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AHHOTANMA

YTBepKaeHUE, YTO NPOCTPAHCTBO BaKYyMOB CYNEPCTPYHBI COOTBETCTBYET HPOCTPAHCTBY pEUICHUU
10-mepHOH cymeprpaBUTallid BEPHO JIMIIb B MEPTYpOATUBHOM PEKUME, KOTIa MPUMEHUMBI CTaHJapTHEIC
TEXHUKH KBaHTOBAHWS JBYMEPHOW CHUTMa-Mojenu. MHOrue HaONIOIEHUS TOKa3bIBAlOT, YTO TOYKH,
cootBeTcTBytole 10-MEpHBIM TOJEBBIM KOH(UTYPALUSM, SIBISIFOTCS CKOpee WUCKIFOYEHHEM, U B OCHOBHOM
MPOCTPAHCTBO BAKYYMOB HACEJIEHO peLICHUsIMU ypaBHEeHUU 11-mepHol cyneprpaButanuu. [Ipu stom, pazmep
OMUHHA/IIIATOTO HW3MEPEHHUS MPOMOPIUOHANIEH CTPYHHOM KOHCTaHTE CBA3U. I[IpaBUIBHBIM ONMHCAHUEM
CTPYHHOU JMHAMHKH B TaKOM HEMEPTYpPOATUBHOM DPEKUME SIBISETCS TEOPHUS TPEXMEPHOU CHUTMa-MOJIEINH,
Ha3bIBaEMOI OOBIYHO cyrnepMeMOpaHOW. BcenenactBue HenepTypOaTHBHOCTH COOTBETCTBYIOIIAsl TeOpus,
HaspIBaeMasi M-Teopueii, OKa3bIBaeTCsl OYCHB CIIA00 U3YYCHHOM.

Kypc mocsiieH u3yueHHMIO HAOIIOCHUH, MO3BOJSIONIMX YTBEP)KAAaTh O CYyIIECTBOBaHMM M-Teopuu, ee
pasMepHBIX  penykuud, cummeTpuidl  U-TyaqmbHOCTH  TpEeXMEpPHOM  curma-mMomenu M 11-mepHoi
CyIeprpaBUTalllH, IMHAMUKHU cyniepmeMOpaH. B pamkax kypca OyayT o0cykaaTbcsi KOHKPETHBIC MOAEITH JUIs
neiictBusl cynepmeMmOpaH, mnpeoOpazoBanus U-IyadbHOCTH IOJIEH CyNeprpaBUTAMM U CYNEPTOKOB Ha
MOBEPXHOCTH MeMOpaHbl. BynyT n3ydeHsl cXeMbl pa3MEpHBIX peIyKLUil B IPUCYTCTBUH (PITaKCOB, B TOM YHUCIIE
HEreoOMEeTPUUYECKUX, ONMCAHUE TAKUX PEAYKIUI B TEPMUHAX KATMOPOBAaHHBIX CYIIEPrpaBUTALIMIH.

1. leau u 3apauun

eap AUCUMNIIMHBI

ChopmupoBare y oOyyaromerocsi NpeACTaBICHHE O HENepTypOaTuBHOM CTPYKTYpEe TEOPHUH
CYIEepCTPYH, CHMMETpPHUAX €€ MPOCTPAHCTBA BAKyyMOB OTHOCHTENBHO NpeoOpazoBanuii U-gyanbHOCTH,
UX CBSI3b CO CBOMCTBAaMHM pEUICHWH ypaBHEHMH OJWHHAALATUMEPHONW CyNeprpaBUTALUU.
CdopmupoBarh MOHMMAaHHE NPUHLUIOB ONHMCAHUS JAWHAMUKH PEISTHBUCTCKMX MeMOpaH ux
B3aMMOJICHCTBUS MEXIYy COOOH M C CyNeprpaBUTAMOHHBIMH (OHOBBIMH TOJSMH. M3y4uuThb
COBPEMEHHBIE  TOAXOABI K  KOMIAKTH(UKAIMAM  CyNeprpaBUTALMM, OCHOBAaHHBIM  Ha
TEOPETUKOTPYIIIIOBOM aHAJIN3€ BIOXKEHHWM I'PYNIBI H30METPHUI KOMIIAKTHOTO MPOCTPAHCTBA B IPYyMILY
U-nyanbHOCTH.

3axauu QUCHUNIHHBI
OOyuuTh TEXHUKaM PabOTHI C CyNeprpaBUTALMOHHBIMU TEOPUSIMH U MX PELICHUSIMH, C PA3IMYHBIMU
TEOPHUSAMHU TPEXMEPHOU CYNEepPCUMMETPUYHOM CHTMa-MOAenu W MmopeiasiMu MS-Opasbl. PasButh y
oOyvarolierocss yMeHWe pemarb ypaBHeHHs Ha crnuHophl Kwumnra. HayumTts omepupoBarhb
MOHSITHSAMH, CBSI3aHHBIMH C Pa3MEpHOW pEayKIUEeH CyneprpaBUTAIMOHHBIX TEOPHH, CTPOHTH
(heHOMEHOIOTUYECKUE MOJISIIH.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHIA:

Kox 1 HanMeHoBaHHE KOMIIETEHIINHA WNHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

VYK-1.1 Ananu3upyet npoOIEMHYIO CUTYaINIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VYK-1.2 OcymecTBiser TMOWCK BapUaHTOB PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHOW  CHUTyallud Ha  OCHOBE

YK-1 CriocoGeH ocymecTBIsATh KpUTHIECKUN
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

aHaM3 MPOOJIEMHBIX CHTYaIlMii Ha OCHOBE
CHUCTEMHOTO TIOIX0/1a, BBIpadaThIBaTh
CTpaTeruro AeucTBui

YK-1.3 PazpabarbiBaet CTpaTeruio TOCTHKEHUS
MOCTABJICHHOM IIeld Kak IOCJICAOBAaTeIbHOCTh IIaroB,
HOpeABUIS PE3yabTaT KaKAOTO0 M3 HUX M OLEHMBAs HX
BIMSIHUE Ha  BHEIIHEE  OKPY)KEHHE  IUIaHUPYyeMOi
JEATEIIbHOCTH U Ha B3aMMOOTHOIICHUS YYAaCTHMKOB ITOM
NesITeIbHOCTH

VYK-6.1 YmMmeer pemarp 3a/laud COOCTBEHHOTO JTMYHOCTHOTO
U npodeccHOHANBHOTO  pa3BUTHS,  ONpEAEsITb U
peann30BbIBaTh HPUOPHUTETHI COBEPIICHCTBOBAHUS
COOCTBEHHOM IESTENLHOCTH

YK-6 CriocoGeH onpenessTh U peaan30BbIBaTh
HNPUOPUTETHI COOCTBEHHOM JEATEILHOCTH U
CIIOCOOBI €€ COBEPIICHCTBOBAHUS HA OCHOBE
CaMOOLICHKH

YK-6.2 OueHHuBaceT CBOIO JIEATEILHOCTh, COOTHOCHT IIEJH,
CHOCOOBI M CPEJCTBA BBITIONHEHUS JICATENBHOCTH C e€
pe3yabTaraMu




OIIK-1 Bnaneer cuctemoii pyHIaMEHTaIbHBIX
Hay4YHbIX 3HaHUH B o0acTu
(u3MKO-MaTeMaTHYECKUX HAyK

OIIK-1.1 SHaeTr W© CHOCOOEH  HCHONIL30BaTh B
nmpo)eCCUOHANBEHOW  NIeATEeNhbHOCTH  (PyHITaMEHTabHBIC
Hay4HbIC 3HAHUS B 00JacTH (PU3NKO-MATEMaTHIECKUX HAyK

OIIK-1.2 Crmocoben 00001maTe ¥ KPUTHYECKH OILEHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICJOBaHUII B 00JacTh
mpoeCCUOHATBHOM IEATEILHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTHHAPHBIC CBSI3U B OOJIACTH
MaTeMaTHuKd ¥ (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 MpoecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeer nipeacrapieHre 00 aKTyalbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHATBHOM JIeSTENLHOCTH, CIIOCOOCH
Ha HayYHOM S13bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIauu

OIIK-2.1 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIIC/IOBAaHUI B paMKax TEMaTW4YecKoil obmactu cBoei
npoecCuoHaTbHON e TEIHHOCTH

OIIK-2.3 Brnameer mnpodeccHOHANLHONW TEPMUHOIOTHEH,
UCIOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHYECKON
auTeparype, o0J1aaeT HaBBIKAMHM YCTHOTO M IMHCbMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HAyYHOW ACSTEIBHOCTH B pamKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-2.2 Crniocoben OIICHUBATh aKTyaJlbHOCTh
UCCIICIOBAaHUM B obnmactu cBoed mnpodeccrnoHambHON
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-3 CniocoOeH BRIOUPATh U (HITH)
pa3pabaThIBaTh MOXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccuoHamTbHON
JIeATEIIbHOCTH, YIUTBIBasi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 CrocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBATDH
MyTH peIeHus], MpeiaraTh U KOMOMHHUPOBATh CIIOCOOBI
peleHus

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIEAOBATEIbCKHE
METOJbl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHSS 3HAHHS B
pa3IMUYHBIX 001aCTAX HAYKH (TEXHUKN)

OIIK-3.3 BiameeT aHaIUTHYECKMMHM U BBIYHUCIMTEIHLHBIMHU
METOJJaMH pElIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
CPaHUIbl MPUMEHUMOCTH MOJIYyYaeMbIX PEIICHUN

OIIK-4 CriocoOeH ycIeniHo peain30BbiBaTh
pelleHre MOCTaBIEHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJbTrara v [IpeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B O0JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
UH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.2 CrniocobeH TpUMEHSTh 3HaHWS B  0O0JacTu
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1auk, (POPMYJIHPOBAHUS BBHIBOJOB M OLIEHKH MOJYyYEHHBIX
pe3yabTaToB

[IK-1 CnocoGen craBuTh, hOpMann30BEIBATH U
pemIarh 3aJia4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCIJIE0BATh MaTEMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, TOyYaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThI

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyalbHBIX pe3yJbTaTax MCCIeJOBaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCcCHOHATEHON
IEITEILHOCTH

IIK-1.2 CnocobeH BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTH4ecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
SIBIICHUI | TPOLIECCOB, OIICHUBATh KAueCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrnocobeH mnpuUMEHATh TeopeTHYecKkue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3ajade W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaTh

3. IlepeyeHb NIAHMPYEMBIX Pe3yJIbTATOB 00yUeHHUsI N0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOHHS AUCLUIIMHBI 00y4aIOIINecs JOIKHbBI

3HATb.

OCHOBHBIE TOJIOKEHUSI ¥ OHATHA M-Teopun, 11-mMepHOIi cyneprpaBuTanuy, anredpy CyrnepTokoB JUIs
MeMOpaHbl; (popManu3Mbl ONMCAaHUS AMHAMUKN OTHOMU, ABYX U N cynepMeMOpaH, HX B3aUMOJCHCTBUN
Ipyr ¢ JAPYIrOM U C CyNeprpaBUTAlMOHHBIMM ()OHOBBIMHM IMOJSIMH, CBS3b C TpHaiaredpamu u
HaMOy-IMeBOIl MeXaHMKOH; mpuMepbl (PEHOMEHOJOTHYECKUX MPUIIOKEHUH pa3BUTOroO (opmalniMa,;
rpymmnsl cumMmerpuid U-yanbHOCTH 111 M-Teopuu Ha N-MEPHOM TOpE.

YMETb:




MIOKa3bIBaTh CHUMMETPUYHOCTE M-Teopun u  1l1-MepHOH CymeprpaBUTallMd  OTHOCHTEIBHO
npeobpazoBannii U-1yallbHOCTH; CTPOUTH JICHCTBHSI JJIsl IBYMEPHOU U MATUMEpPHOW cynepMeMOpaH, B
ToM umcie aericreust BLG u ABJM.

BIIAJICTh:
METOJJaMU aHaJIM3a Pa3MEpHBIX PEAYKIMH CylneprpaBUTallii, OCHOBAaHHBIMH Ha (hopMaan3Me TeH30pa
MOTPY)KEHHs; METOJAaMH aHajii3a HENepTypOaTuBHBIX OOBEKTOB TEOPUUM CTPYH, B TOM HYHCIE,
9K30THYECKUX OpaH.

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

4.1. Paznenbl nuctMIiInHbl (MOYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpynoeMKoCTh MO BUJaM YUeOHBIX 3aHATHI, BKIIIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
| [IaTe TEopmil cynepcTpyH, AyajdbHOCTH 3 3 3
MEXIly HUMHU
Cynepanrebpa M-teopun, BIIC
2 coctosinus, BIIC pemenus 11-mepHoit 3 3 3
CyleprpaBUTallH
U-nyansHOoCcTh  anreOpel  CYNEPTOKOB
MeMOpaH®hl, CUMMETPUH u
3 npeobpasoanuss  BIIC  cocTosHwMiA, 3 3 3
HWHTETpeTanus npeodpa3zoBaHuit
KOHCTaHTBI CBS3U
4 p-OpanHas HWHTEpIpETaIHsI BIIC 3 3 3
COCTOSIHUH
5 M2-6pansbl u Teopust UepHa-CaiiMoHca ¢ 3 3 3
16 cynepzapsgamu, BLG
6 M2-6panbt u Teopust UepHa-CaiiMoHca ¢ 3 3 3
12 cynepzapsgamu, ABIM
MS5-6pansl, JNEeUCTBUE
7 [Tactu-Copokuna-TonuHa, pemyKuus K 3 3 3
TEOpUH CTPYH
3 [Mpobnema  kBaHTOBaHUS  MEMOpaHBI, 3 3 3
HECTaOUIILHOCTh, MaTPUYHAS MOJEIIb
9 Pa3mepHas penykuus 11-mepHOI 3 3 3
cyneprpasutanuu, U-1yaabHOCTb
10 |Popmanus3m TeH30pa MOTPYKEHUS 3 3 3
Nroro gacos 30 30 30
[loaroroska k sK3amMeHy 0 gac.
OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2. CopepxaHue TUCHUIUTHHBI (MOAYIISA), CTPYKTYPHUPOBAHHOE 110 TeMaM (pa3zesiam)
Cemecrtp: 3 (Ocennuii)

1. I1a1p Teopuii cynepcTpyH, IyadTbHOCTH MEXIY HUMU




Cymnepcrpyna tuna I, IIA, 1IB, rerepornueckue cynepcrpynsl ¢ rpynmamu ESXES, SO(32), cnektp
B030yxxaeHuit; T-nyansHoCTh Mexay Teopusimu tuna I1A u 1IB; S-nyansHOCTH TeOpuu Tina I1B.

2. Cynepanredpa M-teopun, BIIC coctosiaus, BIIC pemenus 11-mepHO# cyneprpaBuTanuu

Cynepanrebpa B pasmeproctd 11, ee mpencraBienus; koporkue Myistuiuietsl 1 BIIC coctostams,
pemenus 11-mepHO# cyneprpaBuTaiy.

3. U-ayanbHOCTh anreOphl CYIepTOKOB MeMOpaHbl, CUMMeTprH u nipeoopazoBanust bIIC cocrosHmii,
MHTENpEeTaNus PeoOpa3oBaHUi KOHCTAHTHI CBSI3U

Cummetpun BIIC coctosamii 11-MepHO# cymnepanreOpsl, npeoba3oanus T-, S- u U-nyansHOCTH;
anreOpa CyNepTOKOB MeMOpaHBl, B3aMMOJACHCTBYIOIIEH C KadHMOPOBOYHBIM IOTECHIIUAIIOM,
LEHTPAJIbHbIC 3aps/Ibl.

4. p-6pannas unteprperaiust BIIC cocrosHuit

Pactmpenne Habopa neHTpanbHbix 3apsgoB B D=10 IIA/B cynepcummerpuun. Crapoe W HOBOE
cKkaHupoBaHue OpaH. PemieHus cyneprpaBuTanny B BUIE SKCTPEMaJIbHBIX OpaH.

5. M2-6pauns! u Teopust UepHa-Caiimonca ¢ 16 cynep3sapsinamu, BLG

HeiictBue nBymMepHo# curma monenu barrepa-JlambGepra-I'ycTtaBccoHa; mpenien HU3KWAX DHEPTHIA;
ypaBHenue Hama u cnektp BIIC cocrosiHuii; 3-ckoOka Ha MeMmOpaHe; TEOpHUH C KaJIMOPOBOYHOM
CUMMETpHEH, 3a71aBaeMoii 3-anreOpoid.

6. M2-6pans! u Teopust UepHa-Caiimonca ¢ 12 cynep3apsaamu, ABJM

Heiicteue st N cynmepMeMOpaH, HH3KO3HEpreTHueckoe NpuoOmmkeHue, teopus ABIM;
rosorpaduueckoe coorsercTBue, pemenne AdS4xS7 11-mMepHoil cyneprpaBuTaLuy.

7. M5-6pansl, neiictBue Ilactu-Copokuna-ToHnHa, peyKIus K TEOPUU CTPYH

KanuOpoBouHslii moTeHuman 6-GpopMbl, MarHUTHBIM MapTHEp s cynepMeMmOpaHbl, MpodiieM
caMOJyaJIbHbIX TEOpHUI B pa3MepHOCTH 6; Monenb PST, manas Teopus cTpyH.

8. [Ipobiiema KBaHTOBaHHUS MEMOpaHbl, HECTAOMIBLHOCTh, MATPUYHAS MOJIEITh

KBanroBanue cynepmemOpanbl, CHEKTp B030yXAeHHWH Ha (QOHE IUIOCKOW METPUKH, PP-BOJIHBI,
(GOHOBBIX (HIIAKCOB; OUCKPETHU3AIMsl CHCTEMbl, MaTpUyHas MOJeNb, KBAaHTOBAaHHE MAaTPUYHOMN
MOJIEJIN; HECTAOMIIBHOM SHEPreTHUYECKOrO CIEKTPa.

9. Pa3mepHas pexykuus 11-mepHoii cyneprpasuranuy, U-1yanbHOCTb

Penykuus 11-MepHO# cymeprpaBUTandyd Ha N-MEPHBIA TOP, OOBEAWHEHHE IOJICH B MYJIBTHILIETHI
rpynns! U-1yaabHOCTH; Ayanu3anus KaTHOPOBOYHBIX TOTCHIIUAIOB.

10. ®opmanusmM TeH30pa MOTPYKEHHS

MakcuManbHble CynepcCUMMETpHYHBIE AedopMaluu MakCUMajibHOH d-MepHOW cyneprpaBUTallWH,
YCJIOBUSI CaMOCOINIACOBAHHOCTH Ha TEH30p BIIOXKEHUS; PELEHHs YCIOBUHN Ul CaMOCOIIaCOBaHHOM
peaykuuu 11-mepHOI cyneprpaBuTanuy.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00XOMMO AJIsl OCYIeCTBICHHS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)



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

6.IlepeyeHb pekoMeHAYeMOM JIUTEPATYPHI
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JomnonHurenbHas aureparypa
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2. B. de Wit «Supergravity (lectures)»
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7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCHMIIJIMHBI (MOTYJIs)

https://www.arxiv.org — ApXuB 3JIEKTPOHHBIX TPEIPUHTOB

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3YeMbIX NPH OCYLIECTBJICHUU 00Pa30BaTeJIbHOI0
npouecca o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NpOrpaMMHOro odecrnedyeHunst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha eKIMOHHBIX 3aHATHSIX UCIIONB3YHOTCS MYITBTUMEIUIHBIC TEXHOIOTHH, BKITIOYAs CMOHCTPALIHIO
MpE3EHTALNN.

J11ist ipoBeieH s TUCTAHIIMOHHBIX 3aHATHH (TIPU HEOOXOMMOCTH) U KOHCYJBTAIIUN HCIIONb3YIOTCS
zoom, Google meet.

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

CryaeHT, W3ydalIui AWCIHILIAHY, JODKEH C OJHOH CTOPOHBI, OBJIAJETh OOIIMM IMOHATHIHHBIM
anmapaToM, a ¢ JPYroil CTOPOHBIL, JOKEH HAYUUThCS IPUMEHATH TEOPETHUECKIE 3HAHUS Ha MPaKTUKE.
B pesynbrare m3ydeHHs NUCUUIUIMHBI CTYACHT JOJDKEH 3HATh OCHOBHBIE ONMpEAENEHUS W TOHATHA,
YMETb IPUMEHSITh TOJYUCHHBIC 3HAHUS /ISl PEILICHUS] PAa3IMYHbBIX 3ajad.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

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

— BEJICHUA KOHCIIEKTa 3aHATUH;

— HaNPsDKEHHOW CaMOCTOATEIHLHOU PabOTHI CTYICHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YTEHUE PEKOMEHIOBAHHOMN JTUTEPATYPHIL;

— mpopaboTKy yd4eOHOro Marepuayia, IMOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYCHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeAaraéMbpIX CTyJIeHTaM Ha 3aHATHSX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOYHOM arTeCTaluu.

[Mokazarenem BiajeHHs MarepHajoM CIYXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI IO TEMaM
JHCIUTLINHBL.

BaxHo 10OWTHCS MMOHMMaHUS M3ydaeMOro MaTepuala, a He MEXaHH4YECKOTro ero 3armoMmuHaHus. [lpu
3aTPYIHEHUN W3yYCHUs OTJENBHBIX TEM, BOMIPOCOB, CIEAYeT OOpamarhcsd 3a KOHCYIbTAUAMHU K
MIpenoaBaTesio.



Bo3mokeH mpoMekyTO4HBIH KOHTPOJIb 3HAHUH CTYAEHTOB B BUJE PEIICHHUS 3a7ad B COOTBETCTBUH C
TEMAaTUKOU 3aHATHIL.



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

dusrex-KIIacTep akaJaeMUUecKoil n HaydHoi kKapbepsl (TeopeTnueckas u
MareMarndeckas Qu3mnKa)

Kypc: 2
KBaJIMpUKALUS: MarucTp

Cemectp, GopMBI IPOMEKYTOUHOH arTecTauuu: 3 (oceHHuil) - JuddepenuupoBannslii 3a4eT

Pa3zpadoTunk: 3.T. Mycaes, phd (x.¢.-m.H.)



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocyecTBIsATh KpUTHUECKUN
aHaJn3 TpOOJIEeMHBIX CUTyalluii HA OCHOBE
CHCTEMHOTO TI0/IX0/1a, BhIpadaThIBaTh
CTpaTeruro AecTBui

VYK-1.1 Ananuzupyer npoOIEMHYIO CUTYaIHIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VK-1.2 OcymecTBiser MOWCK BapUaHTOB  PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

YK-1.3 PazpabarbiBaet CTpaTeruio TOCTHKEHUS

MOCTABICHHON IIEIW KaK IIOCJIeNOBaTCIbHOCTh IITaroB,
MpenBUIA PE3ylbTaT KakIOT0 W3 HUX W OLEHHWBAas HX
BJIMSHUE HA  BHEIIHEE  OKPYKEHHUE  IIAHHUPYEeMOM
JESTENbHOCTH W Ha B3aUMOOTHOIIEHHUS yYaCTHUKOB 3TOM
JIeATCIbHOCTH

YK-6 CriocoGeH onpenessTh U peaan30BbIBaTh
HNPUOPUTETHI COOCTBEHHOM JNEATEILHOCTH U
CIIOCOOBI €€ COBEPIICHCTBOBAHUS HA OCHOBE
CaMOOLICHKH

VYK-6.1 YmMmeer pemarp 3a/laud COOCTBEHHOTO JTMYHOCTHOTO
U npodeccHOHANBHOIO  pPa3BUTHS,  ONpEACsITb U
peann30BbIBaTh HPUOPHUTETHI COBEPIICHCTBOBAHUS
COOCTBEHHOM ESTEBHOCTH

YK-6.2 OueHHBaceT CBOIO JIEATECILHOCTh, COOTHOCHT IIEJH,
CHOCOOBI M CPEJCTBA BBITIONHEHUS JICATENBHOCTH C e€

OIIK-1 Bnaneer cuctemoii pyHIaMEHTaIbHBIX
Hay4YHbIX 3HaHUH B o0sacTu
(u3MKO-MaTeMaTHYECKUX HayK

pe3yabTaraMu
OIIK-1.1 SHaer W© CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBHOW ~ NIeATeNhbHOCTH  (PyHIaMEHTaIbHBIC

Hay4HbIe 3HaHUA B 00JacTH (PU3NKO-MaTeMaTH4eCKUX HayK

OIIK-1.2 Crmocoben 00001maTe ¥ KPUTHYECKH OILEHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICJOBAHUII B 00JacTH
poeCCUOHATBHOM IEATEILHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTHHAPHBIC CBSI3U B OOJIACTH
MaTeMaTHuKl ¥ (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 NpoQecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeer npeacrasieHre 00 aKTyalbHBIX
npoOiieMax HayKu M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHATBHON JIeTENLHOCTHU, CIIOCOOCH
Ha HayYHOM S13bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIa4u

OIIK-2.1 NmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIIC/IOBAaHUI B paMKax TeMaTW4YecKoil obmactu cBoel
npodecCuoHaTbHON e TENBHOCTH

OIIK-2.3 Brnazmeer mnpodeccHOHANLHONW TEPMUHOIOTHEH,
UCHOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHUYECKON
auTepatype, o0J1aaeT HaBBIKAMHM YCTHOTO M HMHCHMEHHOTO
W3JIOKEHUSI PE3yJbTaTOB HAyYHOW ACSTEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

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

OIIK-3 CniocoOeH BRIOMPATh U (HITH)
pa3pabaThIBaTh MOJXO/IbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccnoHamTbLHON
JIeATEIIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 CnocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBATDH
MyTH peIeHus], MpeiaraTh U KOMOMHHUPOBATh CIOCOOBI
peleHus

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHUE
METOJbl TIPU PEIICHUH HOBBIX 3a]a4, MPUMEHSS 3HAHHS B
pa3IMYHBIX 001aCTAX HAYKH (TEXHUKH)

OIIK-3.3 BiameeT aHaIUTHYECKUMHM U BBIYHUCIHTEIHHBIMHU
METOJaMH pelIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
CpaHUIbl MPUMEHUMOCTH MOJYyYaeMbIX PEIICHUN

OIIK-4 CriocoOeH ycIenHo peain30BbiBaTh
pelleHre MOCTaBIEHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJpTrara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B 00JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
UH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.2 CrocobeH TpUMEHSTh 3HaHWS B 0O0NacTH
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1auy, (POPMYJIHPOBAHUS BBHIBOJOB M OLIEHKH MOJYYEHHBIX
pe3yabTaToB




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

[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pears 3a1a4u, B ToM uncie paspadareiBath 1 [[IK-1.2  CriocoGeH  BBIIABUTAaTh  TUIOTE3bl, CTPOHTH
UCCIIE0BAaTh MaTeMaTHYECKUE MOJEIH MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMUA H3ydaeMbIX
M3y4YaeMbIX SABJICHHN U MPOLIECCOB, CACTEMHO  |SIBJICHHH M MPOLIECCOB, OLEHUBATh KAUECTBO pa3paboTaHHON
aHAJM3MPOBATh HAy4YHbIEC MPOOJIEMBI, IOJIyYaTh |MOIENIN

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CrnocobeH mnpuMeHATh TEOpeTHUeCKHue H (WIIHN)
9KCIIEPUMEHTAJIbHBIE METOJbl MCCIEJOBaHUN K KOHKPETHON
HAayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
pE3yIbTaThl

2. Iloka3areim OleHUBAHUS KOMIIEeTeHITHH
B pesynbrare uzydenus quciuiuivHabel « Beenenue B M-teopuro» 00ydaronuiics: JOIKEH:

3HATh:
OCHOBHBIC TOJIOKEHHS U MOHATUS M-Teopun, 11-mepHOl cyneprpaBuTauuu, anredpy CynepTOKOB IJist
MeMOpaHbl; (opManu3Mbl ONMCAHUS AMHAMUKU OJTHOMU, BYX ¥ N cynepMeMOpaH, HX B3aUMOJICHCTBUI
Ipyr € JAPYIOM H C CYyHNeprpaBUTALMOHHBIMH (OHOBBIMH IIOJISIMH, CBSI3b C TpHairedopamu Hu
HaMOy-JTMEeBOM MeXaHHMKOH; MmpuMepbl (PEHOMEHOJIOTHYECKUX MPUIOKEHUH pa3zBUTOrO (hopMaliniMa;
rpynisl cummerpuil U-gyanbHocTH i1 M-T€OpHH Ha N-MEPHOM TOpE.

yMeThb:
[IOKa3blBaTb ~ CUMMETPUYHOCTb M-Tteopuu U 1l-MepHOl cyneprpaBUTalMy  OTHOCHUTEJIBHO
npeobpazoannii U-1yallbHOCTH; CTPOUTH JIEHCTBHS AJIsi IBYMEPHOM U MATUMEpPHOU cynepmMeMOpaH, B
ToM uucie neiicreus BLG u ABJM.

BJIaJeTh:

METO/IaMH aHaJi3a Pa3MEpPHBIX PEAyKLUil CylneprpaBUTaluy, OCHOBaHHBIMU Ha (hopMaliu3Me TEeH30pa
MOTPYKEHUSI;, METOaMH aHaJiu3a HeNepTypOaTUBHBIX OOBEKTOB TEOPUH CTPYH, B TOM YHCIIE,
9K30THYECKUX OpaH.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BONPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMY KOHTPOJII0
[Ipumeps! 3aa4 U3 JOMAIIHETO 33JaHUS

1. Tlokasare, uro neiicrBue it M2-0paHbl IpU JBOWHOM pa3MepHON PeIyKIIHMH CBOIUTCS K ACHCTBHUIO
17151 pyHIaMEHTaIbHOM CTPYHBI

2. Tloka3are, 4TO TeTepOTHIECKasi CTpyHa B3aMOJIEHCTBYeT ¢ mosieM Kanba-PamoHa HeMUHHMATHHO

3. Jlyanuzanuei CKaJSIpHBIX MMOJIH HA MUPOBOM JIMCTE MMOKa3aTh, YTO JielcTBHE At M2-OpaHbl npu
pa3MepHOH peayKIMK BOCIPOU3BOANT AercTBUE 11t D2-0paHbi.

4. HaiitTu KOMIIOHEHTY TEH30pa BIOXKEHMS JUIsI MakCUMalbHOW D=7 cyneprpaBuranuu,
COOTBETCTBYIOLIETO MOTOKY TEH30pa HarpsbkeHHOCTH 4-Gopmbl. [IpokoMMeHTHpOBaTh CBS3b C
pemenuem dpoitnna-PyouHa.

5. Haiitn HyneBble MoOAbl pemieHudl s M2, M5 Opan. Haiitm, kakuM MyJIbTHIIETaM OHHU
COOTBETCTBYIOT.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yvyarommxcst

[TpumMepsl BOIIPOCOB 1 3aj1a4 I UG depeHITUTPOBAHHOTO 3a4eTa

1. BeiBectn ypaBHenne Hama u3 cynepanredpsi B pazmeproctd D=11
2. Jleticteue BLG. Iloka3aTth, 4TO OHO OMHCKHIBAET JIBE CYIIEPMEMOpaHbI
3. KBamparnuHbie ycOBUS HA TEH30pP BIOKEHUS.

4. KanTtoBaHue MeMOpaHbl Ha (hOHE PP-BOITHBI




Kpurepun onennBanus
Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSATh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.
Ouenka ommMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
INPUMEHATh X Ha NPAaKTHKE MPU PeIIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
NPUHSATHIX PEIICHUH.
Onenka ommyHO § OamioB - BBICTaBJIIETCS CTYICHTY, IIOKa3aBILIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE MPU PEHICHNH KOHKPETHBIX 3a]ad, MPaBUIbHOE 000CHOBAaHHME MPUHSTHIX
peleHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xoporio 7 0aioB - BRICTABIISETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MarepHuall, TPaMOTHO U 1O
CYILECTBY M3JIaraeT €ro, ymMeeT HPUMEHATh IOJY4YECHHbIC 3HAHUS Ha NPAKTHKE, HO HEAOCTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YJIBTATHI.
Ouenka xopoio 6 6ajIoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSITh NOIY4YCHHbIC 3HAaHHUSI Ha MIPAKTUKE, HO JOIMYCKAeT B OTBETE
WIN B PELLICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Onenka Xopomro 5 6ayuIoB - BBICTABISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT MaTepuall, FPaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT INPUMEHATH MOJyUYCHHbIC 3HAHUS Ha MPAKTHUKE, HO JIOMyCKaeT B
OTBETE WJIM B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.
Onenka ynoBIEeTBOpUTENbHO 4 Oamja - BBICTABISACTCS CTYHCHTY, IOKa3aBlIeMy (parMeHTapHBII,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyILIEHUs JIOTHYECKOW MOCIIeIOBATEIIbHOCTH B M3JIOKEHUH IPOTPAaMMHOTO Marepuaia, HO MPHU 3TOM
OH OCBOWJI OCHOBHBIE Pa3Jieiibl yueOHOW NMpOorpaMMbl, HEOOXOAMMBIE Ul JaJbHEeHIIero oOy4eHus, U
MOYKET IPUMEHSTH MOJy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.
OneHka yaOBIETBOPUTENbHO 3 Oajla - BBICTABIACTCS CTYHCHTY, IOKa3aBlIeMy (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (POpMyIHpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TI0CIEeI0BAaTeIbHOCTH B H3JIOKEHMHM IPOrPaMMHOIO Marepuaia, ciaalo
BJIaJICET OCHOBHBIMHU pa3JesiaMH y4eOHO! MporpaMmbl, HEOOXOANMBIMHE JUTS JaJIbHEHIIero o0ydeHus 1
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
OneHka HEyJOBJIETBOPUTENIBHO 2 Oalia - BBICTABISIETCA CTYACHTY, KOTOPBII HE 3HAaeT OOJNbIIEH YacTH
OCHOBHOTO COAEp)KaHUs y4eOHON IporpaMMbl JUCHMIUIMHBI, JONyCKaeT rpyOble OIMOKH B
(hopMyIIMpOBKax OCHOBHBIX MIPHUHIUIIOB H HE YMEET HCIIOJIb30BaTh MOMyUYEeHHBIC 3HAHUS MIPH PELICHUU
THUIIOBBIX 33/a4.
OueHka HEYIOBIETBOPUTENbHO 1 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 THIOBBIX MPAKTHYECKHX
3ajay.

5. MeTonuueckune MaTepuasbl, onpeaeasonie NPpoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

HuddepeHunpoBanHblid 3a4eT NPOBOAUTCA B YCTHOH (opme. CTyneHTy AaeTcsl ABa TEOPETHYECKUX
BONpOoca M ofHa 3aaada. IIpu mpoBenenun 3auéra obywaromemycs npenoctasiasercs 30 MUHYT Ha
noaroroBky. Onpoc 00ydaromerocs: He JOJKEeH MPEBbIIIaTh OIHOTO aCTPOHOMHYECKOTO Yaca.



