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Mporpammy ovcumnnuHbl paspaboTtan(a)(vn) ooueHT, K.H. (onoueHT) demnHos P.I". Kadenpa
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1. Uenn ocBOEHNS AUCLUMINHBI

Llenbto ocBOEHNSI KOMMNEKCHOW AMCUMNINHBI "KanmbpoBOYHbIE NONMS 1 TEOPETUHECKE OCHOBDI
CMUHTPOHUKN" SBNSIETCS NONYYEeHNe 3HAHUA B 061aCT COBPEMEHHON TEOPUN MONS U U3ydYeHne
TEOPETNYECKMX OCHOB CMNH-3aBUCUMbIX SIBNIEHWIA B pa3nnyHbliX 06 bekTax, BKNoYas HU3KopasMepHble
CTPYKTYpPbl U MArHUTHbIE HAHOCTPYKTYPHI.

2. MecTo OUCLMMN/MNHDLI B CTPYKTYpe OCHOBHOM o6pa3oBaTesibHOM NPorpaMmbl BbiCLLIEro
npodpeccrmoHanbHoro o6pa3oBaHus

JaHHas yuebHas aucumnnmnHa BkntodeHa B pasgen " 51.B.[0B.4 OucumnnmHbl (Mogynn)" OCHOBHOM
obpasoBaTtesbHol nporpammbl 03.04.02 duramka 1 0OTHOCUTCS K AUCLUMNIMHAM MO Bblbopy.
OcsavBaetcs Ha 1 kypce, 1, 2 cemecTpbl.

OucumnnunHa (M.2.[0B.2) BxoouT B BapMaTMBHYIO YacTb npodoeccuoHanbHoro uukna (M.2) kak
amcumnanHa no Bolibopy. [ns 0CBOEHUS ANCLMNAUHBI HEOOXOANMbI 3HAHUS AMCLMNANH: KBAHTOBAs
MexaHuvKa, ctatuctmyeckas omsrka, KBaHToBas Teopus TBepaoro Tena, MeToAbl KBaAHTOBOW Teopum
nons B ctaTuctudeckomn gmanke. OCBOEHNE ANCLUNANHBI HEOOXOAUMO ONS N3YHEHUS ONCLIMMINH,
CBSA3aHHbIX C PU3MKON KOHAEHCMPOBAHHOIO COCTOAHNS (B YACTHOCTU, C OU3NKOW HU3KOPa3MepHbIX
CUCTEM N MAarHUTHbIX HAHOCTPYKTYP), U OS5 yCrewHon NnpoeccroHanbHOM 0esTeNbHOCTM

3. KomneteHuuu obyyarowerocs, hopMmpyemblie B pe3ynbTate 0CBOEHUS OUCLUMIINHDI
/mopyns

B pes3ynbTarte 0CBOEHUSA OUCLUMINHBI POPMUPYIOTCS crneaylowme KOMNeTeHUnn:

PacwmncbpoBka
Lincpp komnereHuyu npuoﬁperaemoglaﬁomne'reuuuu

OK-1
(0BLweKkynbTypHbIE CNOCOBHOCTLIO K aBCTPaKTHOMY MbIWNEHNIO, aHANU3y, CUHTE3Y
KoMneTeHuunn)

CNocobHOCTbIO UCMONb30BaTh CBOHOAHOE BNageHve
OlK-5 npodheccrnoHanbHO-NPOOMIMPOBAHHBIMU 3HAHNSIMK B 0bnacTu
(NpogpeccuoHanbHble KOMMbIOTEPHbIX TEXHOMOIMIA ONS peleHns 3anad
KOMMEeTeHLMN) NPOdECCMOHANBHOW OEeATENbHOCTW, B TOM YCE HAXOAAWMXCS

3a npegenamun HanpasneHHOCTU (Mpodonns) NOAroTOBKN
Ol1K-6 CNOCOBHOCTBLIO UCMONb30BaTh 3HAHUS COBPEMEHHbBIX MPOBNEM 1
(npodhbeccuoHanbHble HOBEMWMNX AOCTUXEHNIA OU3NKIN B HAY4YHO-MCCNEen0BaTEIbCKOM
KOMMEeTEHL W) paboTe

CNOCOBHOCTbIO CAMOCTOSATENBHO CTABUTb KOHKPETHbIE 3a4a4u
MK-1 Hay4HbIX UCCNenoBaHUA B 06nacT on3NKMN 1 pewaTtb UX C
(npodhbeccuoHanbHbie MOMOLLbIO COBPEMEHHO annapaTtypbl U MHOPMALIMOHHbIX
KOMMEeTEHLMN) TEXHONOMNIA C NCMONb30BaAHNEM HOBEMILEr0 OTEYECTBEHHOIO U

3apybexxHoro onbiTa

B pe3ynbtate 0CBOEHUS OUCUUMANHBI CTYOEHT:
1. DONXEH 3HaThb:
TeopeTn4yeckne OCHOBbI CIINHTPOHUKN

2. IONXEeH yMeTb:
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ncnonb3oBaTb 3HAHNE TEOPETUYECKUX OCHOB CMMHTPOHUKM NPU aHann3e pasnnyHbix
CMWH-3aBUCUMbIX 3P PeKTOoB

3. DONXEH BnaneThb:
HaBblKaMW BblYUCNIEHUS CMNH-3aBUCUMbIX CBONCTB pPa3nn4yHbIX CUCTEM

4. nONXeH OEeMOHCTPUPOBaTb CMNOCOOHOCTb M FTOTOBHOCTb:
K QanbHenweMy oby4eHunto

4. CTpyKkTypa 1 cogepxaHve OUCLUNMUHBI MOAyns
Obwas Tpya0EMKOCTb AUCLIMIMIIMHBI COCTaBNSET 6 3a4eTHbIX(ble) eanHnL(bl) 216 yaca(os).
dopMa NPOMEXYTOYHOrO KOHTPONS AMCUUNANHBI OTCYTCTBYET B 1 CEMECTpe; 9K3aMeH BO 2 CEMECTPE.

CyMMapHo no aucumnanHe MoxHo nony4ntb 100 6anno., U3 HMx Tekylwas paboTta oueHmBaeTcs B 50
6anno., nTorosas popma KoHTpons - B 50 6annos. MuHMManoHoe KONMYeCcTBO Asl OOMNycKa K 3a4eTy
28 6annos.

86 6annos n bonee - "oTANYHO" (OTN.);

71-85 6annos - "xopowo" (xop.);

55-70 6annos - "ynoBneTBOpUTENBHO" (YAO0B.);

54 6anna n MeHee - "HeyLOBNETBOPUTENbHO" (Hey..).

4.1 CTpyKTypa 1 comepXxaHue ayauTopHon paboTtbl N0 AucCUMnIMHe/ MOAYNIO
TeMmaTtuyeckuin nnaH AUCUUNINHbI/MOAYNA

Buabl n yachbl
ayoMTOpHOM paboThbl,

Paspnen MX TPYO0EeMKOCTb
V| wcwmmas  CouecrteAoT o) Texyane hopus
Nekuum MpakTnyecknellabopatopHbie
3aHATUA pa60Tb|

Tema 1. CkanspHble un

BEKTOPHbIE MONS. nomaliHee
1. |B3aumonencTeune nonen 1 1-2 2 0 0 3agaHue

C BHEWHNUMK

NCTOYHUKAMMW.

Tema 2. KannbposoyHoe

B3aMMOOeNCTBME B JoomMallHee
2. |ckanapHom 1 3-4 2 0 0 3apaHue

9NeKTpoaANHaMuKe.

Tema 3. Heabenesbl nomatuiHee
3. [kanMbpoBOYHbIE NONS. 1 5-6 2 0 0 3afaHve

YpaBHeHMs nons.
Tema 4. PeweHuns

Ctpanunua 4 us 14. — o

N OomMallHee
BHEHWUW NOnN4A.
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Bugbl n yachbl
ayauTopHOM paboThbl,
N Paspen ; c Henens NX TPy[O0EeMKOCTb Tekywme doopmbl
'D'"Kn"(")v;lr%v;“b' eMECTPIcemectpal (B yacax) KOHTpOnsi
Nek ImI'IpaKTw-leCI(l/leJ1a60pa1'op|-||>|e
u 3aHATUSA pa60TbI
Tema 5. IHCTaQHTOHbI. JomauwHee
5. |Tornonornyeckuin 3apsn.| 1 9-10 2 0 0 3afaHue
Tema 6. CnoHTaHHOE
gﬁ%u;;x rnobanbHo noMalHee
6. Hawmby-ronactoyHoBCKU 1 122 0 0 safanne
6030H. Teopema
[longcToyHa.
omauwHee
Tema 7. MexaHn3am A
7. XUrrea. 1 13-14 2 0 0 3afaHue
Tema 8. MoHoMnonb B
mMooenu nomallHee
8. |Anra-Munnca-Xurrca. 1 15-16 2 0 0 3afaHve
CamogayanbHbii
MOHOMONb.
Tema 9. MNpocTenwmne KOHTPOMbHAS
g, |TONONOTVIHEEKIAS 1 | 1718 | 2 0 0 paGota
" |lconntoHbl. KnHk. Buxpsb.
noMallHee
Tema 10. BeeneHune B
1O'CI'IVIHTpOHI/IKy. 2 1-2 2 2 0 3afaHve
AT
1. HEMarHUTHbIX MeTannax 2 3-4 2 2 0 sanaxue
1 NONYNpPOBOAHMKAX.
12 Tema 12. PaccesHue Ha 5 5.6 5 5 0 Kgggggnb"'aﬂ
‘IMarHUTHbLIX NPUMECSIX. P
Tema 13. TpaHcropT B noMallHee
13.|H1U3KopasmMepHbIX 2 7-10 4 4 0 3agjaHue
cucrtemax.
14/Tema 14. TpaHcnopts | 5 | 44 45 | » 2 0 vadora
‘IMarHUTHBIX CUCTEMax. P
noMallHee
15.[Tema 15. Jlokannzsauus. 2 13-14 2 2 0 3afaHune
nomallHee
Tema 16. KynoHosckoe
16. B3aNMOLCICTEYE. 2 14-15 2 2 0 3agaHve
Tema 17.
CnunH-3aBucumoe nomatHee
17.|TyHHennpoBaHue B 2 15-16 2 2 0 3anaHve
MarHUTHbIX
HaAHOCTPYKTypax.
PeructpaumnoHHbIin HoMep DAEKTPOHHEH
Bl VHHBEPCHTET

Crtpanuua 5 us 14.
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Buabl v yachbl
Pasgen ayauTopHOM paboThbl,
Hepens UX TPYAOEMKOCTb Tekywme coopmbl
N ‘D'"Kn":‘)""mv;“b'/ Cemectp cemecTpa (B yacax) ‘ll(ompgmp
Ay Nekumu MpakTnyecknellaboparopHbie
3aHATUA paborbl

Tema . NIToroeas 9K3ameH

2 0 0 0
doopma KOHTpoOns
Ntoro 36 18 0

4.2 CopepxaHvue oUCLUMNUHDI
Tema 1. CkansipHble U BEKTOpHble nons. Bsaumogencreme nonen ¢ BHELULHUMM UCTOYHUKaAMMU.
neKuMnoHHoe 3aHsiTne (2 yaca(os)):

CkansipHble 1 BEKTOPHble nons. JeicTeme ckanspHoro nonsi. MaccuBHoe ckansipHoe none.
KomnnekcHoe ckanspHoe none. BaanmonencTeme nonei ¢ BHEWHUMUN UCTOYHUKAMW.
Bsaumopeiictaytowwme nons.

Tema 2. KanubpoBoyHOe B3auMOAENCTBUE B CKaNSPHON NEKTPOANHaMMKe.
JNIeKLMOHHOe 3aHsiTne (2 4yaca(oB)):

KannbpoBoyHoe B3anMoOeCTBIE B CKaNSIpHOM anekTpoanHamuke. Teopema Hetep.
Tema 3. Heabenesbl kKanMbpoBOYHbIE NONSA. YpaBHEHUSs NONS.

NeKUuMoHHoe 3aHsiThe (2 yaca(os)):

Heabenesbl kannbposoyHble nons. Heabenesobl rnobanbHble cummetpun. Heabenesa
KannbpoBoYHas MHBAPUAHTHOCTb 1 KannmbpoBoyHbie nons: rpynna SU(2). ObobeHns Ha apyrne
rpynnbl. YpaBHeHusa Axra-Munnca.

Tema 4. PewweHuns ypaBHeHU nons. Ycnosusi camoayanbHOCTU

JNIeKLMOHHOe 3aHsiTne (2 4aca(oB)):

MapannenbHble KANMOPOBOYHbIE MONS. YCNOBME CaMoayanbHOCTV B €BKIMA0BOM MPOCTPaHCTBE.
Tema 5. UHCcTaHTOHBbI. TONONOrM4yecKnn 3apsa.

JNleKLLMOHHOe 3aHsiTue (2 Haca(os)):

MoHATME MHCTAHTOHA B KANMOPOBOYHON TeopUn. VIHCTAHTOH
BenasuHa-lNonakosa-Llleapua-TionkmHa. Tononornyeckuin 3apsa.

Tema 6. CnoHTaHHOE HapyLUueHue rnobanbHon cummeTpun. Hamby-ronaCToOyHOBCKMIA 6O30H.
Teopema NonpcroyHa.

JIeKLMOHHOe 3aHsiTue (2 4aca(oB)):

CnoHTaHHOEe HapyweHue rnobanbHoi cummeTpun. CNOHTaHHOE HapyLEHNE ONCKPETHOW
cummeTpumn. CnoHTaHHOe HapyweHne rnobanbHoi cummeTpun U(1). Hamby-ronnctoyHOBCKMiA BO30H.
YactuyHoe HapyweHue cummeTpumn: mogenb SO(3). Obwwmin cnyyaii. Teopema onacToyHa.

Tema 7. MexaHn3m Xurrca.
JNeKLMoHHoe 3aHsiTne (2 4aca(oB)):

MexaHuam Xurrca. Mpumep abenesoit monenu. Heabenes cnyyaii: Mogenb C NOMHOCTbIO
HapyweHHoin SU(2)-cummeTpueii. MpuMep 4aCcTUHHOIO HapYLWEeHNS KanMBPOBOYHOW CUMMETPUN:
6030HHbIi CEKTOP CTaHAAPTHOMN anekTpocnaboi Teopmu.

Tema 8. MoHononb B Mogenu SiHra-Munnca-Xurrca. CamoayanbHblii MOHOMO/b.
neKuMnoHHoe 3aHsiTne (2 yaca(os)):

MoHATMe MOHOMONS B KanmbpoBoYHON Teopmun. MoHononb 'T XopTa-lNonskosa. CamoayanbHbliii
moHononb Npacana-Commepdunbaa.

Tema 9. lNpocTerume Tononornyeckue conuToHbl. KuHk. Buxpsb.
JNIeKLMOHHOe 3aHsiTne (2 4yaca(oB)):

MpocTeiwmne Tononormyeckmne conmtoHbl. KnHk. MacwrtabHble npeobpasoBaHust u Teopembl 06
OTCYTCTBUM CONMTOHOB. Buxpb. ConntoH B Moaenu n-nons B (2+1)-MepHOM NPOCTPaHCTBE-BPEMEHMN.

Tema 10. BBepeHue B CMUHTPOHMUKY.

KTPOHHEBH
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NeKUuMoHHoe 3aHsiThe (2 yaca(os)):

CnuHTpoHuka. MarHetoconpotusneHue. ['uraHtckoe mardHetoconpotmeneHne (GMR) n TyHHenbHoe
marHetoconpotmeneHve (TMR).

npakTudeckoe 3aHsitne (2 yaca(os)):

1. Bbl4MCNEHME rMraHTCKOro U TYHHeNIbHOr0 MarHeTOCONPOTUBIEHNIA B NPOCTENLLNX CNy4YasX.
Tema 11. Teopusi TpaHcnopTa B HEMArHATHbIX MeTannax u NoNynpPoBOOHUKAX.
JNIeKLMOHHOe 3aHsiTne (2 4aca(oB)):

Knaccuyeckas teopus Opyne-JlopeHua. KuHetnyeckoe ypaBHeHne bonbumana.
MarHeToconpoTMBAEHNE METANOB M NONYNPOBOAHUKOB. ekt Xonna. Meton goyHKumMiA ["puHa.
dopmyna Kybo onst nposBoamMmMocTn. 3apsiioBblil U CMIMHOBLIA TOKW. CNHOBLI adpdpekT Xonna.

npakTnyeckoe 3aHsitne (2 4aca(os)):

KOHTpoONbHas pabota. 1. PacyeT MarHeToconpoTUB/IEHMS B paMKax KnacCU4eckon Teopmm
Lpyne-IlopeHua 2. BblumucneHne npoBoAMMOCTU C UCMONb30BAHNEM KMHETUYECKOrO YPaBHEHNS
BonbumaHa

Tema 12. PaccesitHne Ha MarHUTHbIX NPUMECSHX.
JNeKuMoHHoe 3aHsiTne (2 4yaca(oB)):

AdphekT KoHOo Ha MarHUTHbIX NpuMecsx 1 pe3oHaHc Abpukocosa-Cyna. CnnH-opbuTtanbHoe
B3ammogencTaue. CnuHosas penakcaums.

npaKkTudeckoe 3aHsitne (2 yaca(os)):

1. AHanuTnyeckoe paccmoTpeHmne acpdpekta KoHpo. 2. OnucaHme MexaHn3mMoB CrIMHOBOW
penakcauum.

Tema 13. TpaHcnopT B HU3KOpa3MepHbIX cUCTeMaX.
neKkumnoHHoe 3aHsitTne (4 yaca(os)):

JByMEpHbIA 9NeKTPOHHBI ra3. KBaHTOBbIE SIMbl, MPOBONOKU 1 TOYKWU. CnnH-opbutanbHoe
B3aMMOLENCTBME B HN3KOPA3MepHbIX cuctemax. bannuctmyeckunin TpaHcnopt. SchdpekT
AapoHoBa-boma B HaHoKonbLax. KBaHTOBaHME XONNOBCKOW NMPOBOAMMOCTY B OLHOMEPHbIX
cucTemax.

npakTudeckoe 3aHsitne (4 yaca(os)):

KOHTponbHas paborta. . Monyunte popmyny JlaHaBayspa-bioTTvkepa ons KoHaakTaHca
KBa3MOLHOMEPHOI cucTeMbl. 2. [ony4nTb BbipaxXeHne Ons KOHAAKTaHca HaHOKOMbLA B MarHUTHOM
none.

Tema 14. TpaHCNOpPT B MarHUTHbIX CUCTEMAX.

JNIeKLMOHHOe 3aHsiTne (2 4yaca(oB)):

CnunH-3aBMCMOe paccesiHne. 'MraHTckoe MarHeToconpoTMBNEHNE
npaktnyeckoe 3aHsitne (2 4aca(os)):

1. [Mony4ynTb BblpaxXeHue Ons rumraHTCKoro MarHeToCONpPOTUBNEHUS B ClyYae reoMeTpum "Tok B
nnockocTtn".

Tema 15. Jlokanusauus.

JNleKuMoHHoe 3aHsiTne (2 4yaca(os)):

INlokanusaumsa AHgepcoHa. Jlokanmsaums B MarHUTHbIX CUCTEMAX.
npakTnyeckoe 3aHsitne (2 4aca(os)):

1. OnucaTb MexaHn3Mbl nokanmaaumm AHgepcoHa. 2. OCo6eHHOCTU noKanM3aumm B MarHUTHbIX
cuctemax

Tema 16. KynoHoBCKOe B3auMoOencTeue.

JIeKLMOHHOe 3aHsiTne (2 4aca(oB)):

KynoHoBckoe B3anMoOeicTBe B OGHOMEPHbIX CUCTEMAX. DAPAEKT KyNOHOBCKOM Bnokaabl.
npakTnyeckoe 3aHsitne (2 4aca(os)):

1. Ponb kynoHoBckow 6nokaabl B 04HO3EKTPOHHbBIX CUCTEMAX.

Tema 17. CnnMH-3aBUCMMOE TYHHENMpPOBaHWEe B MarHUTHbIX HAHOCTPYKTYypax.
JNeKLMoHHoe 3aHsiTne (2 4yaca(oB)):

KETPOHHBH
B_EPCHTET
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TyHHenbHoe marHeToconpoTtmeneHne. Moaenu Xynuepa, CtupHca u CnoHyesckoro. ObobueHHas
momenb CnoH4eBcKOoro. 3aBMCUMOCTb TYHHENIbHOrO MarHEeTOCOMPOTUBIIEHMS OT TeMNepaTtypbl 1
NPUNOXEHHOr0 HANPSXXEHWUS.

npakTnyeckoe 3aHsitne (2 4aca(os)):
1. TyHHenbHoe conpoTmsneHne B mogenu Xynuepa. 2. TyHHenbHoe CONpPOTUBNEHNE B MOLENN

CtupHca. 3. TyHHenbHOe conpoTuBneHune B Moaenu CnoH4eBcKoro.

4.3 CTpyKTypa 1 copgepxaHume caMOCTOSITeNIbHOM paboTbl AUCLMMINHBI (MOLYNSA)

Bunobi
N Paspen Cemect Hepensa | camoctositennbHon [TpynoOeMKOCTb ;‘:ﬂ%’:‘;‘oﬁ:ﬂ:ﬁgz
AvcuvnnuHol pcemeCTpa paboTbl (B yacax) a60TbI
CTYAEHTOB P
Tema 1. CkanspHble un
BEKTOPHbIE MONS. noarotoeka
1. [B3anmonencreme nonemn 1 1-2 |oomawHero 6 ggz::w: ©
C BHELWHUMMU 3agaHuns
NCTOYHMKAMMW.
Tewma 2. KanmbpoBoyHoe
B3aMMOeNCTBuE B noarotoeka
2. [ckanapHom 1 3-4 |onomallHero 6 ggz:ﬁ;: ©
3NneKTpoaMHaMuKe. 3afaHuns
Tema 3. Heabenesbl noaroToBka noMalHee
3. [kannbpoBOoYHbIE MONS. 1 5-6 |pomalwHero 6 3anamme
YpaBHeHUs nons. 3agdaHus
Tema 4. PeweHus
N NnoaroToBK
4 [ypasHeHui nons. 1 7.8 ugﬂaczugerg 6 nomatHee
" |Ycnosus 3ananms 3apaHune
camogyanbHOCTU
Tema 5. IHCTAHTOHBI. rnoaroToBka
5. [Tononornyeckun 3apsag.| 1 9-10 |nomawHero 6 ggz::'”;eee
3agaHus
Tema 6. CnoHTaHHOE
HapyweHne rnobanbHoi
noarotoeka
6. [CMMETPUV. V. 11-12 |nomaiuHero 6 fomaliee
Hamby-ronacToyHOBCKWA 3ananms 3afaHune
6030H. Teopema
ConacToyHa.
NoAroToBK
v Tema 7. MexaHuam 1 13-14 ngﬂazﬁerg 6 nomaliHee
" [Xurrca. 3agaHve
3agaHus
Tema 8. MoHononb B
mMoLenu noarotoeka
8. |AHra-Munnca-Xurrca. 1 15-16 [momawHero 6 ggz::JMHee ©
CamonyanbHbii 3agaHus
MOHOMO/b.
Tema 9. lNpocTenwmne
noarot
g, [Tononoruyeckue 1 17-18 KgﬂTgogEEi; 6 KOHTpONbHas
" lconuToHbl. KnHk. Buxpe. paBoTe paboTa
noaroToBkK
10 Tema 10. BeeneHue B 5 1-0 ngﬂa?ugerc? 6 nomailHee
"|ICNUHTPOHMKY. sananms 3apaHue
PeructpaumnoHHbIin HoMep DAEKTPOHHEH
Bl VHHBEPCHTET
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Pasnen Hepens caMOCTB:sﬂt:anoﬁ TpynoeMKocTb PopMbI KOHTPONSA
N AucumninHbl CeMechcemeCTpa paborthbl (B yacax) camoc;oﬁngebr:bHou
CTYL,EHTOB P
noarotoeka
oMallHee
Tema 11. Teopust AoMalHero 4 3ﬂa nanve
11 [TPaxcnopra B 5 3-4 3afaHuns
‘I[HeMarHUTHbIX MeTannax NOAroTOBKA K KOHTDONMBHAS
N nonynpoBoOoHMKax. KQHTpoanor/] 4 a6ogan
paboTe P
12 Tema 12. PaccesiHne Ha 5 5.6 Egﬂgﬂgg:fg 8 nomailHee
‘IMarHUTHbIX NPUMECSIX.
a puMec 3anaHms 3apaHve
Tema 13. TpaHcnopT B noaroToBeka
13.|HM3Kopa3MepHbIX 2 7-10 |OoomaluHero 14 ggz:;”;:e
cucrtemax. 3agaHus
14 Tema 14. TpaHcnopT B 5 11-12 Hgﬂ;ﬂggﬁg 8 noMallHee
‘IMarHUTHbIX CUCTEMAX.
a cucTtema 3anaHus 3apaHve
noaroToBK
OlroroBka JomaliHee
JOoMallHero 4
3anaHns 3apaHue
15.|Tema 15. Jlokannaauums. 2 13-14 HOLrOTOBKA K
KOHTPONbHOW 4 Kgg;gganaﬂ
paboTe P
NoAaroToBK
16 Tema 16. KynoHosckoe 5 14-15 ugﬂaﬁugerg 8 JomaliHee
‘[B3aum ncremne. HW
3anmopencTeune 3anaHns 3agjaHune
Tema 17.
CnuH-3aBucmnmoe noarotoeka
17.|TyHHenvpoBsaHwue B 2 15-16 |npomawHero 12 ggz::];:e
MarHUTHbIX 3agaHus
HaAHOCTPYKTypax.
Ntoro 126

5. O6bpa3oBarenbHble TEXHONOrMU, BK/IOYAA MHTEPaKTUBHbIE hOpMbl 06yUYeHus
Kypcbl nekunii n NpakTU4ecKmnx 3aHSTUIA, OpraHN30BaHHble NO CTaHAAPTHOW TEXHONOrK

6. OueHOUYHble CpeacTBa OJ1s TEKYLLLEro KOHTPOJIS yCreBaeMoCT!, NPOMEXYTOYHOMN
aTTecTauum no UToram OCBOEHUS OUCLMMNIIMHBI U y4ebHO-meToanyeckoe obecneyeHme
CaMOCTOSITe/IbHOW paboTbl CTYAEHTOB

Tema 1. CKaﬂHprle U BEKTOPHbIe NoJs. B3aumopnencteue nonen ¢ BHELULHUMU NUCTOYHUKaMMW.
JOoMallHee 3aaHune , npnMepHblie BOMNPOChHI:

CkansipHble 1 BEKTOpHbIe nons. [enctemne ckanspHoro nong. MaccmeHoe ckansipHoe none.
KomnnekcHoe ckansipHoe none. Baanmogencreme nonen ¢ BHEWHUMM NCTOYHUKAMUN.
BaanmopencTteytowme nons.

Tema 2. KannbpoBoyHOe B3auMOAeNCTBUE B CKaNsipHOM 3NEKTPOANHaMMKe.
JoMallHee 3ajaHne , NPUMEpPHbIE BONPOCHI:
KannbpoBoyHOe B3aMMOOENCTBME B CKaNsipPHON anekTpoanHamuke. Teopema Hertep.
Tema 3. HeabeneBbl KanMbpoBOYHbIE NONSA. YpaBHEHUs NONS.
[oMallHee 3ajaHve , NPUMEpPHbIE BONPOCHI:

PernctpaumoHHbIn Homep
Crpanunua 9 us 14.
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Heabenesbl kannbposoyHble nons. Heabenesobl rnobanbHble cummeTpun. Heabenesa kanmbpoBoyHas
MHBaAPWaHTHOCTb 1 KannbposoyHble nons: rpynna SU(2). O6obweHns Ha apyrue rpynnbl. YpaBHEHMUS
Anra-Munnca.

Tema 4. PelwueHus ypaBHeHU nonsi. Ycnosusi camoayanbHOCTU

JoMalwHee 3anaHune , NpuMepHble BOMpPOCHI:

MapannenbHble KanMbpoBoYHbIE NONS. YCnoBme camoayanbHOCTV B €BKIMAOBOM NPOCTPaHCTBE.
Tema 5. UHCcTaHTOHDbI. TONonornyeckun 3apsa.

JoMalHee 3afaHune , NpuMepHble BOMpPOCHI:

lMoHATME MHCTaHTOHA B KannbpoBo4YHO Teopun. VIHcTaHToH BenaBuHa-lNonskosa-LUBapua-TronkuHa.
Tononorunyecknin 3apaa.

Tema 6. CnoHTaHHOE HapyLueHue rnobanbHon cumMmeTpun. Hamby-ronocToyHoBCKUIA 60O30H.
Teopema NonpcTtoyHa.

nomallHee 3afaHve , NpUMepHble BOMPOChI:

CnoHTaHHOe HapylweHune rnobanbHon cuMmmeTpun. CNOHTAHHOE HapyWweHe OUCKPETHON CUMMETPUN.
CnoHTaHHOe HapyweHue rnobanbHoi cummeTpun U(1). Hamby-rongctoyHoBCKuin 6030H. YacTrnyHoe
HapylweHue cummeTpumn: mogeno SO(3). Obwwii cnyyain. Teopema MonacToyHa.

Tema 7. MexaHn3am Xwurrca.
JoMalwHee 3afaHune , NpuMepHble BOMpPOCHI:

MexaHuam Xurrca. lMpumep abenesoit Monenn. Heabenes cnyyaii: Moenb C MOMHOCTbIO HAPYLWEHHOM
SU(2)-cummeTpueir. Mprmep HYaCTUYHOro HapyLlWeHUs KanmbpoBOYHON CUMMETPUN: BO30HHbI CEKTOP
cTaHOapTHoW anekTpocnaboi Teopun.

Tema 8. MoHononb B mogenu fHra-Munnca-Xurrca. CamonyanbHbln MOHOMO/b.
JoMallHee 3aaaHune , npuMepHble BOMpPOCHI:

MoHATME MOHOMONS B KanmbpoBo4HO Teopmmn. MoHononb 'T XogpTa-MNonsikosa. CamoayanbHblii
moHononb MNpacana-Commepunbaa.

Tema 9. NpocTtenwumne Tononornyeckme conmToHbl. KuHK. Buxpso.
KOHTpoNbHas paboTta , NpUMepPHbIE BOMNPOCHI:

1. [loka3aTenbCTBO COOTHOLWEHUI B KannbpoBoyHoi Teopun SHra-Munnca. 2. PelueHne ypaBHEHUS
SlHra-Mwunnca ¢ 3aaaHHbIMU rPaHUYHBIMK YCNOBUSIMUA.

Tema 10. BBepeHue B CMUHTPOHMUKY.
JoMallHee 3aaaHune , NpuMepHble BONpPOCHI:

CnunHTpoHuka. MarHeTtoconpoTusneHue. M'mraHtckoe marHetoconpotusneHne (GMR) n TyHHenbHoe
marHeTtoconpoTusnenue (TMR).

Tema 11. Teopusi TpaHCNOpTa B HEMarHUTHbIX MeTa/iax U NoNynpPoBOAHUKAX.
noMallHee 3afaHue , NpUMepHbIe BOMPOCHI:

AphekT KoHOo Ha MarHUTHbIX NpuMecsx 1 pe3oHaHc Abpukocosa-Cyna. CnnH-opbuTtanbHoe
B3ammogencTteue. CnuHosas penakcaums.

KOHTpOnbHas paboTa , NpUMepHbIE BOMPOCHI:

1. PacyeT MmarHeToconpoTuBneHns B pamkax knaccudeckom teopun Odpyne-IlopeHua 2. Boiumcnenne
NPOBOAUMOCTM C UCMNONb30BaHNEM KUHETMYECKOro ypaBHeHns bonbumaHa

Tema 12. PaccesitHne Ha MarHUTHbIX NPUMECSHX.

JoMallHee 3afaHune , NpuMepHble BOMpPOCHI:

Knaccuyeckas teopus Opyne-flopeHua. KuHetnyeckoe ypaBHeHne bonbumana.
MarHeToconpoTuBneHne MeTannoB 1 NonynpoBoaHMKOB. SdpdoekT Xonna. Meton doyHkuwmin I'purHa.
dopmyna Kybo ons nposoamMmocTn. 3apsiioBblil U CMIMHOBLIA TOKW. CNHOBLI adpdpekT Xonna.
Tema 13. TpaHCcnopT B HU3KOpPa3MepPHbIX CUCTEMAX.

JoMallHee 3aaaHune , npuMepHble BOMpPOCHI:

J1ByMepHbIA 9NeKTPOHHbI ra3. KBaHTOBblE siMbl, MPOBONOKM U TOYKWU. CNMH-0pbutansHoe
B3aVMOLENCTBME B HU3KOPA3MEPHbIX cucTeMax. bannuctnyeckmin TpaHcnopt. SgochekT
AapoHoBa-boma B HaHoKonbLax. KBaHTOBaHME XONNOBCKOM NPOBOANMOCTM B OAHOMEPHbIX CUCTEMAX.

PeructpaumnoHHbIin HoMep DAEKTPOHHEH
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Tema 14. TpaHCcnOpPT B MarHUTHbIX CUCTEMAX.

JoMalHee 3ajaHune , NpUuMepHble BONPOCHI:

CnunH-3aBucnMoe paccesHue. MmraHTckoe MarHeToconpoTMBAEHNE
Tema 15. Jlokanusauus.

JoMalwHee 3aaaHune , NpUMepHble BOMpPOCHI:

INlokanusaumsa AHgepcoHa. Jlokanmsaums B MarHUTHbIX CUCTEMAX.
KOHTpONbHas paboTta , NpUMepPHbIE BOMPOCHI:

l. Monyuntb chopmyny JlaHasayapa-boTTrkepa onsg KoHoakTaHca KBa3voAHOMEPHOW CUCTEMBI. 2.
[Mony4nTb BbipaxeHne ons KoHOakTaHca HaHOKOoNbLA B MarHUTHOM Mone.

Tema 16. KynoHoBCKOe B3auMoOencTeue.

JoMalwHee 3afaHune , NpUuMepHble BOMpPOCHI:

KynoHoBckoe B3anMoOeicTBEe B OGHOMEPHbIX CUCTEMAX. DAAEKT KyNOHOBCKOM Bnokabl.
Tema 17. CnnH-3aBUCMMOE TYHHEIMPOBaHMEe B MarHUTHbIX HAHOCTPYKTypax.
JoMallHee 3ajaHune , NpuMepHble BOMpPOCHI:

TyHHenbHoe marHeToconpoTtmeneHne. Moaenu Xynuepa, CtupHca u CnoHyesckoro. ObobueHHas
monenb CNnoHY4eBCKOro. 3aBUCMMOCTb TYHHENBHOrO MarHETOCONPOTMBAEHNS OT TeMNepaTypbl 1
NPUNOXEHHOr0 HaNPSXeHUS.

Tema . UToroeasi popma KOHTpons

[MprMepHble BOMPOCHI K 3K3aMeHy:
NTOrOBbI KOHTPOSb B BUOE 9K3aMeHa
BUNETbI K 9K3AMEHY

. Knaccuyeckas teopus Lpyne-JlopeHua. KuHetnyeckoe ypaBHeHne bonbumaHa.
. MarHeToconpoTtusneHve MeTannos 1 NONyNPOBOAHNKOB. DdekT Xonna.

. Meton goyHkumin M'pnHa. ®@opmyna Kybo ons npoBOAUMOCTMK.

. 3apanoBbIA 1 CNMHOBBLIN TOKKU. CNHOBBLIN adbdpbekT Xonna.

. 9ppekT KOHOO0 Ha MarHUTHbIX NpUMecsx u pesoHaHc Abpukocosa-Cyna.

. CnuH-opbutanbHoe B3aumoaericteue. CnuHoBas penakcaumsi.

. JByMepHbI 31eKTPOHHbIN ras.

. QHEepreTM4YeCcKnin CNekTp KBaHTOBOW SIMbl B NapanfiefibHOM MarHUTHOM Morne.

. [IByMEpHbIA 9NEKTPOHHBIA ra3 co CnnH-opbuTanbHbIM B3anMonencTanem Pawbol.
10. BannucTnyecknin TpPaHCMopPT B HAHOCYXEHUSIX.

11. 9dppekT AapoHoBa-boma.

12. KBaHTOBbIN adpdpekT Xonna.

13. Teopus ruraHTCKOro MarHeToConpoTUBIEHNS.

14. Jlokannsauuna AHOoepcoHa.

15. Jlokanmsaums B MarHUTHbIX CUCTEMAX.

16. KynoHoBCcKkOe B3auMoencTene B OLHOMEPHbIX CUCTEMAX.

17.. OpdeKT KyNnOHOBCKOW 6nokaabl

18. TyHHenbHoe MarHeToconpoTtusneHune. Moaenn Xynuepa, CtupHca n CnoH4YeB-CKOro.
19. O606weHHas monenb CNOHYEBCKOrO.

20. 3aBMCUMOCTb TYHHENbHOIO MarHeToCOMNPOTMBIEHUS OT TeMrepaTypbl 1 NPUIO-XEHHOro
HaNPSXeHUs.

0O NO Ok~ WND =

©
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7.1. OcHoBHas nuTeparypa:

OCHOBbI (PU3MKM KOHOEHCUPOBAHHOIO cocTosHuS, MNeTpos, KOpuin Bacunbesuny, 2013r.

2. AnnecHuH C.C. OcHosbl cnnHTpoHukn. CI16.: laHb, 2010. - 288 c.
http://e.lanbook.com/view/book/551/

3. BapbibuH A.A., TomnnuH B.W., Wanosanos B.U. ®nanko-texHonornyeckme oCHOBbI Makpo-,
MUKPO- 1 HAHO3NekTpoHuKkK. N3paTtenbcteo: duamarnut, 2011 r.
http://e.lanbook.com/view/book/5258/

4. 3asuy A.E. BBegeHne B TEOPUIO KNACCUYECKMX KATMOPOBOYHbIX NOnew [OneKTpoHHbIA pecypc].
KdY, 2013. Pexum goctyna: http://www.kpfu.ru/docs/F382346128/Metodichkal.pdf

5. 3asu A.E. Knaccuyeckne kannbpoBOUHbIE NMOMS U NX CUMMETPUM [DNeKTPOoHHbIN pecypc]. KDY,
2013. Pexum pgoctyna: http://www.kpfu.ru/docs/F382346128/Metodichka2.pdf

7.2. lononHutenbHasa nuteparypa:

duaunka TBepLoro Tena, Enndganos, 'eoprun VisaHosny, 2011r.

2. Baiikos H0.A. dusnka KOHAEHCUPOBAHHOrO cocTosHMs. M. BuHom. Jlabopatopus 3HaHui. - 2011.
- 293 c. [OnekTpoHHbIA pecypc] http://e.lanbook.com/view/book/4372

7.3. UHTepHeT-pecypcChbl:

Bruno P. Quantum transport in nanostructures: a panorama. Lecture course: winter semester,
2003/2004 -
http://www1.mpi-halle.mpg.de/~bruno/lectures/quantum_transport/quantum_transport.html

Dugaev V.K. Spin-dependent transport theory. Lecture course: winter semester, 2004/2005 -
http://cfif.ist.utl.pt/~vdugaev/lectures.htm

Levy P.M. Transport in solids. Doctoral level course. Orsay, March 2005 -
http://ebookbrowse.com/transport-course-2005-5-ppt-d14201864

AnnecHuH C.C. OcHoBbl cnHTpoHKMkK. CI16.: NaHb, 2010 -
http://e.lanbook.com/books/element.php?pl1_cid=25&pl1_id=551

Hanunos 0.A., Oemnpos E.C., Exesckuin A.A. OcHoBbI CNUHTPOHUKK. H. HoB-ropoa: N3n-so HHIY,
20090anHunos tO.A., Oemnpos E.C., Exesckuin A.A. OcHoBbl cnHTPOHUKKU. H. HoB-ropoa: N3a-so
HHIY, 2009 - www.unn.ru/books/met_files/spintronik.pdf

3asu A.E. BeeneHune B TEOPUIO KNACCUYECKMX KanMbpOoBOYHbIX NONe -
http://www.kpfu.ru/docs/F382346128/Metodichka.pdf

3asu A.E. Knaccuyeckue kanmbpoBoYHbIE MONS U X CUMMETPUN -
http://www.kpfu.ru/docs/F382346128/Metodichka2.pdf

M®TU / Kagpenpa TeopeTnyeckoi omamkm / bubnmnoteka / YuebHo-meToanyeckme nocobus -
http://theorphys.mipt.ru/biblio/metodichki.html

Zutié 1., Fabian J., and Das Sarma S. Spintronics: fundamentals and applications. Rev. Mod. Phys.
76, 323, 2004 - http://rmp.aps.org/vtoc/RMP/v76

8. MarepmanbHo-TexHU4eckoe obecrneyeHne QUCLMUNINHbI(MOAYNS)

OcBoeHmne ancumnnuHbl "TeopeTnyeckmne OCHOBbI CMMHTPOHUKM" NpeanonaraeT UCrnonb3oBaHne
Cnenywwero MmatepranbHO-TEXHNYECKOro obecneyeHuns:

3AEKTPOHHELBH
YHHBEPCHTET

VS OFMALIMOHHD AHATKTAHECHAR CHICTEMA kb
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MynbTumMeauiiHas ayautopusi, BMECTUMOCTbO 6onee 60 Yenosek. MynbTumMeaniiHas ayautopus
COCTOUT N3 UHTErPUPOBAHHBIX UHXEHEPHbIX CUCTEM C €AUHOWN CUCTEMON yNpaBneHns, OCHalWeHHas
COBPEMEHHbBIMU CPELCTBaMM BOCNPOU3BEAEHUS U BU3yanu3auum noboit Buaeo n ayamno
NHdpopMauuu, NOyYeHNs 1 nepenadn SNeKTPOHHbIX JOKYMEHTOB. TUNoBasi KOMMIeKTaLms
MyNbTUMEOMNAHOM ay AUTOPUN COCTOUT U3: MyNbTUMELMIHOrO NPoeKTopa, aBTOMaTN3NPOBAHHOIO
MPOEKLIMOHHOrO 3KpaHa, akyCTUYECKO CUCTEMDI, a TaKXe MHTepPaKTMBHONM TpMbyHbI NpenoaaBsaTens,
BK/IlOYaloLWen Ta4y-CKpMH MOHUTOP C AMaroHasnblo He MeHee 22 Ol0IMOB, NepCcoHalbHbI KOMMbIOTEP
(C TexHnyecknmm xapaktepucTukamm He Huxe Intel Core i3-2100, DDR3 4096Mb, 500Gb),
KOHJOepeHL-MUKPOOH, 6ecnpoBoaHOM MUKPOGIOH, 610K ynpaeneHns obopynoBaHUeM, MHTEPAENChHI
noakntoyermns: USB,audio, HDMI. MiHTepakTBHas TpmbyHa npenoaaBaTtens sBnsieTCcs KMo4eBbIM
3N1EMEHTOM yrpaBneHns, 06 beANHSIOWMNM BCE YCTPONCTBA B EANHYIO CUCTEMY, U CIYXUT
NONHOLIEHHbIM paboymm MecToM npenoaasatens. MNpenoaaeatens MMeEET BO3MOXHOCTb JIErKO
ynpaBnsiTb BCE CUCTEMOW, HE OTXOAS OT TPMOYHbI, 4TO MO3BONSIET MPOBOANTL NEKLMMW, MPaKTUYEeCKNe
3aHATWA, Npe3eHTauun, BebrHapbl, KOHEPEHUNM U Opyrie BUObl ayAUTOPHON Harpy3Ku
obyyatowmxcs B yA06HON 1 DOCTYMHOW ANSt HAX CPOPME C MPUMEHEHNEM COBPEMEHHbIX
NHTEPaKTMBHbIX CPeaCcTB 0Oy4eHMs, B TOM YMC/e C MCNONb30BaHMEM B NpoLiecce 0by4yeHuns Bcex
KopnopaTuBHbIX pecypcoB. MynbTumMeouinHas ayautopus Takxke oCHalleHa WupPOoKOrnonOCHbIM
LOCTYNOM B CETb MHTEpHET. KomnbloTepHoe 060pynoBaHMEM NMEET COOTBETCTBYIOWEE
NVLEH3NOHHOE NporpaMmMHoe obecneyeHue.

YyebHo-MeToaMYecKas nutepatypa Ans 4aHHON AUCLMMAVHBI UMEETCS B HANMYun B
3NeKTPOHHO-6ubnnoTeyHol cucteme Mapatenoctea "/laHb" , 4OCTYN K KOTOPOW NpeaocTaBneH
ctyneHtaMm. 9bC Mapnatenbctea "/laHb" BkioYaeT B cebs 9NeKTPOHHblE BEPCUM KHUT N34aTenbcTBa
"laHb" 1 opyrux Beoywmx n3natenbcTB y4ebHOM nnTepatypbl, a TakXXe aNeKTPOHHbIe BEPCUM
NepuoaNYEeCcKNX U3naHnii No eCTECTBEHHbIM, TEXHUYECKMM M FTyMaHUTapHbIM Haykam. ObC
NapatenbcTBa "/laHb" obecneymBaeT LOCTYN K HAYYHOR, y4ebHOM nuTepatype 1 Hay4HbIM
NeprvoanYecKUM N34aHNSIM MO MakCUManbHOMY KOMYECTBY NPOGUIbHBIX HaNpPaBneHWii ¢
cobnoneHneM Bcex aBTOPCKMX U CMEXHbIX Npas.

YyebHble ayanTopumn ons nposeneHns neKUMOoHHbIX U NpakTn4eckKnx 3aHATUN.

Mporpamma cocTtasneHa B cootBeTcTBum ¢ TpeboBaHnsmm GrOC BIMO 1 y4ebHbIM nnaHoM no
HanpasneHnio 03.04.02 "duaunka" n marnctepckomn nporpamMmme TeopeTndeckas n MatemaTnyeckas
donsuka .
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Mporpamma gucumnnuHbl "TeopeTndeckme oCHOBbI CMHTPOHKKK"; 03.04.02 dursnka; OoUeHT, K.H. (goueHT) demuHos P.I. | DOUEHT, K.H.

3asu A.E.

ABTOpP(bI):
JemuHos P.I".

3asu A.E.

PeueH3eHT(bl):
MpowwH O.H.
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