degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
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Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

10 JMCHMILIMHE: Bgenenue B Teopuro Opan
10 HAMPABJIEHUIO: [puknagHpie MaTemMaTHKa U Qu3nka
npopuiIb NOArOTOBKHU: OO6was u npukiagHas Gusznka

OdusTex-mkona QUMK U ucciaeqoBannil uM. Jlanaay
®usrex-KJIacTep akaJIeMUYECKON U HAyYHON Kapbhepbl

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 2 (BeceHHul) - JlnddepeHnnpoBaHHblil 3a4eT

AynutopHbIX yacoB: 60 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 30 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 30 gac.
Bcero gacos: 90, Bcero 3a4. ef.: 2

KonuecTBo KOHTPONBHBIX pa0oT, 3a1aHuii: 1

[Iporpammy cocTaBui: 9.T. Mycaes, phd (k.¢h.-m.H.)

[Iporpamma obcyxneHa Ha 3acefqanun Ou3Tex-kKiacrepa akageMuueckol 1 HayaHoi kapsepbl 04.06.2020



AHHOTANMA
HecMmorps Ha Ha3BaHMe, TEOpHS CTPYH ONKCHIBACT AMHAMHUKY HE TOJIBKO (DyHIAMEHTaJIbHBIX OJHOMEPHBIX
00BEKTOB, COOCTBEHHO CTPyH, HO M MHOXECTBA JI[PYTHIX TNPOTSKEHHBIX OOBEKTOB, HA3bIBAEMBIX OpaHAMH.
[MpumMeuaTensHO, YTO HECMOTPS Ha HEMEpTYpOATUBHYIO MPHUPOJY TaKUX OOBEKTOB, CIEAbl WX MPUCYTCTBUS
BHJIHBI yXX€ B CTaHJApTHOM mepTypOaTWBHOW (OPMYTUPOBKEe Teopuu CcTpyH. Hampumep, Dp-Opanbt
MPOSIBJISIIOTCS. KaK TPaHUYHBIC YCIOBHSI OTKPBITOW CTpPyHBI, a NS5-OpaHa BBICTymaeT B POJM MarHUTHOTO
MOHOTIONS JUTsl PyHIAMEHTAIBHON CTPYHBI.

Kypc mnocesieH H3y4eHUIO AMHAMHUKU TaKMX, a TaKXe COOTBETCTBYIOLIMX MM pEIIEHUM ypaBHEHUM
cyneprpaButanuu. leHepupyemble OpaHaMy TMOJIEBbIE KOHQHUIypalUH SIBISIOTCS CYNEPCUMMETPUYHBIMHU
0000IIIeHNsIMU 3HAKOMBIX pelnieHuit Tuna Paiiccaepa-Hopcarpoma, u 00bIYHO Ha3BIBAIOTCS DKCTPEMATbHBIMH
yepHbIMU Opanamu. B pamkax kypca OymyT oOCyXnaTbcsi TEOPHH, ONMUCHIBAIOIINE (PU3UKY TaKUX OOBEKTOB B
paMKax TEOpHUU CTPYH, CBOMCTBA CyNeprpaBUTALMOHHBIX PELICHUH U MPUIOKEHHS K (PU3UKEe HU3KUX YHEPTHi,
B TOM uucie, noctpoenre CranaapTHoil Moaenu aneMeHTapHbIX YaCTHII.

1. leau u 3apauu

eap AUCUMNIMHBI

CdhopmupoBare y oOyuaromierocsi TpEACTaBICHWE O HEMepTypOaTUBHOW CTPYKTYpe TEOPHUH
CYNEepCTpyH, JAWHAMUKE MPOTSDKEHHBIX OOBEKTOB, OpaH, W CBA3b MX C  pEIICHUSIMH
CYNEPCUMMETPUYHBIX I'PaBUTAIIMOHHBIX Teopuil B pazmepHocTsix 10, 11. ChopmuposaTs HoOHUMaHHE
MPUHLMUIIOB ONUCAHUs AUHAMUKU PEIATUBUCTCKUX MEMOpPaH MX B3aMMOIEHCTBHS MEXIY COOOH U C
CyHeprpaBUTallMOHHBIMU (OHOBBIMU monsMH. Ha mpumepe Takux OOBEKTOB M COOTBETCTBYIOLIMX
CYNEeprpaBUTAMOHHBIX PELICHUI MPOAEMOHCTPUPOBATh CTPYKTYPY CHUMMETPUH AYaJbHOCTH TEOPHH
CTpYH U M-Teopuu.

3axayu QUCHUNIHHBI
OOyuuTh TEXHHKaM pabOTHI C CYNEPrpaBUTAIMOHHBIMU TEOPHSMH U MX PEUICHHSIMH, B TOM YHUCIC
pemeHusIMi TUNa 4epHbIX Opan W BPS pemienusiMu, pa3BuTh y 0Oydaromerocs yMeHHE peIIaTh
ypaBHEHMsI Ha chuHOpbl KuiuimHra, cBOOOJHO oOpamarbcs ¢ KOBAPHAHTHBIMH IPOU3BOIHBIMU CO
CIIMHOBOM CBS3HOCTHIO. HayynTh CBOOOIHO ONEpUpOBaTh MOHATUSAMHM, CBS3aHHBIMU C OpaHaMu M MX
KOH(UTYparusMu, CTPOUTH PEHOMEHOIIOTUIECKIE MOJICITH.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1.1 SHaer W© CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBPHOW ~ NIeATEeNhbHOCTH  (PyHITaMEHTaIbHBIC

OIIK-1 Bnaneer cuctemolt pyHIaMeHTATBLHBIX
Hay4HbIe 3HaHUA B 00JacTH (PU3NKO-MaTeMaTH4eCKUX HayK

HAaYyYHbIX 3HAHMI B 00J1aCTH

OIIK-1.2 Crmocoben 0000mmaTe ¥ KPUTHYECKH OILCHUBATh
(hu3HMKO-MaTeMaTHIECKUX HAyK

OIBIT M pE3yJIbTaThl HAYYHBIX MCCIIEOBAHUII B oOMacTu
npo¢ecCHOHANBHON eI TeNbHOCTH

OIIK-2.1 NmeeT npeacTaBieHne O COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUM B pPaMKax TeMaTW4yeckoil obmactu cBoei

OIIK-2 Nmeet npeacrapieHne 00 aKTyalbHBIX o
npodeccuoHaIBHON 1S TeTbHOCTH

mpobiemMax HayKH U TEXHHKH B 001acTH cBOeH
npoQecCHOHAIBEHON IS TeTBbHOCTH, CITIOCOOSH
Ha Hay4YHOM sI3bIKe (pOpMyIIHpOBaTh
npodeccuoHaIbHBIE 3a/1a4H

OIIK-2.3 Brnameer mnpodeccMOHaNbHONW TEPMUHOIOTHEH,
HCIIONb3yEMOM B  COBPEMEHHOM  HAyYHO-TEXHUYECKOMN
muTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MHUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HayYHOW JESTEIbHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIUN

OIIK-3 Criocoben BbIOUpath u (M) OIIK-3.1 CrocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBATbH
pa3pabaTbIBaTh MOJAXObI K PEIICHHUIO TUMIOBBIX |[IyTH peIIeHHs, IpemiaraTh U KOMOWHHPOBATh CHOCOOBI
1 HOBBIX 3324 B 0011aCTH MPO()ECCHOHATBHON | peIeHHs

JEATeIbHOCTH, YIUTBIBAsi 0COOCHHOCTH U
OTPaHUYEHUS PA3TUUYHBIX METOJOB PECILICHHUS




OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh
pelleHue MOCTaBIeHHOH 3a/1a4, IPOBECTU
aHaJlu3 pe3yJbTrara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKH B O0JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
WH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.2 CrnocobeH TpUMEHSTh 3HaHWST B  0O0NacTH
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM
3a1au¥, (POPMYJIHPOBAHUS BBHIBOJOB M OLIEHKH MOJYyYEHHBIX
pe3yabTaToB

[IK-1 CnocoGen cTtaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTeMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIAThH
nHpopMaIrioo 00 akTyalbHBIX pe3yJbTaTax HCCIIeJOBaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCCHOHATLHON
IEITEILHOCTH

aHaJIM3UPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBbIE HAYUYHbIE PE3yJIbTaThl

3. IlepeyeHb IUIAHUPYEMBIX Pe3yJIbTATOB 00y4eHHs 10 JUCHHUIINHE (MOXYJII0)

B pesynbrare ocBOeHHS JUCUUIUIMHBI 00yYaromuecs JOJKHBI

3HATh:
OCHOBHBIC TIOJIOKEHUSI TEOPUH CTPYH, CYNEPrpaBUTALUM, KOHCTPYKLHIO cynepanreOp; GpopMyInpoBKy
CynepcUMMETPUYHBIX Teopuid B 10- n 11-MepHBIX mpocTpaHcTBax; GopManu3M OMHUCAHUS JUHAMUKA
Opan B 10 n 1l m3MepeHusx, UX B3aUMOACHCTBHHA IPYr C APYI'OM U C CyNeprpaBUTALHOHHBIMH
(OHOBBIMHU TOJIIMH;, ITPUMEPHI (HPEHOMEHOIOTUYECKUX MPUIIOKEHNH pa3BUTOrO (popMasin3ma.

YMETb:
CTpOUTHh AEUCTBHSA JuId OpaH, WHBAPHAHTHHIE OTHOCHTENBHO KaJIMOPOBOYHBIX IPeoOpa3oBaHUIl B
00bEMITIOIIEM MPOCTPAHCTBE U HA MUPOBOM 00BEME; CTPOUTH JIarpaHKHaHbl CyleprpaBUTAIIMOHHBIX
TEOpHil B IEMOKpAaTHUECKOM (hOpMaIM3Me; OIUCHIBATH PEILICHNS THIIA YEPHBIX OpaH B pa3MEpHOCTSX 4,
10 u 11; moka3bIBaTh CBSI3b MEXKIy PELICHUSMHU ypaBHEHHH CyleprpaBUTallM{ TUIA YEPHBIX OpaH H
OpaHaMH TEOPUU CTPYH; BBIYHCIIATH 3aps, HATSDKCHUE M Maccy OpaH.

BJIaJIETh:
METO/laMU aHaJIM3a CHUCTEM, ONMCHIBAEMBIX YPABHEHUSIMHU CyIEeprpaBUTAllMM; TEXHUKAMM PELICHUS
BPS ypaBHenuii u omnucaHusi SBHBIX CYNEPCUMMETPHYHBIX PELICHUH; (HOpMaNU3MOM OIMUCAHUS
cyneprpaBuTanuu 1.5 poaa; TEXHUKON ONMCaHUS HyJIEBBIX MOJl OpaHHBIX pelIeHUl cyneprpaBUTaLuN
U TOCTPOCHHUS COOTBETCTBYIOUIMX CYNEPMYJBTUIUIETOB, METOJAMH aHalu3a HenepTypOaTHBHBIX
00BEKTOB TEOPUH CTPYH, B TOM YHCIIE, IKZOTUICCKIX OpaH.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE IO TeMaM (pa3jejiaM) ¢ yKa3aHueM
OTBEJEHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB H BH/I0B YUeOHbIX 3aHATHI

4.1. Paznenbl nuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUeOHBIX 3aHATHH

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATHH, BKIIIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znen) AMCUUTUIMHBL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
1 CrnuHOPBI B BBICIIUX Pa3MEPHOCTSIX 3 3 3
D-6panbt B nepTypoaTHBHON
2 3 3 3
(hOopMyIIUPOBKE CTPYHBI
3 CyneprpaBuranus 3 3 3
4 I'eomerpus Opan 3 3 3
5 HNunamuueckue Dp-Opansbr 3 3 3
6 ADHM xoHCTpyKIUs U D-MHCTaHTOHBI 3 3 3
7 JyanbHOCTH MEXIly OpaHaMu 3 3 3
8 OK30THYECKHE OpaHb 3 3 3
9 HexkoMMyTaTUBHOCTB B TEOPHH CTPYH 3 3 3
10 |IIpunoxenus kK Gu3NKe HUZKUX SHEPTHHA 3 3 3




Hroro wacos 30 30 30
[loaroroska k sK3aMeHy 0 gac.

OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2. CopaepxaHue TUCHUILTUHBI (MOYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemecrtp: 2 (Becennuit)

1. CnHOPHI B BBICIINX Pa3MEPHOCTSIX

Anrebpel  Kimmddopna, onpenencHue, MNOCTPOCHHWE T'€HEPATOPOB, MEPHOIUYHOCTH, TPOCTHIC
npumepsl. [pymmer Spin u Pin, uX CBS3b ¢ OpPTOrOHANBHOHM TPYIION, MPEACTABICHHS ANreOphI
Kmupdopna u rpymmn  Spin  u  Pin, JupakoBckue, BeilieBCKUE, MaHOpPaHOBCKUE H
MaifopaHO-BEHUIEBCKUE CIIMHOPBI. DKBHBAJICHTHBIC MPEICTABICHUS: TUPAKOBCKOE M MaHOPaHOBCKOE
CONPSIKCHUS

2. D-6pansbl B iepTypOaTuBHON (HOPMYIUPOBKE CTPYHBI

RNS crpyna, kBaHTOBaHHE, rpaHuuHble ycinoBusi, RR morenumansl B cnektpe OTKpbiToii RNS
ctpysabl. MHoxkurenu Yana-Ilatona. RR monsi, B3aumonetictByromue ¢ Dp-Opanamu. T-nyansHOCTh
TPaHWYHBIX YCIOBHU

3. CyneprpaBuranus

Cynepcummerpun tuna I, 1IA/B, N=1 cynepcummerpus B D=11, nenrpansusie3apsaasl. [loneBoit
cocraB cyneprpasutanun Ttuna [, IIA/B, rerepormyeckoii cyneprpaButanuun. N=1,D=11
cynerpaButauus B ¢GopmaimsMe 1.5 poma, moneBod cocTaB, AEWCTBUE,anredpa JIOKaIbHBIX
cummerpuii. CymeprpaButanmu Trna IIA/B, nemokparnueckas (QopMyIHpoBKa, MarHUTHBIC
MOTEHIUAIIBL.

4. I'eometpus Opan

Crunopsl  Kusimara, sBHble ypaBHeHMss Ha couHOpel Kwmmmara wu3 —npeoOpa3oBaHuit
cynepcummetpuu. YepHsie npipsl Paliccaepa-Hopearpoma, perienust ¢ HCTOUHUKOM, YepHBIE OpaHsbl,
skcTpemanbhble pemienusi. Pemenust F1, NS5, KKS, Dp cyneprpaBuranun tuna II. Pemenus M2,
M5 11D cyneprpauranuu. [Tonarue 3apsia sl kjaaccndeckKux OpaHHBIX pelleHui. PazmasbsiBanue
pewenuii, T-nyansaocts Mexxay NS5 u KK-monononem. Hynessie Mmoab! perieHuit

5. Aunamuuaeckue Dp-Opanbl

HeiictBue DBI u3 nuHamMuku KOHIOB OTKpBITOM cTpyHBI. Harsxenne Dp-Opanbl. HBapuanTHOE
neiicreue Becca-3ymuHo, B3anmoneiictere ¢ RR momsiMu 1 ¢ mosisiMu Ha MEPOBOM 00beMe OpaHHbl.

6. ADHM xoHCcTpyKIns U D-HHCTaHTOHBI

WNHucranTonnsle ypaBHeHus u ux pemennss ADHM xonctpykumei. MuTenperanus B TEepMHUHAX
D3-6panst u D-uncranrona. YpasHenue Hama aiist Dp-O6pan, HEKOMMYTaTHBHOCTb

7. dyanbHOCTH MEXIy OpaHamu

S-nyanpHOCTE Mexny DS5S-Opanoit u  NS5-Opanoii. T-gyansHocTs Mexay NS5-Opanoit u
KK5-monononem. Henepryp6arusHoe gononaenne D2-6panbl 10 M2-0paHbl

8. Dk3oTHYecKue OpaHbl



Pactnmpenne nabopa ueHTpaibHbIX 3apsnoB B D=10 IIA/B cymepcummMerpun. MarHUTHBIN
rpaButoH, KK-moHomnons, sk3otrnueckue NS 5-Opanbl. Ctapoe 1 HOBOe CKaHUpOBaHUE OpaH

9. HekoMMyTaTUBHOCTb B TEOPHH CTPYH

I'pannyHbIC yCIOBUS CTPYHBI Ha Iepecekatonmxcs Dp-OpaHax u B MPUCYTCTBUM MarHUTHOTO TTOJIS.
[IponaraTop u OTKPBITO-3aMKHYTOE OTOOpa)KeHHE CTPYHHOIO (poHa, mapamMeTp HEKOMMYTAaTHBHOCTH.
HexoMMyTaTUBHbIE TEOPUU OIS,

10. TTpunoxenns k GrU3NKe HUIKAX SHEPTHHA

Monemu ¢ mepecekaromumucsi  D6-Opanamu, CranpaptHas wmonenb.  OpHeHTH(OIIHbIC
koMmnaktuunmu, RR 3apsnel opuentudonga. Momenu wmupa-na-Opane, uHdmsuus. AdS/CFT
COOTBETCTBHUE

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00XOMMOM AJIsl OCYIeCTBICHHUS 00Pa30BATEJILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

YueOHast aymuTopus, 10CKa.
KomiiproTep A5 HCTI0/Ib30BaHUS HHTEPHET-PECYPCOB.
[IpoexTop 151 AEMOHCTPALMNA WILTIOCTPALIMI U BU3yaJIbHOTO MaTepHarna.

6.IlepeyeHb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. D.Z. Freedman, A. van Proeyen, «Supergravity», ISBN 978-0-521-19401-3,

2. LL. Buchbinder, S.M. Kuzenko «Ideas and methods of supersymmetry and supergravity», ISBN
0-7503-0506-1,

3. T. Ortin «Gravity and strings» ISBN 978-0-521-76813-9.

4. C. Johnson, «D-branes», ISBN 9780521030052

JomnonHutenbpHas auTeparypa

1. G. Dall'Agata, M. Zagermann «Supergravity (lecture notes)»,
2. B. de Wit «Supergravity (lectures)»
3. J. Polchinski, «TASI lectures on branesy

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUS] JUCHMILIUHBI (MOLYJIs1)

He HCIOJIB3YIOTCA

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NIPOrpaMMHOI0 odecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha nekiimoHHBIX 3aHATHSIX HCIIONB3YIOTCS MYITBTUMETUIHBIE TEXHOIOTUH, BKITIOYAsl JEMOHCTPAIIHIO
Npe3eHTALUN.
zoom, Google meet

9. MeToauyeckue yKazaHusi AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3y4yalOM{ AWCUUIUIMHY, NOJDKEH C OJHOW CTOPOHBI, OBJAAETh OOIIMM IMOHSITHUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyUUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare MU3y4YCHUsA AUCHUIUIMHBI CTYACHT NOJDKCH 3HATh OCHOBHBLIC ONPCEACICHHUSA W IOHATHA,
YMETh IPUMCHATDH IMOJTYUYCHHBIC 3HAHUSA JId PCIICHUS PA3JIMYHBIX 3a/a4.

VYenenrHoe ocBoeHHE Kypca TpeOyer:
— MOCEICHUS BCEX 3aHATHH, MPEAYCMOTPEHHBIX YUE€OHBIM TJIAHOM IO JAUCIHIUIAHE,



— BEJICHUS KOHCIICKTa 3aHATHH;

— HaNpsDKEHHON CaMOCTOSTENLHOM Pa0OTHI CTYJICHTA.
CamocrosiTenpbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl;

— TpopaboTKy y4eOHOro Marepuaja, MOATOTOBKY OTBETOB Ha BOMPOCHI, MpPEAHA3HAYECHHBIX VIS
CaMOCTOSTENBHOTO U3yUEHUS;

— pelIeHue 3a/1a4, MPEeAIaraéMbIX CTYICHTaM Ha 3aHATUSX;

— MOJATOTOBKY K BBIMOJIHEHUIO 33JaHUI TEKYLIEH U IPOMEKYTOUHOM arTecTaluu.

[Tokazarenem BrnajieHUss MaTepraIoM CIYXHT YMEHHE 0e3 KOHCIIEKTa OTBEYaTh Ha BOIIPOCHI IO TEMam
JUCIUTLIAHEL

BaxxHO moOWTHCS TTOHMMAaHWS W3y9aeMOTO MaTepualia, a He MEXaHWYECKOTO ero 3anmoMuHaHus. [lpum
3aTPYJHCHUN W3YYCHHUsS OTJAEIBHBIX TEM, BOMPOCOB, CIEAYyeT OOpamarhCsi 3a KOHCYJABTAIUSMH K
MPEIoIaBaTelio.

Bo3MoxxeH mpOMEKYyTOUHBIM KOHTPOJb 3HAHUN CTYACHTOB B BUJIC PELICHHUS 33a/1a4 B COOTBETCTBUU C
TEMAaTUKON 3aHSITHH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA
npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay

dusrex-KIIacTep akaJaeMUUecKoil n HaydHoi kKapbepsl (TeopeTnueckas u
MareMarndeckas Qu3mnKa)

Kypc: 1
KBaJIMpUKALUS: MarucTp

Cemectp, GopMBI IPOMEXKYTOUHOH arTecTauuu: 2 (BeceHHUN) - nuddhepeHunpoBaHHblil 3a4eT

Pa3zpadoTunk: 3.T. Mycaes, phd (x.¢.-m.H.)



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1.1 SHaer © CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBPHOW ~ NIeATENhbHOCTH  (PyHIaMEHTaTbHBIC

OIIK-1 Bnaneer cuctemolt pyHIaMeHTaTBLHBIX
Hay4HbIe 3HaHHA B 00JacTH (PU3NKO-MaTeMaTH4eCKUX HayK

Hay4YHBIX 3HAHUH B 00JacTH
(hu3HMKO-MaTeMaTHIECKUX HAyK

OIIK-1.2 Crmocoben 0000mmaTe ¥ KPUTHYECKH OILCHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICJOBAHUII B 00JacTh
mpoeCCUOHATBHOM IEATELHOCTH

OIIK-2.1 NmeeT npeacTaBieHne O COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUA B pPaMKax TeMaTW4YecKoil obmactu cBoei

OIIK-2 Nmeet npeacrapieHne 00 aKTyalbHBIX o
npodeccuoHaIBHON 1S TeTbHOCTH

mpobiemMax HayKH U TEXHHKH B 001acTH cBOeH
npoQecCHOHAIBEHON IS TETbHOCTH, CITIOCOOEH
Ha Hay4YHOM s3bIKe (pOpMyIIHpOBaTh
npodeccuoHaIbHBIE 3a/1a9H

OIIK-2.3 Brnameer mnpodeccHOHaNbHONW TEPMUHOIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOM  HAy4YHO-TEXHUYECKOMN
nuTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MHUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HAyYHOW JESTEIbHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIIUN

OIIK-3 Criocoben BbIOUpath u (M) OIIK-3.1 CrocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBAThH
pa3pabaTbIBaTh MOJAXO/bI K PEIICHHUIO TUMOBBIX |[IyTH peIIeHHs, IpeqiaraTh U KOMOWHHPOBATh CHOCOOBI
1 HOBBIX 3334 B 0011acTH MPO()EeCCHOHATBHON | peIeHHs

JEATeIbHOCTH, YIUTBIBAsi 0COOCHHOCTH U
OTPaHUYEHUS PA3TUYHBIX METOJOB PECILICHHUS

OIIK-4 CriocoOeH ycItenTHo peanin30BbIBaTh OIIK-4.2 CrmocobeH TpPUMEHATh 3HAHWS B 00JacTH
pellieHue MOCTaBIeHHOH 3a/1a4, IPOBECTU (U3KMKO-MaTeMaTHYECKUX HAYK JUIS PEIICHUS TIOCTABICHHOM
aHaIHU3 pe3ylibTara U MPEJICTABUTh BEIBOJIBI, 3aaun, (pOpPMyYIMPOBAHUS BHIBOJOB M OIEHKH IOTYYCHHBIX
MPUMEHSISl 3HAHVSI ¥ HABBIKH B 00JIACTH pE3yNBTaToB

(hM3UKO-MaTeMaTHIEeCKUX HAYK U
WH(POPMAIIMOHHO-KOMMYHUKAIIMOHHBIX
TEXHOJOTHHA

[MK-1 Criocoben craButh, hopmanuzoBeiBath 1 |[IK-1.1 CrnocoGeH HaxomuTh, aHATU3UpOBaTh W 0000IIATH
pemars 3aa4u, B TOM YUCIIe pa3padaThBaTh U |MHPOPMAIMIO 00 aKTyaJbHBIX pPe3yJbTarax MCCICIOBaHUHN B
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICITN paMKax TEeMaTH4ecKoil o0nacTu cBOoei HpodeccHoHaIbHOU
M3y4aeMbIX SBJICHUH U MPOIECCOB, CACTEMHO  |ACATEIBHOCTH

aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TTOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

2. Iloka3zare/iM OLCHMBAHMS KOMIIETCHIMIA
B pesynbrare n3ydeHust AMCIUIUIMHEL «BBeneHue B Teopuio Opan» 00ydaroNIuics JOIKEH:

3HATh:
OCHOBHBIE TIOJIOXKEHUSI TEOPUU CTPYH, CyNeprpaBUTALUH, KOHCTPYKIHIO cynepaireop; GopMyInpoBKy
cynepcuMMeTpu4HbIX Teopuil B 10- u 11-MepHBIX mpocTpaHcTBax; GopMann3M OMHCAHUS AUHAMUKA
Opan B 10 n 11 u3MepeHHUsX, WX B3AMMOJCHCTBHHA JPyr C JIPYrOM W C CyIeprpaBUTAIMOHHBIMU
(hOHOBBIMU TOJISIMU; TPUMEPHI (PEHOMEHOJIOTUUECKUX TPUIIOKEHUH Pa3BUTOTO (hopManusma.

yMeThb:
CTPOUTH JACUCTBUS [Uis OpaH, MHBAPUAHTHBIE OTHOCHTEIBHO KaTUOPOBOUHBIX IMpeoOpa3oBaHUN B
00BEMITIOIEM MPOCTPAHCTBE U HA MUPOBOM 00bEME; CTPOUTH JIarpaH)KUaHbl CyIeprpaBUTALMOHHBIX
TEOpHUHl B IEMOKpaTHYECKOM (OpMaIu3Me; ONMUCHIBATh PELLICHHSI TUIIA YEPHBIX OpaH B pa3MEpHOCTSIX 4,
10 u 11; moka3pIBaTh CBsI3b MEXK]Iy PEHICHUSMH ypaBHEHW CyleprpaBUTAIMM TUTIA YEPHBIX OpaH u
OpaHaMM TEOPHH CTPYH; BBIYMCIISTD 3apsijl, HaTSHKEHUE U Maccy OpaH.

BJa/IeTh:
METO/IaMH aHajiM3a CHUCTEM, ONMCHIBAEMBIX YPaBHEHUSMH CyHEeprpaBUTAllMM; TEXHUKAMH PEIICHHS
BPS ypaBHeHuii W omnucaHWs SBHBIX CyNEPCHMMETPHUYHBIX pENICHUH; (HOpMaNU3MOM OIUCAHHS
cyneprpaBuTanuu 1.5 poaa; TeXHUKON ONHMCAaHUs HYJIEBBIX MO OpaHHBIX PELICHUH CyleprpaBUTALNN
U TIOCTPOCHHS COOTBETCTBYIOUIMX CYNEPMYJIBTHIUIETOB; METOJAaMM aHaJn3a HenepTypOaTuBHBIX
00BEKTOB TEOPUH CTPYH, B TOM YHCIIE, IKZ0OTUIECKUX OpaH.



3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 3a/1aHHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJIIO
[Tpumeps! 3a1a4 U3 JOMAIIHETO 33aJaHUS

1. OmnpenenuTh MarHUTHO-IyasIbHBIE TIOTeHIMAB! A1 RR moneit p-¢popm. Ilokasare, 4to neiicTBre
cyneprpasurtanuu tTumna [IA/B Moxer ObITh TIepenrcano B jeMokpatuueckoM gopmanusme. [lokasats,
YTO COOTBETCTBYIOLIEE BBIPAKECHHUE ISl ACUCTBUE SIBISIETCS IICEBAO-ICHCTBHEM.

2. Jlokazarp, yTo cymnep3apsan Q AomwkeH ObITh MalOpaHOBCKMM CIIMHOPOM, 4TOOBI OOpa30OBBIBAThH
anreOpy cynepcuMMETpHH

3. Beiuuciute 3apsn u maccy NS 5-OpaH, moOkaszaTh, 4TO 3apsijl TPOMOpIHMOHANeH g s-2.
[TpokOMMEHTHPOBATH PE3YIbTAT B KOHTEKCTE AyalIbHOCTH CTpyHa-5-OpaHa.

4. Tlokazatb, uro pemenus Dp-OpaH coxpaHSIOT MOJOBUHY cynep3apsinoB. Haiitu coorBeTcTByoLIMEe
cnuHopbl Kununra.

5. Haiitu HyneBble Monbl pemieHui s Dp-Opan, M2, M5 Opan. Haiiti, kakuM MyJIbTHIUIETaM OHU
COOTBETCTBYIOT.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

IlepeueHb KOHTPOJIBHBIX BOIIPOCOB:

1. DnexrpoMarauTHas 1yaJbHOCTh B TeOpUU MakcBesuia, 1yalbHOCTh AJisl p-(hopM, IICEBAOIEHCTBHE Ha
npuMepe KOBapUaHTHOW (POPMYIHMPOBKM KHHETHYECKOro AEHUCTBHA 11 3-GpopM B pasMepHocTH O,
nyanuzauus p-popm B [IA/B cyneprpaBuTanyu

2. lloctpouts anredpy Kimuddopaa CI1(3,0).

3. BPS ypaBuenuss 11-mepHOli cyneprpaBuUTauuy, pemieHus TUma 4YepHbIXx aAbplp N=1,2 D=4
cyneprpaBATALMI

4. IMoctpouts MHBapuanTHOE JeiicTBrue Becca-3ymuno mis D3-0panb

5. Pemiennss M2, M5 11-mepHo#i cyneprpaButanuu. [loHsTHE 3apsiaa JUisl KIACCUYECKHX OpaHHBIX
peleHui

6. Ilokazars, uyto paszmazanHas NS5-Opana T-gyansna KK-mononomro

7. T-nyansHOCTB cyneprpaBuranny tuna Il Ha Tope

8. Ilokazars, 4To HyneBble MOABI M2-0panbl 00pa3ytor D=3 N=§8 cynepmynsruruier

9. DBI neiictBue nns Dp-6pan, AdS/CFT coorBeTcTBHE

10. ITomyunTs B IBHOM BHJE MpaBuiia npeodpa3oBanust RR-noneit nox aeiicreuem T-pyansHocTn

Kpurepun oneHuBaHus
Onenka ommuno 10 OGamnoB - BBICTABJISIETCSL  CTYACHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMSA Y4eOHOW NporpaMMbl IUCHUIIMHBL, TPOSBIAIOIIEMY
HWHTEpeC K JaHHOW NpPEAMETHOW 00JacTv, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKHU
MPUMEHATh X Ha NPAKTHKE IPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELIECHU.
Onenka omMYHO 9 Oa/uloB -  BBICTABISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSATh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 00OCHOBAaHHE
HPUHATHIX PELICHAMN.
Ouenka ommyHO 8§ OGamwioB - BBICTAaBJIAETCS CTYHCHTY, IIOKa3aBIEMY BCECTOPOHHHUE,
CHUCTEMaTH3UpPOBaHHbIC, IIYOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
INPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAaHHE MPUHSTHIX
pELIeHN, ¢ HEKOTOPBIMH HEOUETAMH.
Ouenka xopoio 7 6ajioB - BBICTaBIsAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYILIECTBY M3JIaracT €ro, yMeeT NPHUMEHSTHh IMOIYy4YEHHBIC 3HAHMS Ha NPAKTHKE, HO HEIOCTAaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.
Onenka xopomio 6 0aioB - BEICTABIISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MarepHuall, TPaMOTHO U 1O
CYLIECTBY M3JIaraeT €ro, yMeeT IPUMEHATh II0JIy4YEeHHbIE 3HaHUsI Ha IIPAKTUKE, HO JOIYCKaeT B OTBETE
WJIM B PEUIEHUH 331349 HEKOTOPBIE HETOYHOCTH.



OHGHKa XOpo1Io 5 0aIoB - BEICTABISAETCS CTYACHTY, €CJIK OH B OCHOBHOM 3HACT MaTCpuall, rpaMOTHO
1 IO CYHICCTBY H3JIaracT €ro, yMeeT NPUMCHATH IMOJYUCHHBIC 3HAHUA Ha IPAKTHUKE, HO JOIIYCKAacT B
OTBCTC WJIM B PCUICHUHU 3a1a4 JOCTATOYHO 0OJIBIIIOE KOJIMUECTBO HETOUHOCTEH.

Onenka ynoBIEeTBOpUTENbHO 4 Oamya - BBICTABIACTCS CTYICHTY, IOKa3aBIIeMy (parMEeHTapHBII,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO IpPaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapylLIeHHs JJOTHYECKOW MOCIIEN0BATEILHOCTH B U3JIOKEHUH MPOrPaMMHOTO MaTrepuaia, HO IPU 3TOM
OH OCBOWJI OCHOBHBIE Pa3Jieibl yueOHOW MpOorpaMMbl, HEOOXOAMMBIE Ul JaJbHEWIIero oOy4eHus, U
MOJKET MIPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.

OreHka yHIOBIECTBOPUTENBHO 3 Oajula - BBICTABISETCS CTYACHTY, HOKa3aBIIEMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemMy OmHOKH B (GOpMyIHpoBKax 0a30BBIX MOHATHH,
HapyUICHUS JIOTHYECKOW IOCIEeIOBAaTEIbHOCTH B W3JIOKECHUH IPOrPAMMHOTIO Marepuaia, ciabo
BJIaJICET OCHOBHBIMH pa3/iejaMH y4eOHOM MpOorpaMMbl, HEOOXOIMMBIMH JUIsl AabHEHIIero o0yueHus 1
C TPYAOM MIPUMEHSET MOTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.

OneHka HEyJOBJIETBOPUTENIBHO 2 Oalia - BBICTABISIETCA CTYACHTY, KOTOPBI HE 3HAaeT OOJNbIIEH YacTH
OCHOBHOTO COAEp)KaHUs y4eOHON IpOorpaMMbl JUCHMIUIMHBI, JONyCKaeT rpyOble OmMOKH B
(hopMyIIMpOBKaxX OCHOBHBIX NPUHIHUIIOB M HE YMEET HCIIOJIb30BaTh MOMyUYEeHHBIC 3HAHUS MIPH PELICHUU
TUIIOBBIX 3a]ay.

OueHka HEYIOBIETBOPUTEIbHO | 0aml - BBICTABISIETCS CTYAEHTY, KOTOPBI HE 3HAET OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIMycKaeT rpyOeiimne ommOKy B (GOPMYIUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE HMMEET HABBIKOB DPEIICHHUS THIOBBIX MPAKTHYECKHX
3a/1ad.

5. MeTonuueckne MaTepuajbl, onpeaeasonie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

JuddepennmpoBanupiii 3a4€T TPOBOAATCS B ycTHOW (opme mo Owmieram. B kaxmom Ouiere
NpPE/ACTaBICHO JBa TEOPETHYECKWX Bompoca. [lpum mpoBemeHmm 3au€ra  oOydaromeMmycs
npenocrapisiercs 30 MUHYT Ha moAroToBky. Ompoc oOydaromierocss He JOJKEH HPEBBINIATh OJHOTO
aCTPOHOMHYECKOTO Yaca.



