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:

CYHEepCHMMETPHsI, TEPMOANHAMUKA YEPHBIX JIBIP, HJIEMEHTHI TEOPUU CTPYH, D-OpaHbl M HenepTypOaTUBHEIC
00bekTHI, (cynep)koHpopmuas Teopus moisi, AAS/CFT cooTBercTBHE.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

W3yuenue pa3inyHbIX CIOKETOB B COBPEMEHHONW KBAaHTOBOW TEOPUU I10JIs1, BO3ZHUKAIOIINUX B KOHTEKCTE
MOMCKA IMHON TEOPHH BceX (yHIaMEHTaIbHBIX B3aUMOCHCTBUM.

33]13‘[1/[ JAUCHUIIINHBI

ITo3HaKOMHTB CTYIEHTOB C OCHOBHBIMM HOHSTHSMH U HJEIMU COBPEMEHHOW KBAHTOBOW TEOPHUH OIS,
C IIOCTAHOBKOH 3ajjad M IOAXO-IaMu K UX peuieHusaM. Ilpennonaraercs, 4ro, mpociymas 3TOT Kypc,

CTyAGHTBI ~ CMOTYT  HCIOJB30BaTh
Hay4YHO-HCCIII0BATEIILCKOM padoTe.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

MeToAbl M IOAXOOBI DJTOM  00JlacTM B CBOEH

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 CniocobeH Bectd 0OMEH jenoBoi nHpopmanmeid B
YCTHOH U MUCbMEHHON (QopMax Ha roCylIapCTBEHHOM SI3BIKE
Poccuiickori denepauuyu M HE MEHEE 4YEM Ha OIHOM
HWHOCTPAHHOM SI3bIKE

YK-4.3 Crniocoben MIPECTABIATD PEe3yNbTaTh
aKaJIeMU4YecKoll W TMpo(decCUOHATIBHON JesITeThHOCTH Ha
Pa3IUIHBIX Hay4YHbBIX MEpOTIPHATHSIX, BKJTIOYAst
MEXIyHapO/IHbIE

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

VYK-5.1 CriocoGeH BBISBIATH CIEMUPUKY PHIOCODCKUX U
HayYHBIX TPAJUIHIA OCHOBHBIX MUPOBBIX KYJIBTYP

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

OIIK-1.1 3HaeT W cHocoOGH  MCIONbL30BaTh B
Mpo(eCCUOHANBHON  JIEATENBPHOCTH  (PyHJAaMEHTAIIbHBIC
HAy4HbIC 3HAHUS B 00JaCTH (PU3NKO-MATEMATHICCKUX HAYK

OIIK-1.2 Cnocoben 00600mars ¥ KpPUTHYECKH OIICHUBATH
OIBIT M PEe3yJbTaThl HAYYHBIX HCCIICJOBaHUI B 00IacTu
npo(heCCHOHANTBHOM IESTENbHOCTH

OIIK-1.3 [TonnMaeT MeXAUCLIUIIMHAPHBIC CBS3U B O0JIACTH
MareMaTHuK ¥ (U3UKH U CHOCOOCH HMX MPHMEHSTH IPH
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 NmeeT npeacTaBieHre O COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUM B pPaMKax TeMaTW4yeckoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-2.2 Crniocoben OLICHUBATh AKTyaJIbHOCTh
WCCIIeZIOBAaHU B obnmactu cBoel mpodeccrnoHanbHON
JEATEIIFHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-2.3 Brnameer mnpodeccHOHANLHONW TEPMUHOIOTHEH,
UCHOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHUYECKON
aurepatype, o0s1aaeT HaBBIKAMHM YCTHOTO M IMHCbMEHHOTO
W3JIOKEHUSI PE3yJbTaTOB HAyYHOW ACSTEIBHOCTH 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 aHamu3upoBarTh 3ajady, MJIAHUPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHHUPOBATh CIIOCOOBI
peneHns

OIIK-3.2 ChoocobOeH HCIIOIb30BAaTh HCCIIENOBATEILCKUE
METO/bl TNPU PEIICHUH HOBBIX 3a]a4, IPUMEHSsS 3HAHWS B
pa3IuyHBIX 001aCTIX HAyKH (TEXHUKN)




OrpaHUYCHHUA PA3JINYHBIX METOAOB PCIICHHUA

OIIK-3.3 Brnameer aHaIUTHYECKUMUA U BBIYUCIATEILHBIMUA
METOJ]aMU PEIICHMs], TTOHNMAeT 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 CrnocobeH mNpuMeHSTh 3HaHUS B o0JacTu
(bHU3UKO-MaTEMaTHYECKUX HAyK JUIS PEeIICHUs IOCTaBICHHOM
3agaudl, GOPMYIUPOBAHUS BHIBOAOB M OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

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

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpATh CIIOCOO
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 COIIMAJIBHEIE, ITHHYECKHE,
KOH(ECCHOHAIBHBIC M KYJIBTYPHBIC Pa3IndHs

[IK-1 CnocoGen cTtaBuTh, hOpMann30BHIBATH U

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyaJdbHBIX pe3yJbTaTax HCCIeOBaHUN B
paMKax TeMaTW4eCKOW OOJACTH CBOEH MpodeCcCHOHATLHON
EITELHOCTH

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

IIK-1.2 CnocobeH  BbyIBHTaTh  THUIIOTE3BI, CTPOUTH
MaTeMaTH4ecKue MOAETH ISl ONUCAHMA H3y4aeMBIX
SIBIICHUI W MPOLIECCOB, OI[CHUBATh KAueCTBO pa3paboTaHHON
MOJENN

HOBbIE HAYYHbIE PE3ysIbTaThl

[IK-1.3 CrnocobeH mNpuUMEHATh TeopeTHYecKkue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbI UCCIEAOBAHUN K KOHKPETHOMN

HayyHOM 3ajade © HWHTEPIPETUPOBATH  IOIYYCHHBIC
pe3yJIbTaThI
[K-3 Cnocoben mpodeccuonanbuo padorars ¢ |[IK-3.1 [lonumMaer mnpuHIMIBL pabOTHl HCHOIB3YEMOTO

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.

OCHOBHbBIE TOHSTHUS Kypca: KOH(DOPMHBIE CUMMETPHH, AByMEpHbIE KOH()OPMHBIE TEOpHH, O030HHAS

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 onst u AnC/KTIT 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
npexacraBineHus. I[IpeoOpasoBanust cymepcummerpun U Mozenb Becca-3ymuHO. MybTHIIIETHI.
CynepnpoctpanctBo. Teopun ¢ N=1 cynepcummerpueil: 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

DJeMeHTHI TEOPUHU CTPYH U cynepcTpyH. CBoOOnHBIE O030HHBIE CTPYHBI, KBaHTOBaHHE. KBaHTOBaHME
B KanmuMOpoBKe CBETOBOTO KoHyca. KoBapu-anTHoe KkBaHTOBaHue, nyxu @aneesa-Ilonona,
BRST-dopmanm3m. Beenenune cynepcuMMeTpun Ha MHUPOBOI moBepXHOCTH. KBaHTOBaHWE Takoi
Teopuu.  Teopum ¢  pacmuupeHHOM — cynepcumMmerpued.  IIpocTpaHCTBEHHO-BpeMEHHas
CYTIEpCUMMETPHS.

3. D-Opansbl 1 HenepTypOaTuBHBIE OOBEKTHI

D-6panbl u HemepTypOaruBHbIE 00BEKTHI. [IpoTsKeHHbIE OOBEKTHI B Teopuu cTpyH. N=1, D=11
cyneprpaButanus, M2 u M5 Opanbsl. Knaccuue-ckue permenust nist p-6pan. 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 OIEPaTOpbl. AHAIN3 KOPPENSIHOHHBIX (QYHKIHMHA B KOH()OPMHOH TEOPHH IIOJIS.
[IpocrpanctBo-Bpemst  antu-Ae-Currepa(AnC).  CobomHoe — ckamsipoe mone B d
MPOCTPAHCTBEHHO-BPEMEHHBIX m3MepeHusx Ha (oHe AnC. CBs3b MacChl CKaJSIPHOTO IOIS H
koH(opMmHoTO Beca. Dopmynuporka AnC/KdTII nyanbHOCTH U IPU-MEPBHI.

5. TepmoguHaMuKa YEpHBIX JBIP

Tepmonunamuka 4yepHbIX ablp. DPdekr Xokunra. Temmneparypa depHOW ABIPbL. DHTPOMHUS YEPHOM
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)

CTyneHT, W3ydYarolmMi JUCIUILUIMHY, JIOJDKEH C OJHOH CTOPOHBI, OBIQJIETh OOIIUM IMOHITHUHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbIL, JOJKEH HAYUYUTHCSA IPUMEHSTh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pesynbrare M3ydeHUs IUCLHUIUIMHBI CTYAEHT JOJDKEH 3HATh OCHOBHBIE OINPENEIEHUS AUCIUILINHEL,
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 y4deOHOro Marepuaja, MOATOTOBKY OTBETOB Ha BONPOCHI, MpPEAHA3HAYECHHBIX VIS
CaMOCTOATENBHOTO U3yUEHUS;

— peleHue 3aaad, MpeAIaraéMbpIX CTyAeHTaM Ha 3aHATHAX;

— IOATOTOBKY K BBITIOJTHEHUIO 33JaHHUI MPOMEKYTOUHOH aTTeCTalnu.

[lokazarenem BiajgeHHs MaTepHajoM CIYXHT yMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI [0 TEMaM
JUCLUAIUIMHBIL.

BaxxHo 10OWTHCS MOHMMAaHUS M3y4aeMOro MaTepuala, a He MEXaHH4YECKOro ero 3amomuHaHus. llpu
3aTPYHEHUU H3y4YCHHS OTICNBHBIX TEM, BOINPOCOB, CleXyeT oOpamarbcs 3a KOHCYIBTALMSAMU K
MIpenoAaBaTelto.

Bo3MOXeH npoMeXyTOUHBINH KOHTPOJIb 3HAHUHM CTYAEHTOB B BHJE PEIICHHA 337ad 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

kBaTuuKkanus: 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 CriocobeH Bectd 0OMEH jenoBoi nHpopmanmeid B
YCTHOH U MHCbMEHHON (QopMax Ha roCylIapCTBEHHOM SI3BIKE
Poccuiickori denepauuy M HE MEHEE 4YEM Ha OIHOM
WHOCTPAHHOM SI3BIKE

YK-4.3 Crniocoben MIPECTABIATD Pe3yNbTaTh
aKaJIeMU4YecKoil W TMpo(decCHOHATIBHON JesITeThHOCTH Ha
pa3IUIHBIX Hay4YHBIX MEpOIIPHATHSIX, BKJTIOYAst
MEXIyHapO/IHbIE

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

VYK-5.1 CriocoGeH BBISBIATH CrEMUPUKY PHIOCODCKUX U
HayYHBIX TPAJAUIHIA OCHOBHBIX MUPOBBIX KYJIBETYP

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

OIIK-1.1 3HaeT W cHocOoOGH  HCIONb30BaTh B
npoeCCUOHANBHON  JIEATENBPHOCTH  (PyHJAaMEHTAIIbHBIC
HAy4HbIC 3HAHUS B 00JaCTH (PU3NKO-MATEMATHICCKUX HAyK

OIIK-1.2 Cnocoben 00600mars U KpPUTHYECKH OIICHUBATH
OIBIT M PEe3yJbTaThl HAYYHBIX HCCIICJOBaHUII B 00IacTh
npo(heCcCHOHANTBHOM IESTENbHOCTH

OIIK-1.3 [TonnMaeT MeXAUCLIUILIMHAPHBIC CBS3U B O0JIACTH
MareMaTHuK W (U3UKH U CHOCOOCH HMX MPHMEHSTh IPH
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 NmeeT npeacTaBieHne O COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUM B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-2.2 Crniocoben OLICHUBATh AKTyaJIbHOCTh
WCCIIeZIOBAaHN B obnmactu cBoel mpodeccroHanbHON
JEATEIILHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-2.3 Brnameer mnpodeccHOHANLHONW TEPMUHOIOTHEH,
UCHOJNB3YyeMOH B COBPEMEHHOH  HAayYHO-TEXHHUYECKON
auTepatype, o0s1aaeT HaBBIKAMHM YCTHOTO M IMHCbMEHHOTO
U3JIOKEHUSI PE3yJAbTaTOB HAyYHOW ACSTEIBHOCTH 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 aHamu3upoBaTh 3ajady, MJIAHHPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHHUPOBATh CIIOCOOBI
peleHus

OIIK-3.2 CnocobOeH WHCIIOIb30BaTh HCCIIENOBATEILCKUE
METObl NPHU PEIICHUN HOBBIX 3a]ad, NPUMEHSsS 3HAHWS B
pa3nuyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-3.3 Bunameer aHaIUTHYECKUMUA U BBIYUCIATEILHBIMUA
METOJ]aMU PEIICHMs], 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 CrnocobeH mNpuMeHATh 3HaHUS B o0jacTu
(bHU3UKO-MaTEMaTHYECKUX HAyK JUIS PEeIICHUs IOCTaBICHHOM
3agaudl, GOPMYIUPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpATh CIIOCOO
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 COIIMAJIBHEIE, ITHHYECKHE,
KOH(ECCHOHAIBHBIC M KYJIBTYPHBIC Pa3IndHs




[IK-1 Criocoben craBuTh, (hOpMaIN30BBIBATH U

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0nacTu cBoed mpodeccHoHaTbLHON
JEATEIIEHOCTH

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

[IK-1.2 CnmocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMUA H3ydaeMbIX
SIBIICHUH U MPOLIECCOB, OLEHUBATh KAYECTBO pa3paboTaHHON
MOJENN

HOBBIC HAYYHBIC PC3YJIbTAThI

[MK-1.3 CnocobeH NpUMEHATh TeopeThueckne W (W)
9KCIIEPUMEHTAJIbHBIE METOJbl MCCIEJOBaHUN K KOHKPETHON
HAayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
pE3yIbTaThl

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

[IK-3.1 Ilonumaer npuHOUNBI pPabOTHl HCHOIB3YEMOIO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB
MPUKIIAAHBIX TPOTPaMM)

2. Iloka3are M OLleHUBAHUS KOMIIeTeHITHH

B PE3YIbTATC U3YUCHUA IAUCHUILIJIMHBI «COBpeMeHHBIe aCIEKThl KBaHTOBOHU TCOpUU IIOJI» 06y‘lalOH.IHﬁC9[

JOJIKCH:

3HATb:

OCHOBHbBIE TOHSTHUS Kypca: KOH(OPMHBIE CUMMETPUH, AByMEpHbIE KOH()OPMHBIE TEOPHH, O030HHAS

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

[lepeueHb KOHTPOJIBHBIX BOIPOCOB:
1. HeiictBue Becca-3ymuHo u npeodpazon
2. CTpyHHOE ACWCTBUE U €r0 CHMMETPUH.

aHUs CYIICPCUMMCTPHHU.

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.

2.0nucarh IEHTPaIbHOE paclIUpeHUe
MPOCTPAHCTBA-BPEMEHH B TEOPHH CTPYH.

anreOpel  Bupacopo u  orpaHuuYeHHs Pa3MEpHOCTh

3. BeiBectu o0mmid BUJ 2-TOYEYHON KOPPEISLMOHHON (DYHKIMU B JAByMEPHOH KOH()OPMHOW TEOpUH

T10JI4.




4. 3amucarb MeTpHuKy npccTpancTBa AaC B koopauHarax [lyankape. Jlath onpeneneHre KOHPOPMHOI
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 "ommuno" (10 GayoB) BBICTABIISIETCSl  CTYAEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMSA Y4eOHOW NporpamMMbl IUCHUIIIMHBL, TPOSBIIAIOIIEMY
HWHTEpeC K JTaHHOW NpPEAMETHOW 00JacTv, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKHU
MPUMEHATh X Ha NPAaKTHKE MPU PeIlIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.
Onenka "ormmmuno" (9 0amioB) BBICTABJISIETCSl  CTYIEHTY, IIOKa3aBIIEMy BCECTOPOHHME,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSATh UX Ha MPAKTHKE NMPH PELICHUH KOHKPETHBIX 3aa4, CBOOOJHOE U PaBUIbLHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.
Onenka "ortnmuuno" (8 0OamioB) BBICTABIISIETCSI  CTY[AEHTY, IIOKa3aBIIEMYy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW MpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
INPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAaHHE MPUHATHIX
pelIeHui, ¢ HEKOTOPBIMH HEOYETAMH.
Onenka "xopomro" (7 6aiioB) BBICTABISETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET Marepuall, TpaMOTHO U
[0 CYIIECTBY M3J1araeT ero, yMeeT NPUMEHSTH MOJy4YeHHBbIC 3HAHUS HA MPAKTHKE, HO HEAOCTATOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIbTAThI.
Onenka "xopomo" (6 0anoB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MarepHall, TPaMOTHO U
[0 CYIIECTBY H3JIaraeT €ro, yMeeT NMPUMEHATH MOJy4YCHHBbIE 3HAHWS Ha MpPAKTHKE, HO JOMYCKAeT B
OTBETE WJIM B PELICHUH 33]a4 HEKOTOPbIE HETOUHOCTH.
Omnenka "xopomo" (5 06auioB) BBICTABISETCS CTYACHTY, €CIH OH B OCHOBHOM 3HAET MaTepuall,
IrpaMOTHO U IO CYLIECTBY M3JIaraeT €ro, yMeeT NMPHUMEHSTH MOJlyuYeHHbIE 3HAHWS HA IPAKTHKE, HO
JOIyCKaeT B OTBETE WM B PEILICHUH 3a/1a4 IOCTATOYHO OOJIBIIOE KOJTMYECTBO HETOUHOCTEH.
Omnenka "ynoBrneTBopuTenbHO" (4 Oamna) BBICTABISETCS CTYACHTY, MOKaszaBlieMy (parMEeHTapHBIH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO MpPaBUJIbHBIE (DOPMYITMPOBKH 0a30BBIX MOHSITHMH,
HapyLIEHUs JOTMYEeCKON MOCIIe0BATEIbHOCTH B N3JIOKEHUH MPOrPaMMHOTO MaTepuana, HO IpU 3TOM
OH OCBOWJI OCHOBHBIE Pa3liesibl y4eOHOW MporpamMmbl, HEOOXOOUMBIE AJISl AajbHEHIero ooyueHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.
Omnenka "ynosierBoputenbHO" (3 Oaiia) BBICTABISIETCS CTYACHTY, MOKa3aBIIieMy (parMeHTapHBIH,
Pa3po3HEHHBIH XapakTep 3HaHWM, JOMycKaloulemMy OmHOKH B (GopMyaupoBKax 0a30BbIX MOHATHH,
HapyLICHUs] JIOTHYECKOM IOCIEe0OBAaTENbHOCTH B M3JIOKEHHUH IPOrPaMMHOIO MaTepuana, ciado
BJIaJIe€T OCHOBHBIMH pa3ielaMi y4eOHOH MporpaMMbl, HEOOXOJUMBIMH AJIsl JalibHEHIIero o0y4eHus u
C TPYAOM IIPUMEHSET MOIy4YEeHHbIC 3HAHUS JJa’Ke B CTAHAAPTHON CUTYalHH.



Onenka "HeymoBineTBOpHUTENbHO" (2 0ajya) BBICTABISIETCS CTY/ACHTY, KOTOPBIA HE 3HAET OOJNbIIeH
4acTH OCHOBHOIO COIEp)KaHHUS y4eOHOW NpOrpaMMbl TUCHMIUIMHBI, JOMyCKAaeT TpyOble OMMOKM B
(bopMyIHpPOBKaX OCHOBHBIX NPHHIUIIOB U HE YMEET UCIIOJIb30BaTh IOJyYSHHBIE 3HAHUS NPH PEIICHUN
TUTIOBBIX 3a]a4.

Onenka "HeynosierBoputenbHO" (1 6aymn) BeICTaBIAETCS CTYACHTY, KOTOPBIH HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKd B (GOpPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUIUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX MPAKTHYECCKHX
3ajad.

5. MeTonuveckne MaTepuabl, onpeneasone Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

ITpu mpoBeneHMH YCTHOTO 3K3aMeHa oOywaromemycst npepoctasisercss 30 MUHYT Ha IHOATOTOBKY.
Onpoc ofydaromerocss 1Mo OwWjeTy Ha YCTHOM 5K3aMEHE HE JIOJDKCH IMPEBBIIATh OAHOTO
aCTPOHOMMUECKOI'O yaca.



