPUMMYHUBOCTH 3JIEKTPOHHOU
cucrembl.  CkuH-3dekr, TpaHHIHOE
ycinoBue JleontoBnua. JleHrmMroopoBckas
SKpaHUPOBKA B MeTajjiax, yJabTpaduose-
TOBasi IPO3PaYHOCTh METAJLIOB.

DNeKTpoAMHAMUKA
TIOJTYIIPOBOTHUKOB

KBasuumnyinbsc u Teopema bioxa, nons-
THE€ O 30HHOM CTPYKTYp€ TBEPABIX TEI.
Knaccugukanus anekTpoinHaMUYeCcKUX
CBOMCTB Ha OCHOBE 30HHOM CTPYKTYpHI.
30HHAs CTPYKTYpa MOJTYyNPOBOIHUKOB,
HOCUTEJH TOKA B MOJYIPOBOJHUKAX.
DNEeKTpUYECKHE CBOMCTBA MOTYIPOBOJI-
HUKOB, 9KPAaHUPOBKA IEKTPUIECKOIO 3a-
psina, KOHTaKThl pa3IMYHbIX MOJIYIIPO-
BOAHMKOB. ONTHYECKUE CBOKCTBA MOJTY-
IIPOBOJTHUKOB U JTUJIEKTPUKOB.

MarsuTHsle cBOMCTBaA
MaTepHAIbHBIX CPE.T

OCHOBHBIC TTOHSTHUS Mar"a€Ttusma, Mar”He-
THU3M aTOMOB, ITapaMarHcTu3mM CBO6OI[HI)IX
QJICKTPOHOB, AUaMAardH€TU3M HaHI[ay. ITa-
paMaro€TukKu B IMEPEMCHHOM II0JIC, Mar-
HUTHBIN PE30HAHC, JJICKTPOMAIrHUTHLIC
BOJIHbI B MAarHETHUKax. d)eppOMarHeTmM n
aHTI/I(I)eppOMal"HeTI/IE»M, CITMHOBBIC BOJIHBI.

DIIEKTPOAMHAMHKA [TonsiTue o miasme, rUAPOAMHAMHYECKAS
IJ1a3MBIL. MOJIENb IUIa3Mbl, AUAJIEKTPUUYECKAs IpPO-
HHI[AEMOCTh M1a3Mbl. HopManbHbie 3IeK-
TPOMAarHUTHBIE BOJIHBI B IUIa3Me, IUIa3MO-
Hbl. DKpPaHUPOBAHHUE SJIEKTPUUYECKOTO 3a-
psila B IIa3Me.
DIeKTpoAMHAMUKA SIBneHue cBepXIpPOBOJUMOCTH, 3P PeKT
CBEPXIIPOBOIHUKOB Meiicuepa, ypaBHenus JIonnonos. Ouszu-

4ecKasi IPUPOJIa CBEPXIIPOBOASIILETO CO-
crosinus, Teopust [ mu3Oypra-Jlanaay,
KBaHTOBAaHME MarHUTHOTO NOTOKa. Brico-
KOTEMIIEPAaTypHbIE CBEPXIIPOBOIHUKH.

113, PK

3.2. CTpyKTypa TUCITUTIITUHBI




OO01mmast TpyI0€MKOCTh TUCHIUTUIHHBI COCTaBIseT 68 4acoB, U3 HUX JIEKIUU — 32 Yaca,

cemuHapsl — 16 yacoB, camocrosiTenbHas padora — 20 gacos.

Bun paboTsl Cemectp 6 Bcero

O0111as1 TPY10EMKOCTh 68 68
AynutopHasi padora: 48 48

Jlexumnu (JI) 32 32

[Tpaktuueckue 3ansatus (I113) 16 16
JlabopaTopubie padorsi (JIP) | 0 0
CamocrosiTejibHas padoTa 20 20
Buj HTOroBOro KOHTpOJIs 9K3aMeH

Pa3z[em>1 JUCHUIITIMHBI 110 CEMECTPaM

Ne HanmenoBanue pasnena KonnuecTBo yacos
pas3 Bce- | AynutopHas pa- | Bueaynu-
ne- ro oora TOpHas
J1a JI I13 | JIP | pabora
1 | DnexTpoMarHUTHbBIE MOJS U YPaBHEHUS 4 2 2
MakcBesuia B MaTepHaIbHBIX Cpellax
2 | ®eHOMEHOIOTHYECKOE OIIICAHUE DIEKTPO- 4 2 2
MarHUTHBIX CBOWCTB MaTepUaIbHON cpejibl
3 | DnekTpoMarHuTHBIC BOJHBI B Cpesiax 6 4 2
4 | Kiaccuueckune MOJENH TUAJIEKTPUKOB 6 4 2
5 | DrmekTpoIMHaMUKa METAIIJIOB 9 6 3
6 | DiekTpoaMHAMUKA TTOIYIPOBOJHHKOB 14 6 2 6
7 | MarautHble CBOHCTBA MaTepUaIbHBIX CPEJL 11 4 1 6
8 | DmexTpoauHAMUKA TUTa3Mbl 7 2 1 4
9 | DnekTpoaHAMUKA CBEPXIPOBOJHUKOB 7 2 1 4
HToro: 68 32 16 20
3.3. [IpakTuyeckue 3aHATHS (CEMHHAPHI)
Nopaz- | Nesa- Tema Kon-Bo
nena HSTHSI 9acoB
1 1 YpaBHeHust MakcBenia Juisi MAaKpOCKOIIMYECKHUX MOJIen 1
2 MartepuanbHble ypaBHEHUS 1
2 3 OYHKIMH JTUHEHHOT0 OTKJIMKA 1
4 CootHomenus cummerpun U Kpamepca-Kponura 1
3 5 JlucriepcoHHOE YypaBHEHUE U 3aKOH JTUCIIEPCUU BOJH 1
6 AHU30TPOINHBIE, HETUPOTPOITHBIE U THPOTPOITHBIE CPEJIbI 1
4 7 Henonspasle qTUANIEKTPUKHN, TOJISPUTOHBI 1
8 [onsipHble UANeKTpuKH, JlebaeBckas penakcanus 1
5 9 Monens dpyne 1
10 Monens 3ommepdensaa 1
11 CkuH-3>QexT u rpanuyHOE ycioBue JIeoHToBHYA 1
6 12 30HHas CTPYKTYpa U KIacCu(UKAIUST MaTEPUATBHBIX CPeJT 1
30HHAs CTPYKTYpa NOJIYIPOBOJIHUKOB, CTATUCTHKA HOCH-
TeJIed TOKa B IOJIYIPOBOAHHUKAX
13 DNIEeKTPpUUYECKHE CBOMCTBA MOJTYIPOBOIHUKOB 1
Onrtuyeckue CBOMCTBA MOIYIPOBOIHUKOB




7 14 OCHOBHBIE ITOHATHUA MarHeTU3Ma 1 MarHeTU3M aTOMOB 1
[TapamarseTi3M 2JIEKTPOHOB U aTOMOB

8 15 IM'uapoauHamMudecKas MOJCIb I1a3MbI 1
[Tonepeynble ¥ MPOIOJIBHEBIE BOJTHBI B TUTa3Me, IJIa3MOHBI
9 16 VYpasuenus JIonaoHos, addext Meiicaepa 1

VYpasuenue ['mn30Oypra-Jlangay

3.4. CaMocTOSTENbHOE U3YUCHUE PA3/ICNIOB TUCIIUIUTHH

Nepa3- | NeBo- | Bompocsl, BBIHOCHMBIC Ha caMOCTOsATENbHOE n3yde- | Koi-Bo uacos
nena npoca HUE

DKpaHHUPOBKA 3apsijia B MOJYMPOBOJHUKAX

M3rub 30H pHU KOHTAKTE MOITYIPOBOTHIKOB

[TonynpoBoTHUKOBBIE TPUOOPHI

KBanroBanue Jlannay

Tuner MarHUTHOTO YIOPAJOYCHUA

38.TYX8.HI/I€ B I1J1a3M€

IIpuMeHeHHs1 CBEpXIIPOBOITHUKOB
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BBICOKOTGMHepaTypHHe CBCPXIIPOBOJHUKHU

4. (Oopa3oBarejibHbIe TEXHOJOTHHU

41. I/IHTepaKTI/IBHHe O6paSOBaTeJ'IBHLIC TEXHOJIOTUHU, UCIIOJIb3YCMBIC B AYAUTOPHbIX 3aHATH-

X
Cemectp | Bun3ans- | HHrepakTtuBHble 0Opa3oBaTenbHble TexHOIOrMM | Kon-Bo yacoB
THUS
6 Jlexuum, MYJIBTUMEIUIHBIN IPOEKTOP, MPE3EHTaLu, 48
CEeMHMHAphl | MHTEPAKTHBHAS JOCKA
Hroro 48

5. OueHoYHbIE CPeICTBA LISl TEKYILEr0 KOHTPOJISI yCIIeBaeMOCTH M IPOMEKYTOYHOI
arrecTaluu

3agaum K IK3aMeHY MO JUCUUILINHE.
3amaua 1.
OrnpenenuTs 1mojie BOKPYT HE3apsHKEHHOTO MPOBOIAIIETO apa paanyca R, Haxossmierocs Bo

BHEIIHEM OJHOPOJHOM JJIEKTpUUYECKOM none E .
Pemenne. Pemenue uiem B Buae ¢ = —(EOF) +@,, T @, - 10JDKHA YIOBIETBOPATh ypaBHE-
Huto Jlannaca u obpamarbcs B HyJIb Ha 0ECKOHEYHOCTH. DTUM YCIIOBUSM YJOBIETBOPSIET (DyHK-

s

-1 ( OF)
¢, = —CE,V—=C-——+. Jlanee u3 rpaHycioBUs Ha IOBEPXHOCTH IIIapa NUMEEM

r re
- E,R 3 3
s :—(EOR)+C—( FZB ):>c =R*= o (7)=—(EF) 1—%

3amaua 2.



Onpenenuts 1osie BOKPYT HE3apsyKEHHOTO MPOBOSIIET0 LUINHAPA paauyca R, Haxoasmerocs
BO BHEIIHEM OJJHOPOJHOM 3JIEKTPUYECKOM IoJie E,, IepneHIuKyIspHOM OCH HUIMHAPA.

Pemenue. Pemenue nieM B BUzie ¢ = —(EOF) +@,, TA€ ¢, - N0JDKHA YAOBIETBOPATD ABYMEp-

HOMY ypaBHeHuIo Jlannaca u oOpamarbcs B HyJb Ha 0ECKOHEYHOCTH. DTUM YCIIOBUSM yJIOBIIE-

_ E,l
TBOpsieT QpyHkiua ¢, =C ( E,VIn r) =C (—02) . laniee u3 rpaHycI0BHsI Ha TOBEPXHOCTHU 11apa
r

NMECM

3agaua 3.
OnpenenuTh oJie, Co3/1aBaeMoe TOUCUHBIM 3apA0M ( HAXOISAIIEMCS Ha paccTosHUU h ot

MJIOCKOM T'paHHUILbI pa3aciia ABYX JU3JICKTPHUKOB C TUBJICKTPUYCCKUMU IIPOHUIACMOCTAMU &, &,

B cpene 1.
Pemenue.

!

g

[Torenunan B cpene 1 uiem B Buae @ = — + q—, (ynoBneTtBopsieT ypaBHeHuto [lyaccona B
A
47qo (F I )
cpene 1) Ap, = ————— . A moTeHUuaI B cpesie 2 UIlleM Kak NOTeHIHaa (UKTUBHOTO 3a-
&
n
psana ", nomemeHHoro B Touky O : ¢, = —. Ha rpanuiie JOKHBI ObITh BBIITOJIHEHBI YCIOBUS
r
2
0 0 +q' " D . & —¢ " 2&
(01:6‘2 ¢2:>q q=Q_,q_q=q =q=q32"% gq'=q-22
on on & &, &+é&, & +é&,

D=0 = &

3amaua 4.
[Tpu BbIBONIE ypaBHEHUIT MakcBesuia B CIUIOIIHOM cpejie ObLIM BBEIEHBI 1Ba BCIIOMOTaTEeIbHBIX

BekTopa P, M cooTtHOmeHusIMHI:

o - P
. =—divP, J,=c-rotM ——
Pi J o

BosicHUTB U3MUECKU CMBICT 3TUX BEKTOPOB.
Pemenne. J1y1g BeIICHEHHS MX (PU3UYECKOTO CMBICIA PaCCMOTPUM CHayajla MHTerpaji (KoMIo-
HEHTY AMIIOJIBHOIO MOMEHTA) ISl 3JIEKTPOHEUTPAILHOTO Teja

[ xpdr =[x divPdr = [ (PR, ~div(xP))dr = [ Rdr - [ x,Pdr = [ PdF
\% \Y \Y \Y S \Y



HuTerpain mo noBepXHOCTH paBeH HYIIO (MIOBEPXHOCTh MOKHO B3SITh BHE Tela). Toraa MHTerpai

CIpaBa paBeH KOMIIOHEHTE AMIIOIBLHOro MoMeHTa. CnenoBarenbHO, P MOXHO MHTEpIpeTHUpO-

BaTh KaK IUIOTHOCTH JMIIOIBHOTO MOMEHTa. [IJIOTHOCTH ompeneneHa HEOJHO3HAYHO (C TOYHO-
CTBIO JIO BBIPOKEHHS, KOTOPOE MPH HHTETPHUPOBAHUU 110 00beMy oOpamaercs B Hylib). ClioxHee
CO BTOPBIM BEKTOPOM. PaccMOTpUM MOJIHBIH MarHUTHBII MOMEHT (J1J11 TIOCTOSIHHBIX (MU MeEA-
JICHHO MEHSIOIIUXCSI MTOJICH )

ji[rﬂdr zlj[r- rotM |dr

v 2C 2y
Janee ucnons3yem obomieHHYI0 TeopeMy ["aycca (CHOBa MOBEpXHOCTh OepeM BHE Telia)

1ere =74 Lera =TT e
E\J/'[r-rotM]dr=§\J/‘[r-[V-Mﬂdr=

—%l[[d§ rotM ]r}dr-%ml\ﬁvmdr = —%J[[Mv]r]dr
Janee umeem

—

[[MV]?]z(MV)F—Mdivfz M —3M =—2M

. (R =
B pesynbraTe BBIYUCISEMBI HMHTErpall paBeH j—[rj}dr = j Mdr, uro o3Ha4aeT: BEKTOp
\ 2C \
M MOXHO MHTEpPIIPETUPOBATH KAaK MIIOTHOCTh MATHUTHOTO MOMEHTA.

3anaua S.

BriBectu cootHomenust Kpamepca-Kponura st m30TpornHoN cpefbl 0e3 MpOCTpaHCTBEHHOM
JUCIIEPCUN.

Pemenue. Ucxoaum u3 onpeneneHus “dypbe-odpaza JUIIEKTPHUUIECKON MPOHUIIAEMOCTH

0

E,p ()= _[gaﬂ (r)exp(ior)dr

0

e(w)=1+ I [e(r)-6(z)]|expliwr)dr =1+ 47ZT a(r)exp(iowr)dr

elo)-o(c)

rie dyukims a(r)= Er— OIUCHIBACT MOJIIPU3YEMOCTh CPEIIbI
ﬁ(t):%:(t): [alt—t)E@ )

t>t'

[TonsipruzyemMocTb, MO0 CPaBHEHUIO C JUAJIEKTPUUYECKON NMPOHUIIAEMOCThIO, 00JalaeT TeM mpe-
MMYILIECTBOM, YTO OHA KOHEUHAa U HENpephIBHA (3TO ciaeayeT U3 Gu3ndeckux cooOpakeHuit) ams
mo6bIx 7 . Toraa kak g(r) COJIEPKUT 0COOBIN BKIIAA O (z') Jns dyHkuun a(z‘) UMeEEM

%
a(w)= I a(r)exp(ior)dr
0
Eme oaHOo BakHOE CBOWCTBO OC(T)COCTOI/IT B TOM, 4TO a(r)—) 0 mpu 7 — oo. JlelicTBUTENBHO,
3HaueHHE MOJSIPU3aLUU B JaHHBIH MOMEHT HE JOJKHO 3aBHCETh OT TOTO, YTO HPOUCXOAMIO Oec-
KOHEYHO “IaBHO”, TAK KAK BpEeMs PEIAKCALMK Cpellbl KOHEYHO. BrIpa3sum nepedncieHHble CBOM-
CTBa a(r)qepes cBoOlcTBa (ypbe-oOpa3za a(a)):
%
a(w)=d(0)+ia"(w), o(w)= Ia(r)cos wrdr, o'(w)=
0

a(r)sinordr

O =38



a'(0)=|alr)dr<x, a"(0)=0

o—38

a'(+0)=0, a"(0)=0

Teneps paccMOTpUM (PYHKIUIO a(z) Kak (YHKIIMIO KOMIUICKCHOM MepeMeHHoi Z = X +iy . U3
CBOWCTBA MPUYMHHOCTH CJEIYET, YTO 3Ta (DYHKIHMS aHAIUTHYECKAss B BEPXHEU MOIYIUIOCKOCTH
y > 0 . [IpeacraBum ee B BUJE CYMMBI JISHCTBUTEIILHON 1 MHUMOU YacTeit

ol2)= [ alr)explize)ir = [ alc)explixr)exp(- yo)dr =u+iv

u(x, y):ja(r)cos(m)exp(— yz)dz, v(x,y :Ia sin(xz)exp(— yz)dz
0 0
ITpoBeprTe ycnoBus Komm —Pumana (MHTErpupoBaTh MOYKHO CXOJSIIUECS MHTETPajbl, a 3TO

clefcTBUE NMPUYUHHOCTH). [103TOMY M aHAaIUTUYHOCTH €CTh CIEACTBUE MPUUMHHOCTH. MTak,
(z) amanutiana, u xpome Toro  a(z)— 0 npu |Z| — 0 . Bemyucnum uHTerpan (nauee aei-

CTBYEM Kak MpH BbIBOjIe HHTErpainbHOM popmynsl Komm B TOKII):
y

CR
27-\ o
R R
z " alx R
§gdz=Lng+ j x(a))d +Iz— dz+jz_ dz=0=
0 0
0=V-p-£%dx+lrm£0‘(%f¢’)rei¢id¢:a(w)zév.p._jw%dx

BykBBI mepe MHTErpajioM V. P. 03HA4YArOT , YTO 3TOTO MHTErpall B CMBICIE TJIABHOTO 3HAYECHUS.
Ortcrona umeeM cootHomeHus: Kpamepca-Kponura

1 Fa'(x 1. Talx
’w)——v.p.jﬁdx, a"(a)):——v.p.jﬁd
T dX-o T Ix-o
ITpoBepHTH BBINONHSIIOTCS JIX OHH JuIst Mozenu [lebas

4dra
=1 0
g(w) " l-iwr

3agaua 6.
BeiBecTn nucnepcMoOHHOE ypaBHEHUE U3 ypaBHEHUI Makcsena.
Pemenue. Mcxonum u3 ypaBHeHuil MakcBerna

rotE _—l@, divB =0
c ot

rotH _la—D, divD=0
c ot

TMoCcTaHOBKA TAPMOHUUECKOM 3aBHCHMOCTH BeexX (ynxuuit naer (E,H,D, B o exp(i KF — ia)t)):



o, . o = . . @ =

(K ):0, [k ]:--D, (kB):O, [kE}:-B

c c

D, =¢,4Es B, =u,H,
DTO cucTeEMa JTUHEHUHBIX OJHOPOJHBIX ypaBHeHI/Iﬁ OTHOCHUTCJIIbBHO aMILIIUTYH. VYciaoBuem cyaie-
CTBOBAaHUA HCHYHCBOFO peIHeHI/IH ABIIACTCA paBeHCTBO HYJIIO HeTepMI/IHaHTa 3TOI>1 CUCTCMBI. LIa—
CTO DJICKTpOMarHuTHas noJsapru3anns 3a1acTCsa aMHJ’IHTy,HOfI SJICKTPHUYCCKOI'O I10JIA Ei . H03TOMy
B BBILICYIIOMSHYTOH CHCTEMe IPHHATO UCKIJIIOYATh BCE JIpyrue nepemMeHHsle, kpome E;. Ilocie

TaKOI'0 MCKIIOYCHUA (BI)IKJ'I&I[KI/I 00s13aTeJIbHO npoaAciiaTh C&MOCTOHTCJ’IBHO) Imojiyda€M CUCTEMY

ypaBHEHUI
2 2

2 w _ 2 w _
kakﬁ—k 5aﬂ+?gay,uyﬁ Eﬂ—O:>det kakﬂ—k 5aﬂ+?€ay,uyﬁ =0
[puBecTu Kakoi-11O0 PUMEP UCIIOJIL30BAHUS TUCIICPCHOHHOTO YPaBHEHHUSI.

3anaua 7.

BriBecTH BbIpakKeHHE IS JUAJIEKTPUYECKON NMPOHULIAEMOCTH B MOJENIH HENOJSIPHOTO AUAJIEK-
Tpuka. HalTH 4acTOTHI, COOTBETCTBYIOLIME JKCTPEMyMaM JEUCTBUTEIBHOM M MHMMOW 4YacTH
HOJISIPU3YeMOCTH. Bblienure u noctpoiite rpaguku 1eHCTBUTEIbHON 1 MHUMON YacTell 1uaiiek-
TPUUECKON MPOHHUIIAEMOCTH (OJMH BUJ OCLMLIATOpoB). Haiinute KOMIUIEKCHBIN MOKa3aTelb

npesomieHus N (a)) = 5(60) .
Pemenne. Vcxonum u3 ypaBHEHUS AJisl yIIPYToro JUIOJS € 3aTyXaHUEM
mF = eE —kF —F
Pemienne 3Toro ypaBHeHUS AJi1 TApMOHHYECKOM 3aBUCHUMOCTH OT BPEMEHH UMEET BUJT

p()=-2._ B

2 2 H
m o —aw, +ioy
Orcroga umeeM

2
B, = Nef, =5, = £(0), =€, +47P, =[1- [ g
" —a, +lwy
i @’ 2
g(a)):l—le—#, a)ﬁ:m’ a)OZZE
W — @y Tlwy o’ —aw, +ioy m o

[Tocaennee BBIPAXKCHUC MOKHO HECKOJIBKO O606H_II/ITB, YUYUTBIBAsA TOT (l)aKT, YTO KaXKJI0M Mojie-

KYJI€ MOKHO TIOCTaBUTh HECKOJIBKO OCIIHIUIATOPOB C CBOMMHU YACTOTAMH M 3aTyXaHUSIMHU
2
' T N.
5(0’):1‘2 2 2 ——, fi=—
" — oy +lwy, N
HopemaTe 3a1aqyy caMOCTOSTEIBHO.

3amaua 8.
Bectu B Mozens [pyzne-JIopeHnia MarHuTHOE 10J1e

- m_ - 1. =
mv+—vV=q E+—|:V,B:|
T c
Haiitu cranimonapHoe penieHre (CKOpOCTh MOCTOSIHHA) IS JUTMHHOTO (BIIOJIb OCH Y ) TIPOBOJI-

HUKA.
Ha ocHoBe 310i1 Mozienu onucats 3¢ ekt Xosa.



3amaua 9.
Hcnonb3yst pe3yabTarhl 33a4u 8 nath onucanue s¢dexra Xomia B MOAETH C ABYMs TUIIAMH
HOCHUTEJIEH.

3agaua 10.
HccenenoBars MarHeTOCONpOTUBIICHUE B MoJenu pyae-JIopeHna ¢ HIHUM U ABYyMs TUIIAMHU HO-
CUTEIIEN.

3agaua 11.
Haiitu 3akoHbI AUCTIEpCUU TTPOJOJIBHBIX U MOMEPEYHBIX SJIEKTPOMArHUTHBIX BOJH B JUAJICKTPU-
K€ C JUAJICKTPUYECKOM MPOHUIIAEMOCTHIO BHIA
2
2

2 2

e(w)=1+(g-1) P

HO‘-ICMy B MOHHBIX KPUCTAJUIaX BBICOKOYACTOTHAA BCTBb IMOJIIPUTOHOB UMECT Ooiee HU3KYIO 4Ya-
CTOTY, UCM B HCHIOJIAPHBIX TUIJICKTPHUKAX.

3amaua 12.
B monenu Jlpyne-JlopeHiia HaWTH KOMIUIEKCHBIN [TOKa3aTeilb IpeJoMIIeHUs Ui objacTel da-
CTOT

O<<y, y<o<&, ©>>ao,.Kakum puznyeckum >ppekramMm COOTBETCTBYIO OTH TPH Mpe-

JCIBbHBIX cnyqaﬂ?

3amaua 13.
PaCCMOTpI/ITC FI/II[pOI[I/IHaMI/I‘-ICCKyIO MOJIECJIb IIJIa3MEI C SaTyxaHI/ICM

N - - 1r_ = v
mN[EJr(vV)v}:—VereN(E+E[V,B]j—mN;

BriBenere popmysbl 11 ONEpevHON U NPOJI0IbHON AUDIEKTPUUECKON MPOHUIIAEMOCTH
2 2

gt(kz,w)=1w(w—p+g, g'(kz"")ﬂw(mi)(;p/aN)o(kz’m)

HaﬁHHTC YaCTOThI MMONCPEYHBIX U TPOJ0JIBHEIX BOJIH B TaKou MOJACIIH I1J1a3MBI.

0

CnHcoK BONIPOCOB K 3K3aMeHY.

1. YpaBHenus MakcBeiia B cpezie, MaTepUalIbHbIE YPaBHEHUS.

2. MatepuanbHble ypaBHEHUS B 001IeM ciydyae (HeJIOKaJIbHOCTh, aHU30TPOIUH ).

3. CBoiicTBa MaTepHaIbHBIX TEH30POB (HAa MPUMEPE AUITEKTPHUUECKON MPOHUIIAEMOCTH).

4. MarepuanbHble ypaBHEHHs B npenacraBiieHHH @yppe. CBONCTBA MaTepHUAIBHBIX TEH30POB B
npenacraBieHun Oypee.

5. CootHomenns On3zarepa. CootHomenust Kpamepca-Kponura.

6. UTo Takoe IpOCTpaHCTBEHHAs! U BpPEMEHHAas AUCIIEPCHs?

7. IuciepCUOHHOE YpaBHEHUE U IPUMEP UCITOIb30BaHUS.

8. HopmainbHble 2eKTpoOMarHuTHeIE BOJIHBI B cpefe. [Ipumep.

9. dusnexktpuyeckasi MPOHULIAEMOCTh HEMOJSPHOTO JUAIEKTPUKA. DIEKTPOMAarHUTHbIE BOJIHBI B
MOJIIPHOM JUDJIEKTPHKE.

10. qusnexTpuueckas MPOHUIAEMOCTh MOJSIPHOTO TUAJIEKTPUKA. DJIEKTPOMATHUTHBIE BOJHBI B
MOJIIPHOM JUDJIEKTPHKE.

11. Monens Ipyne-JlopeHna (IudaeKTpudecKas MpOHUIIAEMOCTh M IPOBOAUMOCTD ).

12. HopmainbHblii ckuH 3(h(HeKT 1 aHOMaJIbHBIN CKUH-3((EKTHI.

13. JIleHrMIOpoBCKasi SKpaHMPOBKA M BEICOKOYACTOTHAS MPO3PAYHOCTh METAJIOB.
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14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.

[ToBepXHOCTHBIN UMIIEJAHC, TPAHUYHOE YCJIIOBHE HAa MIOBEPXHOCTH MPOBOAHUKA.
YpaBHEHUS THAPOJUHAMUYECKON MOJIETH TIJIa3MBbl.

JusnexTpuyeckas IPOHUIIAEMOCTD IJIa3Mbl U MTONIEPEUHBIE U MPOJI0JIbHBIC BOJHBI B IJIa3Me
DKpaHUPOBKa 3apsijia B Iu1a3me, 1e0aeBCKuil paaunyc.

XapaKTepHbIE CBOMCTBA CBEPXIIPOBOJHUKOB, ypaBHeHUs JIOHI0HOB.
VYpasuenus JIonaoHoB u o0bsicHenue 3 dexkra MelicHepa.

CoxpaHeHHe U KBAHTOBAHME MAarHUTHOTO [TOTOKA B CBEPXMPOBOHUKAX.
CBepXnpoBOAHMKH 1-T0, 2-pO0B, BBICOKOTEMIIEPATYPHBIE CBEPXIIPOBOIHUKH.
MarnuTtHas BOCIPUUMYUBOCTh NTapaMarHeTHKa, MarHUTHBIM PE30HAHC.
[TapamarHeTkH, 31€KTPOMATHUTHBIE BOJIHBI B TapaMarHeTHKaXx.
®deppomarneTuku, Mmozelns [ 'eiizendepra. MonekymnspHoe noJie Betica.
MarnuTtHas BOCIPUUMYHUBOCTD (heppoMarHeTuka.

DNEeKTPOMAarHUTHBIE BOJHBI B (heppOMarHeTUKaXx.

Oddext Xomna.

Henuneitabie 3G dexTsl, camookycupoBka.

6. YueOHO-MeTOoaAuYecKoe o0ecreyeHne U CHUILInHbI

7.1. OcHoBHas nUTEpaTypa:
[Tamarusix E.A., TypoB E.A.. “OcHOBBI 371€KTpOAMHAMUKH MaTepuaibHbIX cpen’’, Hayka,
®duszmariaut, Mocksa, 2000.

7.2. JlonoHUTENbHAS TUTEpaTypa:
S.H. Simon “Lecture Notes for Solid State Physics” , Oxford University, 2012,

7. MaTepuajibHO-TeXHHYECKOe o0ecneyeHue T CUUIIMHBI

JlexuimoHHbIE 3aHATHUS POBOJAATCS B CHEIMATIEHO 000PYI0OBaHHON ayTUTOPUH C
MYJIbTUMEAMHHBIM 000py10BaHNEeM. PacueTHBIN NPaKTUKYM BBIMOIHAETCS B CIIEIIMAIbHOM
MOMEILEHUH, KX IbIM yJaluiics UMeeT UHANBHUIyalIbHOE pabodyee MECTO U OT/AEIbHBIC 3aJaHUSI.
BcnomoraTenbHbIit MaTepHai B BUJE MPE3CHTALUI U 3JIEKTPOHHBIX Y4EOHBIX MaTepHUajIoB
JIOCTYTIEH CTYyJIEHTaM Ha caiiTe (aKyJbTeTa.
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Discipline name: Electrodynamics of Condensed Matter

1. Purposes of discipline mastering:

Purposes: study of the basic physical phenomena of electricity and magnetism in condensed mat-
ter, mastering the fundamental concepts and laws of the course, as well as familiarity with the
basic concepts of condensed matter physics.

Tasks: form students an idea of the electrodynamics of condensed matter, to prepare students to
study courses in the physics of condensed ground state.

2. A discipline Place in structure OOP VPO

The discipline concerns block V-PD in a preparation direction «Applied mathematics and phys-
icsy.

Structural element of OOP BIIO - BM (the bachelor of Moscow State University) in a prepara-
tion direction «Applied mathematics and physics». The discipline concerns to basic parts of an
educational cycle.

3. Requirements to the results of discipline mastering:

(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);

Ability to analyze socially significant processes and evaluate the philosophical and economic
problems in the solution of social and professional tasks (OHK-2);

Possession of bases of historical knowledge, understanding the driving forces and laws of the
historical process of man's place in the historical process, the political organization of society,
understanding of the basic values of the culture, the possession of citizenship(OHK-3);
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 pro-
gramming, 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 re-
ceived mathematical results, possession of knowledge of restrictions and borders of applicability
of models (OHK-8);

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) Instrumental

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 environments (MK-1);
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Foreign language skills in oral and written form for communication in educational, scientific,
professional, social and cultural spheres; possession specialty terminology in a foreign language,
the ability to prepare publications, presentations, discuss and defend work presented in a foreign
language (MK-2);

Possession of skills of use of software and work in computer networks uses of resources the In-
ternet; 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 basic legal concepts, skills, understanding of the legal text, the ability to use legal
documents in their professional activities, and the ability to use the legal knowledge to protect
their civil rights and interests (MK-5);

Ability to use the knowledge of economics in the context of their social and professional
activities (MK-6);

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 (MK-8);

Possession of methods of patent search and knowledge in the field of the patent researches, nec-
essary in professional work (K-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 profes-
sional work and to forming of strategy of research work (MK-13);

(c) 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 achieve-
ment (CK-2);

Ability to independent training and working out of new methods of research, to change of a sci-
entific 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 (PC):

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 con-
struction of qualitative and quantitative models (PC 3);

Ability to work with the scientific literature, readiness to compare known experimental and theo-
retical 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 re-
sults and to do conclusions; ability to state the received scientific results in the oral form (presen-
tations 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 profes-
sional work sphere (PC 6);

Ability to active search of the new information, ability to work with various sources of the in-
formation; 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 tech-
nologies 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, del-
egation 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 condensed matter electrodynamics, basic notions of condensed matter,
basic problems of condensed matter 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 database) and to apply them for solution of practical problems.
To gain activity experience: in the analysis, the formulation and the decision of the specific tar-
gets, interesting fundamental science and practice.

4. The content and structure of the discipline

4.1.  The maintenance of sections of discipline (C- a colloquium, T — testing work, FCW —
frontier control work, HW - homework, SGT - the settlement-graphic task)

Section Section name Section content Contol

# form

1 Electromagnetic fields | Microscopic and macroscopic field. Forms of | HW,T
and Maxwell's the Maxwell equations for the macroscopic
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equations in material
medium

electromagnetic fields. Material equations in
different forms.

Phenomenological de-
scription of the elec-
tromagnetic properties
of material medium.

Tensors of dielectric and magnetic permittivi-
ty, the conductivity tensor. Spatial and tem-
poral dispersion, symmetry relations and the
Kramers-Kronig relations. Generalized per-
mittivity and generalized conductivity.

HW, T

Electromagnetic waves
in material mediums.

Dispersion equation, different kind of prob-
lems about electromagnetic waves, the com-
plex refractive index, dispersion law, the
phase and group velocity. Anisotropic, non
gyrotropic, and gyrotropic mediums.

HW, T

Classical models of
dielectrics

Polar and nonpolar dielectrics. Lorenz-
Lorentz theory. Normal electromagnetic
waves, polaritons, and the Debye relaxation

HW, T

Electrodynamics of
metals

Drude’s model, conductivity, Hall effect, and
frequency dispersion. The Fermi-Dirac statis-
tics and Sommerfeld’s model, the concept of
quasi-impulse, the Fermi surface. Paramagnet-
ic susceptibility of the electronic system. Skin
effect, the Leontovich boundary condition.
The Lengmuir screening in metals, ultraviolet
transparency of metals.

HW, T

Electrodynamics of
semiconductors

Quasi-impulse and Bloch's theorem, the no-
tion of a band structure of solids. Classifica-
tion of electrodynamic properties based on a
band structure. The band structure of semi-
conductors, current carriers in semiconduc-
tors. Electrical properties of semiconductors,
screening of electric charge, contacts various
semiconductors. Optical properties of semi-
conductors and dielectrics.

HW, T

Magnetic properties of
material mediums

Basic concepts of magnetism, atomic
mafnetism, paramagnetism of free electrons,
Landau diamagnetism. Paramagnetic in an
alternating field, magnetic resonance, elec-
tromagnetic waves in magnetic materials. Fer-
romagnetism, antiferromagnetism, spin waves.

HW, T

Electrodynamics of
plasma

The concept of the plasma, hydrodynamic
model of plasma. permittivity of the plasma.
Normal electromagnetic waves in plasma,
plasmons. Screening of an electrical charge in
the plasma.

HW,T

Electrodynamics of su-
perconductors

The phenomenon of superconductivity,
Meissner’s effect, the Londons equation. The
physical nature of the superconducting state,
Ginzburg-Landau theory, magnetic flux quan-
tization. High-temperature superconductors.

HW,T
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4.2. Discipline structure

The general labour input of discipline makes 4 test units (144 hours), of them 1 — lectures (36
hours), 1,5 — seminars (54 hours), 1,5 — independent work (54 gaca), and 2 test units (72 hours)
laboratory works, 0,86 — independent work for laboratory (31 hours).

Physical department

Work kind Semester 3 All
The general labour input 6,86 (247) 6,86 (247)
Lecture-hall work: 2,5 (90) 2,5 (90)
Lectures 1 (36) 1 (36)
Seminars 1,5 (54) 1,5 (54)
Laboratory work 2 (72) 2 (72)
Independent work 2,36 (85) 2,36 (85)
Kind of final check Offset, examina- 6
tion

Sections of discipline with respect to semesters (physical section)

Ne The section Name Quantity of hours
sec- T Lecture-hall work Out of lec-
tion ot L S LW ture-hall
al work
1 | Electromagnetic fields and 2 4 9
Maxwell’s equations into mediums
2 | Phenomenological description of 2 4 2
the electromagnetic properties of
material medium.
3 | Electromagnetic waves in medums. 4 4 8
4 | Classical models of dielectrics 4 4 6
5 | Electrodynamics of metals 6 8 14
6 | Electrodynamics of semiconductors 6 10 16
7 | Magnetic properties of mediums 8 12 16
8 | Electrodynamics of plasma 2 4 6
9 | Electrodynamics of 2 4 8
superconductors
total: 36 54 85
4.3. JlabopatopHble pabOTHI
Section | LW# Laboratory work name Hours
#
1 1
2
2 3
4
3 5
6
4 7
8
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5 9

6 10
4.4. Seminars
Section | Seminar Seminar topic Hours
# #
1 1 Maxwell’s equations for macroscopic fields 2
2 Material equations 2
2 3 Linear response functions 2
4 The Kramers-Kronig relations 2
3 5 Dispersion equations dispersion law 2
6 Anisotropic, non-girotropic, and girotropic mediums 2
4 7 Nonpolar dielectrics, polaritons 2
8 Polar dielectrics, Debye’s relaxation 2
5 9 Drude’s model 2
10 Sommerfeld’s model 2
11 The skin effect, the boundary conditions of Leontovich 2
12 Lengmuir’s screening, ultraviolet transparency of metals 2
6 13 Quasi-impulse and Bloch’s theorem 2
14 Band structure and classification of material mediums 2
15 Band structure of semiconductors, statics of current carri- 2
ers in semiconductors
16 Electrical properties of semiconductors 2
17 Optical properties of semiconductors 2
7 18 Basic notions of magnetism, atomic magnetism 2
19 Paramagnetism of electrons and atoms 2
20 Landau’s diamagnetism 2
21 Paramagnetics in alternating field, magnetic resonance, 2
electromagnetic waves
22 Ferro and antiferromagnetism 2
23 Waves in magneto polarized mediums, spin waves 2
8 24 Hydrodynamic model of plasma. 2
25 Transverse and longitudinal waves in plasma, plasmons 2
9 26 The Londons equations, Meissner’s effect 2
27 Ginzburg-Landau theory 2
4.5. Kypcosast pabota (BO3MOKHBIE TEMBI)
4.6. Independent studying of discipline sections
Section | Question Question name Hours
# #
6 1 Screening of charge in semiconductors 4
6 2 Bend of zone at the interface of different semiconductors 4
6 3 Semiconductors devices 6
7 4 Landau quantization 4
7 5 Types of magnetic ordering 6
8 6 Attenuation in plasma 4
9 7 Applications of supercunductors 4
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110 E | High temperature superconductors | 4

5. Educational technologies

5.1. The Interactive educational technologies used in lecture-hall lessons

Term Kind of Interactive educational technologies Hours
lesson
Multimedia projector, presentation, interactive 90
board
laboratory benches "Electrodynamics” 72
Total 162

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

Questions for preparation for examination

7. Educational- methodical maintenance of discipline

7.1. Basic literature:

Pamyatnyh E.A., and Turov E.A. “Electrodynamics of material mediums”, Nauka, Fizmatlit,
Moscow, 2000.

7.2. Additional literature:

S.H. Simon “Lecture Notes for Solid State Physics” , Oxford University, 2012. 7.3. Periodical
journals

7.4. Online Resources http://www-
thphys.physics.ox.ac.uk/people/SteveSimon/condmat2012/LectureNotes2012.pdf

7.5. Guidelines for laboratory work

7.6. Methodical instructions for practical exercises are located on site -

7.7. Methodological guidelines for coursework and work independently located on site -
7.8. Software of modern information and communication technologies

Discipline Material support

Lectures are held in specially equipped classrooms with multimedia equipment. Settlement
workshop performed in a special room, each student has an individual workplace and individual
tasks. Supporting material in the form of presentations and training materials available to stu-
dents online faculty.

18



