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: BBenenue B Teoputo OpaH
10 HANPABJIEHHIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
kagenpa TeoOpeTHUECKON U MaTeMaTHUeCKON (DU3UKH

Kypc: 1
KBaJIMpUKALS: MarucTp

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

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

CamocrosrensHas padora: 30 gac.
Bcero gacos: 90, Bcero 3a4. ef.: 2

KonmnuecTBo KOHTPONBHBIX padoT, 3ananuil: 1

[Iporpammy cocraBui: 3.T. Mycaes, phd (k.¢h.-M.H.)

[Iporpamma obcyxaeHa Ha 3aceqannu Kadenpa TeopeTHIeckor 1 MareMaTnueckor ¢pusuku 27.03.2025



AHHOTANMA
HecMmorps Ha Ha3BaHUe, TEOpHS CTPYH ONKCHIBACT JMHAMUKY HE TOJLKO (DYHJAMEHTAIbHBIX OJHOMEPHBIX
00BEKTOB, COOCTBEHHO CTPyH, HO M MHOXECTBA JPYIHX IMPOTSHKECHHBIX OOBEKTOB, HA3hIBACMBIX OpaHaMHU.
[IpumMeuaTensHO, YTO HECMOTPS Ha HEMEepTypOaTHBHYIO MPHUPOJY TAKMX OOBEKTOB, CIENIbl UX MPUCYTCTBUS
BHJIHBI YK€ B CTaHIApTHOW NepTypOaruBHOW QopMynHpoBKe Teopun CTpyH. Hampumep, Dp-Opansr
MPOSIBJISIIOTCS. KaK TPaHWYHBIE YCIOBHSI OTKPBITOH CTpyHBI, a NS5-OpaHa BBICTYIAET B POJHM MAarHHUTHOTO
MOHOTIONS JUTsl PyHIAMEHTAIBHON CTPYHBI.

Kypc mnocesieH H3yd4eHUIO AMHAMHUKU TaKUX, a TaKXKe COOTBETCTBYIOLIMX MM pELICHUH ypaBHEHUH
cyneprpaButanuu. leHepupyembie OpaHaMu IMOJIEBbIE KOH(PHUTYpalMy SBISIOTCS CYNEPCUMMETPUYHBIMU
0000IIeHNsIMU 3HAKOMBIX perieHui Tuna PaiiccHepa-Hopearpoma, 1 0OBIMHO HA3bIBAIOTCS SKCTPEMaTbHBIMU
yepHbIMU OpaHamu. B pamkax kypca OyayT oOcyKIaThCsi TEOPUH, ONUCHIBAIOLINE (PU3NKY TaKUX OOBEKTOB B
paMKax TEOpUH CTPYH, CBOICTBA CyNeprpaBUTALMOHHbBIX PEIICHUH 1 MPUIOKEHNS K PU3MKe HU3KHUX SHEpPIui,
B TOM uucie, noctpoenre CranaapTHoil Moaenu aneMeHTapHbIX YaCTHII.

1. leau u 3apauu

eap AUCUMNIMHBI

CdhopmupoBare y oOyd4aromierocsi TNpeACTaBICHUE O HENepTypOaTUBHOW CTPYKType TeOopHuu
CYHNEepCTpYyH, IWUHAMHUKE TPOTSDKCHHBIX OOBEKTOB, OpaH, H CBA3b HX C pEIICHHAMHU
CYNepCUMMETPUYHBIX TPABUTALIMOHHBIX TeOpHii B pazmepHocTax 10, 11.

CdopmupoBarh MOHMMAaHHE NPUHLUIOB ONHMCAHUS JAWHAMUKH PEISTHBUCTCKMX MeMOpaH ux
B3aMMOJICHCTBHS MEXIy COOOW M C CyneprpaBUTalMOHHBIME (JOHOBBIMM NoIsiMH. Ha mpumepe Takux
OOBEKTOB M COOTBETCTBYIOUIMX CYyNEPrpaBUTALMOHHBIX DPEMICHHH MpPOJEMOHCTPUPOBATH CTPYKTYPY
CUMMETPH TyalIbHOCTH TEOPUH CTPYH U M-Teopun.

3agaum AUCUMIIUHBI
- 00y4YUTh TEXHHKaM PabOThI C CYNEPrpaBUTALMOHHBIMUA TEOPUSMH M MX PELICHUSIMH, B TOM YHCIE
peleHusIME TUTIa YepHbIX Opan u BPS pemenusmu,

- pa3BUTh y 00y4aroOLIEerocss yMEHHE pelaTh ypaBHeHUs Ha ClIMHOPBI Kusutnara,

- ¢cBOOO/IHO 00paIaThcsl C KOBAPUAHTHBIMU ITPOM3BOAHBIMU CO CIIMHOBOM CBA3HOCTBIO.

- HAy4YUTb CBOOOTHO ONIEPUPOBATh MOHATHAMH, CBI3aHHBIMU C OpaHaMU U X KOH(UTyparusMy,
- CTPOUTH (PEHOMEHOIOTHYECKHE MOAEIH.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NuaukaTopsl JOCTHKEHHS] KOMIIETEHIINH

OIIK-1.1 3Haer w© croco0eH HCIIOJIL30BAaTh B
nmpo)eCCHOHANBFHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC

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

HAaYyYHbIX 3HAHHH B 00J1aCTH

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLEHUBATH
(hu3HMKO-MaTeMaTHIECKUX HAyK

OIBIT M PEe3ylbTaThl HAYYHBIX HCCIEIOBaHUH B 001aCTH
npo¢ecCHOHANBHON eI TeNbHOCTH

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

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

mpoOiemMax HayKH U TEXHHKH B 001acTH cBOeH
npoQecCHOHAIBEHON IS TeTBbHOCTH, CITIOCOOSH
Ha Hay4YHOM sI3bIKe (hOpMyIIHpOBaTh
npodeccuoHaIbHBIE 3a/1a9H

OIIK-2.3 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHEH,
HCIIONb3yEMOM B  COBPEMEHHOM  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaer HaBbIKAMU YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIUN

OIIK-3 Criocoben BbiOUpath u (M) OIIK-3.1 Cnocoben aHanu3upoBarh 3ajady, IJIAHHPOBAThH
pa3pabaTbIBaTh MOAXO/BI K PEIICHHIO TUIIOBBIX |[IyTH peIleHHs, Npelaratb U KOMOMHMPOBAaTh CIIOCOOBI
1 HOBBIX 3324 B 0011aCTH MPO()ECCHOHATBHON | peIeHHs

JEATeIbHOCTH, YIUTBIBAsi 0COOCHHOCTH U
OTPaHUYEHUS PA3TUUYHBIX METOJOB PECILICHHUS




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

OIlK-4.2 CrnocoObeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM
3a1au¥, (POPMYIHPOBAHUS BHIBOJIOB M OLCHKU ITOJIYYEHHBIX
pe3yabTaToB

[IK-1 CnocoGen cTtaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTeMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3UPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThl

IIK-1.1 CnocobeH HaxXomuTh, aHAIM3UPOBATh U 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAHHN B
paMKax TeMaTHYeCKOW 00NacTH cBoell mpodeccrnoHambHON
IEITEILHOCTH

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUEeHUS MO JUCHUILIHHE (MOIYJII0)
B pesynbrare ocBOCHMS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAaTh:

- OCHOBHBI€ ITOJIOKEHUSI TEOPUU CTPYH, CylIeprpaBUTALIMH, KOHCTPYKIHIO Cynepaireop;
- (QOpPMYIHPOBKY CylnepcUMMETpHUYHBIX Teopuid B 10- u 11-MepHBIX TpoCTpaHCTBax; (opMaTu3M

onucaHus AuHamMuku Opan B 10 mn 11

U3MEPEHUSX, UX B3aUMOACHCTBUUA - APYr C JAPYroM U C

CyHeprpaBUTAllMOHHBIMU (POHOBBIMU MOJISIMH;
- IpuUMepb! HPEHOMEHOIOTUYECKUX MPUIIOKEHUH pa3BUTOrO popManu3ma.

YMETB:

- CTPOUTbH JeHcTBUS A OpaH, MHBAPHAHTHBIE OTHOCHTENIFHO KaJIMOPOBOUYHBIX NpeoOpa3oBaHMi B
00BEMITIOIIEM IPOCTPAHCTBE U HA MUPOBOM O0BEME;

- CTPOUTH JIArPaHKUaHbI CyNEePrpaBUTALMOHHBIX TEOPUH B IEMOKpaTHUeCKoM (hopmammsme;

- ONMCHIBATh PEUICHHUS TUIIA YePHBIX OpaH B pasMepHocTsx 4, 10 u 11;

- TIOKa3bIBaTh CBSA3b MEXy PEIICHHSIMHU ypaBHEHHUI CyneprpaBUTAllMM TUIA YEPHBIX OpaH u OpaHamu

TEOPHUH CTPYH;

- BBIYMCIIATD 3aps]], HAaTSDKEHUE U Maccy OpaH.

BJIAJIETh:

- METOJIaMH aHAJIN3a CHUCTEM, ONHMCHIBAEMBIX YPABHEHUSIMHU CYTIEpIpPaBUTALINN;
- TexHUKamu peteHuss BPS ypaBHeHMit 1 onricaHust SIBHBIX CYNIEPCUMMETPUYHBIX PEIICHHI;

- (hopmanm3mom onmcanus cyneprpaBuTtanuu 1.5 pona;

- TEXHUKOM OIMCAHUS HYIEBBIX MOJ OpaHHBIX pELICHUH CyHeprpaBUTallMd W MOCTPOCHHUS

COOTBCTCTBYIOIIUX CYIICPMYJIBTUILIICTOB;

- METOJJaMH aHaJIN3a HeNepTYpOaTUBHBIX OOBEKTOB TEOPUU CTPYH, B TOM YHCIIE, SK30THUECKUX OpaH.

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

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

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATHH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
1 CrnuHOPHI B BBICIIUX Pa3MEPHOCTSIX 3 3 3
D-6panbt B nepTypoaTUBHON
2 3 3 3
(hOopMyIIUPOBKE CTPYHBI
3 CyneprpaBuranus 3 3 3
4 I'eomerpus Opan 3 3 3
5 HNunamuueckue Dp-Opansbr 3 3 3
6 ADHM xoHCTpyKIUs U D-MHCTaHTOHBI 3 3 3
7 JyanbHOCTH MEXIly OpaHaMu 3 3 3




8 OK30THYECKHE OpaHbI 3 3 3
9 HexoMMyTaTHBHOCTH B TEOPHH CTPYH 3 3 3
10 |TIpunoxenns k GrU3NKe HUIKUX dSHEPTHHA 3 3 3
Wroro yacos 30 30 30
[loaroroska k sK3aMeHy 0 gac.

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

4.2. CopaepxaHue AUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemecrtp: 2 (Becennuit)

1. CnHOPHI B BBICIINX Pa3MEPHOCTSIX

Anrebpel  Kimmddopna, onpeneneHue, NOCTPOCHHWE T'€HEPATOPOB, MEPHOIUYHOCT, TPOCTHIC
npumepsl. [pymnmer Spin u Pin, uX CBf3b C OPTOTOHAJILHOM TPYIIIOW, NMPEICTABICHHS AIreOphl
Kmupdopna wu rpymn  Spin  m  Pin, 1gupakoBckue, BeilieBCkMe, MaHOpaHOBCKUE H
MaifopaHO-BEHIEBCKUE CIIMHOPHI. DKBHBAJICHTHBIC MPEACTABICHHS: JUPAKOBCKOE U MailOpPaHOBCKOE
CONPSIKCHUS

2. D-6pansbl B iepTypOaTuBHON (HOPMYIUPOBKE CTPYHBI

RNS crtpyna, xkBaHTOBaHHE, IpaHUYHbIe ycioBHs, RR moreHuumansr B cnektpe OTKpeiToil RNS
ctpynbl. MHoxkurenu Yana-Ilatona. RR monsi, B3aumoneiictyromue ¢ Dp-6panamu. T-nyaabHOCTh
TPaHUYHBIX YCIOBHUU

3. CyneprpaBuranus

Cynepcummerpun tuna I, IIA/B, N=1 cynepcummerpusi B D=11, nenrpanbusie3apsansl. [lonesoit
cocraB cyneprpasutanuu Ttuna [, IIA/B, rerepormyeckoii cyneprpaButanuu. N=1,D=11
cynerpaButauus B ¢GopmanusMe 1.5 poma, HOJEBOM cocTaB, JACHCTBHe,anredpa JOKaJIbHBIX
cummerpuii. Cymeprpasutanmu trna I[IA/B, pemoxparuueckas (OpMYJIMpOBKa, MarHUTHEIC
MOTEHIUAIIBL.

4. I'eometpus Opan

CruHopsl Kuinunara, sBHbBIE ypaBHeHMs Ha cnuHOpbl KwimHra w3 npeoOpa3oBaHUi
cynepcummetpuu. YepHsie npipsl Paliccaepa-Hopearpoma, penienust ¢ HCTOUHUKOM, YepHBIC OpaHsbl,
skcTpemanbhble pemienusi. Pemmenust F1, NS5, KKS, Dp cyneprpaButanuu tuna II. Pemenus M2,
M5 11D cyneprpauranuu. [Tonarue 3apsga sl kjaaccndeckux OpaHHBIX pelleHui. PazmassiBanue
pewenuii, T-nyansaocts Mexkay NS5 u KK-monononem. Hynessie Mmoab! perieHuit

5. Aunamuuaeckue Dp-Opanbl

HeiictBue DBI u3 nuHamMuku KOHLIOB OTKpHITOM cTpyHBL. Harsxenne Dp-Opanbl. HBapuanTHOE
neiicreue Becca-3ymuno, B3anmoeiictere ¢ RR momsiMu 1 ¢ mosisiMu Ha MEPOBOM 00beMe OpaHHbl.

6. ADHM xoHCcTpyKIns U D-HHCTaHTOHBI

WNucranTonnsle ypaBHeHus u ux pemennss ADHM xonctpykumei. MuTenperanus B TEepMHUHAX
D3-6panst u D-uncranrona. YpasHenune Hama aiist Dp-O6pan, HEKOMMYTaTHBHOCTD

7. dyanbHOCTH MEXIy OpaHamu

S-nyansHOCTE Mexkny DS-Opanoit um  NS5-Opanoit. T-myanbHocts Mexay NS5-Opanoit u
KK5-monononem. Henepryp6arusHoe gononaenne D2-6panbl 10 M2-0paHbl



8. Dk3oTHyecKue OpaHbl

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

9. HekoMMyTaTUBHOCTb B TEOPHH CTPYH

I'pannyHbIC yCIOBHS CTPYHBI Ha nepecekatomuxcsi Dp-OpaHax ¥ B MPUCYTCTBUM MAarHUTHOTO HOJIS.
[IponaraTop u OTKPBITO-3aMKHYTOE OTOOpa)KeHHE CTPYHHOTO (hoHa, mapamMeTp HEKOMMYTAaTHUBHOCTH.
HexoMMyTaTUBHbIE TEOPUU OIS,

10. TTpunoxenns k GrU3UKe HUIKAX SHEPTHHA

Monemu ¢ mepecekaroumumucs  D6-Opanamu, CrangaptHas wMopenb.  OpueHTH(OIIHBIC
kommnaktuummuu, RR 3apsael opuentudonmga. Mojgenu wmupa-Ha-Opane, unmsuus. AdS/CFT
COOTBETCTBUE

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOMMON AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0)

YueOHast aymuTopus, 10CKa.
KomiiproTep A5 HCTI0/1b30BaHUS HHTEPHET-PECYPCOB.
[IpoexTop 151 AEMOHCTPALMKA WILTIOCTPALIMI U BU3yaJIbHOTO MaTepHarna.

6.IlepeyeHb pekoMeHAYeMOM JIUTEPATYPHI

OcHOBHas JIuTEparypa
1. D.Z. Freedman, A. van Proeyen, «Supergravity», ISBN 978-0-521-19401-3,
2. LL. Buchbinder, S.M. Kuzenko «Ideas and methods of supersymmetry and supergravity», ISBN
0-7503-0506-1,
3. T. Ortin «Gravity and strings» ISBN 978-0-521-76813-9.
4. C. Johnson, «D-branes», ISBN 9780521030052

JomnonHutensHas auTeparypa

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

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

He HCIOJIB3YIOTCA

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
¥ HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

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

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

CryneHT, M3yyaromuid IUCUUIUIMHY, JODKEH C ONHOW CTOPOHBI, OBJIAACTh OOIIMM TMOHSITHHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyUUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.



B pe3ynpTare HU3y4YCHUSA AUCHUIUIMHBI CTYACHT HOJDKCH 3HATb OCHOBHBLIC ONPEACIICHUSA W IIOHATUA,
YMETh IPUMCHATH IMOJTYUYCHHBIC 3HAHUA JId PCIICHUS PA3JIMYHBIX 3a/a4.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

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

— BeJICHUS KOHCITCKTa 3aHATHH;

— HaNPsDKEHHOW CaMOCTOATEIHLHOU PabOTHI CTYIEHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

— mpopaboTKy yd4eOHOTO Marepualia, IMOATOTOBKY OTBETOB Ha BOMPOCH], NPEAHA3HAUYECHHBIX [T
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeAaraéMbpIX CTyJIeHTaM Ha 3aHATHSX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOYHOM arTeCTaluu.

[Mokazarenem BiajeHUsS MaTEpUATIOM CIYKUT YMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TEMaM
JTVCIIATLIAHEL.

BaxxHo 10OWTHCS TMOHMMaHMs U3ydaeMOro mMarepualna, a He MEXaHHYeCcKOro ero 3armoMmuHaHus. [lpu
3aTPYINHEHWN W3yYCHUS OTIEIBHBIX TEM, BOIPOCOB, CJIEIyeT OOpamiarhCs 3a KOHCYJbTAIMSAMH K
MIpenoaBaTesio.

Bo3mokeH mpoMexyTO4HBIN KOHTPOJIb 3HAHUI CTY/IEHTOB B BHJE PEIICHHs 33a7ad B COOTBETCTBUH C
TEMATUKON 3aHSATHI.



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
kageapa TeOpeTHUECKON U MaTeMaTHUeCKON (PU3NKU
Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 2 (BeceHHul) - JlnddepeHunpoBaHHblil 3a4eT

Pa3zpaGoTunk: 9.T. Mycaes, phd (x.¢h.-M.H.)



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemolt pyHIaMeHTaTBLHBIX
Hay4YHBIX 3HAHUH B 00JacTH
(hu3HMKO-MaTeMaTHIECKUX 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-2 Nmeet npeacrapieHne 00 aKTyalbHBIX
mpobiemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCUOHANBHON NeSTENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBAThH
npogecCHOHANbHBIE 3a]1a41

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

OIIK-2.3 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOM  HAy4YHO-TEXHUYECKOMN
nuTeparype, o0nagaer HaBbIKAMH YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIIUN

OIIK-3 CniocoOeH BRIOMpPATh U (HITH)
pa3pabaThIBaTh MOJXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccuoHamTbLHON
JIeATEIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 CnocobeHn ananmu3upoBarh 3ajady, [JIaHHPOBAThH
MyTH pEIIeHHs, MpeiaraTh U KOMOWHUPOBATH CIOCOOBI
peleHus

OIIK-4 CriocoOeH ycIenHo peann30BbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara i MPeACTaBUTh BHIBOIbI,
MPUMEHSS 3HAHNS U HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHUECKUX HAYK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.2 CnocobeH mnpuMeHATh 3HaHHA B o0jacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIIeHUs IOCTaBICHHOM
3agaud, (popMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIYYEHHBIX
pe3yabTaToB

[MK-1 Criocoben ctaBuTh, (hOpMaIN30BBIBATH U
pemars 3aJa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICITN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TTOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[IK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBaTh M 0000IIATH
nHpOpMANKIO 00 aKTyaIbHBIX pe3ylbTaTax UCCISIOBaHUH B
pamMKax TeMmaTH4ecKoi o0macTé cBoed MpodeccHOHATLHOM
JEATEIEHOCTH

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pesynbrare n3ydeHust AMCIUIUIMHEL «BBeneHue B Teopuio Opan» 00ydaroNIuics JOIKEH:

3HATb:

- OCHOBHBIE MOJIOKEHHUSI TEOPHH CTPYH, CyIIeprpaBUTAIMH, KOHCTPYKIIMIO Cymiepanreop;

- (OpPMYIHPOBKY cynepcUMMETpHUYHBIX Teopudd B 10- u 11-MepHBIX HpOCTpaHCTBax; (opMain3M
ornuvcanus auHamMuku OpaH B 10 m 11 u3sMepeHusix, WX B3aUMOJICHCTBUH - JPYr C JPYIOM H C
CyINeprpaBUTAMOHHBIMU ()OHOBBIMH TOJISIMU;

- mpuMeps! EHOMEHOIOTHYECKUX NPUIIOKEHUH pa3BUTOroO (popmanusma.

yMeThb:

- CTPOUTH IeHCTBUS aisi OpaH, WHBAPHAHTHBIC OTHOCHTEIIFHO KaJHOPOBOYHBIX NPeoOpa3oBaHUN B
00BEMITIOIIEM TIPOCTPAHCTBE U HA MUPOBOM O00BEME;

- CTPOUTH JIarpaH)KUaHbI CyNeprpaBUTAMOHHBIX TEOPUI B IEMOKpaTHIeCKoM (hopmanmsme;

- OTIMCHIBATh PEIICHUS THITA YePHBIX OpaH B pasMepHocTsx 4, 10 u 11;

- TIOKa3bIBaTh CBS3b MEXy PEHICHUSIMHU YPAaBHEHUH CyleprpaBHTAIMM TUIA YEPHBIX OpaH v OpaHaMu

TEOpHU CTPYH;

- BBIYUCIIATD 3aps]l, HATAKCHHUC U MACCy 6paH

BJIaJeTh:




- METOJIaMH aHAJIN3a CHUCTEM, ONHMCHIBAEMBIX YPABHEHUSIMHU CYTIEpIpPaBUTALINN;
- TexHUKamu petieHust BPS ypaBHeHMit 1 onricaHust SIBHBIX CYNIEPCUMMETPUYHBIX PEIICHHIA;

- (hopmanmzmom onmcanus cyneprpaBurtanuu 1.5 pona;

- TEXHUKOH OIMCAHUS HYIEBBIX MOJ OpaHHBIX pELICHUH CyHeprpaBUTallMd W MOCTPOCHHUS
COOTBETCTBYIOIUX CYNEPMYJIBTHILIETOB;

- METOJJaMH aHaJIN3a HeNepTYpOaTUBHBIX OOBEKTOB TEOPUU CTPYH, B TOM YHCIIE, SK30THUECKUX OpaH.

3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0
[Tpumeps! 3a1a4 U3 JOMAIIHETO 33aJaHUS

1. OmpenenuTh MarHUTHO-IyajbHbIE TOTeHUMa B! Ayt RR monelt p-dpopm. Ilokaszars, uto aeiictBue
cyneprpasutanuu Tumna [I1A/B MoxeT ObITh epenucaHo B JieMokparndeckoMm dopmanusme. [Tokazars,
YTO COOTBETCTBYIOLIEE BBIPAKEHHUE ISl ACUCTBUE SIBISICTCS IICEBAO-ICHCTBUEM.

2. Jlokazare, uTo cynep3apsn Q MODKeH ObITh MallOpaHOBCKUM CIIMHOPOM, 4TOOBI 00pa30OBHIBATH
anreOpy cynepcuMMETPHH

3. Bemuucnuth 3apsg w Maccy NS 5-Opan, mokaszarh, 4YTO 3apsii NpONOpHHOHANEH g s-2.
[IpokoMMEHTHPOBATH PE3yNIbTaT B KOHTEKCTE AyaJIbHOCTH CTpyHa-5-OpaHa.

4. Tlokazatb, uro pemenus Dp-OpaH coxXpaHSIOT MOJOBUHY cynep3apsinoB. HaiiTu coorBeTcTByloLIHE
cnuHopbl Kunuara.

5. Haiitu HyneBbie Mojbl petieHuid st Dp-Opan, M2, M5 Opan. Haiitu, kakum MyIbTHIDIETaM OHU
COOTBETCTBYIOT.

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

ITepeueHb KOHTPOIBHBIX BOIPOCOB:

1. DnekTpoMarHuTHas JyajabHOCTh B TEOpMU MakcBeiia, JyalbHOCTh UIsl p-popM, IIceBaoAeicTBUE HA
npuMepe KOBapUaHTHOW (POPMYITHMPOBKM KHHETHYECKOro AEUCTBHA s 3-GpopM B pasMepHOCTH 6,
nyanuzauus p-¢popm B IIA/B cyneprpaBuTtanuu.

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

3. BPS ypaBuenus 1l-mMepHOll cyneprpaBUTaluy, peELICHMs Tuma 4YepHBIX Ablp N=1,2 D=4
cyneprpaBUTALU.

4. Iloctpouts MHBapuanTHoe neiictBue Becca-3ymuno mis D3-Opanbl.

5. Pemienuss M2, M5 11-mepHoii cyneprpaButamnuu. [loHsTHE 3apsiga sl KIACCUYECKHX OpaHHBIX
peLIeHMI.

6. Ilokazars, uyto pasmazanHas NS5-Opana T-nyansua KK-monomnosmto.

7. T-nyansHOCTB cyneprpaBuranuu tuna II Ha Tope.

8. Ilokazatsb, 4To HyneBbIe MOABI M2-0panbl 00pa3ytoT D=3 N=8 cynepMyabTUILIET.

9. DBI neiicrBue ans Dp-6pan, AAS/CFT coorBeTcTBHE.

10. ITomyunTs B IBHOM BHJE NpaBuiia npeodpazoBanus RR-noneit nox aeiicreuem T-pyanbHOCTH.

[Ipumeps! OuIETOB:

burer 1.
1. Ilokazars, uTo HyneBble MOl M2-Opanbl 00pasyror D=3 N=8 cynepMyJIbTHILIET.
2. DBI peiictBue mia Dp-6pan, AAS/CFT cootBercTBHE.

burer 2.

1. BPS ypaBuenus 1l-mMepHO#l cymeprpaBUTaluy, pELICHHs TUMa 4YepHBIX Ablp N=1,2 D=4
cyneprpaBUTALU.

2. I[Nocrpouts nHBapuanTHoe neiicreue Becca-3ymuno mis D3-0panbl.

Kpurepun onennBanus



Onenka ommuuHo 10 OamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHBIC, DIIyOOKHE 3HAHUS YYEOHOW MPOrpaMMbl JUCIHMIUIMHBI, MPOSBISIOMEMY
MHTEpeC K JaHHOW MpPEeAMETHOH 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
NPUMEHSATh X Ha IPAKTHKE TPH PEIICHUU KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBHIbHOE 000CHOBAHUE
HNPUHATHIX PELICHAMN.

Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3HPOBaHHbIC, TIyOOKHE 3HAHUS y4eOHOH MpPOrpaMMbl JUCHUILUIMHBI U YMEHHE YBEPEHHO
IPUMEHATH UX Ha MPAKTHUKE MPH PEIICHNU KOHKPETHBIX 3aj]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
NPUHSATHIX PEIICHUH.

Onenka ommMyHO 8§ OaysioB - BBICTaBISIETCSl CTYACHTY, IIOKa3aBLUIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh UX Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPaBWIbHOE 000CHOBAHUE MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.

Onenka xopomio 7 0aioB - BEICTABISIETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPpaMOTHO H 110
CYILECTBY M3JIaraeT €ro, ymMeeT NPUMEHSATHh IOJy4YEHHbIC 3HAHUS HA INPAKTUKE, HO HEIO0CTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIIBTATHI.

Ouenka xopoio 6 6ajIoB - BBICTABISAETCS CTYACHTY, €CIIM OH TBEPJO 3HAET MaTepuall, 'paMOTHO U IO
CYLIECTBY M3J1araeT ero, yMeeT NPUMEHATh [IOJyUYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WIN B PELICHNH 3a]1a4 HEKOTOpbIe HETOYHOCTH.

Onenka xopomio 5 0ajioB - BHICTABIISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepHall, FpaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPUMEHSTh NOIyYeHHbIC 3HAaHHUs HAa MPAKTHKE, HO JIOMyCKaeT B
OTBETE WJIM B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOUYHOCTEH.

OreHka yHOBIETBOPUTEIHHO 4 Oayuia - BBICTABISCTCS CTYACHTY, MOKa3zaBIIeMY (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO IpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSITHI,
HapyILIEHUs JIOTHYECKON MOCIe0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MpOrpaMMbl, HEOOXOAMMBIE Ul JalbHEWIIEero oOydeHus, u
MOKET MMPUMEHSTH TIOJTyYeHHBIC 3HAHUS 110 00pas3ily B CTAaHJAPTHOW CHTYaIlHH.

OreHka yHIOBICTBOPUTENBHO 3 Oaia - BBICTABISCTCS CTYACHTY, MOKa3aBIIeMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaroniemy omuOku B (popMynrpoBKax 0a30BbIX HOHSTHH,
HapyIIEHUs] JIOTUYECKOH IMOCIeq0BaTeIbHOCTH B H3JIOKEHUM NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU paszieslaMy y4eOHOH IporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIEro 00y4eHus 1
C TPYAOM MIPUMEHSET MMOJYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHTYAIIHH.

OneHka HeyIOBJIETBOPUTENIBHO 2 Oauia - BBICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJIbLICH 4acTH
OCHOBHOTO COJEp)KaHUs y4eOHOH IpOrpaMMbl JUCHMIUIMHBI, JOIyCKaeT TrpyOble OmHOKH B
(OpMyITHpPOBKaX OCHOBHBIX IMPHUHIIMIIOB i HE YMEET MCIOIb30BaTh NOIYYCHHbBIC 3HAHUS TP PEIICHUN
THUIIOBBIX 33/a4.

OueHka HEYIOBIETBOPUTENbHO 1 Oajnm - BBICTABISAETCS CTYIEHTY, KOTOPHI HE 3HAeT OCHOBHOTO
coziepKaHusi yu4eOHOW MPOrpaMMBbl TUCHUILTUHEL, JTOMyCKaeT rpyOeiinire ommoku B (GOPMYIHPOBKAX
0a30BBIX TMOHATUH IUCLUIUIMHBI M BOOOIIE HE MMEET HAaBBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuaIbl, ONpeIesoNIne MPoueIypPbl OIleHHNBAHUS 3HAHU, YMEHUIl, HABBIKOB U
(W1M) oNbITA AESITEILHOCTH

JuddepeHnmpoBanHbIi 324€T MPOBOISATCS B YCTHON opMe 1o OuIieTam.

B xaxxom Ouiiete npeicTaBiIeHo Ba TEOPETUUECKHUX BOIIPOCa.

[Tpu npoBeennu 3auéra odyvaromemycs npegocrasisercs 30 MUHYT Ha ITOATOTOBKY.
Ormpoc o0yuaromerocst He JOJDKEH IPEBBILIATh OHOTO ACTPOHOMUYECKOTO Yaca.



