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AHHOTANMA

Teopusi CTpyH SIBIISIETCSI PE3yNbTATOM NPUMEHEHHS KBAaHTOBOW TEOPHU MJISl ONMHCAHUS PEISITUBUCTCKUX
(byHIaMEeHTaIbHBIX OAHOMEpPHBIX 00bekTOB. Ha e€ ocHOBe BO3MOXKHO KBAHTOBOE OIMCAHWE I'PaBUTAIMH, A
TaK)Ke MOCTPOCHUE €AMHON TEOpHH BceX (DyHIaMEHTaJbHBIX B3aMMOJICHCTBUN U mosel marepuu. Hecmotps
Ha TUIIOTETHYECKUH XapaKTep TeOpuH, €€ BHYTPEHHSSA CTPYKTypa O4eHb KECTKasi U BMECTe ¢ TeM Ooraras, 1
€CTECTBCHHBIM O0OpPa30M BKIIOYaeT OOBEKTHI Oojbluedl pasmepHocTd (OpaHbl). PasBurme MeTomoB Teopuu
cTpyH 3a nocieguue 30 jer oOoraTwiio pas3iM4HbIE pa3zieibl TEOPETHYECKOW (PU3MKM BBICOKMX SHEPruil,
MaTeMaTHu4eckord (PU3MKH, YMCTOW MaTeMaTHKW, a B IMOCJIECAHHUE TOAbl U APYrHe OOJIACTH TEOPETUYECKOMN
¢buznKH.

ITpennaraeMslii Kypc sBISIETCS MPOJODKEHHWEM BBOAHOTO Kypca Teopuu cTpyH (Teopust crpyH-1). Ilocme
KpaTkoro o030pa TEOPUHU KIACCHUYECKHX OO030HHBIX CTPYH M WX KBAaHTOBAaHUS, OyleT MOAPOOHO PacCMOTPEHO
KBAaHTOBOE OIMCAaHUE CYNEPCUMMETPUYHBIX CTpPyH (C CylepcCUMMETpUEd Ha MHPOBOM JIUCTE U B
MPOCTPaHCTBE-BpeMeHH ). J{J1sl onucanus B3aMMOICHCTBYIOMINUX CTPYH OyAeT MOCTPOCHA TEOPHSI BO3MYILICHHMH.
BynyT nmomy4yeHsl HU3KO3HEpreTHUECKUE MPUOIMKEHHbIE OIMUCAHUS TEOPUU CYNIEPCTPYH: CyNeprpaBUTALUs U
cynepcumMmeTpuuHas Teopus SHra-Mwmiuica. Mbl paccMoTpuM auHaMukKy D- um M-OpaH, pasnudHbie
CUMMETPHH U JyAILHOCTH TEOPHIA CyIiepcTpyH 1 M-teopuu, a Takxke sneMeHTsl AdS/CFT-cooTBeTcTBUsA. MBI
Takke OOCyOuM Ipeaesl HyJIEBOTO HATSKEHUSI B TEOPHUU CTPYH M €r0 CBsS3b C KaJMOPOBOUHOW TeopHen
BBICILIUX CIIMHOB.

1. lean u 3apa4n

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

3agauu AUCHUILIHHBI

O3HaKOMJIGHHE CTYIEHTOB C OCHOBAaMH TEOPHH CYIEPCTPYH, €€ COBPEMEHHBIMHU IMPHIOKCHUSIMHU H
MecTOM B (prusnyeckoit kapTuHe Mupa. [Ipeamnonaraercs, 4To, NPOCIyIIaB 3TOT KypC, CTYyAE€HTbI 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 cHocoOGH  HCIONb30BaTh B
mpo(eCCUOHANBHON  JIEATENBPHOCTH  (PyHJAaMEHTAIIbHBIC
HAy4HbIC 3HAHUS B 00JaCTH (U3NKO-MATEMATHICCKUX HAYK

OIIK-1 Bnaneer cuctemoit pynnamenransabix |OIMK-1.2 CrnocobeH 0600marh U KPUTHYECKH OIICHUBATH
Hay4YHBIX 3HAHUH B 00acTu OIBIT M PEe3yJbTaThl HAYYHBIX HCCIICJOBaHUII B 00IacTh
(HU3MKO-MaTEMaTHYECKUX HAyK npo(heCCHOHATBHON ESTENbHOCTH

OIIK-1.3 [ToHnMaeT MeXAUCIUILIMHAPHBIC CBS3U B OOJIACTH
MareMaTHuK W (U3MKH U CHOCOOCH HMX MPHMEHSTh IPH
peleHun 3a/1a4 NpoQeccCuOHaNbHON AeATEIbHOCTH

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

OIIK-2 Nmeer npeacrasnenne o0 akryanbHbix |OITK-2.2 Crniocoben OLICHUBATh AKTyaJIbHOCTh
nmpobiemMax HayKd U TEXHHKH B 00JIaCTH CBOEH |Mcciie/ioBaHU B oOmactu  cBoeld  mpodeccroHalbHON
poeCCUOHANBHON IEITENFHOCTH, CIIOCOOCH | ASSTENBHOCTH U UX MPAKTHYECKYI0 3HAYUMOCTD

Ha HaY4YHOM SI3bIKE (POPMYIMPOBATH OIIK-2.3 Brnaneer mnpodeccHOHAIbHON TEpMHHOJIOTHEH,
PO(eCCHOHAIBHBIC 324K HCIIONIb3yEMOH B COBPEMEHHOM  HAy4YHO-TEXHUYECKOU
aurepatype, o0J1aaeT HaBBIKAMHM YCTHOTO M HMHCbMEHHOTO
W3JIOKEHUSI PE3yJbTaTOB HAyYHOW ACSTEIBHOCTH 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 CrocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHUE
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 CrocobeH TpUMEHSTh 3HaHWS B 0O0NacTH
(U3UKO-MaTEMAaTHYECKUX HAYK JUIS PEIICHHUS TIOCTaBICHHOM
3a1au¥, (POPMYJIHPOBAHUS BBHIBOJOB M OLIEHKH MOJYYEHHBIX
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 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyaJdbHBIX pe3yJbTaTax HCCIeOBaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCcCHOHATEHON
EITELHOCTH

IIK-1.2 CnocobeH  BbyIBHTaTh  THUIIOTE3BI, CTPOUTH
MaTeMaTH4ecKue MOAEIH ISl ONUCAHHMA H3y4aeMBIX
SIBIICHUI | TPOLIECCOB, OIICHUBATh KAUeCTBO pa3paboTaHHON
MOJENN

HOBbIE HAYYHbIE PE3ysIbTaThl

[IK-1.3 CrnocobeH mNpuUMEHATh TeopeTHYecKkue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3aja4e W HHTEPIPETUPOBATH  IOJyuYCHHBIE
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:

- MAaTEeMaTHYCCKHMM H IOHITUNHBIM afraparoMm M MCEToOHdaMUu HCCHGILOB&HHﬁ, COCTaBJIAOIIINMH

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 [Ipenen HyneBOro HaTsDKEHHS M TEOPHS 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

CBobOonnast 6o30HHas ctpyHa, nedctBust HamOy-IT'oto u IlonsikoBa, cuMMeTpuu, OCLHHUISTOPHBIC
pa3IoKeHUs, KIIACCUUECKUE PELICHUS.

2. KBanToBanue 0030HHOW CTPYHEI

Kanonunueckoe kBaHTOBaHue, anredpa Bupacopo, ypaBHeHMs IBIKeHUS M CBsi3H. KBaHTOBaHue B
KaJMOpOBKE CBETOBOTO KOHYCA, CIIEKTP COCTOSHUN OO30HHOH CTpPYHBL. DJIEMEHTH KOH(POPMHOM
teopun monsi, BPCT kBantoBanme. MeToxg KOHTHHYaJIbHOTO HHTerpaja. ['paHHuYHBIE yCIIOBUS
Hupuxie u cnekrp cTpynbl. @akrtopsl Yana-Ilarona, kBaHTOBaHHE OTKPBITON CTPYHBI Ha D-Opane.

3. CynepcuMMeTpHs Ha MEPOBOM JICTE

CrmHopsl B o0med teopuu oTtHOcuTenbHCTH. CymepcrpyHa B (opmammsme RNS. I'pannunbie
yCIOBUS W OCHMJUIATOpHBIE pas3llokKeHus, cynepaiaredbpa Bupacopo, cBi3u u KoHpopMHas
WHBapUaHTHOCTh. KaHOHWYECKOe KBaHTOBaHHME W KBAHTOBAHWE B KaJIMOPOBKE CBETOBOTO KOHYCA.
GSO-npoekuus.

4. CynepcMMeTpHs B IPOCTPAHCTBE-BPEMEHH

JleficTBue nansd 4acTHLBI M CTPYHBI B CYNEpPHPOCTPAHCTBE, Kamma-cuMMeTpus. KBaHToBaHME H
cokpaieHue aHoMaianii. CHeKTp OTKPBITHIX U 3aMKHYThIX cTpyH, RR-mons. Cynepcrpyna tuna I u 1,
reTEpOTUYECKHE CYTIEPCTPYHBL.

5. B3auMoaeicTByOIUE CTPYHBI

CrpyKTypa CTpyHHOI TEOpUM BO3MYILIEHUN. JpeBECHbIE aMIUIUTY/Ibl 3aMKHYTBIX M OTKPBITBIX CTPYH.
Awmrumntyna Bupacopo-lllanupo, amruntyna Beneumano. ®nykryanuu D-Opan u HaTsDKEHHeE.
@OyHKIMS pacnpeneneHns CTPyHbI B OTHONETIIEBOM NPpHOIKeHUH. MoynspHas HHBapUAHTHOCTb.

6. Huzkosueprerndeckue d(p(HeKTUBHBIC TCOPUN

Cokpamenne aHOMaIni, Teopusi paccesHuss u  dddextuBHble Teopuu. Ilpemen o’ —0,
cyneprpasutanus u cynep-Suar-Muuic. KK-pasnoxxenue u pazmepHas penykuus. CyneprpaBuranuu
N=1d=11, N=2 d=10 [IA u [IB.

7. D-6panbst u AAS/CFT

T-myanbHOCTh IS OTKPBITBIX M 3aMKHYTBIX CTPYH M cynepcTpyH. COJHMTOHHBIE PpEIICHUS B
cyneprpasutanuu U D-Opanbl. 3apsa u HarsbkeHue D-Opanbl. T-myanbHOCTh B (DOHOBBIX HOJSX,
neiicreue DBI ans D-6panbl. D3-Opanbl 1 N=4 cynep-Aur-Mwic. Ilpeaen BOim3u ropusoHra
D-6pan, ronorpadudeckas 1yaabHOCTb.

8. M-teopus u 1yanbHOCTH



S-nyansHOCTE B Teopusix 1IB u rerepornueckux cynepcrpyH. Ilpenen cuibHoit cBsizu teopun 1A 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 HATAKCHUH. HOBG,Z[GHI/IC CTPYHHBIX aMIUIUTYd pPacCCCIHUs. TeOpI/IH 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, M3y4arollMd IUCLUUIUIMHY, IOJDKEH, C OJHOW CTOPOHBI, OBNAJEeTh OOILIMM MOHATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCs IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pesynbrare m3ydeHHs NUCHUIUIMHBI CTYACHT JOJDKEH 3HATh OCHOBHBIE OMpEACNEHUS M TOHATHUA,
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 MarepHuayia, IMOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYCHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeAjaraéMpIx CTyJIeHTaM Ha 3aHATHAX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOUHOM arTeCcTaluu.



[Mokazarenem BiajeHHs MarepHajoM CIYXXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI IO TEMaM
JIMCITATUIAHEL.

BaxHo 10OWTHCS MOHMMAaHUS M3ydaeMOro MaTepuala, a He MEXaHHYECKOTro ero 3armoMmuHaHus. [lpu
3aTPYNHEHUW W3Y4YEHUS OTIEIbHBIX TEM, BOIPOCOB, CIEAyeT oOpamiathCs 3a KOHCYJIbTAIHSIMHU
MIpenoAaBaTesio.

Bo3mokeH mpoMekyTO4HBIN KOHTPOJIb 3HAHUH CTYAEHTOB B BUJE PEIICHHUS 3a7ad 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

DusTex-KiIacTep aKaJaeMUIecKoi u HayuyHoU Kapbepsl (Teopus ¢pyHIaMeHTa bHBIX
B3aMMOJICHICTBHI U KBAaHTOBAs TPAaBUTALINSA)

Kypc: 1
KBaJIMpUKALUS: MarucTp

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

Pa3zpatGoTunk: J.B. Hecrepos, kaun. ¢uz.-mMaT. 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 SHaer © CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBPHOW ~ NIeATENhbHOCTH  (PyHIaMEHTaTbHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

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

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTuKl M (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
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 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIICZIOBAaHWI B paMKax TEMaTW4YecKoi obmactu cBoei
npodecCuoHanbHON e TENHHOCTH

OIIK-2.2 Crniocoben OIICHUBATh aKTyaJlbHOCTh
UCCIICAOBAaHUM B obnmactu cBoed mnpodeccrnoHanbHON
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Brnameer mnpodeccHOHaNbHONW TEPMUHOIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOW  HAyYHO-TEXHUYECKOMN
muTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MHUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HAyYHOW JESTEIbHOCTH 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 CnocobOeH HCIIOIb30BaTh HCCIIENOBATEILCKUE
METObl TNPH PEIICHUH HOBBIX 3a]ad, MPUMEHSsS 3HAHWS 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 CrnocobeH mNpuMeHSTh 3HaHUS B o0jacTu
(bHU3UKO-MaTEMaTHYECKUX HAyK JUIS PEeIICHUs IOCTaBICHHOM
3agaudl, GOPMYIUPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
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

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNNIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0nacTh cBoed mpodeccHoHaTbLHON
JEATEIEHOCTH

[IK-1.2 CnocoGeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMUA H3y4aeMbIX
SIBIICHUH U MPOLIECCOB, OLICHUBATh KAU€CTBO pa3paboTaHHON
MOJENN

IMK-1.3 CnocobeH NpUMEHATh TeopeTHueckne W (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

2. Iloka3are M OLleHUBAHUS KOMIIeTeHITHH

B PE3YIbTATC U3YUCHUA AUCHUILIJIMHBI «I[OHOJ'IHI/ITGJ'IBHBIC TJIaBbl TCOPUHU CTPYH U TCOPHUHU BLICIIHNX CIIMUHOB»

00yJaromuiics JOmKeH:

3HATb:

- OCHOBHBIC ITIOHATHA 110 TEMC JUCHUIIIINHEI.

yMeThb:

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

JUCIUITIIIMHBI.




BJIAA€Th:

- MaTreMaTHU4YECKUM U TMOHSITHWHBIM afraparoMm u METOAaMU I/ICCJ'IEIIOBaHPII‘/'I, COCTaBJIAIOIIMMU
COACPIKAHUC NUCHUILIINHBI.

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

C HCJIBIO KOHTPOJISI OCBOCHUSA O6y‘laIOH_[I/IMI/IC$I yqe6H0ro Marcepurajia npoOBOAUTCH YCTHBII\/’I OorpocC B
HavaJi€ 3aHsATUA 110 TCMC ITPOULJIOTO 3aHATUA.

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

1. OcuunnaropHbie pa3noxeHus s 0030HHOM cTpyHbI [onsakoBa, Kaccuyeckue pemeHusl.
2. Kanonnveckoe kBantoBanue u Anredpa Bupacopo. CriekTp cocTosiHHA O030HHOH CTPYHBI.
3. BPCT kBanToBanue. MeToa KOHTHHYaJIbHOTO HHTErpaa.

4. T'pannunble ycnosus Jupuxie u crnekrp cTtpyHsl. @akropsl Yana-IlaToHa, KBaHTOBaHNE OTKPBITOM
cTpyHbl Ha D-Opane.

5. OcumiustopHble paznoxenus B popmanusme RNS, cynepanredpa Bupacopo.

6. KanHoHn4eckoe KBaHTOBaHME M KBAHTOBAHUE B KAIMOPOBKE CBETOBOTO KOHYyca B (hopmanm3me RNS.
7. [eWicTBue AJIis1 4aCTULIBI U CTPYHBI B CYIIEPIPOCTPAHCTBE, Kalllla-CUMMETPHS.

8. Cynepcrpyna tuna I u 11, rereporuueckue cynepctpyHsl. CEKTpP COCTOSIHUM U TPaHUYHBIE YCIOBHSI.
9. CrpyKTypa CTpyHHOU Teopuu Bo3MylleHUN. J[peBecHbIe aMIUIUTYIbl 3aMKHYTBIX CTPYH. AMIUINTYA
Bupacopo-Ilanmpo.

10. CtpykTypa CTpyHHOH TEOpHUU BO3MYLICHUH. J[peBeCHbIE aMIIUTYAbl OTKPBITHIX CTPYH. AMIUIUTYA
Benennano.

11. dyHkuus pacnpeneneHns CTpyHbl B OJHOIETIIEBOM NPHOIKeHUN. MoysapHas HHBapUAHTHOCTb.

12. Cokpamienne aHoMmManui, Tteopusi paccesHusi W dpdexruBabie Teopun. Ilpemen o’ —O0,
cyneprpaBuTanus u cynep-Aur-Muic.

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

15. Conuronnsle pewieHus B cyneprpasuranuu u D-Opanbl. 3apsaa u HaTsokeHue D-OpaHbl.

16. T-nyansHOCTD B ()OHOBBIX MOIISIX, AeiicTBue DBI s 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 BOmu3M ropusoHta D-Opan. Onpenenenue ronorpa@uueckoi QyaabHOCTH U HpeAeTIbHBIC
[IEPEXOLIBI.

21. AdS/CFT nyanbHOCTH U ONIEpaTOPHBIC COOTBETCTBUSI.

[IprMepbl KOHTPOJIBHBIX 33JaHUN

1. Tloka3aTh, 4TO KOHIIBI OTKPBITOM CTPYHBI C TpPaHWYHBIMH ycloBusAMH Heiimana ABMXyTCS cO
CKOPOCTBIO CBETA.

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

5. IomyunTs BBIpaXkKeHHE 1A aMIUIMTYAbsl Bupacopo-Illanupo g paccessHus TaXMOHOB 3aMKHYTOM
CTPYHBI.

6. IlpoBeputh, uto ypaBHenus mois miasi NSNS cektopa cyneprpaButanuu tumna Il coBmamaior c
OeTa-QyHKIUSIMH CTPYHBI.

[Ipumepsl 5K3aMEHALMOHHBIX OUIIETOB

burer 1.

1. Cummertpuu neiicteuit Ham6y-I'oto u [lonskosa.

2. [IpeBecHbIE aMIUIUTYbI 3aMKHYTBIX CTpYH. AMIunTyaa Bupacopo-Ianupo.
burer 2.



1. ®ukcanus koHPOPMHOHN KaIMOpoBKU. OcTarouHas KaTuOpoBOdHasi CBOOOIA.
2. JlpeBecHbIe aMILIUTYbl OTKPBITHIX CTPYH. AMIUIMTYa Benenuaso.

buner 3.

1. Cynepctpynsl Tuna I u 1. I'pannuHbIe yCI0BHS U CIIEKTP COCTOSIHHIA.

2. N=1 d=11 cyneprpaBuranus u pazmepHas peaykius B d=10.

buner 4.

1. I'erepotnueckue cynepcTpyHbl. [ paHHYHbIE YCIOBUS U CIIEKTP COCTOSIHHIM.
2. @yHKUMA pacrpeneseHus CTPYHbI B OJHOIETIIEBOM MPHOIMKECHHN.

buner 5.

1. T-nyanbHOCTB U TipaBmia bymepa.

2. OcuisiTopHbIe paznoxenus B popmannzme RNS.

Kpurepun onennBanus
Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSATh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3aa4, CBOOOJHOE U PaBUIbHOE 0OOCHOBaHHE
HNPUHATHIX PELICHAMN.
Ouenka ommMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
HNPUMEHATh X Ha NPAaKTHKE MPU PEIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHSATHIX PEIICHUH.
Onenka OmIMYHO § Oa/uIOB -  BBICTaBISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHATh MX Ha MPaKTHKE MPU PEHICHUH KOHKPETHBIX 3a]ad4, MPaBUIbHOE 000CHOBAaHHME MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopormio 7 0aioB - BBICTABIISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MarepHuall, TPaMOTHO U 1O
CYILECTBY M3JIaraeT €ro, ymMeeT HPUMEHATh IOJY4YCHHbIC 3HAHUS Ha MNPAKTHKE, HO HEAOCTATOYHO
IrpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIJIBTATHI.
Ouenka xopoio 6 6ajioB - BBICTaBISACTCS CTYIACHTY, €CIIM OH TBEPJO 3HAET MaTepHaj, IPaMOTHO H I10
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSITh NOITY4YCHHbIC 3HAaHHUSI Ha NIPAKTUKE, HO JOIMYCKAeT B OTBETE
WIN B PELLICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Onenka Xopomio 5 6ayuIoB - BBICTABISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT MaTepuall, FPaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT INPUMEHATH MOJydYCHHbIC 3HAHUS Ha MPAKTUKE, HO JIOMyCKaeT B
OTBETE WJIH B PEILICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.
Onenka ymoBIETBOPUTENbHO 4 Oaisa - BBICTABISIETCS CTYIEHTY, MOKa3aBIIeMy (parMEeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyIIEHUs JIOTHYECKOW MOCIIeIOBATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Jielibl yueOHOW NMpOorpaMMbl, HEOOXOAMMBIE Ul JaJbHEWIero oOy4eHus, U
MOJKET IPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.
OneHka ymoOBIETBOPUTENbHO 3 Oaiya - BBICTABISIETCS CTYIEHTY, IMOKa3aBIIeMy (parMEeHTapHBII,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemMy OmHOKH B (POpMyIHpOBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TIOCIEeI0BAaTeIbHOCTH B H3JIOKEHHHM IPOrPaMMHOrO Marepuaia, ciaalo
BJIaJICET OCHOBHBIMHU pa3jesiaMH y4eOHOW MporpaMmbl, HEOOXOANMBIMHE JUTS JaJIbHEHIIero o0ydeHus U
C TPYZIOM IIPUMEHSET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
OneHka HEyJOBJIETBOPUTENIBHO 2 Oallia - BBICTABISIETCS CTYACHTY, KOTOPBI HE 3HAaeT OOJNbIIEH YacTH
OCHOBHOTO COACp)KaHUs y4eOHOH IporpaMMbl JUCHMIUIMHBI, JOMyCKaeT rpyOble OIMOKH B
(hopMyIIMpOBKax OCHOBHBIX NPHUHIMUIIOB H HE YMEET HCIIOJIb30BaTh MOMyUYEeHHBIC 3HAHUS MIPHU PELICHUU
THUIIOBBIX 33/a4.
OueHka HEYIOBIETBOPUTENbHO | 0aml - BBICTABISIETCS CTYAEHTY, KOTOPBI HE 3HAET OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIMycKaeT rpyOeiimne omuOKd B (HOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE MMEET HABBIKOB DPEIICHHS THIIOBBIX MPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuasbl, onpeaesonue Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH



OK3aMeH MpOBOOUTCS B ycTHOW Qopme mo Owuieram. B kaxxgom Ounere mnpencTaBieHO [Ba
TeopeTuueckux Bompoca. Ilpu nmpoBeneHnu sk3amena obydaronemycs npenocrasisercs 30 MUHYT Ha
noaroroBky. Onpoc o0ydaromerocs: He JOJKEeH MPEBbIIIaTh OHOTO aCTPOHOMHYECKOTO yaca.



