degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JAupexTop pusrex-mKoasl GU3NKu
U uccJegopanuii um. Jlanaay
A.B. Poraues

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

N0 THCHUTIJINHE: JlononHUTENbHBIE TIIaBbl TEOPUH CTPYH M TEOPUH BBICIINX CIIMHOB
10 HANPABJIEHHIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
kadeapa Teopuu PyHIaMEHTAILHBIX B3aUMOJICHCTBUI U KBAHTOBOW I'paBUTAINH

Kypc: 1
KBaJIMpUKALS: MarucTp

CemecTp, (hopMBI POMEKYTOUHOM arTecTanuu: 2 (BECCHHHI) - DK3aMEH

AynutopHbIX 4acoB: 60 Bcero, B TOM 4HCIIE:
nexuud: 30 yac.
cemuHapsl: 30 gac.
nabopatopusle 3ansaTus: 0 gac.

CamocrositensHas padora: 45 yac.
[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 135, Bcero 3a4. ex.: 3

[Iporpammy cocrasuin: J1.B. Hecrepos, kanj. ¢u3.-mar. Hayk

[Iporpamma obcyxaeHa Ha 3aceqanuu Kadenpa Teopur GpyHIaMeHTaIbHBIX B3aUMOICHCTBHI M KBAHTOBOW I'paBUTALIMN
25.03.2025



AHHOTANMA

Teopust cTpyH sIBISieTCSl Pe3yJbTaTOM NPUMEHEHHUS KBAaHTOBOW TEOPUHM [UIS OMUCAHUS PENSTUBHUCTCKHX
(byHIaMEeHTaIbHBIX OAHOMEpPHBIX 00bekTOB. Ha e€ ocHOBe BO3MOXKHO KBAHTOBOE OIMCAHWE I'PaBUTAIMH, A
TaKKe MOCTPOCHHUE €ANHONW TeOpHH BceX (yHIaMEHTANbHBIX B3aUMOACHCTBUI M mojei marepun. HecmoTps
Ha TUIIOTETUYECKUI XapaKkTep TeOpHH, e€ BHYTPEHHSS CTPYKTypa O4eHb KECTKast M BMECTe ¢ TeM Ooraras, u
€CTECTBEHHBIM 00pa3oM BKJIIOUAeT OOBEKTHI Ooublieil pasMepHocTH (Opanbl). PasButne MeTomoB Teopuu
cTpyH 3a nocieguue 30 jer o0oraTwiio pa3iIWdHbIE pa3/iesibl TEOPETHYEeCKOW (PM3MKU BBICOKHX IHEPTH,
MaTeMaTHu4eckor (PU3MKHM, YUCTONW MaTeMaTHKH, a B TOCJEIHHE TOAbl M Apyrue oOIacTH TEOpEeTUYECKOH
¢buznKH.

[Ipennaraemplii Kypc sBISIeTCSI IPOJIODKEHHEM BBOJIHOIO Kypca TeOpuu CTpyH (Teopust cTpyH-1). Ilocie
KpaTkoro o030pa TEOPUHU KIACCHUYECKHX O030HHBIX CTPYH M MX KBAaHTOBaHUS, Oy[eT MOAPOOHO PaccMOTPEHO
KBAaHTOBOE OIIMCAHUE CYNEPCUMMETPUYHBIX CTPyH (C CyHepcUMMETpHeld Ha MHpPOBOM JIMCTE M B
MPOCTpaHCTBE-BpeMeHH ). J{Jsl onrcanus B3auMOIEHCTBYIOIINX CTPYH OyZIeT MOCTpOeHa TeOpusl BO3MYIICHUH.
BynyT nomy4eHsl HU3KOHEpreTHUECKUE MPUOIMKEHHbIE OMMCAHUS TEOPUHU CYNEPCTPYH: CyNeprpaBUTAIMS U
cynepcuMMmeTpuuHas Teopus SHra-Mwmiuica. Mbl paccMoTpuM AuHaMukKy D- uw M-OpaH, pasiauuHbie
CUMMETPHH U JyallbHOCTU TEOpHii cyniepcTpyH u M-teopun, a Taxxke aneMeHTbl AdS/CFT-coorBercTBUs. MBI
Takke oOCyAMM NpeAesl HyJEBOIO HATSDKEHUS B TEOPHUH CTPYH U €ro CBSI3b C KaJMOPOBOUHOM TeopHen
BBICILIUX CIIMHOB.

1. lean u 3apa4n

Henp AucuMnInHBI
N3yueHne 0CHOBHBIX IIOJIOKEHHUM, METOOB U BHYTPEHHEU CTPYKTYPhI TEOPUU CTPYH.

3agauu AUCHUILIHHBI

O3HaKkOMJIGHHE CTYJIEHTOB C OCHOBAaMH TEOPHUU CYNEPCTPYH, €€ COBPEMEHHBIMU NPHIOKECHUSIMU H
MecTOM B (prusndeckoii kapTuHe Mupa. [Ipeamnonaraercs, 4To, IPOCIyIIaB 3TOT KypC, CTYIAEHTbI CMOTYT
HCIOJIB30BaTh METOABI M UACH TEOPHH CTPYH B CBOCH HAy4HO-UCCIICAOBATEILCKOM padore.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIKCHHUSA KOMIICTCHIIMH

OIIK-1.1 3HaeT ®W  CcOOCOOCH  HCIOJB30BaTh B
npoeCCUOHANBHON  JesTeNbHOCTH  (yHAaMeHTalbHbIC
HAy4HbIC 3HAHUS B 00JaCTH (U3NKO-MATEMATHICCKUX HAYK

OIIK-1 Bnaneet cucremoii pynnamentanbieix |OIMK-1.2 CrmocobeH 0600mark ¥ KpUTHYECKH OIICHWUBATh
Hay4YHBIX 3HAHUH B 00acTu OIBIT WM PEe3yJIbTaThl HAYYHBIX HCCICNOBaHUA B 00IaCTH
(HU3MKO-MaTEMaTHYECKUX HAyK npo(heCCHOHATBHON ESTENbHOCTH

OIIK-1.3 [lonnmMaeT MeXIUCUUILTUHAPHBIC CBSI3U B 00JacTh
MareMaTuku M (U3UKH M CHOCOOCH WX TPHUMEHSTh MpPH
peleHun 3a/1a4 NpoQeccCuOHaNbHON AeATEIbHOCTH

OIIK-2.1 UmeeT npeacTaBieHne O COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUM B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIbHON 1S TeTbHOCTH

OIIK-2 Nmeer npeacrasnenne o0 akryanbHbix |OITK-2.2 Criocoben OIICHUBATh AKTyaJIbHOCTh
npoOiemMax HayKH U TEXHHKH B 00JIacTH CBOeH |mMccie/ioBaHUil B oOnmactu  cBoed  mpodeccHoHambHON
poeCCUOHANBHON IEITENFHOCTH, CIIOCOOCH | ASSTENBHOCTH U UX MPAKTHYECKYI0 3HAYUMOCTD

Ha HaY4YHOM SI3bIKE (POPMYIMPOBATH OIIK-2.3 Bnageer mnpo¢ecCHOHAIbHOW TEPMUHOIOTHEH,
PO(eCCHOHAIBHBIC 324K HCIIONIb3yEMOH B COBPEMEHHOM  HAy4YHO-TEXHUYECKOU
auTepatype, o0azaeT HaBbIKAMU YCTHOTO M IHCBMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HAyYHOW AEATEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU




OIIK-3 CniocobeH BbIOMpaTh u (MIIN)
pa3padaThIBaTh MOJAXO/IBI K PEIICHHIO THITOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHansHon
JEATEIILHOCTH, YYUTBIBAsI OCOOCHHOCTH U
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.2 CrnocobeH UCHONB30BaTh HCCIIEIOBATEIbCKHUE
METOJbl TIPU PEIICHUH HOBBIX 3a]a4, MPUMEHss 3HAHHS B
pa3IMYHBIX 001aCTIX HAYKH (TEXHUKH)

OIIK-4 Crioco0eH ycIenHo peain30BbiBaTh

pELIECHUE MTOCTABICHHON 3a/1a4U, IPOBECTU
aHaIM3 pe3yNibTara U MPeJICTaBUTh BBIBOJBL,
MIPUMEHSS 3HAHUS U HABBIKU B 00JIACTH
(hU3MKO-MaTeMaTHIeCKUX HAyK U
MH()OPMAIMOHHO-KOMMYHUKAITHOHHBIX
TEXHOJIOTHH

OIlK-4.2 CrnocobeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMAaTHYECKUX HAYK JUIS PEIICHHUS TIOCTaBICHHOM
3a1au¥, (POPMYIHPOBAHUS BHIBOJIOB M OLICHKU ITOJIYYEHHBIX
pe3yabTaToB

[IK-1 CnocoGen cTtaBuTh, hOpMann30BHIBaTh U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJICA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh

[IK-1.1 CrocobeH HaxomuTh, aHAIM3UPOBaTh W 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHUN B
paMKax TeMaTW4eCKOW OONacTH CBOEH MPOQECCUOHATHLHOM
EITELHOCTH

IIK-1.2 CnocobeH BbyIBHTaTb THIIOTE3bl, CTPOUTH
MaTeMaTH4ecKue MOACTH JUISI ONHCAHUS H3y4aeMbIX
SIBIICHUI W MIPOIIECCOB, OIICHUBATh KA4eCTBO Pa3padOTaHHON
MOJENN

HOBbIE HAYYHbIE PE3ysIbTaThl

[IK-1.3 CrnocobeH NpUMEHATh TeopeTHdecKue | (WJiIu)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HAay4YHOM 3aJad€ W HWHTEPOPETHUPOBATH  MOJIYUYCHHBIC
pe3yabTaThl

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 AUCHUILINHE (MOLYJII0)
B pesynbTrare 0cBOHHS AUCLUIIMHBI 00y4aIOIINeCs JOIKHbBI

3HATb.

- OCHOBHBIC ITIOHATHA 11O TEMC JUCHUIIIINHEI.

YMETb:

- IIOJIb30BAaTbLCs Pa3BUTBIMU B paMKaX AUCHUINIMHBI METOAAMH UCCIICAOBAHUA, pCIIATh 3a1a4u 110 TEMEC

IHUCHHIUINHEL.
BJIAJIETh:

- MaTeMaTH4YCCKHMM W HOHSITHHHBIM afnmnaparomMm v MCTOAaMH HCCHG,I[OBaHHﬁ, COCTaBJIAIOIINMHA

coJiepKaHue AUCIUTITNHBL.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl tuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
1 CBoOonHas 6030HHAs CTpyHA 2 2 5
2 KBanToBanue 0030HHOM CTPYHBI 2 2 5
3 CynepcuMMeTpHsl Ha MUPOBOM JIHCTE 4 4 5
4 CynepcummeTpust 4 4 5
MPOCTPAHCTBE-BPEMEHH
5 B3aumoneicTByromue CTpyHsl 4 4 5
6 Huskosnepreruyeckue 3¢ deKTUBHBIE 4 4 5
TEOpUHU
7 D-6panbt u AAS/CFT 4 4 5
8 M-Teopus u TyallbHOCTH 2 2 5




9 IIpenen HyneBOro HATSKEHUS U TEOPHUs 4 4 5
BBICIIMX CIIHOB

Hroro yacos 30 30 45

[TonroToBka k 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb 135 gac., 3 3au.en.

4.2. Cogep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemecrtp: 2 (Becennuit)
1. CBoGonHas 0030HHAs CTpyHA

CBobOonHast 6030HHast ctpyHa, nedcrBus HamOy-l'oro u IlonmsikoBa, cUMMETpUH, OCUMIUIATOPHBIC
pa3IoKeHUs, KIIACCUUECKUE PELICHUS.

2. KBanToBanue 0030HHOW CTPYHEI

Kanonunueckoe kBaHTOBaHue, anredpa Bupacopo, ypaBHeHHs ABMXKEHHUS U cBs3H. KBaHTOBaHME B
KaJMOpOBKE CBETOBOTO KOHYCA, CIIEKTP COCTOSHUI OO030HHOH CTPYHBI. DJEMEHTHI KOH()OPMHOM
teopun mons, BPCT xBanTOoBanwe. MeTon KOHTHHYaJbHOTO WHTErpana. |paHUYHBIE YCIOBUA
Hupuxie u cnekrp cTpynbl. @akrtopsl Yana-Ilarona, kBaHTOBaHHE OTKPBITON CTPYHBI Ha D-Opane.

3. CynepcuMMeTpHs Ha MEPOBOM JICTE

CrmHopsl B o0mieil Teopun otHocutenbHcTu. CynepctpyHa B ¢opmanuzme RNS. I'panuunbie
YCIOBUS W OCHWUIATOPHBIE pas3lokKeHHs, cymnepanredpa Bupacopo, cBs3m U  KoHpOpMHas
WHBapUaHTHOCTh. KaHOHMYECKOe KBaHTOBAaHHWE M KBAHTOBAaHUE B KaJMOPOBKE CBETOBOTO KOHYCA.
GSO-npoekuus.

4. CynepcMMeTpHs B IPOCTPAHCTBE-BPEMEHH

JlelicTBue nns 4YacTULBI M CTPYHBI B CyNEPIPOCTPAaHCTBE, Kamnma-cMMMeTpus. KBaHTOBaHHMe W
cokpaiieHue anoManuii. CekTp OTKPBITHIX U 3aMKHYTHIX cTpyH, RR-noss. Cynepcrpyna tumna I u 11,
reTEpOTUYECKHE CYTIEPCTPYHBL.

5. B3auMoaeicTByOIUE CTPYHBI

CrpyKTypa CTpyHHOH T€OpUH BO3MYILIEHUN. J[peBeCHbIE aMILIUTY/ (bl 3aMKHYTBIX U OTKPBITBIX CTPYH.
Awmmumntyna Bupacopo-lllanupo, ammiutyna Beneumano. @nykryanuu D-Opan u HaTsDKeHHeE.
@OyHKIMS pacnpeneneHns CTPyHbI B OTHONETIIEBOM NPpHOIKeHUH. MoynspHas HHBapUAHTHOCTb.

6. Huzkosueprerndeckue d(p(HeKTUBHBIC TCOPUN

Cokpamienue aHOMaJdd, Teopusi paccessHuss u  ddextuBHble Teopun. Ilpemen o’ —0,
cyneprpasutanus u cynep-Auar-Musuic. KK-pasnoxenue u pasmepnas penykuus. CyneprpaBuTalyuu
N=1d=11, N=2 d=10 [IA u [IB.

7. D-6panbst u AAS/CFT

T-myanbHOCTh JUIS OTKPBITBIX M 3aMKHYTBIX CTpyH M cynepcTpyH. COJMTOHHBIE pEIICHUS B
cyneprpaButanuu 1 D-Opanbl. 3apsn u HarspkeHne D-Opasbl. T-myanbHOCTh B (DOHOBBIX HOJSX,
neiicreue DBI mns D-Opanbl. D3-Opanbl u N=4 cynep-Aur-Mumic. Ilpenen BOMM3M ropusoHTa
D-6pan, ronorpadudeckas 1yaabHOCTb.

8. M-teopus u 1yanbHOCTH




S-nyansHOCTE B Teopusix 1IB u rerepornueckux cynepcrpyH. [Ipenen cunbHoii cBsizu Teopuu 1IA u
M-teopusi. dyHaameHTanbHple M2 u MS5-OpaHbl, COJNMTOHHBIC pEIICHUS W KOMIAaKTH(UKAIuS.
U-nyanpHOCTSB.

9. Hpe;[en HYJICBOT'O HATAKCHUSA U TCOPUS BBICIINX CIIMHOB

Hpenen HYJICBOI'O HAaTAXKCHUH. HOBGI[CHI/IC CTPYHHBIX aMIUIUTYHd pPaCCCAHUA. Teoppm BBICHINX
CIIMHOB.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIECHHS 00pa30BaTEJILHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

VYueGHast aymuTopus, A0CKa, IPH HEOOXOAUMMOCTH MEAUAIPOEKTOP, IKPAH.
6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHOBHas JIuTEparypa
1. Blumenhagen R., Lust D., Theisen S., Basic concepts of string theory. — Springer Verlag Berlin
Heidelberg, 2013;
2. Polchinski J. String Theory. — Cambridge University Press, 2005;
3. Green M.B., Schwarz J.H., Witten E., Superstring theory — Cambridge University Press, 2015.

JlononHuTEIbHAS IUTEPATypa
1. Tong D., String theory. — http://www.damtp.cam.ac.uk/user/tong/string.html, 2012;
2. Johnson C.V., D-branes. — Cambridge University Press, 2006;
3. Becker K., Becker M., Schwarz J.H., String theory and M-theory — Cambridge University Press,
2007.

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 0CBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

He ncnonesyrores

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3YeMbIX NPH OCYLIECTBJICHUU 00Pa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

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

CryneHT, M3y4arollMid IUCLUUIUIMHY, IOJDKEH, C OJHOW CTOPOHBI, OBIAAeTh OOIIMM IOHSATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCs IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pesynbrare m3ydeHHs NUCUUIUIMHBI CTYACHT JOJDKEH 3HATh OCHOBHBIE ONpEAENEHUS U TOHATHSA,
YMETb NPUMEHSTh NOMYYCHHBIC 3HAHUSA JIJISl PEILICHUS PA3IUUHbBIX 3a]1a4.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

— TIOCEIIICHUS BCEX 3aHATUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHUILTHHE;

— BEJICHUA KOHCIIEKTa 3aHATUH;

— HaMPsDKEHHOW CaMOCTOATEILHOU PabOTHI CTYIEHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YTEHUE PEKOMEHIOBAHHOMN JTUTEPATYPHIL;

— mpopaboTKy yd4eOHOro Marepualia, MOATOTOBKY OTBETOB Ha BOMPOCH], MPEAHA3HAYEHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeAjaraéMpIx CTyJIeHTaM Ha 3aHATHAX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOUHOM arTeCcTaluu.



[Mokazarenem BiajeHUs MaTEpUaAIOM CIYKUT YMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TEMaM
JIMCITATUIAHEL.

BaxxHo 10OWTHCS MMOHMMaHMs U3y4yaeMOro mMarepuala, a He MEXaHHYeCKOro ero 3armomuHaHus. [lpu
3aTPYMHEHUN W3Y4YEHHUS OTIENBbHBIX TEM, BOMIPOCOB, CIEAyeT OO0pamarbcs 3a KOHCYIhTAllUSIMU
MIpenoAaBaTesio.

Bo3mokeH mpoMexyTO4HBIN KOHTPOJIb 3HAHUI CTY/IEHTOB B BHJE PEIICHHs 337ad B COOTBETCTBUH C
TEMaTHKON 3aHSITHIA.



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

kadeapa Teopuu QyHIaMEHTAIBHBIX B3aUMOACHCTBUI 1 KBaHTOBOH I'paBUTALIMH
Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

PaszpatGoTunk: J.B. Hecrepos, kanz. ¢hu3.-mMar. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0sacTu
(u3HMKO-MaTeMaTHYECKUX HayK

OIIK-1.1 3Haer w© croco0eH HCIIOJIL30BaTh B
nmpoeCCHOHANBHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLIEHUBATH
ONBIT M PE3yJIbTaThl HAayYHBIX MCCIEJOBaHUI B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTeMaTuKl M (U3MKH M CHOCOOEH WX NPUMEHSTh NpU
peleHny 3a1a4 MpoQecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeer nipeacraBieHrne 00 aKTyalbHBIX
npoOiieMax HayKu M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHAIBHOM JIeTENLHOCTH, CIIOCOOCH
Ha HayYHOM s13bIKe (hOPMYIHPOBATH
npodecCUOHANBHBIC 3aJIa4u

OIIK-2.1 Umeet nmpeacrapieHHe 0 COBPEMEHHOM COCTOSTHUH
WCCIICZIOBAaHWI B paMKax TEMaTW4YecKoi obmactu cBoei
npo¢ecCHOHANBHON eI TeNbHOCTH

OIIK-2.2 Criocoben OIICHUBATh aKTyaJbHOCTh
UCCIICIOBaHUH B o0jacTh cBoeil mpodeCcCHOHANBHOM
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHUEH,
HCIIONb3YEMOM B  COBPEMEHHOW  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaeT HaBbIKAMHU YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIIUN

OIIK-3 CniocoOeH BRIOMpPATh U (HITH)
pa3pabaThIBaTh MOXO/IbI K PEIICHHIO THIIOBBIX
Y HOBBIX 3371a4 B 001acTH npodeccnoHambLHON
JIeATEIIbHOCTH, YIUTBIBasi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.2 CnocobeH HCIOIL30BaTh HMCCIEI0BATEILCKUE
METO/bl NP PEIICHUN HOBBIX 3ajad, NPUMEHSs 3HAaHWS B
pa3IMyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-4 CriocoOeH ycIenHo peann3oBbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara M MPeACTaBUTh BHIBOIbI,
MPUMEHSs 3HAHNS U HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHUECKUX HAYK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.2 CnocobeH mnpuMeHATh 3HaHHA B ob0jacTu
(bHU3UKO-MaTEMaTHYECKUX HAyK JUIS PEeIICHUs IOCTaBICHHOM
3agaud, (popMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIYYEHHBIX
pe3yabTaToB

[MK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aJa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICITN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[IK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMAIKIO 00 aKTyaIbHBIX Pe3ylbTaTax UCCISIOBaHHUH B
pamMKax TeMmaTH4ecKoi o0macTé cBoed MpodeccHOHATLHON
JEATEIEHOCTH

[IK-1.2 CnocoGeH  BbLABHrarb THIIOTE3bl, CTPOUTH
MaTeMaTUYeCcKue MOAEIM JUIsl ONMCAHUS H3ydaeMbIX
SIBICHUH W MIPOLIECCOB, OLICHUBATh KAYeCTBO pa3padOTaHHON
MOJENN

IMK-1.3 CrnocobeH NpUMEHATh TeopeThudeckue W (W)
9KCIIEPUMEHTAJIbHBIE METOJIbl UCCIIEIOBAHUI K KOHKPETHOM
HAyyHON 3ajadye W HMHTEPIPETHPOBATH  IOTyYEHHbIE
PE3ybTaThl

2. Iloka3are M OLleHUBAHUS KOMIIeTeHITHH

B pPE3YIbTATC U3YUCHUA AUCIUIIIIAHBI <(I[OHOJ'IHI/ITCJ'IBHBIG TJIaBbl TCOPpUH CTPYH U TCOPUU BBICHIUX CIIMHOB»

00yJaromuiics JOmKeH:

3HATb:

- OCHOBHBIC ITIOHATHA 110 TEMC JUCHUIIIINHEI.

yMeThb:

- IIOJIb30BAaTbLCs Pa3BUTBIMU B paMKaxX AUCHUINIMHBI METOAAMH UCCIICAOBAHUA, pCIIaTh 3a1a4u 110 TEMEC

JUCIUITIIIMHBI.




BJIAA€Th:

- MaTreMaTH4YeCKUM W MOHATHUHBIM amnmaparoMm U METOAaMu HCCHBHOBaHHﬁ, COCTaBJIAIOIINMHU
COACPIKAHUC NUCHUILIINHBI.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

C LCJIBIO KOHTPOJISI OCBOCHUA O6y‘laIOH_[I/IMI/IC$I yLIC6HOl"O Marcpuajia MmpoBOAUTCA YCTHBII\/’I OIIpoC B
HavaJi€ 3aHsATUA 110 TCMC ITPOULJIOTO 3aHATUA.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOYHOI aTTecTalluu
o0yuaruuxcst

Ilepeuenp NpUMEPHBIX BOIIPOCOB:

1. OcuunnaropHbie pa3noxeHus s 0030HHOM cTpyHbI [lonsakoBa, Kaccuyeckue pemeHusl.
2. Kanonnveckoe kBantoBanue u Anredpa Bupacopo. CriekTp cocTosiHH 0030HHOH CTPYHBI.
3. BPCT kBanToBanue. MeToa KOHTHHYaJIbHOTO HHTEIpaa.

4. I'pannunble ycnoBusa upuxie u cnekTp ctpyHbl. @akropsl Yana-IlaToHa, KkBaHTOBaHHE OTKPBITOM
cTpyHbl Ha D-Opane.

5. OcumustopHble paznoxenus: B popmanusme RNS, cynepanredpa Bupacopo.

6. KanoHn4eckoe KBAaHTOBaHME M KBAHTOBAHUE B KAJIMOPOBKE CBETOBOTO KOHYyca B (hopmanm3me RNS.
7. [eWicTBue AJIs 4aCTULIBI U CTPYHBI B CYIIEPIPOCTPAHCTBE, Kalllla-CUMMETPHS.

8. Cynepcrpyna tuna I u Il, rereporuueckue cynepctpyHsl. CEKTp COCTOSIHUM U TPaHUYIHBIE YCIOBHSI.
9. CrpyKTypa CTpYHHOM Teopuu BO3MYIUEHUH. J[peBecHble aMIIIUTYAbl 3aMKHYTBIX CTPYH. AMILIUTYA
Bupacopo-Illanmpo.

10. CtpykTypa CTpyHHOI Teopun BO3MYIIEHUH. J[peBecHbIe aMIUIMTYAbI OTKPBITHIX CTPYH. AMILIUTYOa
Benennano.

11. dyHkuus pacnpeneneHns CTpyHbl B OJHOIETIIEBOM NPHOMMKeHUN. MoyspHas HHBaApUAHTHOCTb.

12. Cokpamienue aHomanuii, Teopusi paccesHuss u ddekTuBHble Teopun. llpemen o’ —0,
cyneprpaBuTtanus u cynep-Aur-Muic.

13. KK-paznoxenue u pasmepHas penykuusi. Cyneprpasuraunu N=1 d=11, N=2 d=10 IIA u IIB.
14. T-1yanbHOCTB A7 OTKPBITHIX U 3aMKHYTBHIX CTPYH U CYIIEPCTPYH.

15. Conuronnsle pewmeHus B cyneprpasutanu u D-Opanbl. 3apsa u HatsokeHue D-OpaHbl.

16. T-nyansHOCTD B ()OHOBBIX MOJISIX, AeiicTBue DBI mis D-Opansl.

17. S-nyansHOCTH B Teopusix IIB u rerepornyeckux cynepcTpyH.

18. Ilpenen cunbHOM cBsA3u TeopuH IIA n M-teopus. U-nyalbHOCTS.

19. ®ynnamentansasie M2 u MS-0paHbl, COIMTOHHBIC PELICHUS M KOMITAKTU(UKALHSL.

20. IIpenen BOmM3M ropusoHtra D-Opan. Onpenenenue ronorpadgpuyeckoil AyalbHOCTH U MpeneibHbIC
[IEPEXOIBL.

21. AdS/CFT nyanbHOCTH U ONIEpaTOPHBIC COOTBETCTBUSI.
[IprMepbl KOHTPOJIBHBIX 33JIaHUN:

1. Tloka3aTb, 4TO KOHIIBI OTKPBITOM CTPYHBI C TPaHUYHBIMU YycioBHsAMH HeliMana OBHXKyTCS cO
CKOPOCTBIO CBETA.

2. I[lomyynTh KOMMYTaLIMOHHBIE COOTHOLICHUS anreopsl Bupacopo.
3. Ilomyunts nmpaswia bymepa as T-xyansHOCTH.
4. IlomyunTts mpaBuiio npeoOpa3oBaHus AWIaTOHA NPU T-AyalbHOCTH.

5. IomyuuTs BeIpakeHHE I aMImIUTyasl Bupacopo-Ilanupo mist paccesstHUsl TaXMOHOB 3aMKHYTOM
CTPYHBI.

6. IlpoBeputs, uto ypaBHeHus monst Jist NSNS cekropa cyneprpaButanmu tuma Il coBmamaror c
OeTa-QyHKIUSIMH CTPYHBI.

[Ipumepsl OuIETOB:



buner 1.
1. Cummetpun neiicteuit Ham0y-I'oto u [Tonsikosa.
2. [IpeBecHbIe aMIUTUTYIBI 3aMKHYTHIX CTpYH. AMIutnTyaa Bupacopo-Ianupo.

buner 2.
1. ®ukcanus koHPOPMHOH KaMOpoBKU. OcTarouHas KaTuOpoBodHasi CBOOOIA.
2. JIpeBecHBIC aMIUIUTYbI OTKPBITHIX CTPYH. AMIUTUTYAa Benenuano.

Kpurepun onennBanus
Onenka ommuuHo 10 OamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAHUS YYEeOHOHM MpOorpaMMbl AMCHUUIUIMHBI, TMPOSBISIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00acTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTH UX Ha MPaKTHKE MPU PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUILHOE 0OOCHOBAHHE
HNPUHATHIX PELICHAMN.
Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKAa3aBIIEMy BCECTOPOHHME,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHWA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHE YBEPEHHO
IPUMEHATH UX Ha MPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHATHIX PEIICHUH.
Onenka OTIMYHO § OauioB -  BBICTABISETCS  CTYHACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPAaBWIbHOE 00OCHOBAHUE MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopomio 7 0aioB - BEICTABISETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPaMOTHO H 110
CYILECTBY M3JIaraeT €ro, ymMeeT NPUMEHATHh IOIy4YEHHbIC 3HAHUS HA INPAKTUKE, HO HEIO0CTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIJIBTATHI.
Ouenka xopoio 6 6ajIoB - BBICTABISETCS CTYACHTY, €CIIM OH TBEPJO 3HACT MaTepuall, 'paMOTHO U IO
CYLIECTBY M3J1araeT ero, yMeeT NPUMEHATh MIOJyYCHHbIC 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WIN B PELLICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Onenka xopomio 5 0ajioB - BHICTABIISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT MaTepHall, FpaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPUMEHSTh NOIyYeHHbIC 3HAHHUs HA MPAKTHKE, HO JIOMyCKaeT B
OTBETE WJIH B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.
OneHka yIOBIETBOPUTENbHO 4 Oayyia - BBICTABISIETCA CTYACHTY, IOKa3aBlIeMy (parMeHTapHbIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO MpaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapyILIEHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOIO MaTepuana, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MpOrpaMMbl, HEOOXOAMMBIE Ul JalbHEWIIero oOydeHus, u
MOYKET MIPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3ily B CTAHJAPTHON CUTYyallnH.
OneHka yIOBIETBOPUTENIHHO 3 Oayia - BBICTABISIETCA CTYACHTY, IOKa3aBlIeMy (parMeHTapHbIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaroniemy omuOku B (GopMynrpoBKax 0a30BbIX HOHSTHH,
HapylIEHUs] JIOTUYECKOH IMOCIeq0BaTeIbHOCTH B H3JIOKEHUM NPOTPAMMHOTO MaTepuana, ciabo
BJIaJICET OCHOBHBIMU pasziesiaMy y4eOHOH IMporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIEro 00y4eHus 1
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOU CUTYalHH.
OneHka HeyJOBIETBOPUTENIBHO 2 Oajuia - BBICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJbLICH 4acTH
OCHOBHOTO COJEp)KaHUs y4eOHOH IpOrpaMMbl JUCHMIUIMHBI, JOIyCKaeT TrpyOble OmHOKH B
(hopMyIIMpOBKaX OCHOBHBIX IMPUHIIUIIOB U HE YMEET UCIOIb30BATh MOIYUYCHHBIC 3HAHUS [P PELICHUU
THUIIOBBIX 33/a4.
OueHka HEYIOBIETBOPUTENbHO 1 Oaim - BBICTABISAETCS CTYIEHTY, KOTOPHIH HE 3HAeT OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeiimue omuOKd B (GOPMYIUPOBKaX
0a30BBIX MOHATUN IUCLUIUIMHBI M BOOOIIE HE MMEET HABBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuaIbl, ONpeIesONINe MPoueIyPbl OIleHHNBAHUS 3HAHU, YMEHUIl, HABBHIKOB U
(Wy1M) oNbITA AESITEILHOCTH

OK3aMeH MpOBOOUTCS B YyCTHOW Qopme mo Owieram. B kaxxgom OuiieTe mnpencTaBieHO [Ba
TeopeTuueckux Bompoca. [Ipu nposeaenun sx3ameHa oOydaroremycs npegocrasisercd 30 MUHYT Ha
noaroroBky. Onpoc 00ydaromerocs: He JOJKEeH MPEBbIIIaTh OIHOTO aCTPOHOMHYECKOTO Yaca.



