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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 yacbl
Pasgen ayoMTOpHOM paboThbl,
Henensa NX TPYO0E€MKOCTb Tekywme coopmbl
N .D.MI(\:’IL(I.)MHILI;HbI/ CemecTp cemecTpa (B yacax) ‘{( OHTp$1 ﬂp
ay Nek ImI1pal(wu-lecl(meJ1a60paTopH|:|e
u 3aHATUNA paGOTbI

Tema 1. CkanspHble un

BEKTOPHbIE rnons. ;,Iomﬁzmi::oe
1. |B3anmopgencrteme nonen 1 1-2 2 0 0 sananmne

C BHELWHNMUN

NCTOYHUKaMMN.

Tema 2. KannbposoyHoe

B3aMMOOeNncTBme B Eomﬁzmﬁggoe
2. |ckangapHo#m 1 3-4 2 0 0 3anaHne

3NeKTpoANHaMUKeE.

NucbMeHH

Tema 3. Heabenesbl nonﬁamieeoe
3. [kannbpoBOYHbIE MONS. 1 5-6 2 0 0 3anaHme

YpaBHeHMs nons.

Tema 4. PeweHuns NMucbMeHHoe

ypaBHEHWn Nons. ) JomauiHee
4. Ycnosus 1 7-8 2 0 0 3agaHue

camoyanbHOCTH
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Bugbl n yachbl
Pasgen ayauTopHOM paboThbl,
Hepens UX TPYAOEMKOCTb Tekywme coopmbl
N 'D'"Kn"(")v;lr;;v;“b'/ CemecTpl: e mectpa (B yacax) KOHTponsi
Nek ImI'IpaKTw-leCI(l/leJ1a60pa1'op|-||>|e
u 3aHATUSA pa60TbI
Tema 5. IHCT@HTOHDI. Eovﬁgmﬁ:'goe
5. |[Tononoruyeckni 3apsd.f 1 9-10 2 0 0 sananmne
Tema 6. CnoHTaHHOE
HapyweHune rnobanbHo lMncbMeHHoe
CUMMETPUN. i nomallHee
6. Hamby-ronncroyHoBCKMiA 1 1-12 2 0 0 3agaHvne
6030H. Teopema
[longcToyHa.
lMncbMeHHoe
Tema 7. MexaHun3m nomauHee
7. Xurrca. 1 13-14 2 0 0 3afaHue
;gz:n% Mowonone B lMncbmeHHoe
8. |[IHra-Munnca-Xurrca. 1 1516 | 2 0 0 ggz:ﬁm“je
CamogayanbHbii
MOHOMO/b.
Tema 9. lNpocTenwne
g [Tononornyeckue 1 17-18 > 0 0 Kggggganaﬂ
" |lconnToHbl. KnHk. Buxpsb. P
lMncbmeHHoe
10. Tema 10. BeeneHue B 5 1-2 5 5 0 oomMallHee
CMNHTPOHKKY. 3apaHue
Tema 11. Teopus MNMncbmeHHoe
TpaHcrnopTa B i noMallHee
1. HEeMarHMUTHbIX MeTannax 2 3-4 2 2 0 3apaHue
1 NONYNpPOBOAHMKAX.
12 Tema 12. PaccesHue Ha 5 5.6 5 5 0 Kggggganaﬂ
‘IMarHUTHbIX NPUMECSIX. P
Tema 13. TpaHcropT B Eg;;mﬁ:goe
13.|HM3KOopa3MepHbIX 2 7-10 4 4 0 3anaHme
cucTemax.
14 [Tema 14. Tpaxcnopt & o | 1140 | o 5 0 KgggggﬂbHaﬂ
‘IMarHUTHBIX cucTemMax. P
lMncbMeHHoEe
) noMallHee
15.|Tema 15. Jlokannzaums. 2 13-14 2 2 0 sananue
[MucbMeHHoe
Tema 16. KynoHosckoe nomaiuHee
16. B3aMMoOencTeme. 2 14-15 2 2 0 3ajaHue
PerncTpaumnoHHblii Homep 670917 BAEKTPOHHBIH
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Buabl v yachbl
Pasgen ayauTopHon paboTbl,
Hepens UX TPYAOEMKOCTb Tekywme coopmbl
N 'D'"Kn"(")""m'”b'/ Cemectp cemecTpa (B yacax) ‘{(ompg?mp
Ay Nekumu MpakTnyecknellaboparopHbie
3aHATUSA paborbl
Tema 17.
CnunH-3aBucrmMoe Eov'ﬁzmﬁ:'goe
17.|TyHHenupoBaHue B 2 15-16 2 2 0 sananmne
MarHUTHbIX
HaHOCTPYKTypax.
Tema . NToroeas OK3aMeH
2 0 0 0
doopma KOHTpoOns
Ntoro 36 18 0

4.2 CopepxaHue OUCLUMNIMUHbI
Tema 1. CkansipHble U BEKTOPHble nonsi. Baaumopencteue nonen ¢ BHELUHUMU UCTOYHUKAMW.
JNleKLMoHHoe 3aHsiTne (2 4aca(oB)):

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

Tema 2. KannbpoBo4yHoe B3auMoAenCcTBue B CKansipHOM aNeKTPOANHaMMKe.
NeKUuMoHHoe 3aHsiTne (2 yaca(os)):

KannbpoBoyHOe B3aMMOOENCTBME B CKaNsipPHON anekTpoanHamuke. Teopema Hetep.
Tema 3. HeabeneBbl KanMbpoBOYHbIE NONA. YpaBHEHUs NONS.

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

Heabenesbl kannbposoyHble nons. Heabenesobl rnobanbHble cummeTpun. Heabenesa
KannbpoBoYHas MHBAPUAHTHOCTb M KanmbpoBoyHbie nons: rpynna SU(2). ObobeHns Ha apyrue
rpynnbl. YpaBHeHus AHra-Munnca.

Tema 4. PewueHusi ypaBHeHU nonsi. YCnosusi camoayanbHOCTU

JNleKLLMOHHOe 3aHsiTue (2 Haca(os)):

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

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

MoHsATUE MHCTAHTOHA B KANMOPOBOYHOWM TeopuKn. VIHCTaHTOH
benaenHa-lNonskosa-lWBapua-TionkmHa. Tononornyeckuii 3apsa.

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

JNleKL,MoHHoe 3aHsiTne (2 4yaca(oB)):

CnoHTaHHOe HapyLweHue rnobanbHoi cummeTpun. CroHTaHHOE HapYLEHNEe ONCKPETHOW
cummeTpumn. CnoHTaHHOe HapyweHue rnobanbHoi cummeTpun U(1). Hamby-ronoctoyHOBCKUiA BO30H.
YacTtuyHoe HapylweHue cummeTpumn: mogenb SO(3). Obwwin cnyyaii. Teopema MonacToyHa.

Tema 7. MexaHu3m Xurrca.
neKuMnoHHoe 3aHsiTne (2 yaca(os)):

MexaHuam Xurrca. lMpumep abenesoit monenn. Heabenes cnyyaii: Mogenb C NOMHOCTbIO
HapyweHHoin SU(2)-cummeTtpueii. Mpumep 4acTUYHOrO HapYLWEHNS KannbpoBOYHOW CUMMETPUN:
O030HHbIVi CEKTOP CTaHAAPTHON anekTpocnaboi Teopuu.

Tema 8. MoHononb B mogenu fHra-Munnca-Xurrca. CamonyanbHblii MOHOMO/Nb.
JNeKLMoHHoe 3aHsiTne (2 4yaca(os)):

MoHATME MOHOMONS B KanmbpoBo4HoO Teopmun. MoHononb 'T XogpTa-MNonsikosa. CamoayanbHblii
moHononb Npacana-Commepdunbaa.

Tema 9. NpocTtenwumne Tononornyeckme conmToHbl. KUHK. Buxps.
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NeKUuMoHHoe 3aHsiThe (2 yaca(os)):

MpocTeiwne Tononornyeckmne conntoHbl. Knik. MacwrabHble npeobpasoBaHust U Teopembl 06
OTCYTCTBUM CONUTOHOB. Buxpb. ConntoH B Mogenu n-nons B (2+1)-MepHOM NpOCTPaHCTBE-BPEMEHMN.

Tema 10. BBepeHue B CMUHTPOHMUKY.
JNIeKLMOHHOe 3aHsiTne (2 4yaca(os)):

CnuHTpoHuka. MarHetoconpotusneHne. ['mraitckoe marHetoconpotmeneHne (GMR) n TyHHenbHoe
marHeToconpoTusnenue (TMR).

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

1. BblYCneHne rmraHTCKoro 1 TYHHesIbHOro MarHeToCONMPOTUBIEHUIA B MPOCTENWNX CNyYasiX.
Tema 11. Teopus TpaHcnopTa B HeMarHUTHbIX MeTannax u NoNynpoBoAHUKAaX.
JNleKLLMOHHOe 3aHsiTue (2 Haca(os)):

Knaccunyeckas teopus Opyne-JlopeHua. KnHetudeckoe ypasHeHne bonbumaHa.
MarHeToconpoTMBNEeHNe MeTannoB 1 NONynpPoBOAHUKOB. OpdpekT Xonna. Meton qoyHkuUmi ["puHa.
dopmyna Kybo onst nposoauMocTu. 3apsaoBblil 1 CNMHOBLIA TOKW. CNMHOBBIN 3dodoekT Xonna.

npaKkTudeckoe 3aHsitne (2 yaca(os)):

KOHTponbHas paboTa. 1. PacyeT MarHeToconpoTUBNEHNS B pamMkax KlacCUYeCcKol Teopum
Lpyne-NopeHua 2. BoluucneHne npoBoANMOCTU C UCNOMb30BAaHWEM KMHETUYECKOrO YPaBHEHMS
BonbumaHa

Tema 12. PaccesiHMe Ha MarHUTHbIX NPUMeECSX.
neKuMnoHHoe 3aHsiThe (2 yaca(os)):

AhpekT KoHOOo HA MarHnTHbIX NpuMecsix 1 pesoHaHc Abpukocosa-Cyna. CnuH-opbutansHoe
B3ammopeicTeme. CnuHoBas penakcaums.

npaKkTudeckoe 3aHsitne (2 yaca(os)):

1. AHanuTnyeckoe paccmMoTpeHue agpdpekta Konpo. 2. OnncaHne MexaHn3MoB CMMHOBOA
penakcauuu.

Tema 13. TpaHcnoOpT B HU3KOpPa3MepPHbIX CUCTEMaX.
JNleKLMOHHOe 3aHsiTne (4 4yaca(os)):

L[ ByMEpHbIAi 9NEeKTPOHHbI ra3. KBaHTOBblE siMbl, MPOBONOKM U TOYKWU. CNMH-0pbutansHoe
B3aMOLEeNCTBME B HA3KOPA3MEPHbIX cucTeMax. bannuctnyeckmin TpaHcnopt. SgochekT
AapoHoBa-boma B HaHokonbLax. KBaHTOBaHME XONN0BCKOM NPOBOANMOCTM B OAHOMEPHbIX
cucTemax.

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

KOHTponbHas pabota. |. Mony4nTtb doopmyny JlaHasayapa-bioTTukepa ans KoHgakTaHca
KBa3MOOHOMEPHOW cuUCTeMbI. 2. [1ony4nTb BbipaxeHne ns KoHAakTaHca HaHOKObLaA B MarHUTHOM
none.

Tema 14. TpaHcnopT B MarHUTHbIX CUCTEMAX.

NeKLuMoHHOoe 3aHsiThe (2 yaca(os)):

CnuH-3aBucMoe paccesHue. ['MraHTckoe MarHeToconpoTuBNeHne
npakTnyeckoe 3aHsitne (2 4aca(os)):

1. [Nony4nTb BbipaXeHne Ansg rmraHTCKoOro MarHETOCOMNPOTUBEHUS B Clly4ae reoMeTpumn "Tok B
nnockocTn".

Tema 15. Jlokanusauus.

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

Nokanusauns AHpgepcoHa. Jlokanusaumsi B MarHUTHbIX CUCTEMAX.
npakTnyeckoe 3aHsitne (2 4aca(os)):

1. OnncaTb MexaHn3Mbl nokanmaaumm AHnepcoHa. 2. OcobeHHOCTU nokanm3aumm B MarHUTHbIX
cucTemax

Tema 16. KynoHOBCKOe B3auMoOencreue.
JNeKLMoHHoe 3aHsiTne (2 4yaca(oB)):
KynoHoBckoe B3anMoAeicTBe B OQHOMEPHbIX CUCcTEMaXx. dAPAEKT KyNOHOBCKOM Bnokabl.
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npaKkTudeckoe 3aHsitne (2 yaca(os)):

1. Ponb kynoHoBckow 6nokaabl B 04HO3IEKTPOHHbBIX CUCTEMAX.

Tema 17. CnnH-3aBUCMMOE TYHHEIMpPOBaHME B MarHUTHbIX HAHOCTPYKTypax.
JNIeKLMOHHOe 3aHsiTne (2 4yaca(os)):

TyHHenbHoe MarHetoconpoTmeneHue. Mooenn Xynunepa, CtupHca n CnoHyesckoro. O606weHHas
mMoaenb CnoH4YeBckoro. 3aBMCMMOCTb TYHHENIbHOrO MarHeToCOoNpPOTMBAEHMS OT TemnepaTtypbl 1
NPUNOXEHHOr0 HaANPSIXXEHMUS.

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

1. TyHHenbHoe conpoTmsneHne B mogenu Xynuepa. 2. TyHHeNnbHOe CONPOTUBNEHNE B MOLENN
CtupHca. 3. TyHHenbHoe conpoTueneHue B moaenun CnoH4YeBCKOro.

4.3 CTpyKTypa M coagepxaHue caMOCTOATENIbHOMN paboThbl AUCLUNNUHBI (MOAYNS)

Buabi
N Paspnen Cemect Hepens | camocTosiTenbHon [TPyA0eMKOCTb ;%%%:L';g:;gzgz
AvcuvnnuHbl pcemecha paboTbl (B yacax) 260TbI
CTYAEHTOB P
Tema 1. CkanspHble un
BEKTOPHbIE MONS. noaroToBka
1. |BsaumonencTtemne nonen 1 1-2 |oomawHero 6 ggz::JMHee ©
C BHELWHUMMN 3a0aHus
NCTOYHMKAMMW.
Tema 2. KanmbpoBoyHoe
B3auMMOOENCTBME B noaroToBKa
2. [ckanapHom 1 3-4 |onomallHero 6 ggz:ﬁ;:e
SNeKTpoANHaMUKe. 3a0aHus
Tema 3. Heabenesbl noaroToBka
3. [kannbpoBOoYHbIE MONS. 1 5-6 |pomalwHero 6 EQES:JMH: ©
YpaBHeHus nons. 3adaHus
Tema 4. PeweHns
N NOAroToBK
4 [ypasHeHui nons. 1 7.8 ugﬂa?ugerg 6 nomallHee
" |Ycnosus 3ananms 3apaHve
camofyanbHOCTH
Tema 5. IHCTAHTOHBI. noaroToBska
5. [Tononornyeckuin 3apsaga.| 1 9-10 |nomawHero 6 ggz:;”;:e
3anaHus
Tema 6. CnoHTaHHOE
HapyweHne rnobanbHoi
NOAroToBK
6. [cummeTpUN. 1 11-12 ngﬂa?u:?erg 6 noMallHee
" |[Hamby-ronactoyHOBCKNI 3anaHms 3afaHue
6030H. Teopema
ConacToyHa.
Tema 7. MexaHnam noarotoeka JomalliHee
7. XUrrca 1 13-14 |(nomawHero 6 3anaHne
' 3a0aHus
Tema 8. MoHononb B
mogenmu NoaroToBKa
8. |AHra-Munnca-Xurrca. 1 15-16 [momawHero 6 ggz::lmfe
CamopnyanbHbii 3anaHus
MOHOMO/b.
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Buabl
N Pasnen Cemect Hepens | camocrositensHon [TpymoeMKOCTb g‘:ﬂ%’::;';?:;gzgs
AucumninHbl pcemeCTpa paborthbl (B yacax) 260TbI
CTYyAOEeHTOB P
Tema 9. MNpocTenwne
g [Tomonoruyeckue 1 17-18 Egﬂgggiﬁig 6 KOHTPONbHas
" lconnToHbl. KnHk. Buxpsb. T
CONnTO p pabore pabota
noaroToBK
10 Tema 10. BeepeHve B 5 1-2 ngﬂazﬁerg 6 nomaliHee
CMVHTPOHKKY. sanaHms 3apaHve
noaroToBKa
omauwHee
Tema 11. Teopus LomauHero 4 g'a,uaHme
11 TpaHcnopTa B 2 3.4 3afaHus
‘I[HEMarHMTHbIX MeTannax noaroTtoBka K KOHTDONLHAS
N nonynpoBoOHMKax. KQHTpoanof/] 4 8.6028.
pabote P
noaroToBK
12 Tema 12. PaccesiHve Ha 5 5.6 ,ugﬂa?ugerc? 8 nomailHee
MarHUTHbIX NPUMECSHX. 3ananms 3apaHve
Tema 13. TpaHcnopT B noaroToBska
13.|HM3Kopa3MepHbIX 2 7-10 |OoomaluHero 14 ggzaa;”;:e
cucTemax. 3agaHus
14 Tema 14. TpaHcnopT B 5 11-12 Hgﬂ;ﬂ::r'(g 8 noMallHee
MarHUTHbIX CUCTEMAX. sananms 3ajaHve
noAaroToBK
OAroroeka nomauwHee
JoMalHero 4
sanaHns 3ajaHve
15.|Tema 15. Jlokanusaums. 2 13-14 HOLrOTOBKA K
KOHTPONbHOMN 4 Kgg;gganaﬂ
paboTe P
noaroToBK
16 Tema 16. KynoHoBsckoe 5 14-15 ngﬂaﬁugerg 8 nomailHee
B3anmomencTsume. 3anaHms 3apaHve
Tema 17.
CnuH-3aBucumoe noaroToBKa
17.|TyHHenvpoBaHwue B 2 15-16 |pomawHero 12 ggzgﬁ;eee
MarHUTHbIX 3anaHus
HaHOCTPYKTypax.
Ntoro 126

5. O6pa3oBarenbHble TEXHONOIMU, BK/IOYAA MHTEPaKTUBHbIE hOpMbl 06yUeHUs
Kypcbl nekunii n NpakTU4eCcKmnx 3aHSTUIA, OpraHM30BaHHble MO CTaHAAPTHOW TEXHONOTK

6. OueHOuYHble CpeacTBa OJ1s TEKYLLLero KOHTPOJS yCreBaeMoCT!, NPOMEXYTOYHOMN
aTTecTauum no UToram OCBOEHUS OUCLMMNIIMHBI U y4eBHO-MmeToanyeckoe obecneyeHme
CaMOCTOSITe/IbHOW paboTbl CTYAEHTOB

Tema 1. CKaﬂHprle N BEKTOPHbIe NoJis. B3aumopgencteue nonen ¢ BHELULHUMU NUCTOYHUKaMMW.
JOoMallHee 3aaHune , npuMepHblie BONPOChHI:

PernctpaunoHHbii Homep 670917
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CkansipHble 1 BEKTOpHble nons. [encteme ckanspHoro nong. MaccmeBHoe ckansipHoe none.
KomnnekcHoe ckansipHoe none. Baanmogencreme nonern ¢ BHEWHUMU NCTOYHUKAMUN.
BaaumopencTteytowme nons.

Tema 2. KanubpoBoyHoe B3aumoaencTsue B CKansipHoOm aNeKTpoanHaMmuKe.
LoMallHee 3afaHune , NPUMepPHbIE BOMPOCHI:

KannbpoBoyHoe B3anMoAeiCTBIE B CKANSipHOWM anekTpoanHaMmuke. Teopema Hetep.
Tema 3. HeabeneBbl KanMbpoBoYHbIe NONS. YpaBHEHUS NONS.

LoMallHee 3afaHune , NPUMepPHbIE BONPOCHI:

Heabenesbl kannbposoyHble nons. Heabenesbl rnobanbHble cummetpun. Heabenesa kanmbpoBoyHas
MHBAPWaHTHOCTb 1 KanubposoyHblie nong: rpynna SU(2). O6obweHnsa Ha gpyrve rpynnbl. YpaBHEHNS
Anra-Munnca.

Tema 4. PewueHusi ypaBHeHU nonsi. Ycnosusi camoayanbHOCTU

LoMallHee 3ajaHne , NPUMEPHbIE BONPOCHI:

MapannenbHble KanMbpoBo4YHbIE NONS. YCnosme camoayanbHOCTV B €BKIMAOBOM NPOCTPaHCTBE.
Tema 5. UHcTaHTOHBbI. TONONOrMYecKnn 3apsa.

JoMalwHee 3afaHune , NpuMepHble BOMpPOCHI:

MoHsTUE MHCTaHTOHA B KanmbpoBoYHo Teopun. MiHcTaHToH BenasnHa-MNonsikosa-LUBapua-TionkumHa.
Tononornyeckui 3apsa.

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

JOoMallHee 3aaHune , npuMepHblie BOMNPOChHI:

CnoHTaHHOe HapyLweHue rnobanbHoi cummeTpun. COHTaHHOE HapyLIeHNe ONCKPETHOM CUMMETPUN.
CnoHTaHHOe HapyweHue rnobanbHoi cummeTpun U(1). Hamby-ronactoyHoBCKuin 6030H. YacTrnyHoe
HapyweHne cummeTpumn: mogenb SO(3). Obwwuin cnyyait. Teopema NonactoyHa.

Tema 7. MexaHn3am Xwurrca.
JoMalHee 3afaHune , NpUMepHble BONpPOCHI:

MexaHunam Xurrca. MNpumep abenesoit Monenun. Heabenes cnyyaii: MoLenb C NONHOCTBIO HAPYLWEHHOM
SU(2)-cnmmeTpueii. MNprmep 4acTUYHOro HapyLWeHUst KannbpoBOYHOW CUMMMETPUN: BO30HHbBIN CEKTOP
cTaHpapTHOW anekTpocnabol Teopun.

Tema 8. MoHononb B mogenu dHra-Munnca-Xurrca. CamonyanbHbli MOHOMO/Nb.
JoMallHee 3aaaHune , NpuMepHble BONpPOCHI:

MoHATME MOHOMONS B KanmbpoBo4HO Teopmmn. MoHononb 'T XogpTa-MNonsikosa. CamoayanbHblii
moHononb Npacana-Commepdunbaa.

Tema 9. NpocTtenwimne Tononornyeckme conmToHbl. KUHK. Buxpso.
KOHTpoNbHas paboTta , NpUMepHbIE BONPOCHI:

1. Jloka3aTenbCTBO COOTHOWEHMI B KanmbpoBoYHOM Teopumn AHra-Munnca. 2. PelueHne ypaBHeHMS
SAHra-Mwunnca ¢ 3agaHHbIMU rPaHUYHBIMW YCIIOBUSIMUA.

Tema 10. BBepeHue B CMUHTPOHMUKY.
HomaluHee 3afaHune , NpuMepHbie BOMPOCHI:

CnuHTpoHuka. MarHetoconpoTtusneHue. 'uraitckoe marHetoconpotmeneHne (GMR) n TyHHenbHoe
marHeToconpoTusneHue (TMR).

Tema 11. Teopusi TpaHcnopTa B HEMarHUTHbIX MeTannax U NoNynpoBoOAHUKAX.
ooMallHee 3afaHue , NpUMepHbIe BOMPOCHI:

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

KOHTpoNbHas paboTta , NpUMepPHbIE BONPOCHI:

1. PacyeT MmarHeToconpoTuBNeHNs B pamkax knaccudeckom teopun Odpyne-IlopeHua 2. BolumcneHne
NPOBOAUMOCTM C UCNONb30BAHNEM KUHETMYECKOro ypaBHeHMs bonbumaHa

Tema 12. PaccesiHMe Ha MarHUTHbIX NPUMeCSX.
JoMawHee 3afaHune , NpUMepHble BOMpPOCHI:
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Knaccuyeckas teopus Opyne-JlopeHua. KuHetnyeckoe ypaBHeHne bonbumana.
MarHeToconpoTMBAEHNE METANOB U NONYNPOBOAHUKOB. ekt Xonna. Meton doyHkumMiA ['puHa.
dopmyna Kybo ons npoBoanMocTui. 3apsiooBblii U CMMHOBLIA TOKWM. CNMHOBLIN adpdpekT Xonna.

Tema 13. TpaHcnopT B HU3KOpa3MepHbIX CUCTEMaX.
JoMallHee 3ajaHne , NPUMEpPHbIE BONPOCHI:

J1ByMepHbIA 9NeKTPOHHBI ra3. KBaHToBblE siMbl, MPOBONOKM U TOYKWU. CnMH-opbutansHoe
B3aVMOLENCTBME B HU3KOPA3MEPHbIX cucTemax. bannuctnyeckmin TpaHcnopt. SdochekT
AapoHoBa-boma B HaHokonbLax. KBaHTOBaHME XONNOBCKOM MPOBOAMMOCTUA B OLLHOMEPHbIX CUCTEMAX.

Tema 14. TpaHcnoOpT B MarHUTHbIX CUCTEMaX.

JoMalHee 3afaHune , NpuMepHble BOMpPOCHI:

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

IoMalwHee 3aaaHune , NpUMepHble BONpPOCHI:

INNokanusaumsa AHgepcoHa. Jlokanmsaums B MarHUTHbIX CUCTEMAX.
KOHTpONbHas paboTta , NPUMepPHbIE BOMPOCHI:

l. Monyuntb chopmyny JlaHaBayapa-boTTrkepa onsg KoHoakTaHca KBa3voAHOMEPHOW CUCTEMBI. 2.
[Mony4nTb BbipaxeHne ONng KoHOakTaHca HaHOKONbLA B MarHUTHOM Mone.

Tema 16. KynoHoBCKOe B3anmonencreme.

JoMalwHee 3afaHune , NpUMepHble BOMpPOCHI:

KynoHoBckoe B3anMoOeiCcTBE B OQHOMEPHbIX CUCTEMaX. DAPAEKT KyNOHOBCKOM Bnokabl.
Tema 17. CnnH-3aBUCMMOE TYHHEIMPOBaHMEe B MarHUTHbIX HAHOCTPYKTypax.
JoMalHee 3afaHune , NpuMepHble BONpPOCHI:

TyHHenbHoe marHeToconpoTtmeneHme. Moaenu Xynuepa, CtnpHca u CnoHyesckoro. O6o6ueHHas
mozenb CnoH4eBcKoro. 3aBMCUMOCTb TYHHENIbHOrO MarHEeTOCOMPOTUBIIEHMS OT TeMNepaTtypbl U
NPUNOXEHHOr0 HANPSXEHWS.

Tema . UToroeasi popma KOHTpons

MprMepHble BONPOCHI K 9K3aMeHY:
MTOrOBbIA KOHTPONb B BUAE 9K3aMeHa
BUNETbI K 9K3AMEHY

1. Knaccuueckas teopusa Opyne-JlopeHua. KuHetnyeckoe ypasHeHue bonbumara.
2. MarHeToconpoTMBAEHNE METANNIOB M NOMYNPOBOLHMKOB. SdppekT Xonna.

3. Meton cpyHkuwnid MpuHa. Popmyna Kybo ons npoBoamMmocTw.

4. 3apsaoBblii U CNUHOBLIA TOKW. CNMHOBLINM adhdoekT Xonna.

5. OhpekT KoHAo Ha MarHMTHbIX NpuMecsx n pesoHaHc Abpukocosa-Cyna.

6. CnnH-opbutanbHoe B3aumoaericteume. CnmHoBas penakcaumsi.

7. I1ByMepHbI 3NEeKTPOHHbIN ras.

8. DHepreTnyeckunii CNekTp KBaHTOBOWM SIMbl B MapaninenbHOM MarHUTHOM none.

9. [1ByMepHbI 3NEKTPOHHBIN ra3 co CNnH-opbuTanbHbIM B3anMoaencTenem Pawob.
10. BannucTnyecknin TpPaHCMNopPT B HAHOCYXEHUSIX.

11. 9dppekT AapoHoBa-boma.

12. KBaHTOBbIN adodpekT Xonna.

13. Teopus ruraHTCKOro MarHeToConpoTUBIEHWS.

14. Jlokannsauuna AHOoepcoHa.

15. Jlokanmsaums B MarHUTHbIX CUCTEMAX.

16. KynoHoBCKOe B3auMoOgencTene B OLHOMEPHbIX CUCTEMAX.

17.. 9dpdekT KyNnoHOBCKOW 6noka bl

18. TyHHenbHoe MarHeToconpoTtusneHune. Moaenn Xynuepa, CtupHca n CnoH4YeB-CKOro.
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19. O606weHHaa moaenb CnoHYeBCKOro.

20. 3aBMCUMOCTb TYHHEJIbHOIro MarHeEToConpoTUBNEHNA OT TeMnepartypbl N NPUO-XEHHOIro
Harnps>XxeHuns.

7.1. OcHOoBHas nuTteparypa:

OCHOBbI (PM3MKM KOHLEHCMPOBAHHOIO coCcTosIHMS, MeTpos, KOpuit Bacunbesuny, 2013r.

2. AnnecHuH C.C. OcHoBbl cnuHTpoHukK. CI16.: JlaHb, 2010. - 288 c.
http://e.lanbook.com/view/book/551/

3. BapblbuH A.A., TomnnuH B.W., Wanosanos B.U. ®unanko-texHonormyeckme 0CHOBbI Makpo-,
MUKPO- N HAHOANEKTPOHUKW. MI3paTenbcTBo: Puamatnumt, 2011 .
http://e.lanbook.com/view/book/5258/

4. 3asau A.E. BBegeHve B TEOPUIO KNACCUYECKMX KaNMBPOBOYHbIX Nonei [9neKTpoHHbIR pecypc].
KdY, 2013. Pexum goctyna: http://www.kpfu.ru/docs/F382346128/Metodichkai.pdf

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

7.2. lononHuTenbHasa nuteparypa:
duamka TBepaoro Tena, Enndgpanos, 'eoprun VisaHosny, 2011r.

2. baiikoB K0.A. ®un3unka KOHOAEHCMPOBAHHOIO cocTosiHus. M. BuHom. JlabopaTtopust 3HaHwiA. - 2011.
- 293 c. [9nekTpoHHbIN pecypc] http://e.lanbook.com/view/book/4372

7.3. UHTepHeT-pecypcChl:

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. OcHoBbI cnHTPOHKKK. CI16.: NaHb, 2010 -
http://e.lanbook.com/books/element.php?pl1_cid=25&pl1_id=551

Hanvnos 0.A., Nemunpos E.C., Exesckunt A.A. OcHoBbl cnuHTpoHWKK. H. Hos-ropoa: N3a-so HHIY,

20090anHunos tO.A., Oemnpos E.C., Exescknin A.A. OcHoBbl cnHTPoHUKKU. H. Hos-ropona: N3a-so
HHI'Y, 2009 - www.unn.ru/books/met_files/spintronik.pdf

3asu A.E. BeegeHune B TEOpUIO KNacCnyeckmx KanmbpoBOYHbIX Nonewn -
http://www.kpfu.ru/docs/F382346128/Metodichka1.pdf

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

M®dTU / Kadbenpa TeopeTudeckoin gouankm / bubnmnoteka / YuebHo-MeToan4eckmne nocobus -
http://theorphys.mipt.ru/biblio/metodichki.html

Zuti¢ 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. MarepuanbHo-TexHU4yeckoe obecrneyeHne oUCLUMUNINHbI(MOAYS)
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OcBoeHue aoncumnauHbl "KannbpoBoyHble nons" npegronaraeT MCNONb30BaHWE CledyoLero
MaTepuanbHO-TEXHNYECKOro obecneyeHus:

MynbTumMeauiiHas ayoutopusi, BMECTUMOCTbO 6bonee 60 Yenosek. MynbTumMeaniiHas ayautopus
COCTOUT N3 UHTErPUPOBAHHbBIX UHXEHEPHbIX CUCTEM C €ANHOWN CUCTEMOWN yNpaBneHns, OCHalWeHHas
COBPEMEHHbBIMU CPELCTBaMM BOCNPOU3BEAEHUS U BU3yanv3auum noboit Buaeo n ayamno
NHdpopMauuu, NoyYeHNs 1 nepenayn SNeKTPOHHbIX JOKYMEHTOB. TUnoBasi KOMMIeKTaums
MyNbTUMEAMNAHON ay AUTOPUN COCTOUT U3: MyNbTUMELMNIHOrO NPoeKTopa, aBTOMaTN3NPOBAHHOIO
MPOEKLIMOHHOrO 3KpaHa, akyCTUYECKON CUCTEMDI, a TaKXe MHTepPaKTMBHONM TpMbyHbI NpenoaasaTens,
BK/IlOYaloLWen Ta4y-CKpMH MOHUTOP C AMaroHasnblo He MeHee 22 Ol0IMOB, NepCoHasbHbI KOMMbIOTEP
(c TexHnyecknmm xapaktepucTukamm He Huxe Intel Core i3-2100, DDR3 4096Mb, 500Gb),
KOHgoepeHL-MUKPOoH, 6ecnpoBoaHOM MUKPOGIOH, 650K ynpaeneHns obopynoBaHueM, MHTepAelichl
noakntoyerms: USB,audio, HDMI. MiHTepakTMBHas TpmbyHa npenoaaBaTtens siBNsieTCs KMYEBbIM
3N1EMEHTOM yrpaBnieHns, 06 beANHSIIOWNM BCE YCTPONCTBA B EOMNHYIO CUCTEMY, U CIYXUT
NONHOLIeHHbIM paboymm MecToM npenoaasatens. lNpenoaasaTtenb MMEET BO3MOXHOCTb NIErKo
ynpaBnsiTb BCE CUCTEMOW, HE OTXOAS OT TPMOYHbI, 4TO MO3BONISIET MPOBOANTL NEKLUMMW, MPaKTUYeCcKue
3aHATWA, Npe3eHTauunn, BebrHapbl, KOHEPEHUMM U Opyrie BUObl ayAUTOPHON Harpy3Ku
obyyatowwmxcs B yA0OHON 1 OOCTYMHOW ANSt HUX COOPME C MPUMEHEHNEM COBPEMEHHbIX
NHTEPaKTMBHbIX CPeacTB 0Oy4eHMsl, B TOM YMC/e C MCNONb30BaHMEM B NpoLiecce 0byyeHuns Bcex
KopnopaTusHbIX pecypcoB. MynbTumMeoninHas ayautopus TakXke oCHaleHa WupPOoKOrnonOCHbIM
LOCTYNOM B CeTb MHTEepHET. KomnbloTepHoe 060pynoBaHMEM NMEET COOTBETCTBYIOWEE
NMLEH3MOHHOE NporpaMmMHoe obecneyeHue.

YyebHo-MeToanYeckas nutepartypa ans 4aHHOW ONCLMMNINHBI UIMEETCS B HAMYUN B
3NEeKTPOHHO-6MbNnoTeYHol cucteme Maparennctea "MlaHb" , 4OCTYN K KOTOPOW NPenoCcTaBeH
ctyneHTam. 9bC MN3partenbcta "MlaHb" BKOYAET B cebs aNEKTPOHHbIE BEPCUMUN KHUT U3[aTENbCTBA
"IlaHb" 1 Opyrnx Beaywmux n3natenbCcTB y4ebHoW nMTepartypsbl, a TakXe 9NeKTPOHHbIE BEpCUmn
nepruoanyecknx n3aaHuim no eCTeCTBEHHbIM, TEXHUYECKNM U r'yMaHuTapHbiM Haykam. 9bC
N3patenbcTBa "IlaHb" obecneunBaeT LOCTYN K HAy4YHOI, y4ebHON nnTepaType 1 Hay4HbIM
nepuoanyeckmm n3gaHnsm no MakCrmMarbHOMy KONMMYECTBY MPOGUIbHbBIX HanpasneHnin ¢
cobntogeHneM BCEX aBTOPCKUX U CMEXHbIX NPaB.

YyebHble ayanTopun Onsi NpoBeAeHNs NEKLMOHHbIX 1 NPAKTUYECKMX 3aHATUIA.

Mporpamma cocTtasneHa B cootBeTcTBuM ¢ TpeboBaHnsmm ®rOC BIMO 1 y4ebHbIM nnaHoM no
HanpasneHno 03.04.02 "duaunka" n marnctepckom nporpamMmme TeopeTndeckas u MatemaTnyeckas
donsnka .
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