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

YTBEPXJIEHO
H.0. TUpPeKTOpa GU3TeX-MIKOJIbI
(u3uKH ¥ HCCICNOBAHNNA UM.
Jlanaay
A.A. BopoHos

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

MO0 AMCIUIIHHE: CoBpeMeHHbIE aCIIEKThI KBAHTOBOH TEOPHH TTOJIS
10 HAMPABJIEHUIO: [puknagHpie MaTemMaTHKa U Qu3nka
npopuiIb NOArOTOBKHU: OO6was u npukiagHas Gusznka

OdusTex-mkona QUMK U ucciaeqoBannil uM. Jlanaay
kadeapa npodiieM GU3UKU U acTPOPUZUKU

Kypc: 1
KBAJM(PUKAIMA: MarucTp

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

AynuTOpPHBIX YacoB: 45 BCero, B TOM YHCIIE:
nexuuu: 30 gac.
ceMuHapsl: 15 vac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 60 gac.
[ToaroroBka x sk3ameny: 30 yac.

Bcero gacos: 135, Bcero 3au. en.: 3

[Iporpammy cocraBui: K.Bb. Ankanaes, kaua. (pus.-MaT. HayK

[Iporpamma obcyxneHa Ha 3acefanuu kKadenpsl npodieM ¢usuku u actpodpusuku 04.06.2020



Kypc mocesmen u3y4eHHro

COBPCMCHHBIX AaCIICKTOB KBaHTOBOM TCOPpUU  T10JIA,

AHHOTANMA

Cpean KOTOPBIX:

CYHEepCHUMMETPHSI, TEPMOANHAMUKA YEPHBIX IBIP, DJIEMEHTHI TEOpUH CTPyH, D-OpaHbl U HenepTypOaTHBHEIC
00bekTHI, (cynep)koHpopmuas Teopus moisi, AAS/CFT cooTBercTBHE.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

N3yuenne pa3nuyHbIX CIOKETOB B COBPEMEHHON KBAaHTOBOM TEOPHUM I10JIs1, BOSHUKAIOIIUX B KOHTEKCTE
MOMCKA IMHON TEOPHH BceX (yHIaMEHTaIbHBIX B3aUMOCHCTBUM.

33]13‘[1/[ JAUCHUIIINHBI

[To3HaKOMHTBH CTYI€HTOB C OCHOBHBIMH MOHATHAMHM U UIESIMHU COBPEMEHHON KBAaHTOBOW TEOPHH IOJI,
C IIOCTaHOBKOH 3aj7ia4d M MOAXO-IaMH K uX peuieHusM. Ilpeanonaraercs, 4ro, npociyuas 3T0T Kypc,

CTyACHTBI ~ CMOTYT  HCIOJB30BaTh
Hay4YHO-HCCIII0BATEIILCKOM padoTe.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

MECTOAbBI nu

IMOAXOOBI OTOM  ob0jmacTH B CBOeld

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

YK-4 Crioco6eH mpuMeHsI T COBPEMEHHbBIE
KOMMYHHKATHBHBIE TEXHOJIOTHH, B TOM YHCIIE
Ha MHOCTPaHHOM(BIX) SI3bIKe(aX), AT
aKaJIeMUYECKOTO M PO(eCcCHOHAIBEHOTO
B3aUMOJICHCTBUS

VYK-4.1 CriocobeH BecTn OOMEH JIeJI0BOM WHGopMaiuel B
YCTHOH M MHUCBMEHHOHN (popMax Ha TOCYIapCTBEHHOM SI3BIKE
Poccuiickori ®enepauuyu M HE MEHEE YEM Ha OJHOM
HWHOCTPAHHOM SI3bIKE

YK-4.3 Criocoben NPEACTaBIIATh Pe3yNbTaTh
aKaJIeMUYEeCKO W TPO(dEeCCHOHANBHON JEATENbHOCTH Ha
Pa3IUIHBIX Hay4YHbBIX MEpOTIPHATHSIX, BKJTIOYAst
MEXIyHapO/IHbIE

YK-5 CniocobeH aHanu3upoBaTh U yUUTHIBATh
pa3sHoo0pa3ue KyiabTyp B IpOLECcCe
MEKKYJIBTYPHOTO B3aUMOACHCTBHS

VYK-5.1 CnocobeH BBISBIATH CHENUPUKY (PUIOCODCKUX H
HayYHBIX TPAJUIHIA OCHOBHBIX MUPOBBIX KYJIBTYP

OIIK-1 Bnaneer cuctemolt pyHIaMeHTATBLHBIX
Hay4YHBIX 3HAHUH B 00JacTn
(hu3HMKO-MaTeMaTHIECKUX HAyK

OIIK-1.1 3HaeT W cOOoCcOOCH  HUCIOJB30BaTh B
npoeCCUOHANBHON  JeSTeNbHOCTH  (yHAaMeHTallbHbIC
HAy4HbIC 3HAHUS B 00JaCTH (PU3NKO-MATEMATHICCKUX HAYK

OIIK-1.2 Cnocoben 0000mmarTs ¥ KPUTHUYECKH OIECHUBATH
OIBIT WM PEe3yJIbTaThl HAYYHBIX HCCIENOBaHUA B 00IaCTH
npo(heCCHOHANTBHOM IESTENbHOCTH

OIIK-1.3 [lonnmMaeT MeXIUCUUILTUHAPHBIC CBSI3U B 00JacTh
MareMaTuku ¥ (U3UKH M CHOCOOCH WX TPUMEHSTh MpPH
peleHny 3a1a4 NpoQecCuOHaTbHON AEATENbHOCTH

OIIK-2 Nmeet npeacrapieHne 00 aKTyaabHBIX
mpobiemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCUOHANBHON IeSTENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.1 UmeeT npeacTaBieHne 0 COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUM B pPaMKax TeMaTW4yeckoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-2.2 Criocoben OIICHUBATh AKTyaJIbHOCTh
WCCIIe/IOBaHW B 00JacTH cBoell  MpodeCCHOHANBHOM
JEATEIIFHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-2.3 Bnaameer mnpodeccrnoHanbHOW TEPMHUHOJIOTHUEH,
UCHOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHUYECKON
auTepatype, o0azaeT HaBbIKAMH YCTHOTO M IHCBMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HayYHOW AEATEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-3 CniocobeH BbIOMpaTh 1 (MIIN)
pa3padaThIBaTh MOJAXO/IBI K PEIICHHIO THITIOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHansHon
JEATEIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH 1

OIIK-3.1 CrocobeH aHamu3upoBarh 3ajady, IJIaHUPOBAThH
MyTH PEIIeHHs, Mpeiaratb U KOMOWHUPOBATH CHOCOOBI
peneHns

OIIK-3.2 CnocobeH HCIOIL30BaTh HMCCIEI0BATEILCKUE
METO/bl NP PEIICHUN HOBBIX 3ajad, NPUMEHSs 3HaHWS B
pa3IuyHBIX 001aCTIX HAyKH (TEXHUKN)




OrpaHUYCHHUA PA3JINYHBIX METOAOB PCIICHHUA

OIIK-3.3 Brnazeer aHaIUTUYECKUMUA U BBIUYUCIUTEIBLHBIMUA
METOJIaMU pEIICHIs], TOHNMAET U YYUTHIBACT HA MPAKTHKE
IpaHUIBl TIPUMEHUMOCTH MOTYYaeMbIX PeICHUN

OIIK-4 CriocoOeH ycIenHo peann3oBbIBaTh
pelIeHHe TOCTAaBICHHON 3aJa4H, IPOBECTH
aHaJM3 pe3yJbTara 1 MPeACTaBUTh BHIBOIbI,
NPUMEHSISI 3HAHUS U HAaBBIKH B 00J1aCTH

OIIK-4.2 CnocobeH mnpuMeHATh 3HaHHSA B ob0jacTu
(bHU3UKO-MaTEMaTHYECKUX HAyK JUIS PEeIICHUs IOCTaBICHHOM
3agaud, (opMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIY4YEHHBIX
pe3yabTaToB

(hM3UKO-MaTeMaTHYEeCKUX HAYK U
WH(POPMAIIMOHHO-KOMMYHUKAIIMOHHBIX
TEXHOJOTHH

OIIK-4.3 CnocobeH apryMEeHTHPOBAaHO BBIOMpATh CIOCOO
MPOBEICHUS] HAYYHOTO HCCIICOBAHUS

OIIK-5 CriocoOeH 1 roTOB K MOBBIIIEHHIO
KBaJTU(UKAIMH, TPOPECCHOHATLHOMY POCTY U
PYKOBOJICTBY KOJJICKTHBOM B chepe cBocit
podeCcCHOHAILHOM IS TeIbHOCTH, TOJIEPAHTHO
BOCIIPUHUMAsI COIMATbHBIC, STHUUECKUE,
KOH(ECCHOHABHBIC M KYJIBTYPHBIC Pa3Indus

OIIK-5.1 Cnocoben paboraTb B KOJJIEKTHBE, TOJEPAHTHO
BOCIIPUHUMAs COILMANIBHBIE, ITHUYECKHE,
KOH(ECCHOHAIBHBIC M KYJIBTYPHBIC Pa3IndHs

[IK-1 CnocoGen cTtaBuTh, hOpMann30BHIBATH U

[IK-1.1 CriocobeH HaxXomuTh, aHAIM3UPOBATh W 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHN B
paMKax TeMaTHUeCKOW 00NacTH cBoell mpodeccrnoHambHON
EITELHOCTH

pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCIEeI0BaTh MaTEMaTHYECKHE MOIETH
U3y4aeMbIX SBJICHUN U IPOLIECCOB, CUCTEMHO
aHaJIM3UPOBATh HAyYHbIE TPOOIEMBI, [TOyYaTh

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

HOBbIE HAYYHbIE PE3ysIbTaThl

[IK-1.3 CrnocobeH NpUMEHATh TeopeTHdecKue | (WJiIu)
SKCIIEPUMEHTAIBHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU

HayyHOM 3amade W WHTEPIPETHPOBATh  MOTYyYCHHBIC
pe3yJIbTaThI
[MK-3 Cnocoben mpodeccuonanbuo padorars ¢ |[IK-3.1 TlonnMaer npuHIUNBI pabOThl HUCIOIB3YEMOTO

MCCIIEIOBATEIbCKAM H UCTIBITATEIIbHBIM
obopynoBanueM (MpruOOpaMH U yCTaHOBKAMH,
CTIeATN3NPOBAHHBIMH TTAKETaMH PUKIIAHBIX
porpamMm) B U30paHHON TpeMETHON 00JIaCTH

000pynoBaHUs (cienmanu3upOBaHHBIX
MIPUKJIAJAHBIX TPOTPAMM)

IIaKCTOB

3. IlepeyeHb NIAHMPYEMBIX Pe3yJIbTATOB 00yUeHHUs! N0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOGHUS AUCHUIIMHBI 00y4aIOIINeCs JOIKHbBI

3HATb.

OCHOBHBIE MOHATHUS Kypca: KOHPOPMHBIE CUMMETPUH, IByMEpHbIE KOH(OPMHBIE TEOpHUHU, OO30HHAS

CTpYHa, FOHOFpa(bI/I‘{eCKaH AYaJIbHOCTb, KBAHTOBAHUC HA KPUBBIX IIPOCTPAHCTBAX.

YMETB:

CTpouTh npeodpazoBanue boromobosa.
BJIQJICT!

MIPOAEMOHCTPHUPOBATH 3HAHUE KOH(OPMHOHN TEOPUH TOJIA,
HaXOAMTh YpaBHEHUS ABMKEHUSI CTPYHBI M aHAIM3UPOBATh PELICHUS,
CTPOUTH COOTBETCTBUE MEKAY KOH(OPMHBIMHU TEOPUSIMHU U TPaBUTALUEH,

OCHOBHBIMH MCTOAaMH COBpeMeHHOﬁ KBaHTOBOM TCOPUH I10JIA.

4. Conep:xanne TMCUMILIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJE€HHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

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

TpymoeMKOCTb IO BHJAM YYeOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.

Tema (pazmen) TUCITUTUIHHEL

CamocT.

Jlexnun
H pabora

CeMuHapsI

JlaGopar. paboTsl




1 CynepcruMMeTpUYHbBIE TEOPHH TTOJIS 6 3 12
2 DneMeHTHI TeOpuH (Cynep)CTpyH 6 3 12
3 D-6panbl u HenepTypOaTUBHBIE OOBEKTHI 6 3 12
4 Kondopmuas teopust monst u AnC/KPTII 6 3 12
IyalbHOCTh

5 TepMoauHaMuKa YEPHBIX AbIP 6 3 12
Hroro yacos 30 15 60
[TonroToBka K 3K3aMeHy 30 gac.

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

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemecrtp: 2 (Becennuit)
1. CynepcuMMeTpUYHbBIE TEOPUH TIOJIS

CynepcuMMeTpuyHble Teopuu TMojs. AnreOpa CylmepcMMMETPUH, MAacCUBHBIE U 0€3MaccoBBIE
npeacraBineHus. [IpeoOpasoBaHust cymepcumMmerpun W Mozenb Becca-3ymuHo. MynbTHUILIETHI.
CynepnpoctpanctBo. Teopun ¢ N=1 cynepcummerpueii: cynepcummerpuunas KO/,
JINHEApWU30BaHHAsl TIpaBUTalMs, CylepcuMMeTpuuHas Teopus SHra-Mwmuica. Teopuum ¢
pacmupenHoii (N>1) cynepcummerpueii: N=2 teopusi, noius marepuu, N=4 teopus SAnra-Muiica.

2. DJeMeHThI TeopuH (Cynep)cTpyH

DneMeHTHl TEOpUHU CTPYH U cynepcTpyH. CBoOOmHBIE 0030HHBIE CTPYHBI, KBaHTOBaHKWEe. KBaHTOBaHME
B KaJuOpOBKE CBETOBOro KoHyca. KoBapu-antHoe kBaHTOBaHue, nyxu PDaneepa-Ilomnosa,
BRST-dhopmanusm. Beeaenue cynepcuMMeTpuH Ha MHPOBOM MOBepXHOCTH. KBaHTOBaHHME Takon
Teopuu.  Teopunm ¢ pacmupeHHOM — cynepcumMmerpued.  IIpocTpaHCcTBEHHO-BpeMEHHas
CYTIEpCUMMETPHS.

3. D-Opansbl 1 HenepTypOaTuBHBIE OOBEKTHI

D-6panbl 1 HemepTypOaTtuBHBIE 00BEKTHI. [IpoTsikeHHBIE 00BEKTHI B Teopuu cTpyH. N=1, D=11
cyneprpaButanus, M2 u M5 Opanbl. Knaccude-ckue pemenust st p-OpaH. OTKpBITBIE CTPYHBI U
D-6panbl, ¢ dextuBHbIC AeicTBU s D-Opan.

4. Koudopmuas teopus nons u AnC/KoTII nyanpHOCTH

Kondopmuas Tteopust nons. bazoBele moHsTHs koH(MOpMHOW Teopuu mons: anrebpa Bupacopo,
BEPTEKCHBIC OIEPaTOphl. AHANM3 KOPPEISAIHMOHHBIX (QYHKIHMHA B KOH(OPMHOW TEOPHU OIS
[IpocrpanctBo-Bpemst  antu-ae-Currepa(AnC).  Cpobomnoe — ckamspHoe moire B d
POCTPAHCTBEHHO-BPEMEHHBIX M3MepeHnsx Ha ¢oHe AnC. CBsA3b MacChl CKaJISPHOTO IONS H
koH(opMmHoTO Beca. Dopmynuporka AnC/KdTII nyanbHOCTH U IPU-MEPBHI.

5. TepmoguHaMuKa YEpHBIX JBIP

Tepmonnnamuka depHbix ablp. Dddekr Xokunra. Temmeparypa 4epHOH JbIPbI. DHTPOMHS YEPHOH
JBIPBI B TEOPUU CTPYH.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HE00XOXMMOM AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0)

VuebHas ayquTopHsi, OCHAIlEHHAs! KOMITBIOTEPOM U MYJIBTUMEIMHHBIM 000py10BaHHEM (TIPOEKTOP,
3BYyKOBasi CHCTEMa), 1I0CKOH.



6.IlepeyeHnb pekoMeHyeMOii TUTEPATyPbI

OcHoBHas 1uTeparypa
1. Cynepcummetpus u cyneprpasutanus [ Texct]/HO. Becc, [x. berrep , -M., Mup, 1986
2. P. West. Introduction to Strings and branes. Cambridge Univ. Pr. (Cambridge, UK, 2012), 709 p.
3. P. Di Francesco, P. Mathieu, D. Senechal, Conformal field theory, Springer-Verlag New York, 1997.
4. K. Becker, M. Becker, and J. H. Schwarz. String theory and M-theory: A modern introduction.
Cambridge Univ. Pr. (Cambridge, UK, 2007), 739 p.
5. M. Ammon, J. Erdmenger, Gauge Gravity Duality Foundations and Applications-Cambridge
University Press (2015)

JlononHuTenbHAs TUTEpaTypa
1. R. Blumenhagen, E. Plauschinn, “Introduction to Conformal Field Theory: With Applications to
String Theory”, Lect. Notes Phys. 779, Springer, Berlin Heidelberg, 2009;
2. C. Beitnbepr. ['paBuTanus u kocmomnorusi. M. MUP, 1971.
3. Th. Ortin. Gravity and strings. Cambridge Univ. Pr. (Cambridge, UK, 2004).

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

http://astrolyceum.lpi.ru, http://astronet.ru

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NPOrpaMMHOro odecrnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Kypnansr: YOH, XKIOTO, [Tucema B dKOTD, unrepuer-pecypcsi (http://astrolyceum.lpi.ru,
http://astronet.ru), aneKTpOHHBIE KOHCIIEKTHI JIEKIUH, yueOHbIe MOCO0Hs 1 COOPHUKHU 3a/ad,
pa3paboTaHHbIe Ul JaHHOTO Kypca.

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0CBOCHMIO JTHUCHUIIJINHBI (MO)_Iy.Tlﬂ)

CryneHT, W3y4aromuid IUCIUILINHY, JODKEH C OJHOW CTOPOHBI, OBIAACTh OOIIWM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbIL, JOJKEH HAYUYUTHCSA IPUMEHSTh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pesynbrate M3ydeHus TUCHUIUIMHBI CTYAEHT IOJDKEH 3HAaTh OCHOBHBIC ONPEIECICHMS AWCLIMIINHBL,
YMETb IPUMEHSATH [10JIyUEHHbIE 3HAHUSA JJIs1 PELICHUS Pa3IM4HbIX 3a/ady.

VYenenrHoe ocBoeHUE Kypca Tpelyer:

— MIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YU€OHBIM IJIAHOM IO AUCIMIUINHE,

— BEJICHUS KOHCIICKTa 3aHATHH;

— HanpspKEHHOW CaMOCTOSITENIBHOM PaboThI CTY/IEHTA.

CamocrosiTenbHas paboTa BKIIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl;

— TpopaboTKy y4yeOHOro MaTepuaina, IOATOTOBKY OTBETOB HAa BOIIPOCHI, NPEJHA3HAUYCHHBIX I
CaMOCTOATENBHOTO U3yUEHUS;

— peleHue 3aaad, MpeAIaraéMbpIX CTyAeHTaM Ha 3aHATHAX;

— IOATOTOBKY K BBITIOJTHEHUIO 33JaHHUI MPOMEKYTOUHOH aTTeCTalnu.

[lokazaresnem BiaJeHHUs MaTEPUaAIOM CIY)KUT yMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TeMaM
JUCLUAIUIMHBIL.

BaxHo 10oOWTBHCS MOHMMaHHS U3y4yaeMOro Marepuaiia, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3Y4YEeHHS OTIENbHBIX TEM, BOIIPOCOB, CJIEAyeT OOpamiarbesi 3a KOHCYIbTalUAMH K
MIpenoAaBaTelto.

Bo3MoxeH nmpoMeKyTOUHBINH KOHTPOJIb 3HAHWI CTYIECHTOB B BHJE PELIEHMS 331a4 B COOTBETCTBUU C
TEMaTHKOW 3aHATUH.



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 npodiieM GU3UKU U acTPOPUZUKU

Kypc: 1

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

PaszpatGoTunk: K.b. Ankanaes, kaHg. ¢pus.-mar. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-4 CriocobGeH mpuMeHsITh COBPEMEHHbBIE
KOMMYHHKATHBHBIE TEXHOJIOTHH, B TOM YHCIIE
Ha MHOCTPaHHOM(BIX) SI3bIKe(aX), AT
aKaJIeMUIECKOTO M PO(eCcCHOHAIBEHOTO
B3aUMOJICHCTBUS

VYK-4.1 CnocobeH BecTn OOMEH JIeJI0BOM WHGpopMaiyel B
YCTHOH M MHUCBMEHHOHN (popMax Ha TOCYIapCTBEHHOM SI3BIKE
Poccuiickori ®enepauuym M HE MEHEE YEM Ha OJHOM
WHOCTPAHHOM SI3BIKE

YK-4.3 Criocoben NPEACTaBIIAT Pe3yNbTaTh
aKaJIeMUYEeCKO W TPO(EeCCHOHANBHON JEATEIbHOCTH Ha
pa3IUIHBIX Hay4YHBIX MEpOIIPHATHSIX, BKJTIOYAst
MEXIyHapO/IHbIE

YK-5 CniocobeH aHanu3upoBaTh U yUUTHIBATh
pa3sHoo0pa3ue KyiabTyp B IpoLECcCe
MEKKYJIBTYPHOTO B3aUMOACHCTBHS

VYK-5.1 CnocobeH BBISBIATH CHEMUPUKY (PUIOCODCKUX H
HayYHBIX TPAJAUIHIA OCHOBHBIX MUPOBBIX KYJIBETYP

OIIK-1 Bnaneer cuctemoli pyHIaMeHTATBLHBIX
Hay4YHBIX 3HAHUH B 00acTu
(hu3HMKO-MaTeMaTHIECKUX HAyK

OIIK-1.1 3HaeT ©W  CcHOCOOCH  HUCIOJIB30BaTh B
npoeCCUOHANBHON  JesATeNbHOCTH  (yHAaMeHTalbHbIC
HAy4HbIC 3HAHUS B 00JaCTH (PU3NKO-MATEMATHICCKUX HAyK

OIIK-1.2 Cnocoben 0000mmars ¥ KPUTHYECKH OICHUBATH
OIBIT WM PE3yJIbTaThl HAYYHBIX HCCIENOBaHUA B 00JaCTH
npo(heCcCHOHANTBHOM IESTENbHOCTH

OIIK-1.3 [lonnmMaeT MeXIUCUUILTUHAPHBIC CBSI3U B 00JacTu
MareMaTuku M (U3UKH M CHOCOOCH WX TPHUMEHSTh MpPH
peleHny 3a/1a4 NpoQecCHOHaNBHON AEATENbHOCTH

OIIK-2 Nmeet npeacrapieHne 00 aKTyaabHBIX
mpobiemMax HayKH U TEXHHKH B 001acTH cBOEH
poeCcCHOHANBHOM e TENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.1 UmeeT npeacTaBieHne 0 COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUM B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-2.2 Criocoben OIICHUBATh aKTyaJIbHOCTh
WCCIIe/IOBAaHW B 00JacTH cBoell  MpodeCCHOHANBHOM
JEATEIILHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-2.3 Bnaameer mnpodeccrnoHanbHOW TEPMHUHOJIOTHUEH,
UCHOJNB3YyeMOH B COBPEMEHHOH  HAayYHO-TEXHHUYECKON
auTepatype, o0afaeT HaBbIKAMU YCTHOTO M IHCBMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HayYHOW AEATEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-3 Cniocoben BbIOUpaTh 1 (MIIN)
pa3pabaThIBaTh MOJAXO/IBI K PEIICHHIO THITOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHansHon
JEATEIILHOCTH, YYUTBIBAsi OCOOCHHOCTH 1
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.1 CrocobeH aHanmu3upoBarh 3ajady, IJIaHUPOBAThH
MyTH PEIIeHHs, MpeiaraTb U KOMOWHUPOBATH CHOCOOBI
peleHus

OIIK-3.2 CnocobOeH HCIOIL30BaTh HMCCIEI0BATEILCKUE
METO/bl NP PEIICHUH HOBBIX 3ajad, NPUMEHSs 3HAaHWS B
pa3nuyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-3.3 Brnazeer aHAIUTUYECKUMUA U BBIUUCIUTEIBLHBIMUA
METOJIaMU pEIICHHs], TOHNMAET U YYUTHIBACT HA MPAKTHKE
IPaHUIBl TIPUMEHUMOCTH MOTy4YaeMbIX PeIICHUN

OIIK-4 CriocoGeH ycIenHo peann30BbIBaTh
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 o0JacTu
(bHU3UKO-MaTEMaTHYECKUX HAyK JUIS PEeIICHUs IOCTaBICHHOM
3agaud, (popMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMEeHTHPOBAaHO BBIOMpATh CIOCOO
MPOBEICHUS HAYYHOTO HCCIICIOBAHUS

OIIK-5 CriocoOeH 1 roTOB K MOBBIILIEHHIO
KBaJTU(UKAIMH, TPOPECCHOHATLHOMY POCTY U
PYKOBOJICTBY KOJJISKTHBOM B chepe cBocit
podeCcCHOHAILHOMN IS TeIbHOCTH, TOJIEPAHTHO
BOCIIPUHUMAsI COIMATbHBIC, STHUUECKUE,
KOH(ECCHOHAIBHBIC M KYJIBTYPHBIC Pa3In4us

OIIK-5.1 Cnocoben paboraTb B KOJJIEKTHBE, TOJEPAHTHO
BOCIIPUHUMAs COILMAJIBHBIE, ITHUYECKHE,
KOH(ECCHOHAIBHBIC M KYJIBTYPHBIC Pa3IndHs




[IK-1 Criocoben craBuTh, (hOpMaIN30BBIBATH U

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMAINHIO 00 aKTyaIbHBIX pe3ylbTaTax UCCISIOBaHHH B
pamMKax TeMmMaTH4ecKoi o0macTé cBoed MpodeccHOHATLHON
JEATEIIEHOCTH

pelaTh 3a1a4i, B TOM YUCIie pa3padbaTbiBaTh U
UCCIIE0BAaTh MaTeMaTHYECKUE MOJEIH
M3y4aeMBbIX SBJIICHUN U MPOIECCOB, CHCTEMHO
aHaJM3UPOBATh HAYy4YHbIE MPOOJIEMBbI, OITyYaTh

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

HOBBIC HAYYHBIC PC3YJIbTAThI

[MK-1.3 CrnocobeH NpUMEHATh TeopeThudeckue W (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl UCCIIEIOBAHUI K KOHKPETHOM
HayyHOM 3ajadye W  HMHTEPIPETHPOBATh  IOTyYEHHbIE
pE3yIbTaThl

[1K-3 Cnocoben npodeccnonaabHO paboTaTh ¢
UCCIIeJOBATEIbCKUM U UCTIBITAaTEIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CTIEeLUATN3UPOBAHHBIMU MTAKETAMU TPUKIIATHBIX
MporpaMm) B n30paHHON MTPEIMETHOM 00TIacTH

[IK-3.1 IloHumaer mnpuHOHUIBI PabOTHl HCIOJIB3YEMOTO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB
MPUKIIAAHBIX TPOTPaMM)

2. Iloka3are M OLleHUBAHUS KOMIIeTeHITHH

B PE3YIbTATC HU3YUCHUS AUCHUILIAHBI «COBpeMeHHLIC aCIeKThl KBaHTOBOHU TCOPpHUU IIOJIS» 06y‘lalOH.IHﬁC9[

JOJIKCH:

3HATb:

OCHOBHBIE MOHATHUS Kypca: KOHPOPMHBIE CUMMETPUH, IByMEpHbIE KOH(OPMHBIE TEOpHUHU, OO30HHAS

CTpYHa, FOJ'IOI"pa(bI/I‘{eCKaH AYaJIbHOCTb, KBAHTOBAHUC HA KPUBBIX IIPOCTPAHCTBAX.

yMeThb:
* [POIEMOHCTPHPOBATH 3HAHNE KOH()OPMHOM TEOPUH IO,
* HAXOJWTh YPaBHEHHMs IBMKCHUS CTPYHBI U aHAJTM3UPOBATH PEIICHHS,
* CTPOHTBH COOTBETCTBUE MEXKIY KOH(POPMHBIMH TCOPUSMH U TPaBUTALIUCH,
= crpouth npeobpazoBanue boromoboaa.
BJIaJIeTh:

®* OCHOBHBIMH MCTOdaMH COBpeMeHHOﬁ KBaHTOBOM TCOPUH I10JIA.

3. IlepeyeHb THNOBBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl MOATOTOBKH K TeKylleMy KOHTPOJII0

He npenycmorpeHo.

4. IlepeyeHb THNOBBIX (IIPMMEPHBIX) BONPOCOB M TeM /11 IPOBeAeHHs POME:KYTOUHOH aTTecTaluu

o0yuaruuxcst

Hepequb KOHTPOJIbHBIX BOIIPOCOB!

1. HeiictBue Becca-3ymuHO 1 npeobpa3oBaHusl CyniepCUMMETPHH.

2. CTpyHHOE JEHCTBUE B €TO0 CUMMETPHH.

3. BeiBecTH CBSI3b MACCHI CKaJIApHOTO IIOJIA U KOH(I)OpMHOl"O BECa.

4. D-Opanbl B TeOpUsIX CTPyH(HA IpUMEPE
5.
COOTBETCTBUSL.

[IprMepbl KOHTPOJIBHBIX 33IaHUN:

IIB Teopun).

leomerpuueckass wuHTeprperauusi KOHGOPMHBIX mpeoOpazoBanmii B pamrax AnC/K¢TII

1. Hammucats nefictBue Becca-3ymuno. [lepeuncnuts ero ciMMeTpuu.

2.0nmcarth IEHTPaJbHOE paclIupeHHe
MPOCTPAHCTBA-BPEMEHH B TEOPHH CTPYH.

anreOpel  Bupacopo u  orpaHu4YeHHs Pa3MEpHOCTh

3. BoiBectn 00muii Buj 2-TOYEUHON KOPPEJSILMOHHOW (YHKIMH B ABYMEpHOW KOH(OPMHON Teopuu

T10JI4.




4. 3anucars MeTpuKy npccrpanctBa AnC B koopauHarax [lyankape. Jlate onpenenenue koHGOpMHON
IpaHUIIbI.
5. 3anucarb COOTHOLIEHHE MKy SHTPOIHENH YEPHOH IBIPHI U IUIOLIA/IbI0 TOPU30HTA COOBITUH.

HpI/IMepBI OK3aMCHAIIMOHHBIX OUIIECTOB:

burer 1.

1. N=1 cynepnpocrtpancTBo. KHupansHOE 1 BEIIECTBEHHOE CyNEPITOIIE.
2. O¢ddexr Xokunra. Temneparypa 4epHOM JBIPHI.

burer 2.

1. BRST-xkBanTOBaHue.

2. Koppensiunonsasle pyHKIMH B KOHOOPMHON TEOPHUHU TOJSL.
burer 3.

1. D7 — 6pana.

2. Anrebpa Bupacopo u nokanbHBIE TOKAECTBAa Yopaa.

burer 4.

1. M2 u M5 GpaHsi.

2. I'moGanbHas cynepcuMMETpUsi MUPOBOH TOBEPXHOCTU CTPYHBI.
burer 5.

1. N=4 Teopus SHra-Muuica u ee CAMMETPHH.

2. DHTpONUS YEPHOU JBIPBI B TEOPUU CTPYH.

Kputepun onennBanus
Onenka "ommmuno" (10 Gassos) BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBUIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, DIyOOKHE 3HAHUS Y4eOHOW MpOrpaMMbl AWUCHMIUIMHBI, MPOSBISIOMIEMY
HWHTEpeC K JaHHOM NpeAMETHOW 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHATh UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.
Onenka "ormmmuno" (9 0OamioB) BBICTABIISIETCSL  CTY[EHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MpPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE MPU PEILICHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 00OCHOBAHHE
HPUHATHIX PELICHAMN.
Onenka "ortnmuuno" (8 0amioB) BBICTABJISIETCSl  CTY[EHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHUE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE IPHU PEIICHUH KOHKPETHBIX 3a/ad, MPaBUIbHOE 00OCHOBAHUE MPUHATHIX
pelIeHui, ¢ HEKOTOPBIMH HEOYETAMH.
Onenka "xopomio" (7 0annoB) BBICTABISETCS CTYACHTY, €CIIM OH TBEPIO 3HAET MaTepuai, rPaMOTHO U
[0 CYIIECTBY H3JaraeT ero, yMeeT MPUMEHAThH IOJIyYeHHbIC 3HAHUS Ha MPAKTHKE, HO HEAOCTAaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIbTAThI.
Onenka "xopomo" (6 0anoB) BBICTABISETCS CTYACHTY, €CIIM OH TBEPAO 3HACT MaTepuai, FPaMOTHO U
[0 CYLIECTBY HM3J1araeT €ro, yMeer IPUMEHTh I0JyYyeHHbIC 3HAHMUs Ha IPAKTUKE, HO JIOIYCKAaeT B
OTBETE WJIM B PELICHUH 33]a4 HEKOTOPbIE HETOUHOCTH.
Onenka "xopomo" (5 0annoB) BBICTABISETCS CTYACHTY, €CIM OH B OCHOBHOM 3HAeT Marepual,
IrPaMOTHO M MO CYWIECTBY HM3JIaraeT €ro, yMeeT NMPUMEHATh NOJTy4YEeHHBIC 3HAHUS Ha HPAKTHUKE, HO
JOIyCKaeT B OTBETE WM B PEILICHUH 3a/1a4 IOCTATOYHO OOJIBIIOE KOJTMYECTBO HETOUHOCTEH.
Onenka "ymoBneTBopuTelabHO" (4 Oanna) BbICTABISIETCS CTYICHTY, MMOKa3aBUIeMYy (parMeHTapHBIMH,
pPa3po3HEHHBIA XapakTep 3HAHWH, HEJOCTATOYHO NpaBUIIbHBIE (HOPMYITHPOBKH 0a30BbIX MOHSITHIA,
HapylleHHUs JOrMYECKON M0CIeJ0BaTebHOCTU B U3JI0KEHUN [IPOrPaMMHOI0 MaTepuala, HO IIpU 3TOM
OH OCBOMJI OCHOBHBIE pazfiefibl y4eOHOH MpOrpaMMbl, HEOOXOAUMBIE Ul JaJIbHEHIIero o0ydeHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.
Omnenka "ynoBierBoputenbHO" (3 6amia) BBICTABISIETCS CTYACHTY, IMOKa3aBlieMy (parMeHTapHBIH,
Pa3po3HEHHBIH XapakTep 3HaHWW, AOMycKaroulemy omHOKu B (popMynupoBKax 0a30BbIX NOHSATH,
HapyLIEHUs] JIOTHYECKOM IOCIEeI0BaTEeIbHOCTH B M3JIOKEHHH IPOrPaMMHOIO Marepuana, ciabo
BJIaJIe€T OCHOBHBIMH pa3aesiaMu yueOHOM mporpaMMbl, HEOOXOAUMBIMHU JUTS TajdbHEUIIETO 00yUeHHS U
C TPYZIOM IIPUMEHSET [10JIyYEHHbIE 3HAHUS AAXKE B CTAHAAPTHOM CUTYalUH.



Omnenka "HEyJOBIETBOpUTENBHO" (2 Oana) BBICTABISETCS CTYJCHTY, KOTOPBIA HE 3HAET OOINbIIeH
4acTH OCHOBHOTO COIEpKaHHsI y4eOHOM MpOorpaMMbl AMCLMIUIMHBL, JOMYCKaeT rpyOble OmMOKH B

(bopMyIHPOBKaX OCHOBHBIX IPUHIMIIOB M HE YMEET MCIOIb30BaTh NOITYyUYEHHbIC 3HAHUS NP PEIICHUN
TUTIOBBIX 3a]a4.

Onenka "HeynosierBoputenbHo" (1 0ami) BBICTaBISETCS CTYACHTY, KOTOPBIA HE 3HAE€T OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl TUCIUILTUHBI, JOMycKaeT rpyOeiiiue omuoK B GOpPMYITHPOBKaX
0a30BBIX TOHATUH IUCUUILIMHBI M BOOOIIE HE MMEET HABBIKOB PEUICHUS THIIOBBIX MPAKTUYCCKHX
3ajad.

5. MeTonuyeckne MaTepuaJbl, onpeaesione NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

[Ipu mpoBeneHMH yCTHOTO 3K3aMeHa oOydaromiemycs npepocraBisercs 30 MHHYT Ha IOITOTOBKY.
Onpoc oOyuatomierocs 1o OwieTy Ha YCTHOM JK3aMEHE HE JOJDKeH IMPEBBIIIATh OIHOTO
aCTPOHOMMUECKOI'O yaca.



