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Bgederue @ meoputo yucest (B. 3. IaprU) . . . . . v o v i i e e e e e e e e e e e e e e e e e e
Bagederue 8 pyHKYuoHaTbHbII AHATU3 (A. K. TIOTPEOKOB) . . v v v v v v v e e v e e e e e e e e e e e e
I'pynnel 1 anreOpel JIn — 2 (E. B. @eUTMH) . . . . . . . 0 o it e e e e e e e e e e e
duddepennuanbaas reomerpusa (O. B. HIBapuMaH) . . . . . . . o v vt vttt b e e e e
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KommiekcHas reoMeTpusa (A. B. TIEHCKOI) . . . v v v v v i i i e e e e e e e e e e e e e e e e e e e e

Koudopmasie Teopuur (M. A. BEPIITEIH) . . . . v v v v v v e e e e e e e e e e e e e e e e e e e e e e e
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MammuHoe obydeHrie (M. B. IITypoB) . . . . . . . . o o i e e e e e e e e e e e e e e

OcHoBel nporpammupoBanus Ha Python (M. C. I'ycrokamus, B. E. iBanHuKOBa, A. B. KyauHOB,
B O VR o) 2 i 174 5 ) 3

[TpeacTaByieHys TPy TPEYTOJIbHBIX MAaTPUI] Hal KOHeYHbIMU mosiAMu (A. A. KupwioB) . . . . . . .
Pumaroasl nogepxHocmu (C. M. JIBBOBCKHEL) .« v v v v v v v v v e v e e e e e e e e e e e e e e e e e e
CiioxHbIe cCTEMBI: OT GU3UKU K SKOHOMUKE (C. M. ATTIEHKO) . + . v v v v v v v e v e v e e e e e e e
CrydaliHble MaTpUIlbl, CJIy4YaiiHble Mpoljecchl U uHTerpupyemsle Mogaenu (A. M. I[ToBosioukuii) . . . .
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CymmupoagaHue Ha epagax Ha nodepxHocmsax: om cmameu3uku 00 ucyucseHus IIfly6epma (B. T'. TopOy-
HOB, [I. B. Ta/masaeB) . . . . . . . o v i i e e e e e e e e e e e e e e e e e e e e e e e e e

Teopusa nyukod (H. C. MapKaPAH) . . « . & v v v v vt e i e e e e e e e e e e e e e e e e e e e e e e
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®unHaHcoBad MareMaTHKa (A. B. KOJIECHUKOB) . . . .« v v v i o e e e e e e e e e e e e e e e e e e e
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OyHKIMOHATBHBIN UHTETPATT (A. T. CEMEHOB) . . . . & v v v e i i e e e e e e e e e e e e e e e e e e e

Dstemenmaprasn meopus noJist Ha pewémke (M. B. CKOTIEHKOB) . . « v v v v v v v v v v e v e e e e e v e

Course descriptions in English

(primary and advanced level curses are in italic and regular shape respectively)
Advanced Linear Algebra (K. G. Kuyumzhiyan) . ... ... ... ... ... .. ... ...
Algebra and Arithmetics (V. S. Zhgoon) . . . . . . . . . 0 i i i e et e e e e e e e e
Algebraic Geometry: A First Geometric Look (V.S.Zhgoon) . . ... ... ... ... ... .......
Algebraic Topology (A. G. GOTinov) . . . . . . . . . i i i i ittt i e e e e e e e e e e
Analysis of several complex variables (A. A. Glutsyuk) . . . . ... ... ... ... ... ...
Analytic Number Theory (A.B. Kalmynin) . .. ... ... ... ... ... ...
Arithmetical Dynamics (C. Favre) . . . . . . . . . . . i it e e e e e e e e e e
Basics of functional analysis (M. Z. Rovinsky) . . . . . . . . . . i i e
Calculus of Variations (M. Mariani) . . . . . . . . . o i v i i it e e e e e e e e e e e e e
Classical Analysis and ODE (T. Takebe) . . . . . . . . . . . . . i i e et i e e
Commutative Algebra (A. S. Khoroshkin) . . . . . . . . . . . . .. . e e
Differential Geometry (O. V. Schwarzman) . . ... ... . .. .. .. .. ...
Differential Topology (A. A. Gaifullin) . . . . . . . . . . . . . e et
Dynamics And Ergodic Theory (A. S. Skripchenko, A. V. Zorich) . . ... ... .. ... ... ......

Frobenius Manifolds (S. M. Natanzon, P. I. Dunin-Barkowski) . .. ... ... ... ... .......
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T'eomempus u epynnot (O. B. IIBAPIIMAH) . .« .« « v v v v v e e e e e e e e e e e e e e e e e e e e 94
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Integrable Systems of Classical Mechanics (I. Marshall) . ... ... ... ... ............ 121
Introduction to the Theory of Integrable Equations (A. K. Pogrebkov) . . ... ... ... ....... 122
Probability and Stohastics (A. V. Kolesnikov, V. Konakov) . . . . . ... ... ... ... ........ 123
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KYyPCBbI HA BBIBOP CTYJJEHTOB

Bo Bcex Tabiuiax Huke TOJICTHIM HIpUPTOM HaOpaHBI «TOJICTHIE» KYPCHI C HAarpy3kod 4 4yac/Hen, Aaromiie
5 kpen/ceM. OcTasibHbIE, KTOHKHE» KYpPCHl UAYT 2 yac/Heq U AaloT 3 kpef/ceM. Kypchl, Ha3BaHHBIE MO-aHTJIUH-
CKH, YATAIOTCA HA aHTJIMICKOM fi3biKe. HeKoTophle N3 KypCcOB, HA3BaHHBIX [IO-PYCCKHU TOXE MOT'YT YUTAThCA Ha
aHTJIMICKOM, ecjIi Ha To OyJeT XeJjlaHue ayiuTopun. Bce Takue Kypcol cHaOXXeHbl aHTJIMHCKUMU aHHOTalUA-
MH.

KYPCbI HAYAJIBHOI'O YPOBHA

[TpepeKBU3UTH K 3TUM KypcaM He BBIXOJIAT 32 PaMKH MEPBHIX ABYX JieT 6akasaBpuata. OHU peKOMEHIYIOT-
cA CTyJeHTaM MJIafIINX KypCOB' Kak BBefeHHA B Te pasjelibl MaTeMATHKU, TAe IUIaHUPyeTCA JasbHeimasn
crienyaIn3aniys, a Takke CTapIIeKypPCHUKAM, KeJIalIMM PaclIipyUTh MaTeMaTUIeCKUH KPyro3op B 06J1acTsX,
BBIXO/IAIINX 32 paMKU BRIOpaHHOM crierfuanusanuu. B «CoiepxxaHum» Ha CTp. 2—4 CChLIKY Ha OMKCAHUs KYPCOB
HAYaJIbHOTO YPOBHs HaOpaHbI KypPCUGOM.

OCEHb BECHA

o BBeleHIe B TEOpHUI0 KaTeropuii U romoJiorude-
CcKylo anrebpy, A. JI. F'opoaeHueB

o Anrebpanyeckass reomeTpusa. BBoaHBIN reomert-
pudeckui Kypc, B. C. XKryn

o CummMmerpudeckue ¢pyHknuu, E. 0. CMupHoB

o BBeieHHe B GQYHKIMOHAJbHBIN aHaU3, A. K. I1o-
rpe6koB

o BBemenwme B aJjrebpanyeckyio TOIIOJIOTHIO,
C. K. Jlauno

» Galois Theory, C. Brav

o AnroputMsl U aBToMarthl, 0. B. CaBaTeeB

o Hamiltonian Mechanics, I. M. Krichever

o [lenu Mapkosa, A. JIbIMOB

o Maremarnueckas craTucTuka®, A. B. KinMeHKo,
A. C. CxpumnueHKoO

o Kitaccuueckas teopus noJis, I1. A. CannoHoB

o CJIOXHbBIE CHCTEMbI: OT (U3UKH K IKOHOMHKE,
C. M. Annenko

o Teopusa nyukos, H. C. MapkapsH

o Muddepenuanpaaa reomerpusa, O. B. IIBapu-
MaH

o KomMmyTaTuBHas anrebpa, A. C. XopomkuH

o Calculus of Variations, M. Mariani

o PuMaHOBBI TOBepxHOCTH, C. M. JIbBOBCKUH

o JlonosiHuTeIbHBIE TJIaBhI ajareopsl, JI. I'. PIOHU-
KOB

o BBefjeHHe B Teopuio uyuces, B. 3. lllapuyu

o BBeieHMe B KBaAaHTOBYIO Teopulo, B. B. JlocsakoBs

o CienruasibHble pyHKIuY, C. M. XOpomKuH
o CymMMupoBaHHe Ha rpadax Ha IIOBEpXHOCTAX: OT

cratdusuku no ucumciaenusa llybepra, B. I'. T'opOy-
HoB, []. B. Tananaes

1B yacTHOCTH, GOJIBITMHCTBO 3THX KypPCOB MOAOHAYT BTOPOKYPCHHKAM B KauecTBe «aHTUMAHHOPOBY.
2Kypc MpOXOAUT TOJIBKO BO BTOPOM MoJyJe (HOAGph — JeKkabph). MHTEHCMBHOCTD: 2 Maphl B HeAemw. CTOMMOCTD: 3 KpeauTa.
[IpepeKBU3UT: TeOpUsi BEPOATHOCTEN. PeKOMeHyeTCs CTyIeHTaM TPeThEro Kypca U BHIIIE.
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CIIELIUAJIbHBIE KYPCBHI

OTO KypcHl 1A 6oJiee riTyOOKOro U3y4eHus TexX pasfesioB, 10 KOTOPHIM IJIaHUPYeTCs AaJIbHeHIas crenuaiu-
3anua. B «Conmepxxanum» Ha CTp. 2—4 CCBUIKM HA BCE CleuasbHbe KypChl HaOpaHbl IPAMBIM HIPHUQTOM.

OCEHb

o AsireOpanveckas reomerpusi, B. A. Bosiorogckuii
o BBejeHHMe B CHMILJIEKTUYECKYI0 M KOHTAKTHYIO
reomerpuio, Il. E. ITymkapsb

o Teopusa uuces, M. B. ®unkesnbbepr

o AHasmMTH4ecKas Teopus uuces, A. b. KaamMbeiHuH

o I'pynnsl 1 anre6pst Jiu, I'. K. OypmiaHcKui

o ABTOMOpMHU3MBI MHOT'000Opa3wuii, koJibna Kokca u
JIOKAJIbHO HWJIBIIOTEeHTHBIE AuddepeHuupoBaHMS,
H. B. ApxaHueB

o Arithmetical Dynamics', C. Favre

o OyHKINOHAIBHBIN uHTerpai, A. I'. CeméHOB

Kyprchbl CKOJITEXA (UUTAIOTCA B CKOJIKOBO)

OCEHb

o Kongpopmusie Teopun, M. A. Bepureiin

BECHA

o KommiekcHasa reoMmerpus, A. B. [leHckoi
o Anrebpandeckas tonoJorus, A. I'. TopuHoB

o Differential topology, A. A. Gaifullin

o AHasmuTU4ecKas Teopus uucesi, A. b. KaamMbiHuH

o I'pynnsl u anre6pst Jiu-2, E. B. ®eiirua

o [IpecTaBieHUs IPYII TPEYTOJIbHBIX MaTPUL] HA
KOHeYHBIMU noJiAMYU, A. A. Kupusios

o Dynamics And Ergodic Theory, A. S. Skripchenko,
A. V. Zorich

o CyryuaiiHble mpoueccsl, M. JI. BiaHk

o Analysis of several complex variables, A. A. Glutsyuk
o MdYHKINOHAJIBHBIN aHau3, A. 0. [TupKoBcKUi

o YpaBHeHHA ¢ 4YacCTHBIMH HPOU3BOAHBIMH,
B. B. YenbrxoB

o KBaHTOBas Teopus noJis, A. I'. CeMéHOB

o CTaTHcTUYecKas MeXaHHKa: CTporve pe3yJibTa-
ThI, C. B. Ill;T0OCMaH

o Ciy4aiiHble MaTpHIbI, cJIydyaiiHble IpoOIecchl U
UHTerpupyemsie mogenu, A. M. IToBosionkuii

o duHaHCcoOBas MareMaTuka, A. B. KostecHUKOB

BECHA

o Kamu6poBouHsie Teopuu, A. A. PocJiblit

1Kypc 6yaeT uuTaThes TOJIBKO B HepBoM MofyJie (CeHTAGPb—OKTAGPE), HarpysKa: 1 Jeknus B HeAesio, CTOMMOCTD: 2 KpeJuTa.
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AHTJIOA3BIYHBIE KYPCBI HAYAJIBHOT'O YPOBHSA

Kypc «Mathematical methods of science» siBifgeTcsa 06A3amestbHbIM 11 CTYAEHTOB MarucTpaTypbl U MOXeT
OBITH B3AT B KauecTBe CIeENKypca CTyJeHTamu OakasiaBpuaTa. Bce ocTajsipHbBIe KypCHl B 3TOM pasfesie NMeoT
camblil HAYaTbHYLIL YPOBEHb U IIpeJHa3HaueHH! B IePBYI0 ouepeib A1 MHOCTPAHHBIX CTYIeHTOB MarmucTepcKoi
nporpammbl «Mathematicsy u coBmectHoit ¢ HMY nporpammer «Math in Moscowy.

OCEHb

o Algebra and Arithmetics, V. S. Zhgoon
o Classical Analysis and ODE, T. Takebe
o Introduction to Combinatorial
Yu. M. Burman

o Topics in differential and algebraic topology,
P. E. Pushkar

° Mathematical
A. S. Tikhomirov

Theory,

methods of science,

BECHA

o Geometry and Topology, V. A. Kiritchenko
o Basics of Functional Analysis, M. Z. Rovinsky
o Advanced Linear Algebra, K. G. Kuyumzhiyan

HEMATEMATHUYECKHUE KYPCbI, YUTAEMBIE HA ®AKYJIbTETE MATEMATHKHA

OTH KypCBl YUTAIOTCA COTPYAHUKAMU APYTrUX (PaKyJIbTeTOB U IpeAHa3Ha4YeHbl TeM, KTO X0ueT U3y4YUThb Te WUJIU
nHble obJiacTy 3a npefesaMu MateMaTuku. Kpome kypcos «IIporpammupoBaHue» (06a cemectpa), «DKOHO-
MeTpuKay U «MamuHHoe 00y4YeHre», KOTOPhle He YUUTHIBAIOTCA B OrPaHUYeHNU Ha CyMMapHOe YKMCJI0 HeMa-
TeMaTuueckux Kypcos B U¥Tle, Bce ocTasibHBIE KypChl yUUTHIBAIOTCSA B 3TOM OrpaHUYeHNN HapaBHe ¢ Kypcamu,

YrTaeMbIMH Ha APYyrux ¢axyabrerax BIID.

OCEHb

o OCHOBBI mporpaMMmupoBanus Ha Python, 1-ii ce-
Mmectp?, M. C. I'ycToKamuH

o MammnHoe 06yuyeHue, U. B. lllypos

o MaTreMaTuyeckue MOJEJH 3KOHOMMYECKHX CHU-
crem, M. U. JleBuH

o MaTemaTuyeckasa JIMHTBUCTUKA, b. JI. Homaun

BECHA

o OCHOBBI mporpaMMupoBanusa Ha Python, 2-ii ce-
Mmectp, B. E. UBaHHOKOBa

o DKOHOMeTpHKa, II. H. KaTsiieB

o MeToapI cOopa ¥ aHaAJIM3a COIUOJIOTUYECKHUX JaH-
HbIX, J{. C. [lIMepJsiMHT

o dusocodpusn-2, A. B. MuxaiyioBckuit

2Kypc B dpopmare «blended learning» o marepuanam https://ru.coursera.org/learn/python-osnovy-programmirovaniya.
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CEMUHAPBI

JUJTA MJIAJIIIUX KYPCOB

OCEHb

o OcHOBHBIEe MOHATHA MaTematuku'', 10. M. BypmaH,
C. M. JIbBOBCKUH

o TeomeTpus u rpymmsr’, O. B. Illapuman

o 'eomeTpusa u fuHamuka, A. B. Kimumenko, I'. Y. Omb-
maHckui, A. C. CKpUmmueHKo

o IIpoexTHBHas anre6panyeckas reomerpusa’, U. B. Ap-
TaMkuH, A. C. Tuxomupos

o Combinatorics of Vassiliev invariants, M. . KazapsH,
C. K. Jlango

o BBenieHue B Teopuio Mofeiei, B. B. lllextmaH

o AnreGpandecKuil ceMHHAp JJIA MJIAJUINX KypcoBl,
B. A. T'punieHKO

o MHOrOrpaHHMKH ¥ BBIIyKJas TIeoMeTpus’,
A. H. Octepos

o DyleMeHTapHas TeopHs NOJiA Ha peméTke’,
M. B. CkorieHKOB

J1J14 CTAPUINX KYPCOB U ACITUPAHTOB

OCEHb

o Beimyksiaa u anreGpaudeckas reometpus, B. A. Ku-
puueHko, E. 0. CmupHOB, A. U. OcTepos

o 'eomeTpusa u ananus B Teopun AuddepeHIaIbHbIX
ypaBHeHu#, U. B. BeioruH, B. A. ITo6epexHbIi

o CoBpeMeHHbIe MTpo6IeMbl MaTeMaTHU4eCcKO! JIOTUKH,
JI. . bexnemumes, A. B. Kygquuos, ®. H. [Taxomos,
J. C. IlamkaHoB, B. b. llexTmaH

o Teopus npexncrasaeHu, b. JI. ®eiirun, JI. I'. PeiOHU-
KOB

o TopongaibHble ajaredphl, UHTETPUPYEMble CUCTEMBI
u ypaBHeHus Berte, B. JI. ®eiirun

o ®dpobeHnnycoBrl MHOroobpasus, C. M. Haran3os,
I1. U. Jyana-bapkoBckuii

o F'oMoTOonnyeckas TonoJorus, A. I'. 'opuHoB
o Harmonic analysis, A. Yu. Pirkovskii

o Integrable Systems, I. Marshall

pexomeHayeTCA MOIbKO CTYAEHTaM IePBOTo Kypca.

I PexomeH IyeTCs CTyieHTaM MEepPBOro Kypca.

BECHA

o W3bpaHHble TJIaBbl JUCKPETHON MaTeMaTuUKu'
H. B. ApraMKuH

o TeomeTpus u rpymmsr’, O. B. Illsapiman

o 'eomeTpusa u fuHamMuka, A. B. Kinumesnko, I'. Y. Ob-
maHckui, A. C. CKpUImueHKo

o [IpoexTHBHas anre6panyeckas reometpus’, U. B. Ap-
TaMKuH, A. JI. l'oponeneB

o Combinatorics of Vassiliev invariants, M. D. Ka3zapsH,
C. K. Jlanno

o MaTtemaTuka ¢usndeckux ApjaeHuid, [1. M. Apcees

o [eomeTpuueckas anaredpa, A. M. JleBuH

BECHA

o Brimyksiasa u anrebpanueckas reometpus B. A. Ku-
puueHko, E. 10. CmupHOB, A. U. OcTepos

o 'eomeTpusa u ananus B Teopuu AuddepeHInaIbHbIX
ypaBHeHuii, U. B. BeioruH, B. A. [TobepexxHbIi

o CoBpeMeHHbIe MTpo6IeMbl MaTeMaTHU4ecKo! JIOTUKH,
JI. . bexnemumes, A. B. Kyaqunos, ®. H. [Taxomos,
J. C. IlamkaHoB, B. b. IlexTmaH

o Teopus npeacrasaeHut, b. JI. @eiiruy, JI. I'. PiOHU-
KOB

o TopouganbHble anreOphl, UHTErpUpyeMble CHCTEMBI
u ypaBHeHus Berte, B. JI. ®elirux

o Topnueckue MHoroo6pasus, K. I'. Kytomxusan

o Deformation theory with the view of Mori theory,
V. S. Zhgoon
o Smooth,
A. G. Gorinov
o I'eomerpusas u ToOmoJIOTHMsA OGaHaxXOBBIX IIPO-
CTpaHCTB, II. B. CeméHOB

o Introduction to the theory of integrable equations,
A. K. Pogrebkov

o IlepecTaHOBKHM, HAaKpHITUS,
M. 3. Kazapss, C. K. Jlango

o CIOXXETH U3 TEOPUU TPYIIIEI KOC U TEOPUY KBAaHTOBBIX
TPYNIL: TPOUCXOXJeHUe Y NpUMeHeHHe R-MaTpul,
I1. H. ITaTos, I1. A. CanoHOB

o MaTeMaTHKa mpolieccoB nepeHoca, K. I1. 3p16uH

PL, and topological manifolds,

NHTErpupyemMocCTb,



OBA3ATEJIbHBIM MATEMATHYECKHWIM CEMHHAP MATHCTEPCKOM ITPOTPAMMBI «KMATHEMATICS»

OTOT ceMUHap pa3/iesiéH Ha TPU He3aBUCHMBbIE CEKLUM, KaXJas U3 KOTOpPhIX paboTaeT B TeueHUe 00OuX ce-
MeCTPOB C MHTEHCUBHOCTHIO 1 mapa B Hefesmo. Kaxapiil CTyJeHT MarucTpaTyphl, 00y4Yaoricsa 1o porpaMme
«Mathematicsy, 06513aH OJIy4UTh OLIeHKY 32 pabOTy B OJJHOM M3 CEeKINI 3TOr0 ceMHHAapa B KaXJOM U3 YeTHIPEX
ceMecTpoB cBoero o0yueHus'. JIJig 3TOro JOCTATOYHO y4acTBOBATh B paboTe BRIGPAHHOI CeKI[UU 1 BHIIOJIHUT
TpeboBaHUsA, MpebsABJAeMble K CTyleHTaM eé pyKoBoauTeaaMu. CTyJeHTH APYrux o0pa3oBaTesbHBIX MPO-
rpaMMm (paxkysbTeTa MOTYT B KaXJOM K3 CeMeCTPOB BKJIIOUUTH B CBOU yueOHBIN IJIaH OAHY U3 CEKLUN 3TOro
ceMuHapa (OCeHHHUIl ceMecTp OlleHHBaeTcsA B 3 KpeuTa, BeCeHHUI — B 4 KpeJluTa) U MOJIyYUTh OI[eHKY 3a
ceMHHap Ha TeX Xe yCJIOBUSAX.

OCEHb BECHA
o Geometric structures on manifolds M. S. Verbitsky

o Probability and Stochastics, A. V. Kolesnikov,
V. Konakov

o OYHKIMOHAJIBHBIN aHAJIN3 U HEKOMMYTAaTHBHAas Teo-
MeTpus, A. 10. TTupkoBckuii

o Geometric structures on manifolds M. S. Verbitsky

o Probability and Stochastics, A. V. Kolesnikov,
V. Konakov

o OYHKIMOHAJIBHBIN aHAJIN3 ¥ HEKOMMYTaTHUBHAsA T'eo-
MeTpus, A. 10. TTupkoBckuii

MATEMATHUYECKHWE CEMUHAPBI, OPTAHU3YEMBIE COBMECTHO C IIAPTHEPAMHY ®AKYJIBTETA

OCEHb

o PUMaHOBBI OBEPXHOCTH, areOpsl JIu U MaTeMaTu-
yeckas ¢usuka (HMY; C. M. Hatausos, O. B. IlIBap1-
MaH, O. [llefiHMaH)

o Representations and Probability (IUM, Seklov Math
Inst; A. 1. Bufetov, A. Dymov, A. V. Klimenko,
M. Mariani, G. I. Olshanski)

o Teopus CTPyH M KJIACT€pHbIe MHOroodOpasus,
(CKOJITEX; A. B. Mapuiakos)

BECHA

o PUMaHOBBI IOBEPXHOCTHU, aIre6phl JIu ¥ MaTeMaTu-
yeckas ¢usuka (HMY; O. B. IlIsapiman, C. M. Haran-
30H, O. IllefiHMaH)

o Representations and Probability (IUM, Seklov Math
Inst; A. 1. Bufetov, A. Dymov, A. V. Klimenko,
M. Mariani, G. I. Olshanski)

KYPCbl, PEKOMEHIYEMBIE CTYJIEHTAM, 3AHABIIMMCS ITPUKJIAJHON MATEMATHUKOM

CtyneHTaM, y KOTOPBIX KypCOBasi MJIU BBITYCKHAs KBaJiMpUKaLOHHasA paboTa nocsieHa MpUIoKeHUsAM Ma-
TEeMaTHKH, peKOMEeHAyeTCs BKIIIUNUTD B cBoil UVYII cirefyromyie 13 epevyrcaeHHBIX BhIIIE KyPCOB:

OCEHb
o AJITOPUTMBI U1 aBTOMATHI
o MaTteMaTuyeckas CTaTUCTHKA
o CJI0KHBIE CCTEMBI: OT GU3UKU A0 S5KOHOMUKU
o [lenin MapkoBa
o MamuHHOe o0ydeHue

o Cekrusa «Probability and Stochasticsy o6a3aTepHOrO
HUC marucrepckoii nporpammsl «Mathematics»

1B pasHBIX cemMecTpax MOXHO BBIOMPATh PasHble CEKIUM.

BECHA
o YpaBHeHMA B YaCTHBIX TPOU3BOJHBIX
o BapuannoHHoe ucuncjieHue
o CityyaiiHble IpOILieCcChl
o dUHaHCOBas MaTeMaTHKa
o HAC CiyualiHble MaTpUllbl, cy4yaliHble IIpOLlecChl 1
WHTerpupyeMble MOJeIn
o Ceknus «Probability and Stochasticsy o6s3aTessHOTO
HUC marucrtepckoii mporpammsl «Mathematics»
o CTaTuCTHUYeCKasA MeXaHUKa: CTPOTHe pe3yJIbTaThl



OIIMCAHUA KYPCOB HA PYCCKOM

Kypchl ¢ TOMeTKOI «MAY BE GIVEN IN ENGLISHY» OyJyT YMTaThCs Ha aHTJIMHICKOM, €CJIy CJIyHiaTesid TOro 3a-
XOTAT!, UX ONMMCAHUA Ha AHTJIMICKOM JOCTYIHH HIDKe paszesie «Course descriptions in Englishy. Kypchr Ge3
IIOMEeTKH «MAY BE GIVEN IN ENGLISH» YATAIOTCA TOJIBKO HA PyCCKOM.

CIEIMAJIBHBIA KYPC «ABTOMOPMMH3MbI MHOTI'OOBPA3MM, KOJIBIIA KOKCA H JIOKAJIbHO
HUJIBITIOTEHTHBIE JU®®EPEHI[MPOBAHHSI»

JIEKTOP: U. B. ApxaH1ieB

HA3BAHHUE: ABTOMOpPMM3MbI MHOTOO0Opa3uii, koJiblia Kokca U JIOKaJIbHO HUWIbIIOTEHTHBIEe nuddepen-
IIHPOBAHUA

VUYEBHASA HATPY3KA: ocennmii cemectp 2018/19, 2 mapsl B HejeJiio, 5 KpeIUTOB 32 CEMeCTp.

OIIMCAHHME: C kaxasIM ajrebpanyeckuM MHOrooOpasreM CBsi3aHa ero rpymnmna aBToMop¢GusMoB. JTU IPyII-
Bl BecbMa pa3HooOpa3Hbl. Hampumep, rpynnsl aBTOMOP@H3MOB MPOEKTHUBHOIO MPOCTPAHCTBa, adPUHHOIO
IIPOCTPAHCTBA U ajare6panvyeckoro Topa 3TO TPyNNbl IPUHLIUNWAIBHO Pa3HBIX THUNOB. JlJIA U3y4eHHuA Tpyni
aBTOMOPGU3MOB B HacTosIllee BpeMsa pa3paboTaHO HECKOJIbKO 3¢d@eKTHUBHBIX MeToAoB. Tak, Teopus KoJien
Kokca no3BoJisseT CBOAUTD ONKCaHKe Py aBTOMOP(GH3MOB MIKMPOKOro Kilacca KOMIAKTHBIX MHOI000pasuil K
adduHHOMY ciIyvaro Uiy, 6ojiee TOYHO, K ONKUCAHUIO TPy OJHOPOAHBIX aBTOMOPGU3MOB IrpalyipOBaHHBIX
anre6p. M3BecTHO, UTO cBA3HAA anrebpandeckas rpymnmna MaTpUIl IOPoXAaeTcss CBOMM MaKCHMaJIbHBIM TOPOM U
OAHOMEpHBIMI KOPHEBBIMU NOATpyNnaMu. J[efiCTBUIO TOpa COOTBETCTBYeT IpaAypPOBKa HAa COOTBETCTBYIOIEN
anrebpe, a 1eliCTBUIO KOPHEBO MOATPYIIIE — OAHOPOAHOE JIOKAJIbHO HUIBIIOTeHTHOe AuddepeHnpoBaHue.
Takoli moaxo K ONMCaHUIo IPyNI aBTOMOP)U3MOB BOCXOAUT K Kjiaccuuyeckoi pabote [lemasiopa (1970), rae
OBLIN BIIepBBIE OIpe/iesieHbl TOpHUYecKre MHOroo0pasus, a Takke BblUMCJIeHa Ipynna aBToMOpdU3MOB KOM-
[IAaKTHOT'O TOPHUYECKOI'0 MHOrooOpasusl.

ITPOTPAMMA: Mbl HaUHEM KypcC € CUCTEMaTHYeCKOro U3y4eHusA rpaJyupoOBaHHBIX ajire0p 1 JIOKaJIbHO HUJIb-
MmoTeHTHHIX AuddepeHnrpoBanuii Ha Takux ayreop. [locse storo GydeT omnpenaesieHo KoJibrio Kokca asre6-
panyeckoro MHOroodpasus M CBsi3aHHas ¢ HUM KOHCTPYKIUsA GaKkTopu3aluu. JTO NO3BOJIUT HAUTU TPYIIIEL
aBTOMOPGU3MOB MHOTMX MHOroo0pasuii, onucaTh CBOMCTBA AeMCTBUA I'PyNIBl aBTOMOPGU3MOB U MCIOJIb30-
BaTh MOJIyYeHHbIEe Pe3yJIbTaThl JJIA N3y4eHUsA reOMeTpUU MHOroo0pas3uii.

YYEBHHUKNA:

1. I. Arzhantsev, U. Derenthal, J. Hausen, A. Laface. Cox rings. Cambridge Studies in Adv. Math. 144, NY,
2015.

2. David Cox. The homogeneous coordinate ring of a toric variety. J. Alg. Geom. 4 (1995), 17-50.

3. M. Demazure. Sous-groupes algebriques de rang maximum du groupe de Cremona. Ann. Sci. Ecole Norm.
Sup. 3 (1970), 507-588.

4. G. Freudenburg. Algebraic theory of locally nilpotent derivations. Enc. Math. Sci. 136, Springer (2006).

'Hanpumep, npy HaJIMYMU aHTJIOTOBOPAIMX CITyIIaTes e,
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CI'IEI_II/IAJII)HLII;’I KYPC «AJITEBPAUYECKAA TEOMETPHUA»

MAY BE GIVEN IN ENGLISH

JIEKTOP: B. A. BoJjioroackuii

HA3BAHMUME: AsirebOpaniuyecKkas reoMeTpus

VUYEBHAA HATPY3KA: ocennmii cemectp 2018/19, 2 mapsl B HeeJi0, 5 KPeIUTOB 32 CEMECTP.

OIIMCAHHME: llesib 5TOro Kypca — MOMOYb CJIyIIaTes 0 OBJIafleTh OCHOBaMI TEOPUU CXeM U UX KOTOMOJIOTHI
B 06béMe yueOHMKa P. XaTpcxopHa.

IIPEABAPHUTEJIBHAS ITOATOTOBKA: KOMMyTaTUBHasA 1 roMoJsiorndeckas aiaredpa.

ITPOTPAMMA:

o OmnpefesieHre U IepBOHavYa/IbHbIE CBOMICTBA CXEM.

o JluBusopsl, rpynmna Ilukapa.

o KorepeHTHBIE ITyYKN U UX KOT'OMOJIOT'UM.

o IuddepennuanpHeie Gopmel 1 kKoromosoruu ae Pama. J[porictBeHHOCTL Ceppa.

o Kpussle. Teopema Pumana — Poxa, ¢popmyna Pumana — I'ypsuna.

o XapakTepucTUuueckue Kjacchl, obmas teopeMa Pumana — Poxa.

o TloBepxHoctu. Teopema Xojixxa 06 UHIEKCE.

o JlokazaTesbCTBO runote3 Beiinia o g3eTa-QpyHKOMAX KPUBHIX HAJl KOHEUHBIMU MTOJIAAMM.

o BBeneHue B Teopuio JedopMaluii ¥ MpoCTpaHCTBA MoAyJiel. KOHCTPYKIUsA paliOHAJIbHBIX KPUBHIX Ha
MHoroo6pasusax ®ano: "bend and break” semma.

YYEBHHUKHA:

G. Kempf, Algebraic Varieties.
P. XaprcxopH, Anieebpauieckas ceomempus.

J. Kollar, Rational Curves on Algebraic Varieties.

KOMMEHTAPHM: Eciiu ciymaTesiam 6yeT yrogHo, Kypc 6yeT YuTaThes Ha aHTJIMHACKOM fA3BIKE.
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KYPC HAYAJIbBHOI'O YPOBHA «AJITEBPAHYECKASI TEOMETPHUA. BBO,I[HI)II;’I TEOMETPUYECKHUH
KYPC»

MAY BE GIVEN IN ENGLISH

JIEKTOP: B. C. XryH

HA3BAHHME: Asre6panyeckas reoMeTpusa. BBOaAHBIN reoMeTpruuecKui Kypc

VUYEBHASA HATPY3KA: ocennmii cemectp 2018/19, 2 mapsl B HeieJi0, 5 KpeIUTOB 32 CEMECTP.

OIIMCAHMUE: AsnreGpandeckas reoMeTpusa usydyaeT (pUIypHl, JIOKAJIbHO YCTPOEHHble KaK MHOXECTBO pellle-
HUI CHCTeMBI MOJIMHOMUAJIbHBIX YpaBHeHUH B apPuHHOM npocTpaHcTBe. C OOHOI CTOPOHBI, 3TO IPUBOAUT
K Y€TKOMY anrebpanuecKOMy ONMCAHUIO ITyOOKHUX reoMeTpUYecKUX CBOMCTB, C APYTOU CTOPOHHI, JAET «KU-
BOE» reOMeTPUYECKOe BUAEHUE «CYX0uy» ayreOpsl, 61arogapsa 4eMy abCTpaKTHbIe MAaHUIMYJIALUH ¢ popMyJiaMu
proOpeTaroT ACHBIN reoMeTprUuYecKril cMblci. Airebpanyeckas reoMeTpUsa 3aHUMaeT I[eHTpaJbHOe MeCTO B
caMbIX pa3HbIX 00JIACTAX COBpeMeHHON MaTeMaTuKU 1M MaTeMaTuyeckoi GU3uku, U sABJseTcsa Haubosiee 3¢-
(peKTUBHBIM M KPacCHMBBIM MHCTPYMEHTOM [JIA YCTAaHOBJICHMs HETPHUBUAJIBHBIX CBA3€H MEXIy KaKyIIMMUCA
JanékuMu Opyr OT Apyra sBjleHuAMU. HacToAmui Kypce ABJIAeTCA ceomempuieckum BBejeHeM B IIpeMeT U
3HAKOMUT ciymaTesiell ¢ ¢yHAaMeHTaJIbHBIMU IFeOMeTpUYeCKUMHU GUrypamMyu U KOHCTPYKIUAMU, a TaKXe C
anrebpanyecKUMU CTPYKTypaMu, KOTOpPbIE 32 HUMH CTOSAT.

NPEABAPHUTEJIbHAA ITOATOTOBKA: mnepBbiii Kypc Oakanaspuarta (anrebpa, aHajunz, reoMeTpusi, KOMOU-
HaTOPHKA, TONOJIOTUA).

ITPOTPAMMA:

o [IpoeKkTHBHBIE IPOCTPAHCTBA U IPOEKTHUBHEIE KBaAPUKU. [IpocTpaHcTBa KBaApuK. IIpAMEble, KOHUKH, KpU-
Bble BepoHese, paloHasibHbIe KpUBBIe. [l1ockue KyOnueckue KpUBbIe, CJI0KeHNe TOYeK Ha dJUIUINTHYe-
CKOU KPHBOU.

o MHoroo6pa3susi I'paccmana, Beponese u Cerpe. [IpoekTuBHbIeE MOP()HM3MEI, CBA3aHHbBIE C TEH30PHOU aJi-
rebpoii. Knetku llyGepTa.

o llestble 3JIEMEHTHI B paCIIUPEHUAX KOJIEll, CTPOeHHEe KOHEYHO MTOPOXKIEHHBIX KOMMYTATHUBHBIX ajiredp Ha/l
moJjieM, 6asrchl TPaHCI[eHIEHTHOCTU, TeopeMbl ['MIbbepTa 0 HyJIAX 1 6asrce uieasa.

o I'eoMeTpHueckas UHTepHpeTanys KOMMYTaTUBHOW aareOphl: CIeKTPhl, TOMOJI0TUA 3apHUCCKOro, reoMeT-
pudecKue cBoicTBa roMoMOpGU3MOB ajreop.

o Anrebpanueckre MHoroob6pasus. OthaennumocTb. CBoiicTBa MPOEKTUBHBIX MHOroo0Opasuii, coOCTBeH-
HOCTb. PanioHasibHble QYHKIIMU 1 paljiOHaJIbHBIE MOP()HU3MEL.

o PaznuuHble onpefeneHns pa3MepHOCTU. PaaMepHOCTH OAMHOTrOo00pa3uil U ¢JI0€B MOp(pu3MoB. Berunic-
JIleHre pa3MepHOCTeN MPOeKTUBHBIX MHOT000pa3uii.

o JIuHeliHBIE TPOCTPAHCTBA HA KBaApuKax. [IpsAMble Ha KyOnuecKux noBepxHocTsax. MHorooopasus Uxoy.

o BeKkTOpHBIE pacc/I0eHUA U YK UX ceueHUI. BeKTOopHEIe pacciioeHns Ha IPOeKTUBHOU NpAMOU. JInHe-
HBIe CHCTEMBI, OOpaTHMBble ITy4YKU U AUBU30pHL, rpynna [Tukapa. Mopduamel onpefeisieMble JUHEHHBIMU
crucTeMaMu.

o KacarenbHble 1 HOpMaJibHBIE IPOCTPAHCTBA U KOHYCHI, IJIAAKOCTD, pasayTue. TouHasA mocjaeqoBaTeib-
HOCTb DIJiepa Ha MPOEKTUBHBIX IPOCTPAHCTBAX U I'pacCMaHUaHax.

YYEBHHUKNA:
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o A. JI. TopogeHn1ieB, Anrebpa — 2.
gorod.bogomolov-lab.ru/ps/stud/algebra-3/1415/algebra-& 2015.VI.15.pdf.

o JIx. Xappuc, Anrebpanueckas reomerpus. Hauansubiii kype, « MITHMO».
o W. P. llapapesnu, OcHOBHI anrebpanyeckon reometpun I, I, «<Haykay.
o JI.Mamdopza KpacHas kHura o MHOrooopasusax u cxemax. «KMLIMHO», 2007.

o F0.MaHuH BBeZieHue B TeOpHUI0 cXeM M KBaHTOBBIe Ipymnbl. « MLIMHO», 2014.
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gorod.bogomolov-lab.ru/ps/stud/algebra-3/1415/algebra-2_2015.VI.15.pdf

KYPC HAYAJIBHOI'O YPOBHSA «AJITOPUTMbI U ABTOMATbDI»

JIEKTOP: I0. B. CaBaTees

HA3BAHHME: AJITOPUTMBI M1 aBTOMAaThI

VYEBHASA HATPY3KA: oceHHHMH ceMmecTp 2018/19, 2 mapsl B HeZieJ0, 5 KpeJUTOB 3a ceMecTp.

OIIUCAHME: M5l IIO3HAKOMHMCA C (bOpMEU'IPBElI.IHCﬁ IOHATHA «aJITOPUTM», PaCCMOTPHUM BBIYMCJIMTEIbHBIE
Moae/ I 1 pa36epéMc;1 C IOHATHUAMM BbIYMICJIMMOCTU N CJIOXKHOCTH.

IIPEABAPHUTEJIBHAA ITOATOTOBKA: He TpeOyeTcs.

ITPOTPAMMA:

o KoHeyHble aBTOMATHI.

o PeryJisipHble BBIpaXEHU.

o KoHTeKCTHO-CBOOOHBIE TPAMMAaTUKU.

o MamuHbl ThlOpUHTa.

o PaspemmMocTs U NepeyrcjanuMOCTh MHOXKECTB.
o BelunciimMele QyHKIUN.

o CJIO)HOCTb BBIYMCJICHUN.

o CioxHocTtHble kjaccel P, NP, PSPACE, L, NL.

YYEBHHKMH: M. Sipser. Introduction to the Theory of Computation.
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KYPC HAYAJIBHOT'O YPOBHSA «BBEJJEHUE B AJITEBPAUYECKYIO TOIIOJIOTHIO»

JIEKTOP: C. K. Jlanno

HA3BAHHE: BBenieHue B ajrebpanuecKyio TOMOJIOTUIO

VYEBHASA HATPY3KA: oceHHHMH ceMmecTp 2018/19, 2 mapsl B HeZieJ0, 5 KpeJUTOB 3a ceMecTp.

OITUCAHHE: Anrebpauueckas TONOJIOTHA — IIpeIMeT, HeOOXOAVMBII BCAKOMY, IUTAaHUPYIOIeMY 3aHUMAaThbCA
MaTeMaTHUKON WM MaTeMaTtuieckoil ¢pusukoil. Haubosiee OypHBIN epuof pa3BUTHUA ajireGpanveckoil TOIo-
JIOTHHY TpUIlesics Ha BTOPYI0 MoJioBUHY XX Beka. B pesysbraTe Hcnosib3oBaHMHE aaredpo-TONOJIOTHYECKOro
VHCTPYMEHTapus CTaJIo HellpeMeHHBIM aTpuOyTOM 3HAYMTeJIbHON YacTh MaTeMaTUYeCKUX KCCJIeJOBaHUM.
OT1a obJyiacTh MaTeMaTHUKU MMOPOAWJIA, HaIpUMep, Takue HalpaBJieHUsA Kak roMoJsiornieckas aarebpa u Teo-
pusa anrebp Xonda. B kypce mpefnjaraerca 3HauMTesJIbHOE KOJIMYECTBO 3aJay Ha BBIYMCJIEHHEe arebpo-
TOTIOJIOTUYECKUX XapaKTEPUCTUK PA3JINYHBIX TOOJIOTUYECKUX IIPOCTPAHCTB.

IIPEABAPHUTEJIDHAS ITOATOTOBKA: nepBhili roj1 6akajaBpruarta (CTaHgapTHBIE KYPCHl ajareOphl, aHa/I13a,
reoMeTpry, KOMOMHATOPUKU 1 TOTIOJIOTHH)

ITPOTPAMMA:

o I'padbl, MOBEPXHOCTU, CUMILIUIMAJIbBHBIE KOMILIEKCHI, CUMILTALIAJIbHbIE OTOOpaKeHUA

o IlyTu, romoTonuu myTel, pyHaaMeHTaIbHasA rPyINa, HAKPHITUA, BhIUKCIeHHe GyHAaMeHTaJIbHOM Ipyn-
IIBI

o llenHble KOMIJIEKCHI BEKTOPHBIX IPOCTPAHCTB, TOMOJIOIMH ¢ K03 GULeHTaMu B [10Jie, TOMOJIOTUU CHUM-
IJTALMAJIBHBIX KOMILJIEKCOB, TOMOJIOTUH ¢ ko3dduiireHTaMu B abesieBOI rpyIine

o Koromosioruu CUMILIMIIAIBHBIX KOMIIJIEKCOB. YMHOXEHME B KOTOMOJIOTHAX

o KiieTouHBIe KOMILJIEKCHI M KJIeTOYHBIe roMoJioruy. MHoroo6pasus. J[BoiicTBeHHOCTh Ilyankape. DieMeH-
TBl Teopun Mopca. HepaseHctBa Mopca

YYEBHHUKMUA:

o B. A. BacusnbeB. BBenenue B TonoJoruw. M.: ®@a3zuc, 1997.
o B. B. [IpacosioB. dimeMeHTH Teopuu romoJioruii. M.: MITHMO, 2006.
o P. M. Cutnep. Anrebpanueckas TONOJIOTuA — romoronuu u romosioruu. M.: Hayka, 1985.

o A. Hatcher. Algebraic Topology.
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KYPC HAYAJIBHOI'O YPOBHA «BBEAEHUE B KBAHTOBYIO TEOPHIO»

JIEKTOP: B. B. Jlocsakos

HA3BAHHE: BBejeHHEe B KBAHTOBYIO TEOPHUIO

YYEBHAS HATPY3KA: BeceHHUH ceMmecTp 2018/19, 2 mapsl B HeZieJii0, 5 KpeJUTOB 3a ceMecTp.

OITUCAHHME: ... Y Hac HET JIy4lllero CpeacTBa AJIA OMMCAaHMA dJIEMEHTAaPHBIX YaCTULl, YeM KBaHTOBasA TeOpUs
noJsiss. KBaHTOBOe moJjie — 3TO aHcamOJIb 0€CKOHEYHOr'o 4Kcjia B3auMOAENCTBYIOIUX eAPMOHUYECKUX OCYLUT-
JIAmopos. Bo30yxIeH!A 3TUX OCLHUJIIATOPOB OTOXIECTBJIAITCA ¢ yacTulamu. Ocobas posib rapMOHUYECKUX
OCLIMJJIATOPOB CBA3aHa ¢ aAAUTHUBHOCTBIO UX cniekTpa. Eciiu E| u E, — 5Hepretuyeckue yposHu, 1o £, + E, —
TOXe SHepreTUYeCKUil ypoBeHb. B TOYHOCTU TaKHUX CBOMCTB MBI OKUAaeM OT 3JIeMeHTapHBIX YacTull... Bce aTo
oueHb B yxe XIX cTojieTus, KOrja JIIOAU MbITAJIUCh CTPOUTH MeXaHUYeCcKre MOJeJIu BceX sABJieHUul. fI He BU-
Ky B 3TOM HMYero ILJIOXOT0, MTOCKOJIbKY JIil00as HeTpuBHaJIbHaA Uesa B ONpeAesIeHHOM CMBIC/Ie BepHa. Mycop
MIPOILJIOTO YacTO OKa3bIBaeTCsl COKPOBUILleM HacTosAmero (1 Hao6oport). I1o 3Toli npruurHe MBI OyZileM CMeJio
npuberaTs K pa3jIMYHbIM aHAJIOTUAM NPU OOCYXAEHUU HalllMX OCHOBHBIX MPOOJIEM.

Austexcandp Iosiskoa

[IpenopaBartens cTyaeHTaMm 1-ro kypca: «byaeM n3yyats KBAHTOBYIO TEOPDHUIO TOJIA?Y
Crynentsl: «Jla! la! A 4TO Takoe — KBaHTOBAA?»
[IpenopaBatesib: «BOT ¢ 3TOr0 U HAYHEM.»

IMPEABAPHUTEJIBHAA ITOAT'OTOBKA: HeT.

ITPOTPAMMA:

1. Kiaccuveckas Teopus Ha IIpUMepe 3JIeKTPOMarHUuTHOU BOJIHBL DJIeKTpOMarHuTHas BoJiHa — Habop rap-
MOHHYECKNX OCIAJLIATOPOB. 'aMUJIBTOHOB MTOAXOM.

2. Gedanken skcrieprMeHTHI CO CBETOM — IIPOXOX/IeHUe Yepe3 noJisapu3atop U poroaddext. BoBoa: Ham
MUp He kj1accruyeckuil. COOTHOLIEHNUA HeOoNpeIeIeHHOCTHU.

2. Cocrosanusa GpU3NUeCKON CHCTEMBI B KBaHTOBOH Teopuu. COOCTBEeHHBbIE COCTOAHMA. [IpuHIUN cynepno-
3ulMH. BepoATHOCTH Nepexojia U3 OJHOr0 COCTOSIHUA B pyroe (aMmumTyaa nepexopa). [IpocrpaHcTBo
COCTOSAAHUU — T'JIb0EPTOBO NPOCTPAHCTBO.

3. Hab6uioqaembie B KBAaHTOBOM TEOPUU — OllepaTOPhbl Ha r'IbOEPTOBOM MpocTpaHcTBe. JlelicTBue omnepa-
TOpa Ha COOCTBEHHbIE COCTOSAHUA. TpeboBaHMe CaMOCONPsKeHHOCTU oneparopa. MamepeHnue Habsrona-
eMOoU Kak 3aJja4ya Ha coOCTBeHHble 3HaueHuA. OnpepesieHre cpeJHero 3HaueHus U Aucnepcuy Haboaa-
€MOI1.

4. CooTHOIIeHNEe Heollpee/IeHHOCTU U OAHOBPEMeHHas U3MEePUMOCTh (PU3NYECKUX BeJIndYuH. KaHoHMYe-
CKHe KOMMYyTallMOHHble COOTHOIIeHUA. KaHOHYecKkoe KBaHTOBaHNEe B KBAaHTOBOI Teopuu. [ToHbIN Ha-
060p HabJI0JaeMBbIX.

5. JluHaMmuKa B KBAaHTOBOI Teopuu. YpaBHeHue [lIpeaunrepa. [aMusbTOHUAH Kak HabJIi0/1aeMas, omnpe/ie-
JAIIaAd JUHAMUKY B KBAHTOBOU TeopuH. 3ajiaya Ha cOOCTBEHHbBIE 3HAUYeHUA U COOCTBEHHEBIE COCTOSAHUA
ramMuIbTOHMaHa Kak 3ajava, pellamlias BOIPOC O AUHAMUKe MPOU3BOJIBHOIO COCTOSIHUA B KBAaHTOBOM
MeXaHUKe.

6. KBaHTOBaHMe rapMOHUYECKOT0 oclWLIsATOpa. OnepaTopsl pOXAEHUA U YHUUTOXeHUs. DJHepreTUYeCKUi
CIIEKTP U COOCTBEHHBIE COCTOAHUA.

7. KorepeHTHble cocTosAHMA. KOrepeHTHbIE COCTOAHNA KaK MUHUMU3UPYIOIIKe COOTHOLIIEHNe Heollpe/ieJieH-
HOCTU. [IMHaMHKa KOTepeHTHOT0 cOCTOAHMA. Pa3yioxkeHre eIUHULBI [IJI KOT€PEHTHBIX cocToAHu. [Tpe-
JeJIbHBIN Mepexo/] K KJIacCUuYeCcKol TEOPUU.
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YYEBHHUKNA:

o I1. lupax. [TpuHI{UNIBI KBAaHTOBOI MeXaHuku, 1979.
o P. @eituman, P. JletiToH, M. Conpic. @eliHMaHOBCKHUE JIEKI[UU 10 (PU3UKe.

o JI. JI. ®anpees, O. A. Aky6oBckuii. JIekiyu 1o KBaHTOBOM MeXaHUKe /1A CTyIeHTOB-MaTeMaTuKoB, 1980.
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KYPC HAYAJIBHOT'O YPOBHA «BBEJEHUE B TEOPUIO KATETOPHUM M TOMOJIOTUYECKYIO AJITEB-

PY»

JIEKTOP: A. JI. TopoaeHuieB

HA3BAHUME: BBejleHHE B TEOPUIO KAaTeropuil 1 rOMOJIOTUYECKYIO aredopy

VUYEBHASA HATPY3KA: oceHHuii cemectp 2018/19, 2 mapsl B HejeJlio, 5 KpeIUTOB 3a CeMecCTp.

OIIMCAHHMUE: fI3bIk KaTeropuii U PyHKTOPOB sIBJIIeTCA YHUBEPCAJIbHEIM CPeICTBOM [JiA BeIpakeHus ajredpa-
MYeCKHX CBOMCTB 00BEKTOB ¥ OTOOpaXeHNI MeXAy HUMU B TOM WJIM WHOH TeOpUH, K Kakoi Obl obyiacTu Mate-
MaTUKU OHA He OTHOCHJIACh. YMEHMe AyMaTh Ha 3TOM sA3bIKE II03BOJIAET HAXOAUTh IIPOCThIe KOHLIENTyaJIbHbIE
OTBETHI HA MHOTHE KaXXyIlecs TPy AHBIMY BOIIPOCHL M yraJibIBaTh IPABUJIbHEIE IOCTAHOBKY HOBBIX MHTEPECHBIX
3afau. Llesplo Kypca sBJIsieTCsA OBJIafieHre KaTerOpHBIMU KOHCTPYKIMAMY Ha €CTeCTBEHHBIX CoJiepKaTe/IbHBIX
[prMepax U IpruobpeTeHre HABBIKOB pabOTHl ¢ OCHOBHBIM U1 abeJsieBbIX KaTeropuil BHIYMCJINTEIbHBIM WH-
CTPYMEHTOM — KOMILJIEKCaMU 1 UX TOMOJIOTUSAMU.

NMPEABAPHUTEJIbBHAA ITIOATIOTOBKA: nepBbiii ro 6akajaBpuaTa (cTaHAapTHBIE KypChl ajre0psl, aHAIN3a,
reoMeTpuy, KOMOMHATOPUKU U TOIOJIOTUM).

ITPOTPAMMA:

Kareropuu, GyHKTOpPSHI, peAnyYku. [IpuMepsl: CUMIUIAITMAIbHBIE MHOKECTBA, TTPeIMyYKA Ha TOMOJIOT -
yecKux MpocTpaHcTBax. KaTeropus ¢yHKTOPOB, jiemMa MoHesl, pe/icTaBuMble QYHKTOPHI M 3afjlaHue
00BEKTOB YHUBepcabHBIMU cBovicTBamu. ([GM], [G], [M])

ConpsexénHble QyHKTOpPHL. [Ipenensl auarpamm. @uibtpyomuecs kateropuu. [Ipumepsr: /7, Heapxu-
MeJOBO TOILUTHEHUE KOoJiblla Z, JIoOKau3alua U HekoMMyTaTuBHEIE ipodu Ope. ([GM], [G], [M])

AnmuTuBHBIE, TOUYHBIE W abesieBbl KaTeropuu. J{uarpaMMHBIN TTOUCK, JIEMMBI O MOCJIe0BATEThHOCTSX.
[IpsMBIe CyMMBI M TTpOU3BeeHUsA. UHbeKTUBHbIE, TPOEKTHUBHBIE, (KO)Mopxaaloriye 1 (KO)KOMITaKTHBIE
00beKThI. XapaKTepu3alus KaTeEropruil MOy Jiel, 3KBUBaJIEHTHOCTh MOpUTHL. Eciii MO3BOJIUT BpeEMsI: TEO-
peMma o Bioxenuu. ([GM], [G], [M], [W])

Kareropuu KOMILJIEKCOB, TOMOTOMNHY 1 TOMOJIOTHU. [IpMephl: KOMILJIEKC Menei CUMILINI[AAJIbHOTO MHO-
XKeCTBa, pe30JIbBeHTa MO1YJIsA, Pe30JIbBEHTH MOHOMHAJIBHBIX UAeAJIOB. J[JTMHHAA TOYHASA [TOCTIEeJOBATE -
HocTb romosioruii. Konyc mopdusma. ([GM], [W])

CrnexTpaJibHbIe IOCJIeJ0BATEJIbHOCTY TOYHOM NTapkl, GUIbTPOBAHHOI'O KOMILJIEKCA U CBEPTKH OMKOMILIEK-
ca. ([GM], [W])

Ext u Tor Ha kateropuu MoAyJiel. UHbeKTUBHbBIE 1 TPOEKTUBHEBIE PE30JIbBEHTH. YMHOXEHUS Y CBEPTKU.
Komruiekcnl KomyJis, Teopema I'mnsbepra o cusurusax. ([Bl, [W])

bap-pe3osipBeHTa. Koromosioruu anre6p u rpynn. Kiaccudunupyitornue npocrpadcrtsa. ([B], [W])

Ecsii mo3BOJIUT BpeMs: TPHUAHTYJINPOBAaHHbIE KaTeropuu U NMpon3BOAHAsA KaTteropus oT abejeBol Karte-
ropuu. ([GM])

YYEBHHUKN:

[B] H. bypbaku, «['omoJsioruueckas aaredpa» (Anreopa X).

[GM] C. U. T'envpang, }0. . ManuH, «MeToabsl TOMOJIOTMYECKOU ajiredphi», yacTh 1.
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[G] A. JI. ToponeHn1ieB, «Anrebpa — 2.
http://gorod.bogomolov-lab.ru/ps/stud/algebra-3/1415/algebra-2 2015.VI.15.pdf.

[M] C. MaknetiH, «Kateropuu gjia paboTamliiero MaTeMaTUKay.

[W] C. A. Weibel, «An Introduction to Homological Algebray.

KOMMEHTAPHM: KYypC ABJIAETCS HOBBIM, HO HEKOTOPBIE €I'0 YaCTU IIpeCTaBJIEHB Ha
http://gorod.bogomolov-lab.ru/ps/stud/sha/1617/list.html
http://gorod.bogomolov-lab.ru/ps/stud/homalg/1415/list.html
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http://gorod.bogomolov-lab.ru/ps/stud/algebra-3/1415/algebra-2_2015.VI.15.pdf
http://gorod.bogomolov-lab.ru/ps/stud/sha/1617/list.html
http://gorod.bogomolov-lab.ru/ps/stud/homalg/1415/list.html

KYPC HAYAJIBHOT'O YPOBHA «BBEJJEHUE B TEOPHUIO YK CEJI»

JIEKTOP: B. 3. Illapuy

HA3BAHHME: BBejeHre B TEOPUIO UM CEIT

VYEBHASA HATPY3KA: BeceHHUH ceMmecTp 2018/19, 2 mapsl B HeZieJi0, 5 KpeJUTOB 3a ceMecTp.

OITUCAHHMUE: Teopus unces COCTOUT M3 MHOXeCTBa pa3HOOOpPA3HbIX BOIIPOCOB U METOAOB UX HCCIeJOBAHUA.
Kypc comepxur e uactu. [lepBas yacth mocesiieHa NoApoOHOMY U3YUEHUIO dJIEMEeHTapHON Teopuu uucest
C UCMOJIb30BaHNEM UHCTPYMEHTOB BBHICIIEN MaTeMaTHKU. BTopas 4acTh [acT ciiyliaTesiAM NpejcTaBjieHne o
BO3MO>XHBIX HallpaBJIeHUAX yITyOJIeHUsA U OCHOBHBIX pe3yJibTaTax B paMKax 3TUX HallpaBJIeHUI.

NMPEABAPHUTEJIBHASA ITOATOTOBKA: nepBblil roa OakajgaBpuaTa (cTaHgapTHbEIE KypChl ajireOpHl, aHaIn3a,
reomMeTpruy, KOMOMHATOPUKU U TOINOJIOTUN)

ITPOTPAMMA:

1. [euMoOCTB U IPOCTHIE YK cJa. EBKIMIOBE kojiblia Z u Z[i]. Anroputm EBkinuga. JiuHeliHOe peicTaB-
nenue HOJl. OcHoBHasA Teopema apudMeTHUKU. p-niokaszatesu. Jlemma 06 yrouHeHuu cremneHu. [loctynar
beprpana.

2. Kosibna Be14eToB 1O MoAyJilo. OOpaTrumMeble BeYeTH. TeopeMa Buibcona. @ynknua Dusiepa U e€ CBOM-
cTtBa. Teopema Oiiiepa. Kurtatickaa Teopema 06 ocrarkax. Teopema IlleBasiie. [IpUMUTUBHBIE BBIUETHI.
KBanpaTtuunble BeIUETH (KpUTepuil Jiljiepa, KBaJpaTU4HbBIN 3aK0oH B3anMHocTu l'aycca).

3. Llenusie (HenpeprsiBHBIE) Apobu. CeoticTBa IenHbIX Apobeti. [IpubimxeHre MppaloOHaJIbHBIX YHCes
pauuoHasnbHbIMU. L{enHble ApoOY KBaApPaTUYHBIX MPPal[OHAIbHOCTEMN.

4. 3agauu Ha pemérkax. ®opmyina I[luka. Teopema biauxdenbaa. Jlemma Munkosckoro. Teopema Kposne-
Kepa. PaBHOMepHO pacnpefiesIEHHbIE ITocIeoBaTeJIbHOCTU. TeopeMa BaH-nep-BapaeHa.

5. MHorouseHsl Haf Z. HenpusoaumMele MHorowieHsl. Jlemma 'aycca. IlpusHak Jiizenmrelina. [Ipusnak
Joma.

6. MuodaHTOBHI ypaBHeHU:A. JInHeliHbIe TUOPaHTOBH ypaBHeHUsA. MeToAbl pelieHUs HeJIMHENHBIX AUO-
(aHTOBBIX ypaBHEHUI: METOJ OCTAaTKOB, METOJ pa3JIoKeHNU, METO/] OLIEHOK, MeTo/ cirycka. [Tudaropo-
BHI TpOHKU. YpaBHeHus [lesuia. CymMMEI IByX KBaaApaToB. CyMMBI YeTHIPEX KBaJAPaTOB.

7. OcHOBBI ajirebpandeckoi Teopuu yucesi. Koneunsle pacuipenusa Q. JleMma o MpocToM pacmiipeHnu.
Kosbno 1eseix. [Tosie anre6panvyeckux uncen A. Anrebpandeckas 3aMKHYTOCTh A. Teopema JInyBusiisa.
Teopema Jlungemana (6/4). TpaHCIeHOEHTHOCTD 7 U e.

8. OcHOBBI aHAJIMTHYECKOU Teopuu yucel. 'amma-pynkuus diiyiepa. [3eta-pyHkiua Pumana. Paasr [lu-
puxJie, TeopeMma Jlupuxie o6 apudpmMeTrdeckux nporpeccusax (6/n). Teopema YeObiméBa o pacipenesie-
HUU IPOCTHIX YKCEJL.

9. OcHOBBI KOMOMHATOPHOM Teopuu uucesi. Teopema Komu — [[pBeHnopra. Teopema ILoHHeKe — Pyxa.
Teopema Cemepenu (6/xa). Teopema I'puna — Tao (6/n).

10. p-agunuyeckue umcya. Heapxumenosel HopMel B O 1 nornosiHeHusA () no Hum. Kosbro Z,n ero CBOICTBA.

JlemMma I'eHzeJis.

YYEBHHUKHA:
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[D] T. [JaBeHnopT, «BBeeHue B TEOPUIO YHCETDY.

[B] A. byxmitab, «Teopus 4rice».

[H] T. Xacce, «JIekIuu 110 TEOPUU YHCETDY.

[V] U. M. BuHorpajzioB, «OCHOBBI TEOPUHU YKCET).

[U] B. B. BaBusos, A. B. YcTuHOB « MHOTrOyTrOJIbHUKY Ha PEIIETKAX».
[W] T. Beiiib, «BBegeHue B anreOpanyecKyio TEOPUIO YHCEy.

[N] M. HaTtaHcoH, «O6paTHble 3ajauyyd TEOPUU UKCEeI».

[K] C. B. KaTok, «p-aquuecKkuil aHaJIu3 B CpaBHEHUM C BellleCTBEHHBIMY.

[P] B. B. IIpacosioB, «MHOTOYJIEHb».

21



KYPC HAYAJIBHOT'O YPOBHA «BBEJJEHUE B cDYHKI.II/IOHAJIbeIfI AHAIJIA3»

JIEKTOP: A. K. Ilorpe6kosB

HA3BAHUME: BeefjeHue B QyHKIMOHAIBHBINA aHAJINU3

VYEBHASA HATPY3KA: oceHHHMH ceMmecTp 2018/19, 2 mapsl B HeZieJ0, 5 KpeJUTOB 3a ceMecTp.

OITUCAHHUE: OyHKINOHAJIbHBIN aHAIN3 eCTh aHaJIn3 B 6@CKOHEYHOMEPHBIX JINHENHBIX IPOCTPAaHCTBaX, CHA0-
XKEHHBIX HOPMOM, U TeOpHs ONepaTOPOB Ha TaKUX MPOCTpPaHCTBax. Ero MeToasl U pe3yJibTaThl UMEIOT MHOTIO-
qricJIeHHBIe IPUJIOXKEeHNUA B Pa3JIMYHbIX 00JIACTAX MaTeMaTUKU U MaTeMaTu4eckoi Gpu3nku.

IIPEABAPHUTEJIbBHAS ITOATOTOBKA: o0s3aTesibHbIEe KypChl IEPBOro roja OakajaBpuara.

ITPOTPAMMA:

1. IIpocTtpancTBa banaxa v onepaTopsl Ha HUX, TeopeMa XaHa — baHaxa.
2. O6o0uieHHble QYHKIMM YMEPEHHOro pocTa, Teopema IlIBapna.

3. IIpoctpancrBa 'misbepTa, OpTOHOPMHUPOBaHHBIE Oa3uCH, ToXxAecTBO [TapceBasa u Teopema Puca — ®u-
miepa.

4. OrpaHuyeHHbIe 1 HeOTpaHNYeHHbIEe OllepaToOphl B 'MJIbOEPTOBOM IIPOCTPAHCTBE, 3aMKHYThIE OIlepaTOpHl,
OpPTOrOHaJIbHBIE [TPOEKTOPEI, 3PMUTOBBL I CAMOCONPSXKEHHBIE ONIePaTOPHL.

5. Pe30JIbBEHTA U CIIEKTp Olleparopa.

6. CHeKTpaJ’IbHaH TeopeMa AJIA HEOIrPaHNYE€HHbBIX CaMOCOHpH)KéHHbIX OIIEpPATOPOB.

YYEBHHUKHA:

o M. Pup, B. Caiimon, «MeTo/bl COBpEMEHHOI MaTeMaTruieckoi GU3nKuy, ToM 1, « DyHKIIMOHAJIBHBIN aHa-
JIA3»

o B. C. Bmagumupos, «O60011ieHHble GQYHKINY B MaTeMaTUYeCKON GU3NKey

o U. M. T'ensdang, I'. E. [llunos, «O0061meHHbIe QYHKITUN U NeUCTBUA HAZ HUMUY, TJI. [
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CHELIHAJIbeIfI KYPC «['PYIIIIBI YU AJITEBPHI JIX — 2»

JIEKTOP: E. B. ®eiirun

HA3BAHHME: I'pynnsl 4 anrebpst Jiu — 2

VYEBHASA HATPY3KA: BeceHHUH ceMmecTp 2018/19, 2 mapsl B HeZieJi0, 5 KpeJUTOB 3a ceMecTp.

OIIMCAHMUE: Mbl HauyHEM CO CTPYKTYpHOU Teopumn anre0p Jlu M onucaHus HOJYIPOCTHIX KOMIIJIEKCHBIX
anrebp Jlu B TepMmuHax kopHei, matpul] KapraHa u auarpamm J[plHKMHA. 3aTeM MBI 00CYyOUM KOMILJIEKC-
HBIe MOJIYIIPpOCThIe rpynnsl JIu, reoMeTpuio 00OOIMEHHBIX MHOroo6pasuil ¢GJiaroB U CTpyKTypy IipefcTaBiie-
HUH €O CTpamuM BecoM. Jlajee — BelleCTBeHHbIe IPyNIbl JIM U cUMMeTpHUYecKre NMpOCTPaHCTBa, COOTBET-
CcTByOIMe UM aareOpsl JIu, cuMMeTpruyecKkre Mapsl U OrpaHnyYeHHBle CHUCTeMBl KOpHel, AuddepeHnaibHo-
reoMeTpruyeckre CBOMCTBA CUMMETPUYECKUX IIPOCTPAHCTB U CBSI3aHHBbIE C HUMU KaHOHWYeCKHe pa3JIoXeHUsA
BellleCTBeHHBIX I'pynn. B 3akitoueHne OyAyT 6ecKOHEeYHOMepHbIe IIpeCTaBIeHNs BellleCTBEHHbIX IPYNI U UX
MIPUJIOKEHNS K CHel[haIbHBIM QYHKLIUAM.

NMPEABAPHUTEJIBHASA ITIOATOTOBKA: Kypc «I'pynmsl u anredpst JIu» oceHHero cemectpa 2018/19 yu.r.

ITPOTPAMMA:

1. HuipnoTEeHTHbIE, pa3peniuMble U MOJIynpocThie anare6psl Jin. CTpyKTypa U KjiaccupUKanus MPOCTHIX
KOMILJIEKCHBIX ajireOp JIn.

2. Tonynpocteie rpynnsl JIu, 60opesieBcKkue 1 YHUIIOTEHTHBIE TOATPYIIE, MHOrooOpasus ¢Jiaros.
3. KoHeuHOMepHBIe NpeAcTaBJIeHNI OJTYIPOCTHIX KOMILJIEKCHBIX ajiredp u rpynn Jin.

4. BemlecTBeHHBIE NIOJIYIIPOCTHIE TPYIIILI M CUMMeTpHUYeCcKHe PoCcTpaHcTBa. JIokasbHasa cTpyKTypa. Passio-
xeHusa MBacasel n Kaprana. CuMMeTpHUYecKre IIPOCTPAaHCTBA KOMIIAKTHOI'O, HEKOMIIAKTHOI'O Y €BKJIU-
JoBa Tuna. /[BolicTBeHHOCTb. OTpaHU4YeHHEIe CUCTEeMBI KOPHe.

5. BeckoHeYHOMepHBIE NIPeICTABJIEHNs BEI[eCTBEHHBIX IIOJIYIIPOCTHIX Ipynn. OcHOBHaA cepuda. OnucaHue
OCHOBHOU HeyHUTapHOU cepuu rpynnsl SL(2, R). luckpeTHas cepus. CIUleTaolyde olepaTophl. Xapak-
TEPHL.

6. CnenuasbHble QYHKLINUM, peajin3yeMble KaKk MaTpUYHble 3JIEMEHTHl MIpe/CTaBJIeHUI MOATPYI I'PYIIIEL
SL(2, R).

YYEBHHUKHA:

1. 3. B. BunGepr, A. JI. Onumuk, CeMuHap 1o rpymnmnam JIu u aaredpaniecKUuM rpymnmnam.
2. C. XenracoH, [lugp@depeHnipanipbHas reoMeTpus, Ipynmsl JIu 1 cuMMeTprYecKre IIpoCTPaHCTBa.

3. U. M. Tenvdang, M. U. I'paes, H. A. BunenkuH, VHTerpaibHas reoMeTpus 1 CBA3aHHEIE C HEll BOIIPOCH!
Teopuu npepcrtasiieHnil (O600mEHHbIe PYHKINY, BHII. 5.)

4. A. Kirillov Jr., An Introduction to Lie Groups and Lie Algebras.
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CI'IEI.IPIAJII)HI)Iﬁ KYPC «[UODEPEHIIUAJIbHAA TEOMETPUA»

MAY BE GIVEN IN ENGLISH

JIEKTOP: O. B. llIBapumaH

HA3BAHHUME: ludpdepennuaspHas reoMeTpus

VUYEBHAA HATPY3KA: BeceHHUI cemecTp 2018/19, 2 mapsl B HeJjeJIi0, 5 KpeJUTOB 3a ceMecTp.
OIIMCAHME: Kypc 3agyMaH Kak 3JieMeHTapHoe BBeJeHMe B bosbiiyio JuddepennuanbpHyio 'eomerpuio.

MMPEABAPHUTEJIBHAA ITOATOTOBKA: o06s3aresibHBIe Kypchl MaTdaka Mo JIMHeHo! anrebpe, reoMeTpuu,
aHaIM3y Y TOIOJIOTUH.

ITPOTPAMMA:

1. SnemeHTtapHasa AuddepeHaibHasA 1 pUMaHOBA reOMeTpUsA peryJIApHBIX TUIePIOBEepXHOCTEN B €BKJIM-
JI0OBOM IIPOCTPAHCTBE: MapaJlyiesIbHBII IepeHOC Ha IMIIeplIoBEpXHOCTH, OToOpaxeHue I'aycca, onepaTop
¢opmbl, KpUBH3HA, reofile3nyecKue.

2. PumaHOBBI MHOr00Opasus: CBA3HOCTD JleBu — UuBHTa U napajuiesin3M, KoBapuaHTHoe quddepeHIrpo-
BaHMe BEKTOPHBIX M TEH30PHBIX 10JIeH, SKCIIOHEHI[HAIbHOe 0TOOpaXeHre U TIOJTHOTa, TeopeMa Xonda —
PunoBa, reoge3nueckre, reoMeTpusa KOMIAKTHO!N rpynmnsl JIn.

3. KpuBusHa: TeH30p KPHMBU3HHI U rayccoBa KpUBU3HA, TeH30p PUu4y, IpoCcTpaHCTBA NOCTOAHHON KPUBU3-
HBI.

4. BapuanuoHHas Teopus reofie3snyeckux: nepsas 1 BTopas Bapualiis KpHBoLl, ypaBHeHue fkobu u conps-
XKEHHBbIe TOUKHY, JleMMa ['aycca 1 noJisipHble KOOpAWHATHL, HOpMaJlbHasA cucTeMa KOOpAUHAT.

5. CBA3HOCTU: CBA3HOCTH B I'JIABHOM U B aCCOLMMPOBAHHOM BEKTOPHOM pacCJIOeHUH, NTapaJljlesibHbIN Iepe-
HOC U KOBapuaHTHOe AuddepeHIMpoBaHye ceueHni, GopmMa KpUBU3HBIL, IIJIOCKHUE CBA3HOCTU.

YYEBHHUKNA:

1. P. Bumomn, P. KputengeH. I'eomeTrpusa mHoroodpasuii. M.: Mup, 1967.
2. II. K. PameBckuii. PumaHoBa reomeTpus U TeH30pHBIN aHaim3 M.: Hayka, 1967.
3. dx. MuaHop. Teopus Mopca, M.: Mup, 1965.

4. Chavel. Modern Riemann Geometry. Academic Press.
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KYPC HAYAJIBHOI'O YPOBHA «/IOIIOJIHUTEJIbHBIE I'JIABBI AJITEBPbBI»

JIEKTOP: JI. I'. PBIOHUKOB

HA3BAHHMUE: JlonoJiIHUTeJIbHBIE TJIaBbI ajireopsl (Anredopa—4)

VYEBHASA HATPY3KA: BeceHHUH ceMmecTp 2018/19, 2 mapsl B HeZieJi0, 5 KpeJUTOB 3a ceMecTp.
OIIMCAHHME: Kypc sABjIAETCA HENOCPeCTBEHHBIM ITPO/I0/KeHEM MEePBHIX TPEX CEMECTPOB CTaHJAPTHOTO Kyp-
ca ajireOpsl [ 6akajaBpuaTa U COCTOUT U3 ABYX OOJIBIINX TeM, IO MOAYJII0 Ha Kaxaylo: (1) ajmeMeHTapHOe
BBeJIeHNeEe B KOMMYTaTHUBHYIO ajaredpy, 0 TeopeMbl ['nb0epTa 0 HyJIAX U AeIeKUHAOBBIX KOJiel], HO 6e3 roMo-

Jlormyeckou aaredpsr; (2) DjieMeHTapHOe BBe[eHle B HEKOMMYTAaTHUBHYIO ajirebpy — MOJIyIIpOCThie ajirebpsl,
JIO TIpe/ICTABJIEHNN CUMMETpUYeCcKou rpynmsl u pyHkTopos Ilypa.

IIPEABAPHUTEJIbHASA ITOATOTOBKA: Tpu ceMecTpa CTaHIapTHOIO Kypca aJjrebpsl jia 6akajsaBpuara.

ITPOTPAMMA:

1. HerepoBrl Koyiblja U MoAyJiu Hag HUMU. TeopeMa 'mnbbepTa o 6asuce. Teopema I'mibbepta 06 NHBapU-
aHTax. Jlemma Hetep o Hopmanuzanuu. Teopema 'mnb0epTa o Hysisax. Kosbija nesbix anrebpanyecKux
qyces1. ['pynna Kj1accoB 1jieasios.

2. Moaynu HaJi HEKOMMYTaTUBHBIMU KoJibllaMu. [losynpocTeie anreOpsl. TeopeMa IJIOTHOCTU U ee cJied-
ctBus. LleHTpanpHbIe IpocThie anreOpel. ['pynnosas anrebpa u Moy Haj Hell. J[BoiicTBeHHOCTh Dpo-
6enuyca. [IpeficraBieHus cuMMeTprudeckoi rpymnmbl. J{BotictBeHHOCTh Llypa—-Beiiis, pynkrops! Hlypa.

YYEBHHUKNA:

o C. Jlenr, Anrebpa.

o b. JI. Ban fgep Bapnen, Anrebpa.
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CI'IEI.IPIAJII)HLIﬁ KYPC «KKBAHTOBAS TEOPHSA ITOJISA»

JIEKTOP: A. T. CeméHos

HA3BAHHME: KBaHToBas Teopus moJiia

VYEBHASA HATPY3KA: BeceHHUH ceMmecTp 2018/19, 2 mapsl B HeZieJi0, 5 KpeJUTOB 3a ceMecTp.

OIIMCAHME: B HacrosAllee BpeMA KBaHTOBasA TeOPUs IOJIA ABJIAETCA OCHOBHBIM CPEACTBOM OIIMCAHUA fAB-
JIEHUH IPOUCXOMAMNX B MUKPOMUpeE: B3aUMOJAENCTBUA 3JIeMeHTapHbIX YacTHll, CTpOeHre aIpOHOB U T. 1. Eé
METOJbl IIUPOKO HCIOJIb3VIOTCA U B APYrUx 06JjacTsaX TeopeTuveckoul GU3NKU: KOHJeHCHPOBaHHOE COCTOS-
HUe BellleCcTBa, CTaTUCTUYecKas MeXaHHKa, Teopusa TypOyJeHTHOCTU U Jp. [IToMruMO 3TOro, KBaHTOBAsA TEOpUA
MOJIA CJIYXUT BaXXHEHNITMM CTHUMYJIOM [AJis Pa3BUTHUA MHOXeCTBa COBpeMeHHBIX MaTeMaTHUyeCcKUx KUcciieloBa-
Huil. Kypc NOCBAIMIEH M3yUYeHNI0 OCHOBHBIX HJiell 1 METOAOB KBAaHTOBOIM TEOpUM II0JIA, a TakXke 00CYXAEHUI0
MIpUMeHEHUA e€ MO/IX0/I0B K pa3/IMYHbIM 00JIaCTAM COBPEMEHHOI TEOPETUYECKON U MaTeMaTUYeCKON GUINKU.
Byner paccka3aHO O KBaHTOBaHUU CKaJIAPHBIX U KaJMOPOBOYHBIN TeOpul, MeToqe GyHKIMOHAIBHOTO NHTe-
rPUpPOBaHUs, IOCTPOEHNU TeOpUM Bo3MylleHU U quarpaMmax ®@eiiiMmana, (1 + 1)-MepHBIX TOUHO peliaeMbIX
TEOPUX, a TaK Xe O MPUMEHEHUM 3TUX MOJAX00B B Pa3JIMYHEIX 00JIaCTAX COBPEMEHHOU HayKu.

IIPEABAPUTEJIbBHASA ITIOAT'OTOBKA: 'aMUJIbTOHOBA MeXaHUKa, Y paBHEHUs C YaCTHBIMU [IPOU3BOAHEIMU,
I'pynnel u anre6pst JIu, Kinaccnueckas teopus noJisA, KBaHtoBasa MexaHUKa.

ITPOTPAMMA:

o Teopus noJsifg, cMMMeTpUM, GU3NUECKUEe peaTn3aluu.

o CKaJIApHOE T0JIe 1 ero KBaHTOBaHUe (OrepaTopHHIN MOAX0).

o HabGmogaemsle u S-maTpuria.

o Metoa QpyHKIIMOHAJIBHOTO MHTETPUPOBaHMA.

o PsAn Teopuu BO3MyllleHUN U OCTpoeHNe MelTHMaHOBCKUX AUarpaMM.
o KanmubpoBouHble NoJjid 1 0COOEHHOCTU X KBaHTOBAHMA.

o AbGesieBH 1 HeabeJieBH TeopuH, Tpiok dangeesa — [lomnoga.

o MepMHOHHBI B KBAaHTOBOI TeOpUH MOJIA.

o BeckOHeYHOCTH B KBAHTOBOM TEOPUU MOJIA U METOABl pabOTHl C HUMHU.
o dusnueckue 3¢¢exTsl B KO/l 1 MOJIEJIbHEIX CUCTEMAaX.

o (1+1)-mepHBIe CUCTEMBI.

o [IpMeHeHMEe MeTOI0B KBAHTOBON T€OPUH MOJISA B CMEXKHBIX 00JIaCTsX.

o MHTepecHble HenepTypOaTUBHEIE ABJIEHUS B MOJIeJIbHBIX cucTeMax (IIpy HaJIN4Uy BpeMeHN).

YYEBHHUKHA:

1. M. IMeckuH, [. llpenep. Beegenve B KBaHTOBYI0 Teopuio noss. Mxesck: PXJI, 2001.
2. K. Huang. Quantum Field Theory. WILLEY-VCH, 2010.
3. A. M. Tsvelik. Quantum Filed Theory in Condensed Matter Physics. CUP, 2003.
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CI'IEI.II/IAJII)HLIfI KYPC «KJIACCUYECKASA TEOPUA I1OJIA»

JIEKTOP: II. A. CartoHOB

HA3BAHHME: Kitaccuueckas Teopus noJjis

VUYEBHAA HATPY3KA: ocennuii cemectp 2018/19, 2 mapsi B HefjeJo, 5 KpeIUTOB 32 CEMEeCTp.

OITUCAHHME: Teopus NoJisA U3yvyaeT AUHAMUKY CHCTeM C 6eCKOHeYHBIM (yCJIOBHO IrOBOPs, KOHTUHYaJIbHBIM)
YI1CJIOM CTeneHel cBoboAnl. ['pymmoii cuMMeTpuril TpOCTPaHCTBa-BpeMeHU B Hell ABJisieTcs rpyimna [lyankape,
urpamwmasn pyHaaMeHTaJIbHYI0 POJib B CHelMaJbHON Teopuu oTHOcuTesbHOCTH. Kak u «['aMuIbTOHOBA Me-
XaHUKay, 3TOT KypC CTOUT OJHUM U3 NePBhIX B psAAYy 0a30BhIX KYpCOB TeopeTUueckon Gpusuku Ajid 3-4 rojga
OakajiaBpuaTa U MarucTparyphl, U CJIyXXKUT NpepeKBU3UTOM 11 «KBaHTOBOI Teopuu 1noJisin. OH HACTOATEJIBHO
peKOMeHJyeTcsA TeM, KTO YUUTCA WUJIN IJIaHUPYeT YUYUThCA [0 HallpasyeHuo «MaTeMaTrka 1 MaTeMaThyeckas
¢dusuka», HO OyJleT moJie3eH BceM He CKJIOHHBIM NpeHeOperaTth GU3NUYeCKMMU MCTOYHMKAMU uAel U 3ajaad,
JBUKYIIMX MHOTMIMH HalpaBJIeHUsAMHU COBPEMEHHO! MaTeMaTUKU.

MPEABAPHUTEJIBHAA IIOATOTOBKA: ceMecTpOBHII Kypc «MexaHuka» AJifg 2-To rofa Oakasaspuarta. XKe-
JlaTeJIbHO 3HAaKOMCTBO C OCHOBaMH TeOpHU Ipylll U anrebp JIn, ux npeAcTaBjieHN!, BEKTOPHEIM aHAJIN30M
(knaccuueckue popmyJiel 'aycca u Crokca), 00001EHHBIMU QYHKIUAMU U UX IpUMeHeHHeM B auddepeHLn-
JIbHBIX ypaBHEHUAX, HO KpaTKOe HallOMHUHaHUe HYXHBIX (PaKToB U3 3TUX obJiacTell OyIeT JaHO Ha JIeKIUAX.

ITPOTPAMMA:

1. JIarpanxeBa ¢GopMyIMpPOBKa KJIACCUUeCKOI MeXaHUKU (HalloOMHHaHKe): IPUHLUI HauMeHbIIero AeiCcTBYS,
nepBas TeopeMa Hérep, 3aKOHBI COXpaHeHUA U I'PYIIB CHMMETPUN MeXaHUYECKON CUCTEMBI.

2. OCHOBBHI cIIeMaJbHON TEOPHUU OTHOCUTEIbHOCTU: IPUHIUAN OTHOCUTEIBHOCTH DUHIITENHA, IPOCTPAHCTBO
MuHkoBcKoro, rpyIisl U anaredpsl Jlopenna u Ilyankape. CBoGoAHas pesiATUBUCTCKaA yactuia. JlelicTBue u
CHUMMETPUM PeJIATUBUCTCKOUN CTPYHEIL.

3. IIpenesbHEIN ITepexof] OT MEXaHNYeCKOH K MoJieBor crucreMe. CkajisspHOe BeliecTBeHHoe nosie. Obmiee pe-
neHue ypaBHeHus Kielina — 'opioHa.

4. [TpuHIUII HaMMEeHbIIero eCTBUA B MOJIEBBIX MOJEJIAX, epBas TeopeMa HéTep, coxpaHAmuecs TOKU U
3apsAabl. TeH30p dHepruu-uMIyJibca CKaJaApHOro MoJis.

5. CBoOOAHOE 3JIEKTPOMArHUTHOE MoJie: 4-BeKTOp MOTeHI1ala U TeH30p HaNpsHKEHHOCTH, ypaBHeHUs Makc-
Besuia. KannubGpoBouHasa nHBapuaHTHOCTh. KymoHOBCcKkas kannOpoBka. [1iockue BOJIHEI.

6. PenATuBuCTCKaA JacTvia BO BHEUIHEM JJIEKTPOMArHUTHOM IIOJIE. YPAaBHEHUA ABUXEHNA, CHUJIA HopeHua.
ypaBHeHI/IH JABUXXEHUA 3JIEKTPOMArHMTHOI'O IOJIA B IIPUCYTCTBUM 3apsAa0B 1 TOKOB.

7. 3aKOH COXpaHeHHs SHePTrUM B 3JIeKTpoArHaMuKe. [IT0THOCTh 3HepPrum 1 NJIOTHOCTY IOTOKA SHEePruu dJIeK-
TPOMAarHUTHOTO MoJiA, BeKTop [ToiiHTuHra. TeH30p 3Heprun-UMITyJIbCa 3JIEKTPOMArHUTHOTO IMOJIA.

8. BanasawiBaromias GyHKIMA 'priHa BOJTHOBOTO ypaBHEHN, IOTeHI[1asIbl JIneHapa — Buxepra To4eyHoOro 3aps-
J1a 1 COOTBETCTBYIOLYE HANPsDKEHHOCTHU MOJIeH. DJIEKTpUYecKoe JUIIOJIbHOEe U3JIyYeHNe, yIJI0BOe U YaCTOTHOe
pacnpezesieHre ero MHTeHCUBHOCTH.

9. CaMofeliCTByIOIIMe CKaJIApHbIe NOJIA: BOJIHA-(KMHK» B CHUCTeMe CHHyC-I'OpAOH, CIOHTaHHOe HapylleHue
CHMMeTpUH, T'OJIICTOYHOBCKUE T0JIA, ABJIeHre Xurrca.

10. HeaGeneBol KaTUOPOBOYHBIE CUMMETPUU.

YYEBHHUKWU:
1. JI. . JJagpay, E. M. JIndmun, «Kypc Teopetudeckoit ¢pusuku. Teopus noJiay», T.2, Mocksa, Hayka, 1988.
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2. JIx. JxekcoH, «Knaccuuyeckas sjeKTpoauHamMukay, Mocksa, Mup, 1965.

3. P. ®eiinman, P. JlefitoH, M. CanHfc, «DynekrpoauHaMuka. @eliHMaHOBCKHe JIeKIIMU MO (pu3ukey, T.6,
Mocksa, Mup, 1977.

4. B.C. Bnagumupos, «O60011eHble PYyHKIUN B MaTeMaTH4ecKon ¢usukey, MockBa, Hayka, 1979.

5. B.C. Biagumupos, «YpaBHeHUs MaTeMaTuueckoi ¢pusuku», Mocksa, Hayka, 1981.

KOMMEHTAPHM: Hukakux crelnuanbHBIX 3HAHUI 10 GU3NKe OT cilymaTeseii Kypca He TpebyeTcs. 3amicKu
JIEKITUI U JTMCTOYKU ¢ 3aJja4aMM MPOILIBIX JIET JOCTYIHHI Ha caiite https:/math.hse.ru/field1718.
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KYPC HAYAJIBHOT'O YPOBHA «KKOMMYTATHBHAS AJITEBPA»

MAY BE GIVEN IN ENGLISH

JIEKTOP: A. C. XOpOIUIKHUH

HA3BAHHUE: BBejieHHe B KOMMYTaTUBHYIO0 ajreopy

VUYEBHAA HATPY3KA: BeceHHUI cemecTp 2018/19, 2 mapsl B HeJjeJIi0, 5 KpeJUTOB 3a ceMecTp.

OIIMCAHME: Kiaccuueckas ajredbpanyeckasi reoMeTpus M3ydyaeT MHOXeCTBa pellleH!i CUCTeM MOJIMTHOMMU-
aJIbHBIX YpaBHEHUH HaJ ajrebpanuecku 3aMKHYTHIM IoJieM. PaccMoTpeHye MOJMHOMMAIBHBIX YPaBHEHUI C
ko3 dunmenTaMu B 60Jiee CIIOKHBIX KOJIbIaX, HAIpUMep, B KOJIbLIe I1eJIbIX 0JIA ajireOpandyecKux Yncesi, Ipu-
BOJUT K COBpPEMEHHBIM 3ajjlauaM ajireOpanydecKoil reoMeTpun U Teopuu unceya. KommyratuBHad ajaredpa sB-
JISeTCs OCHOBHBIM aJirebpanyeckiM MHCTPYMEHTOM 171 OTBETOB Ha MPOCTEHIIEe BOIIPOCHl TAKOTO POa: sABJIA-
€TCA JIU CCTeMa YpaBHEeHUI KOHEUYHO MOPOXAEHHOM, MMeEEeT JIM OHa pellleHUA B TOM WA UHOM pacIIipeHnH,
CKOJIPKO HENPUBOJANMBIX KOMIIOHEHT UMeeT MHOXECTBO pellleHUM, KaKOBhI UX Pa3MEPHOCTH, TJIaJIKUA JI1 OHU
U T. 1L

IIPEABAPHUTEJIDHAS ITOATOTOBKA: o0s3aTesibHble KYPCHI IIEPBBIX TPEX ceMeCTPOB 0akKajiaBpuaTa, 0Co-
OeHHO: OCHOBHI ajreOps! (TPynmbl, KOJblia, MOJIA), JIUHelHad ajredpa (BK/Iouas TeH30pHbIe POM3Be/leHNsA),
0a30BbBIi Kypc reOMeTpPUU.

ITPOTPAMMA:

o KOJIbIIA U HJ1€aJTbI
o MOAYJIU

o Iles1as 3aBUCUMOCTD

o JIOKaJIN3alys

o TPUMapHOEe Pa3JIOXKEHUE
o JeAeKUH/IOBBI 00J1acTH

o TEOpUs Pa3MepHOCTHU

o TEH30pHOEe NpOoU3BeeHre

o IJIMHA

YYEBHHUKN:

o M. Reid, «<Undergraduate commutative algebra», CUP, 1995.
o M. Atba, U. MaknoHasg, «BBeJleHre B KOMMYTaTUBHYIO aiareopy», M.: Mup, 1972.

o G. Kemper, «A course in commutative algebra», Springer, 2010.

o

D. Eisenbud. «Commutative Algebra: With a View Toward Algebraic Geometry», NY: Springer-Verlag,
1999.
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CI'IEI.IPIAJII)HLIﬁ KYPC «KKOMITJIEKCHAA TEOMETPUA»

JIEKTOP: A. B. Ilenckoi

HA3BAHHME: KoMiiekcHasa reoMeTpus

VYEBHASA HATPY3KA: BeceHHUH ceMmecTp 2018/19, 2 mapsl B HeZieJi0, 5 KpeJUTOB 3a ceMecTp.

OIIMCAHMHE: KoMmsieKkcHas reoMeTpHus u3ydaeT KOMILIEKCHO aHaJUTH4YeCcKre MHOroo0pasus U rojomMopd-
Hble BEKTOPHBIe paccjioeHus. byiyuu TecHO cBsa3aHHOU ¢ AuddepeHUaNbHON U ajaredpanieckoil reoMeTpu-
ell, afreOpanvecKkoil TOMOJIOTHEN, TeOMeTPUYeCKUM aHaJIM30M U MaTeMaTUdeCKOou (pU3NKOMN, KOMILIeKCHasd
reoMeTpus ABJIAETCA KPacUBOU MPUBJIEKATEJIbHOM U CTPEMUTEJIBHO pa3BUBalolierica 06/1acTbio B CaMOM IieH-
Tpe COBpeMEeHHON MaTeMaTHuKH. JTOT Kypc ABJisAeTcA GyHAAMEHTOM AJiA JaJbHEHNIIero CaMOCTOATEJIbHOTO
U3y4yeHUs1 KOMILJIEKCHOM TeOMeTpUH 110 TpefJjiaraeMoil HuXe JIuTepaType.

IIPEABAPHUTEJIbHAS IIOAT'OTOBKA: 3-4 rofa OakayiaBpuarta (rjiagkue MHOrooOpasus, AuddepeHnmaib-
Has reoMeTpus, KOMILJIEKCHBIN aHaJIU3 OJHOM MepeMeHHOoM, ajareGpanyeckas TOMOJIOTHA).

ITPOTPAMMA:

o OCHOBHI Teopuu QYHKIMH HECKOJIBKUX KOMIJIEKCHBIX ITepeMeHHBIX
o IIy4ku ¥ UX KOI'OMOJIOTUU
o O6mactu B C": quddepeniiuasibabie GOPMBI, KOMILJIEKCHBIE 1 SPMUTOBHI CTPYKTYPHI.

o KommiekcHble MHOT0OOpasus, roJiloMopdHble BEKTOPHBIE PACCI0eHU, JINHEIHble paccjioeHusa U JUBU-
30pBl, pa3yTus, 3j1eMeHTH quddepeHIaabHON reoMeTpUn.

o KasepoBel MHOroOOpasus, Teopusa Xomaxa, TeopeMs! Jlepmena.

o InbdepeHnnanbHas reoMeTpyUsa: SPMUTOBBI BEKTOPHBIE pACC/IOeHMs, ABONCTBEHHOCTh Ceppa, CBA3HO-
CTH, KPUBU3HA, Kj1acChl YKeHs, TOJIOHOMHUA.

o Teopemsl Xuprie6pyxa — Pumana — Poxa u Kogaupsl.

[}

Jedopmaryy KOMILIEKCHBIX CTPYKTYP.

YYEBHHUKNA:

o D. Huybrechts, Complex Geometry — An Introduction

(]

I1. I'puddurc, Ix. Xappuc, [IpuHUUIH ajredpanyeckor reoOMeTpuu, B 2-X TOMax.

L]

K. Byasen, Teopusa Xoxa 1 KOMILJIEKCHas aarebpandeckas reoMmeTpus, B 2-X TOMax.

o A. Becce, MHOroo6pa3us JUHIITENHA, B 2-X TOMax.

o

P. Yasne, JuddepeHiipanbHoe HCUNCIeHNE Ha KOMIJIEKCHBIX MHOTO00Pa3usax.

KOMMEHTAPHM: B kauecTBe OCHOBHOrO yueGHMKA IUTAHUPYeTCs KHUra XéibpexTca, ABJIAIMAAC PaCIy-
PEeHHBIM H3JIOXKeHHeM IOJOBOro Kypca JIeKIUi, MIpOYMTaHHOro B YHuBepcureTe KénpHa. Mbl Hafjeemcs usy-
9uTh e€ 3a OJWH CeMecTp IIpU ABYX 3aHATUAX B HeJeJI0, MpeAJoKUB YacThb MaTepuasa B BUAe 3a4ad AJA
CaMOCTOATEJIBHOI'O pelleHUs.
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CI'IELIPIAJIbeIﬁ KYPC «KKOH®OPMHBIE TEOPHUN»

JIEKTOP: M. A. BepureiiH

HA3BAHUE: Adpdunnsie anre6ps! JIu 1 KOHGOpPMHaAsA TeOpHs MOJIA.

VYEBHASA HATPY3KA: oceHHHMH ceMmecTp 2018/19, 2 mapsl B HeZieJ0, 5 KpeJUTOB 3a ceMecTp.
OITMCAHHME: Kypc nocssiieH KOHQOPMHBIM TeopUuaM (TOYHee UX KUPaJIbHBIM YacTAM — BepTEKCHBIM aireo-
paMm) ¢ cummetpueii abduHHOI anre6psl JIu U TeOpUAM KOTOpbIe MOJIyYarTcsA U3 HUX 0a30BBIMH KOHCTPYK-
uAMHU. B ocHOBHOM MBI OyZileM 00CykKOaTh MaTeMaTU4ecKUe acleKThl CBA3aHHbIe C TeopHuel NpeACcTaBIeHUu!

u reomeTpuii. Kypc nipeanosiaraeTcsa OTHOCUTEJIBHO IPOABUHYTHIM.

IMMPEABAPHUTEJIBHASA ITOATOTOBKA: 3HaKOMCTBO C Teopuel ITpecTaBJIeHU pocThixX anredp JIu u 6asuc-
HBI€ TIO3HAHUA U3 JIByMEPHOU KOH(GOPMHOM TEOPUU TOJIA.

ITPOTPAMMA:

—

HanomunHaHue 13 CTPYKTYPHOU TeOpUHM U TeOpUM MpeAcTaBIeHNI IPOCTHIX U apduHHBIX anreOp Jiu.
Teopus Becca—3yMuHO, IpOCTpaHCTBO KOHGQOPMHEIX OJIOKOB.

VYpaBHeHusa KumxHuka-3amosiogquukosa. [Ipeaesnsl ypaBHeHuii K3.

Anre6pa BepimnHpe, dopmyJia Bepautze. (*) DxBuBapuaHnTHas hopmysia BepauHze.

Mopaynu BakuMoTO, CKpUHTH, UHTerpajbHble (OpPMYJIH [JIA pelleHUl ypaBHeHU K3.

KBaHTOBasA raMujbTOHOBA peAyKLUsA, KBAaHTOBEIE W -anreOpsl.

KoceT kOHCTpyKIMsA, KBAaHTOBEIE W -anreOpHl.

Pacumipenus npoussefieHus anaredp, IprUMepsl.

© ® N o kA W N

(*) CooTBeTCTBUE C KBAaHTOBHIMU rpynmnamMu — TeopeMsl JpuHdensaa—Kono u Kaxagana—Jliocrura.

—
e

(*) TeoMeTpus paccyioeHUs] KOHOOPMHBIX 6JIOKOB — KOMIAKTA(PHUKALNSA, XapaKTEPUCTUIECKHE KJIaCChI.

—
—

. (*) YpaBuenus K3 Ha puMaHOBOI [TOBEPXHOCTH.

p—
»

(*) N = 2 cynepcuMMeTpHUYEeHBIE TEOPUH.
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CTY,[[EH‘-IECKI/Iﬁ HAYYHBIM CEMUHAP «MAIIMHHOE OBYYEHUE»

PYKOBOUTEJIb: U. B. lllypos

HA3BAHHME: MamuHHOe 00yyeHUe

VYEBHASA HATPY3KA: oceHHHMH cemecTp 2018/19, 2 mapsl B HeZeJI0, 5 KpeJUTOB 3a ceMecCTp.

OIIMCAHHME: B 2018 roay HaligéTca MaJio Jitojieli, KOTOphle Obl He CJIBIIAIN O MAallTUHHOM 00yYeHUM, HO TeX,
KTO IOHUMAET, YTO 3TO TaKoe, ropasfio MeHblle. MamuHHOe o0ydeHHe HCIIOJIb3yeTCs B TeX cJIydasax, Korga
BaM HYXXHO Hay4YMThCA pellaTh KaKo-TO Kjacc 3ajad, AJ1A KOTOPOro TPYAHO HamucaTh SBHBIN aJIrOpUTM pe-
[IeHNsA, HO PY 3TOM MOXXHO HaWiTH MHOeCTBO IIPUMepOB € IPaBUJIBHBIMU OTBeTaMU. Tak, HeBO3MOXHO IIpef-
CTaBUTH cebe HaMMCAHHBIN BPYYHYI0 aJTOPUTM, KOTOPBIU ObLI ObI CIIOCOOEH OTINYUTh (POTOrpaduio KOMIKHA OT
¢oTorpaduu cobaky, HO ecjy y BaC ecTb JOCTAaTOUYHOe KoJjindecTBO (poTtorpaduil Tex U APYyrux, Bbl MOXeTe
HCIIOJIb30BaTh MalIMHHOEe 00y4yeHue, YTOOB NOCTPOUTh TAKOHM aJITOPUTM aBTOMaTUYECKHU.

NPEABAPUTEJIbHAA ITOATOTOBKA: JluHeliHas anrebpa, MaTeMaTHYeCKUi aHaym3 (0qHOMEPHBIN 1 MHO-
TOMEPHBIIT), TEOPHs BEPOATHOCTEN, 6a30Bble HABBIKY MPOTrpaMMUPOBaHMUA.

IMPOTPAMMA: B xypce Mbl 6y/ieM 00Cy>XIaTh pa3Hble MeTO/Ibl MAIIMHHOTO 00yYeHMs — HAauYWHAas C JJMHEHHBIX
perpeccuil 1 iepeBbeB pellleHn U 3aKaHUYNBasA COBPEMEHHBIMU HellpOCeTeBEIMU apXUTeKTypaMu. Mbl HAUHEM
C TeOpeTUYeCKON OCHOBBI KaXJOr0 MeTOJa, IOCMOTPUM, Kak OH paboTaeT Ha NMPOCTHIX IpuUMepax, a 3aTeM
nepenéM K IpakTU4ecKoy paboTe ¢ peaJbHBIMU JaHHBIMU.

1. O630p 3agay MamuHHOrO 06y4enus. [loctaHoBKa 3afauu «o6ydueHus ¢ yunresaeMy (supervised learning).
Meton k 6mmxanmux coceqieil. [Ipobyiema nepeobydenus. ITpokyATHE pa3MePHOCTH.

Perpeccun u knaccudukatopsl. JInHeliHble MoAenu. Peryssapusanus.

MeToasl onTUMHU3aLNU. 'paAMEeHTHBIN CITyCK U ero MoAnGUKaLNN.

Pemaromue gepesbs. ByTcTpan u 6arruHr. CiydaliHele jieca. ['pagueHTHBIN OyCTHHT.
MeTon ONOPHEIX BEKTOPOB. fapa. [[BolicTBeHHasA 3aaaya.

HetipoHHble ceTu u rjiybokoe obyueHue.

N o 0~ W Db

3amauu «oOyueHus 6e3 yuuresisa» (unsupervised learning): oreHka IJIOTHOCTH, KJlacTepusaliys, CHUXe-
HUe pa3MepHocTU. Semi-supervised learning.

8. Jlpyrue 3ajauu MalliHHOTO OOy4YeHuUs.

YYEBHHUKNA:

o Hastie T., Tibshirani R, Friedman J. The Elements of Statistical Learning (2nd edition). Springer, 2009.
o Murphy K. Machine Learning: A Probabilistic Perspective. MIT Press, 2012.

o Ian Goodfellow, Yoshua Bengio and Aaron Courville. Deep Learning. MIT Press, 2016.

KOMMEHTAPHM: OT ciymareseii TpebyeTcs 3HaHHe JIMHeHOH ajare6psl, MHOTOMEPHOTO aHa/IN3a U TeOPUN
BEpOATHOCTEll — Bac He JOJIKHBI MyraTh CJIOBA «TUIMEPIIOCKOCTbY, «TPAANUEHT), «IIJIOTHOCTb BepOATHOCTI»
U «KOBapualloOHHasA MaTpuua». Mbl Takxe OyJeM IporpaMMHUpPOBAaTh — OCHOBHBIM A3BIKOM Ha Kypce OyJeT
Python 3, ecii BB HUKOTJa He MPOrPaMMHPOBaJIU Ha HEM, OyeT OUeHb JXeJIaTeJIbHO OCBOUTH €ro 3apaHee —
HanpumMmep, PO Bce TeMbl Ha calite pythontutor.ru.
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CI'IEI_II/IAJII)HI:II;’I KYPC «OCHOBBI IPOTPAMMUWPOBAHUSA HA PYTHON»

JIEKTOPBI: M. C. I'ycrokaimuuH, B. E. UBanHukoBa, A. B. Kynuuos, /I. A. KoHTYypOB

HA3BAHHME: OCHOBHI IporpaMMupoBaHusa Ha Python

YUYEBHASA HATPY3KA: nBa ceMectpa 2018/19 yu.r., 2 mapsl B HefjeJil0, 5 KpeJUTOB 3a ceMecCTp.

OITMCAHHE: Kypc nocB:AméH NpakTUKe IpOrpaMMUpPOBaHusA Ha A3bike Python. Mbl HayunMcsa 6a3o0BoMy aHa-
JIN3y U BU3yaM3alUM JaHHBIX, OCHOBAM pa3pabOTKU B HECKOJIBKUX 00JIACTAX, MONPoOyeM COBpEMeHHbIEe HH-
CTPYMEHTHI aHAJIMTHKA U pa3paboTymka. [Ipy pemeHNN 3a1a4 U3yINUM HEKOTOPBIM MPOABUHYTHIN CUHTAKCHC
Python (Moxysu u makeTsl, leKOpPaTOPhI, TeHEPATOPHI U T.[T).

IIPEABAPHUTEJIbHAS ITIOATOTOBKA: rOTOBHOCTh UCIIOJIb30BaTh MaTeMaTUYECKHUI anmapar JIMHEHHON aJji-
reOphl U CTATUCTUKU (BIIpOYEM, MBI IIOCTAapaeMCs OCBeXaTh B MMaMATH Bce HEOOXOAUMBIE TTOHATHS).

IMPOTPAMMA: B mnepBoM ceMecTpe 3aHATHA npoxofAaT B ¢opmare blended learning mo xypcy «OCHOBBI
nporpammupoBaHus Ha Python» Ha Coursera:

https://www.coursera.org/learn/python-osnovy-programmirovaniya.

Brl oBJy1afieeTe 6a30BBIMY HaBBIKAaMU IIporpaMMupoBaHus Ha Python — ymeHuem uuraTh KOJ, UCIOJIB30BATh
0a3o0Bble KOHCTPYKIMU A3BIKA: BBI30B U olpejesieHre (PYHKIMI, CIMCKU U CJIOBAPH, LIUKJIbI, YCJIOBHBIE BBIpa-
xeHusa. TeMbl BToporo ceMectpa: 6ubanorexku pandas u numpy, WEB u HTTP, u ap. YueGHble MaTepuaJibl
JOCTYIIHBI Ha:

http://wiki.cs.hse.ru/OCHOBBI_ITpOrpaMMUPOBaHUSA Ha Python Becma 2019 mardax'.

lykazaHHBI aBTOpaMu caiiTa KUPUJUTMUECKUI apec MOXET He OTKPBIBAThCSA HAMPAMYI HEKOTOPHIMM HpocMoTpmukamu pdf-
darinos.
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https://www.coursera.org/learn/python-osnovy-programmirovaniya
http://wiki.cs.hse.ru/Основы_программирования_на_Python_весна_2019_матфак

CI'IEI.IPIAJII)HI)Iﬁ KYPC «IIPEACTABJIEHUA I'PYIIII TPEYT'OJIBHBIX MATPHUI] HAZI KOHEYHBIMH I10-
JIAMBAY

JIEKTOP: A. A. Kupuiios
HA3BAHHUE: IIpencraBjieHus rpynil TPeyroJbHBIX MAaTPUILl Ha/l KOHEYHBIMU MOJIIMH
VUYEBHASA HATPY3KA: BeceHHU# cemecTp 2018/19, 1 mapa B Heeo, 3 KpeAuTa 3a CEMECTP.

OIIMCAHMUE: Teopus mnpeacTaBjeHUI — XHUBas 00JIaCTh COBpeMeHHON MaTeMaTHKU, HaXo/smas mpuMeHe-
HUe [IOYTU BO BCEX OCTAJIbHBIX 00JIacTAX. JTO — MaTreMaTUYeCKUH annapar AJid U3yYeHUs U HCIOJIb30BaHuA
Bcex BUI0B cuMMeTpuu. OGBIYHO CUMMeTpUsA 00beKTa peajin3yeTcs Kak AelicTBre Ha HeEM HEKOTOPOI I'PYIIIIHI.
Tun rpynnel 3aBUCUT OT IPUPOJbI OObEKTa: Ha KOHEYHBIX MHOXECTBaxX AEVCTBYIOT IPYMIIH IEPEeCTAaHOBOK, HA
BEKTOPHBIX MPOCTPAHCTBaX — TPYMIBl JUHEWHBIX OllepaTOPOB, Ha r'Mjb0epTOBOM MPOCTPAHCTBE — YHUTAp-
Had rpynna, Ha MHOrooopasuax — rpynnsl auddeomopdusmoB U T.n. Teopusa npeacTaBIeHUN A7 pa3HBIX
TUNOB TPyNN BBIIJIAAUT Ho-pasHoMy. OQHAKO OJiA HIMPOKOro Kjiacca TPy CyLlecTBYeT eQUHBIA NOAXOJ K
M3y4YeHUI0 UX MIpeJicTaBJIeHUil. DTO MeTo OpOuT, KOTOPHIM paboTaeT AJiAa BcexX rpyII, obiaganmux NHOUHN-
Te3uMaJIbHBIM aHaJIorOoM — TakK Ha3blBaeMoU anreOpoil Jlu. Maeosiorusa MeToga opOUT COCTOUT B TOM, 4TO
HeIpUBOANMbIEe YHUTAPHBIE NIpeJICTaBJIEHNA IPYIIIB G CBA3aHBI C OPOMTAMU 3TOM TPYIIIEL B IPOCTPAHCTBE, ¢*,
JBOICTBEHHOM K e€ ajredpe JIn. X0Ts HEKOTOpEIE N3BEeCTHbIE MaTeEMAaTUKU T'OBOPAT O «HeO0ObACHNMOH 3ddek-
TUBHOCTW» MeToAa OpOUT, /I MaTeMaTHKOB, 3HAKOMBIX C MaTeMaTU4eckoi GU3MUKOMH, JOJKHO ObITh IOHATHO,
YTO 3TOT MEeTOJl — OJiHa M3 MaTeMaTU4eCKUX MHKapHAaIui MOHATUA KBAaHTOBaHUA. TeMOl MOUX pa3MBIIILIe-
HUH NOCJIeJHUX JIeT ObUIO IIpUMeHeHUe MeToAa OpOUT K OAHOMY TUIy KOHEYHBIX IPYMI, a UMEHHO TPyl
TPeyroJIbHBIX MaTpul] HaJl KOHEYHBIM IToJieM. HecMoTps Ha Kaxymiyocs IPpOCTOTy, 9Ta 3aJada [0 CUX IIop Aa-
Jieka OT MOJIHOTrO pellieHNs. OJHAKO yXe MOJTyueHHbIe pe3yJIbTaThl U BecbMa pa3HOOOpas3Hble MOAXOABl — OT
aHaJIM3a, FeOMeTPUN 1 TeOpUU 4YrCesl A0 CTAaTUCTUYECKOU MEXaHUKU U KBAaHTOBOU TEOPUH I0JIA, IO3BOJIAIOT
HaJeATbCsS Ha HOBblEe OTKPBITUA Aa)Xe HaUMHAIIUM MaTeMaTUKaM.

IIPEABAPHUTEJIBHAS IIOATOTOBKA: AHanu3, JuHeiiHad ajareOpa, KOMOMHATOPHKA, CUMILJIEKTAYECKas
reoMeTpusi, KBaHTOBasA MeXaHUKa U «BCe, YTO TIOHAJOOUTCA BIIPEbY.

IMPOTPAMMA: KpaTkoe BBefleHUe B IpyNIbl U anareOpsl JIu, 6asrcHble GakThl TEOPUU NIpe/iICTaBJIeHNI KOHeu-
HBIX I'PYIII, BKJII0Yas npeobpa3oBanue Oypbe, aHATOMUS TPEYTOJIbHBIX IPYIII MaJIbIX pa3MepHOCTel, GopMyJia
JIJI1 XapaKTeEpPOB B TEPMHHAX OpOUT.

YYEBHUKH:

o A. A. Kupuios. Metog opOout u KoHeuHble rpynnbl. B coopHuke «CtygeHdyeckue uteHuss MK HMY»,
BoIIyCK 1, c. 37-73. MIITHMO, Mocksa, 2000

o A. A. Kirillov. Lectures on the orbit method. AMS, Providence, RI, 2004. Russian version: HoBocu6upck,
Hayunas kuura, 2001.
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KYPC HAYAJIBHOT'O YPOBHSA «PUMAHOBBI IIOBEPXHOCTH»

JIEKTOP: C. M. JIbBOBCKUI1

HA3BAHHE: PuMaHOBHI IOBEPXHOCTU

VYEBHASA HATPY3KA: BeceHHUH ceMmecTp 2018/19, 2 mapsl B HeZieJi0, 5 KpeJUTOB 3a ceMecTp.

OITUCAHHME: CiymaTtesy cMOIyT Ha (OTHOCUTEJIBHO) POCTOM IpUMepe YBUAETh, Kak paboTaloT Ha MPaKTUKe
HEKOTOpbIe BaXkHble MOHATHA ajrebpandyeckol M aHaJIUTUYecKol reoMeTpuu. Kypc sABiseTcsa ecTeCTBEHHBIM
npopopkeHneM «Teopun GyHKINI KOMILIEKCHOT'O ITepeMeHHOro» U (0T4acTu) «AHajir3a Ha MHOT000pas3uax».
Ecnu nocsieqnue ObLJIM BaM MHTEPECHB!, TO «PUMaHOBBEI IOBEPXHOCTU» — 3TO KypcC AJiA Bac!

NMPEABAPHUTEJIBHASA ITOATI'OTOBKA: [lepBbie aABa roga 6akanaBpuaTta. OCOOEHHO CyIIeCTBEHHEBI TeOpUs
(yHKIMI1 KOMILJIEKCHOTO IIepeMeHHOr0 M BBe[leHle B TOIOJIOTHIO.

ITPOTPAMMA:

1. OnpepneneHue prUMaHOBOM IOBEPXHOCTH, IPOCTeNIMe IPUMepH U cBoycTBa. [Lv].

[TocTpoeHne KOMIAKTHOU PUMAaHOBOI MOBEPXHOCTHU MO ajredpanyecKkoMy ypaBHeHuto. [Lv], [S].
AuddepeninanbHbie GOPMBbI, UHTErpaibl U BEIYETHL. [Lv].

PazBeTBjieHHBIe HakpbITUA U GopMya Pumana-I'ypeuna. [Lv], [S].

JuBu30pel, KaHOHUYecKui kiacc. [G], [Lv].

Brruet [Tyankape. IlocTpoeHre prMaHOBOI TOBEPXHOCTHU O IJIAJIKOHM MJIM HOJaJIbHOM IIJIOCKON KPUBOIA.

N o 9 x> W N

Teopema PumaHa-Poxa: 5KBHUBaJIEHTHOCTh Pa3JINYHBIX (OPMYJIMPOBOK, MpocTekmue ciaeactsusa. [L],
[Lv].

o

JIuHeliHBIe pacciioeHUsA U JIMHeliHble cucTeMbl. [Ipumepst. [G].
9. Teopemn Pumana-Poxa, PumaHa o cyijectTBoBaHUU U ADerA—AKobu Oj1d 3JUTMNTUYECKUX KPUBBIX. [Lv].
10. Teopema AGena—fAkobu B 00mieM ciiydae: HaOpOCOK JOKa3aTeJIbCTBA U CJIENCTBUA.

11. HoxaszaTtenbcTBO TeopeMbl Pumana—Poxa mo moAayJiio Teopembl PumaHa o cyijectBoBaHuu (1o AHjpe
Berimo). [L].

YYEBHUKHA:

[G] R. Gunning. Lectures on Riemann surfaces. Princeton University Press, 1966.
[L] C. Jlenr. BBeneHnue B ajnrebpaundeckrie 1 abeseBsl pyHkuuu. M.: Mup, 1976.

[Lv] C. M. JIsBOBCKUU. [IpUHIMIIEI KOMILIEKCHOTO aHam3a. M.: MIITHMO, 2017.

[S] Ax. CnpuHrep. BeegeHue B TeOpHI0 pUMaHOBEIX ToBepxHocTen. M.: I, 1960.
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CI'IEI_II/IAJIBHLII;’I KYPC «CJIOXKHBIE CUCTEMBI: OT ®U3UKU K DKOHOMUKE»

JIEKTOP: C. M. AnieHko

HA3BAHUE: CJIOXHbIE CUCTEMBI: OT GPU3UKU K IKOHOMHUKE

VYEBHASA HATPY3KA: oceHHHMH ceMmecTp 2018/19, 2 mapsl B HeZieJ0, 5 KpeJUTOB 3a ceMecTp.

OITUCAHHE: CJIOXKHBIMU OOBIYHO HA3bIBAIOT CHCTEMBI, COCTOsAIIME M3 OOJIBIIOrO YKCJIa 3JIEMEHTOB, CHJIb-
HO B3aUMOJENCTBYIOIINX MeXJy COOOH. 1A CJIOXKHBIX CUCTEM XapaKTepHO IOsABJIEHHE COBEPIIeHHO HOBBIX
CBOFICTB y CHCTeMBI Kak 1eyioro (emergent behavior, cucremHsie 3¢@deKTs), HECBOAUMBIX K CBOHCTBAM OT-
JleJIbHBIX 3JIeMEeHTOB. J[JIA aHajin3a TaKUX CHCTeM 4acTo OblBaeT MOJIE3HO UCMOJIb30BaTh METO/bI, YCIIELIHO
IIprMeHseMble B cTaTUCTUUeckol ¢usnke. B 3ToM Kypce Mbl 06CyJUM OCHOBHBIE H/IeM PaBHOBECHOI 1 Hepas-
HOBECHOU CTaTUCTUYECKON (U3UKU U 3aTeM INOCMOTPUM, KaK OHU MOTYT IOMOYb MPU aHaJI3e HEKOTOPHIX
COILIM0-9KOHOMMYECKUX ABJIEHUH

IIPEABAPHUTEJIbHAS ITIOATOTOBKA: 1epBbili o OakaiaBpuaTa (CTaHJapTHBIE KYpChl aJredpnl U aHaIu-
3a), TeopHs BEPOATHOCTEMN, Kjlaccuyeckasi MeXaHuKa.

ITPOTPAMMA:

o Tlogxox I'mb6ca k aHAJIM3y TEPMOIUHAMMYECKOTI0 paBHOBecus. KaHOHUYECKUI M MUKPOKaHOHUYECKU
aHcaM0JI1, SHTPONUS.

o WpeanpHbIN U ciiaboHen jeasibHbIe Ta3bl, BUpUAJIbHOE pa3JjioxeHue. fIBjieHre KoHAeH calu. bo3e — OiH-
IITeTHOBCKaA KOHAeHCal[1A.

o da3oBbIe Mepexonpl, KpuTtnueckre UHAEKCH. Mogesnb WsuHra, teopusa nepkoJyAnuu. PeHopmrpymna
BunbcoHa.

o HepaBHOBecHas craTucTUYecKad MexXaHukKa. YpaBHeHUe BosbiiMaHa, H-Teopema.
o KuHeTuueckue Mofesii oOMeHa 60raTCTBOM B 5KOHO(DU3UKE.
o Mogenp V3uHra B cJiydaliHOM IIOJIe U ee MpUMeHeHHUe [JIA aHaJIM3a COI[MO0-3KOHOMUYECKUX ABJIEHUN.

o DBOJIIOLIMOHHAsA TEOPUsA UTp U NnpobjieMa Kooneparyy B MyJIbTUareHTHBIX CHCTeMax.

YYEBHHUKNA:

1. JI. [. JJannmay, E. M. JIugpmmuu. Cratuctuueckas pusuka, yactu 1,2, Hayka, 1976.

N

. I'. Crennu. da3oBble nepexoAsl U Kputudeckue asjaeHud. M. Mup, 1973.

w

. II. Kpanusckutii , C. Pequep , 3. Ben—-HauMm. KuHeTnueckuil B3rjsa Ha craTUcTAYeckKylo pusuky. ISBN:
978-5-91522-296-9.

4. B. K. Chakrabarti, A. Chakraborti, S. R. Chakravarty, A. Chatterjee. Econophysics of income and wealth
distributions, Cambridge, 2013.

5. M. A. Nowak. Evolutionary dynamics: exploring the equations of life, HUP, 2006
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CHEIMAJIBHBIA KYPC «CJIYUAMHBIE MATPHUIIbI, CJIYYAMHBIE ITPOLIECCHI 1 UHTETPUPYEMbBIE
MO JEJIN»

JIEKTOP: A. M. IToBOJIOLIKHI1
HA3BAHME: CiryyaliHble MaTpULbl, CJIy4aiiHble IIpolecchl ¥ UHTerpupyeMble MoAesIn
VYEBHASA HATPY3KA: BeceHHUH ceMecTp 2018/19, 2 mapsl B HeZieJi0, 5 KpeJUTOB 3a ceMecTp.

OIIMCAHHME: B nocsieqHMEe roapl OOHAPYXKWUJINCh HEOXUJAHHBIE CBA3M MEX/y, Ha TIePBBIi B3TJIAI, COBEPIIIEHHO
Pa3HBIMU 33/]JaYaMU MaTeMaTUKU 1 Gusnku. C MaTeMaTHueCcKol CTOPOHBI 3TO KOMOMHATOPHBIE 1 BEPOATHOCT-
HBIE 337]aull O CUCTeMax C OOJIBIIMM YMCJIOM CTerneHell CBOOOMRI: OmnrcaHue COOCTBEHHBIX 3HAUEHUI MaTpUI]
CO CJIyYyaliHBIMU 3JIeMeHTaMH, CTaTHUCTUKa cJIydyaiiHbix auarpamm IOHTra, 3amollieHue pa3jiMyHbIX o6JacTeit
TJIOCKOCTH JOMMHOIIKaMU WM poMOMKaMM, IlepeuricjieHre HellepeceKaronuxca nyTeil Ha pemérkax. C pu-
3UYEeCKOM CTOPOHHI 3TO 3a/la4l O PAcCIpPOCTPaHEHUU I'PaHUIL] pPa3desioB MeXIy cpelaMHU, OTOKax B3auMO/Iel-
CTBYIOIIMX YaCTUI], TOJIMepaXx B HEYIIOPANOYEeHHBIX cpefax u T. A. KiltoueBoe sABJieHUe 34eCh — «UHTerpupye-
MOCTBY, BJIEKYIIasi MHOXECTBO KPaCUBBIX U TOYHBIX MaTeMaTUYECKUX Pe3yJIbTaToB, CTOJIb XKe 00111e3HaUNMBIX,
KaK 3aK0H O0JIBIINX UKceJ WU [ieHTPaJibHasA MpeesibHasg TeopeMa. PaccMaTpuBas Halllv CJTydaliHble CHCTEMBI
usgajeka, Mbl OOHapyXuBaeM, YTO OHU MMeEIOT COBepIlleHHO HecJIyualiHble NpejieibHble GOPMBI, CIydaiiHbIe
OTKJIOHEHUSI OT KOTOPBIX ONTMCHIBAIOTCS HEOOJIBIITNM YKCJIOM YHUBEPCATIbHBIX BEPOATHOCTHHIX pacipe/ieleHnH,
COBepIIIeHHO He 3aBUCAMINX OT JeTajiell UCXOOHBIX crucTteM. CiIyniaTes I MO3HAKOMATCA C OYepUeHHBIM KPYTroM
BOIIPOCOB U y3HAKOT O MOCJIeHUX JOCTUXEHUAX B 3TOU 06J1acTH.

IIPEABAPHUTEJIbHAS ITOATOTOBKA: MaTeMaTuvecKuil aHa/iu3, JiIMHelHas ajrebpa, Teopus (GQYHKIIUI
KOMILJIIEKCHOTO TIepeMEeHHOT0, TeOPHs BEPOSTHOCTH.

ITPOTPAMMA:

1. PacnpenesieHrie COOCTBEHHBIX 3HAaUeHUI1 BUTHEPOBCKUX MaTpull. I1oJTyKpyTJiblii 3aKoH Buraepa. Merton
MOMEHTOB.

2. PacnpenesieHue cOOCTBEHHBIX 3HAYEHU KOBAapUIIMOHHBIX BRIOOPOYHBIX MaTpull. 3akoH [Tactypa — Map-
yeHKO. MeTtop pacupepesieHus CTuibTheca.

WHBapuaHTHBIE MaTPUYHbIE aHCaMOJIN.

OCHOBHI TEOpUM IeTEPMHUHAHTHBIX IIPOLIECCOB.

Omnpenenurenu @peAroJibMma.

MeTo 1 OpTOrOHAJIBHEIX MHOI'OUYJIEHOB.

YHuBepcasibHbIE pacnpe/iesieHusA: IPoLecch CuHyc, Jupu u beccesa. Pacnpenenenus Tpelicu Yugoma.

[TocTpoeHne KOppeJIALMOHHBIX /lep B OPTOrOHAJIBHOM U CUMILJIEKTUYeCKOM aHCaMOJIAX.

© ® N o 0 A W

Teopema KapsinHa — Makrperopa. ITocTpoeHre pacuipeHHBIX IPOLeCCOB B 3a/1a4ax O HellepeceKarolnX-
¢ OPOYHOBCKUX MOCTaX.

10. OpgHa 3ajava ¢ pa3HBIMU JIUIIAMU: POCT IIOBEPXHOCTEMN, YaCTUIIBI C OTTAJIKUBaHNEM, 3aJaya O BpeMeHU
MEePKOJIALIMY TOCJIeJHEr0 JOCTKEHUA U 3ajJjadya 0O MaKCHMMAaJIbHOM BO3pacTamliell MoAnocjaeqoBaTe/Ib-
HOCTU cJIyyaiiHOH nepectaHoBKu. CooTBeTcBue PobuHcoHa — [lleHcTena — Kuyra.

11. Teopema I'ecceisi — BueHHO 0 Hemepecekawmuxcs nyTax. [Toacuet nap Tabaur FOHra u nporecc Illypa.

YYEBHHUKNA:
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M. JI. Mexta. Ciiy4aiiHble MaTpHULIbL.

P. J. Forrester. Log-gases and random matrices.

A. Guionnet, G. W. Anderson O. Zeitouni. An Introduction to Random Matrices.
G. Blower. Random matrices: High dimensional phenomena.

A. Borodin, V. Gorin. Lectures on integrable probability.
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CI'IEI.IPIAJII)HI)Iﬁ KYPC «CIIVYAHUHBIE ITPOLIECCBI»

JIEKTOP: M. JI. biraHk

HA3BAHMUE: BBesieHUe B TEOPHIO CJIyYallHBIX IIPOIECCOB.

VYEBHASA HATPY3KA: BeceHHUH ceMmecTp 2018/19, 2 mapsl B HeZieJi0, 5 KpeJUTOB 3a ceMecTp.

OITMCAHHUE: Kypc sABisAeTcsa NpoJoJDKeHNeM CTaHJapTHOTO Kypca [0 TeOpUHN BepOATHOCTEN U NpeJiHa3Ha-
4yeH AJiA IepBOHAYaJIbHOIO O3HAKOMJIEHUSA C TeOpuel CJIydalHBIX IIPOLecCoB. YesseTcs ocoboe BHUMaHUe
CBA3U 3TOU Teopuu ¢ dakTtamu GyHKIMOHAIBHOrO aHanu3a. Kypce opueHTrpoBaH Ha 6akanaBpoB 3—4 Kypca,
MarucTpaHTOB U acClIUPaHTOB.

NMPEABAPHUTEJIBHAS ITOATI'OTOBKA: HayaJIbHBIN KypC TeOPHUM BEPOATHOCTEN U MOJIHBIN KypC aHaIn3a.

ITPOTPAMMA:

[MoHATHE cIydaliHOTrO IpoIriecca.

DJIEMEHTHI CJIy4YaliHOTO aHaJu3a.

KoppenAnumoHHas Teopys CIyYailHBIX MPOL[eCCOB.
BeckoHeuHOMepHBIe pacnpeeseHus.

MapkoBcKue IpoliecChl C AUCKPETHBIM U HellpepbIBHBIM BpeMeHeM.
BriHepOBCKUI U ITyaCCOHOBCKUM MPOLIECCHI.

Croxactuueckuii uuterpai. ®@opmyia Uro.
(Cy6/cynep)MapTUHTAJIBL.

WNHbuHNTEe3UMAaIbHBIN ONlepaTop MOJIYTPYIIIHL.

CroxacTuyeckas yCTOMYMBOCTh JUHAMUYECKHUX CHUCTEM.

Bospmyie ykJIOHeHNA B MapKOBCKUX IPOIeccax U XaoTU4eCcKON JUHaMUKe.

HenuHeliHble MapKOBCKUE MTPOIECCHL

YYEBHHUKN:

(]

[

D. Stirzaker. Elementary probability, Cambrige University Press, 2003.

A.J1. Beurnens. Kypc Teopuu ciiydaiiHbix nporeccoB. M.: Hayka. ®dusmatiaut, 1996
N.V. Krylov. Introduction to the theory of random processes. AMS. V.43, 2002.

b. Okcenpanb. Ctoxactuueckue augpdepeHunanbHele ypaBHeHuA, Mocksa, 2003

A.H. Mupses. BepoaTHocTts, 2 T. MITHMO, 2007.
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KYPC HAYAJIBHOT'O YPOBHSA «CITEITUAJIbHBIE ®YHKI[UH»

JIEKTOP: C. M. XOpOoIKUH

HA3BAHMUME: CnienuaJibHble PyHKITUH

VYEBHASA HATPY3KA: BeceHHUH ceMmecTp 2018/19, 2 mapsl B HeZieJi0, 5 KpeJUTOB 3a ceMecTp.

OIIMCAHHE: OO0I[eJOCTYITHOE BBeJIeHNe B TEOPUI0 ClelaIbHBIX QYHKIINHI, K KOUM OTHOCATCS TUIlepreoMeT-
puueckasa pyHkiua 'aycca u QpyHKIUH, NOTydeHHble TpeoOpa30BaHUAMU BEIPOXKAEHHBIX rANepreoMerpuye-
ckux GyHkimn (cpepuueckue byHkuuu, Gyaknuu beccesisi, Ovipu u 1p.). Beses 3a ayieMeHTapHBIMU QYHKITH-
AMHU, 3TU QYHKIUU BXOAAT B Oaraxk 3HaHUI BCAKOro 00pa3oBaHHOTO MateMaTuka, Gusunka, XuMuka. B uccie-
JOBAaHUM CBOICTB CIEI[UAIbHBIX (QYHKLIWN NPOABJIAETCA U3AIMECTBO METOA0B, COBMENIAIOIINX CpeACTBa Jel-
CTBUTEJILHOTO M KOMILJIEKCHOT'O aHau3a u Teopuu auddepeHIiuaabHbIX ypaBHEHUN.

NMPEABAPHUTEJIBHASA ITOATOTOBKA: CranfgapTHble KypCHl aHaausa, JJuHenHo! anreopsl, TOKII u oObIK-
HOBEeHHBIX AuddepeHNrIaIbHbIX YpaBHEeHNI.

ITPOTPAMMA:

1. Knaccuyeckas runepreomerpuueckas QyHKIMA: MHTErpajbHble NIPeICTaBJIeHNs, TUIlepreoMeTpruyecKue
TOX/JECTBa, COOTHOILIEHHWS CMEXHOCTH, OPTOrOHaJIbHble MHOrOWIeHHbl fKoOH, runepreoMeTpuyeckoe
ypaBHeHUe 110 Pumany.

2. CrnenunajbHbie PYHKIMHU, CBA3aHHBIE C BBHIPOXAEHHBIMU TUNEpPreoMeTpruuecKuMu QYHKIUAMU. BBIpOX-
JeHHOe TUIlepreoMeTpruieckoe ypaBHeHHe. ACUMITTOTHYECKHE CBOMCTBA pemeHn. OyHKIMU YUTTEKe-
pa, Jlexxanapa, diipu, Beccens.

3. IlpuiioxeHns BBIPOXKAEHHBIX FMIIepreoMeTprudeckux GyHKIMI B aHAJIM3€e U B 33la4aX MaTeMaTU4eCcKOn
pusukuy.

4. (*) TunepreomeTtpuueckue nHTerpassl. MHrerpasnsl Cenpbepra. Pemenus ypaBHeHuit KamkHuka — 3amo-
JloauukoBa 1o Bapyenko — IlexTmany.

5. (*) Bo3HUKHOBeHUe clriel{raIbHbIX QYHKINI B TEOPUY NpeICTaBIeHuil rpymnn JIu.

YYEBHHUKMHA:

1. Yurrekep, Batrcor Kypc cospemenHoro ananusa. ToMm 2.
2. Acku, Poii, OHaproc, CnenraabHble QYHKITUN.
3. Bunenkus, CrnernuasibHble QYyHKIIMU U TEOPUA IIpeiCTaBJIeHU.

4. Jle6enes, CrernajibHble QYHKINY U UX TPUITOXKEHMS.

KOMMEHTAPHﬁ: 3B63}10‘{K0ﬁ IMOME€Y€HbI NOIMMOJIHUTEJIbHBIE€ TEMBbBI, YaCTh N3 KOTOPBIX MOXET OBITh OIlyII€Ha,
€CJIM OKaXXE€TCsA MaJIoO BpEMEHU.
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CI'IEI.II/IAJII)HLIfI KYPC «CTATUCTUYECKAS MEXAHHUKA: CTPOTHUE PE3VJIBTATbBI»
JIEKTOP: C. b. lllnocmaH

HA3BAHHME: CTaTucTHYecKas MeXaHUKa: CTporve pe3yJbTaThl

VYEBHAA HATPY3KA: ocennmii cemectp 2018/19, 1 mapa B HeneJio, 3 Kpegura 3a ceMecTp.

OIIMCAHMUE: B kypce OyAyT paccKasblBaThCsl CTPOTUE pe3yJIbTaThl CTAaTUCTHUYECKON MexaHuku. CHavasa A
pacckaxy o nemnsax Mapkosa 1 06 oqJHOMEpPHBIX pacipefeneHusax 'Mb0ca — B KauecTBe MOTHUBALUM UX OIIpe-
nenenuis. [ToToM peub NOMAET O MHOTOMEPHBIX THO0COBCKUX NOJIAX. ByAeT pacckazaHo o pa3oBbIX epexodax
[IepBOro U BTOPOr'o pofa, O BEICOKOTeMIepaTypHON eqUHCTBeHHOCTH (1 paccrosHun Kantoposuua — Baccep-
mTeliHa), o Gpa3oBHIX JUarpaMmax 1 0COOEHHOCTAX CBOOOIHOM 3Hepruu u o (CJIy4aiiHBIX) ITOBEPXHOCTSAX pas-
nena ¢as. [Janee niaHUpyeTca pacckasaTh O FeOMeTPHUYeCKNX BapUalOHHBIX 3a/jayax cTaTGU3nKy U KOMOu-
HATOPHUKU.

NMPEABAPHUTEJIbBHAA ITIOATIOTOBKA: nepBbiii rog 6akajaBpuaTa (cTaHAapTHBIE KypChl ajre0psl, aHaIN3a,
TOIIOJIOTMU) U HavyaJIibHble IOHATUA TEOPUN BEPOATHOCTEI.

ITPOTPAMMA:

o IJenu MapkoBa, lepexo/iHble BEpOATHOCTHU, TeopeMa [leppoHa — dpobenuyca. ([F])

o CIIMHOBBIE CUICTEMBI, B3aMO/IeHICTBHE 1 FaMUJIbTOHUaHbL. OfHOMepHbIe r'n00CcOBCKUe IToJiA = Ienu Map-
KOBa, TpaHchep-MaTpullsl. [S]

o MapkoBckue ciiy4yaiiHble 0Ji U THO0COBCKHe 1oJiA. ['paHrYHbBIe YCIJIOBUS, CTATCYMMBI, TMO0COBCKUE T0-
Ji B KOHeYHOM 00béMe. YpaBHeHus J[oOpymunHa — Jlandopaa — Proasia (DLR). Bosbiioil kaHOHUYECKUI,
KaHOHUYECKUU U MaJiblil KAaHOHNYeCcKui aHcaMOu. [S]

o TepmoauHamuveckuii npefesi. CBobogHas sHeprus. Teopema Ban XoBa 0 He3aBUCHMMOCTH CBOOOIHOM
SHEPrUU OT TPAHUYHBIX YCJIOBUU. [S]

o (a3oBble Mepexosl 1 MHOXeCTBEHHOCTDh (a3 mpu HU3KUX Temneparypax. KonTtypsl, meton Ilaiiepica.
[MosoxuTeIbHOCTh HAMarHM4eHHOCTH NP HU3KUX TeMIepaTypax. [S]

o EquHCTBeHHOCTH (ba3bl IPU BBHICOKUX TeMIleparypax. Paccrosanue KantopoBuua. KOHCTpyKTUBHBIN KpU-
Tepuil eqUHCTBEHHOCTU. [FV]

o [ToBepxHocTHU pa3nesna ¢a3. «KécTkuey U «iiepuiaBeie» NOBepXHOCTU. [IMHHUHT U SHTPONUNUHOE OTTaJl-
kuBaHue. [FV]

o CHCcTeMEBI C HenpepsIBHON cuMMeTpurel. Teopema MepmuHa — Baraepa. ®a3oBaiii nepexof Kocrepsuia —
Taysecca — bepesuHckoro. [FV]

o IlMaxmaTHbIe olleHKU, (pa3oBrle nepexoibl B O(n)-MOeAX U HeJIMHENHBIX o-MoAesisax. [FV]

YYEBHHUKNA:

[F] ®ennep. Teopusa BepOATHOCTEN.
[S] Cunaii. Teopusa pa3oBbIX ITepexonOB.
[LL] Jlanpay, JIugpmwur. Crtatuctudeckas Gpusmka.

[FV] ®pupiu, Benenuk. CTaTrcTuveckas MexaHHKa peléTyaThiX CUCTEM.
http://www.unige.ch/math/folks/velenik/smbook/index.html
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KYPC HAYAJIBHOI'O YPOBHS «CYMMHPOBAHUE HA I'PA®AX HA ITOBEPXHOCTSX: OT CTAT®H-
3HUKU 0O UCUHCJIEHUSA IIIYBEPTA»

JIEKTOPHI: B. I'. T'opbyHoB, [. B. TaianaeB
HA3BAHHME: CymMmMupoBaHue Ha rpadax Ha IOBepXHOCTAX: OT ctaTdusuku a0 ucumnciaenus llybepra
VUYEBHASA HATPY3KA: BeceHHU# cemecTp 2018/19, 1 mapa B Heeo, 3 KpeAuTa 3a CEMECTP.

OIIMCAHMUE: 3ajaua BBIYMCJIEHUS CTAaTCyMM B CTaTUCTHUYecKol (pu3nke, MHTepIpeTHPOBaHHAas KaK 3ajava
CYMMUPOBaHUA N0 NyTAM Ha rpadax, He TOJIbKO AaJjia TOJIYOK K Pa3BUTHUI0 MHTEPECHBIX MaTeMaTU4eCKUX Me-
TOMIOB ee pellleH’s, HO TakXe HalllJla BOILJIOI[eHre B 00JIacTsAX MaTeMaTUKU Ha MEePBBIN B3IJIAL JaJIeKUX OT
craT®U3UKU, HAIpUMepP, B MaJIOMEPHON TOMOJIOTUM, TeOMETPHUUECKOI TEOPUM TMpeACTaBJIeHN, TepedncIn-
TeJIbHOM reoMeTpun. B 3TOM crienikypce Mbl 00Cy UM BaXKHbIe MPUMepPHI TAaKUX METOJIOB, Pa3BUTHIX AJIA pellle-
HUA Mofenu M3uHra, Mofesiel 3JIeKTPUUECKUX CeTel, a TakKe HeJaBHO OOHapyXeHHble IPHUMePHI ITOABJIEHUA
cTaTCyMM B MaTeMaTHKe, B TOM uucJe B ucurcjenuu IllybepTa, kKjjaccuueCcKOM U KBAaHTOBOM, Ha MHOroo0Opa-
3usax ¢uiaroB. OCHOBHOM akIleHT OyJeT c/ejlaH Ha OOIIMX CBOMCTBAX paccMaTPUBAEMBIX MOeJIel, UMEIOIINX
HeIocpeACTBEHHOE OTHOIIIeHHEe K KJIaCTepHBIM MpeoOpa30oBaHMAM, BIIOJIHE MOJIOXKUTEIbHOCTU MaTPHIl, AUC-
KpeTHbIM MHTEerpUpyeMBIM CUCTEMAaM U BHICIIMM F'OMOTOIMUYECKUM ajireOpandyecKuM CTPYKTypaM.

IIPEABAPHUTEJIbHAS ITOATOTOBKA: [lepBriii rof] 6akajiaBpuaTa; CTaHapTHBIE KyPCHI ajareOphl, aHa/I13a,
KOMOWHATOPUKHU U TOMOJIOTUU.

ITPOTPAMMA:

1. DKcKypc B CTaTUCTHUYECKYI0 MeXaHWKY, ONMCAHHE OCHOBHBIX IOCTAHOBOK 33a7jad M MaTeMaTU4ecKuX
CTPYKTYP, GUTYPUPYIOIINX B 3TOU 06J1aCTH.

2. Mopgesnp Usunra: runore3a ®eiimana, gBoricTBeHHOCTh Kpamepca —Batnbe, pellieHne BoosuueHKo U 3a-
Jada cyeTa myTel Ha rpadax.

3. Teopema Kupxroda, popmysia Buka, nerepMuHaHTHBIE cTOXacTudyeckue npouecchl. Teopema JII'B giisa
rpadoB BJIOXEHHBIX B IOBEPXHOCTD.

4. WHTerpupyemMocTb, MeTo/ TpaHchepMaTpULbl U ero BO3MOXHBIe 0000I1IeHs Ha 3-MepHBIH CJTyyail.

5. Bepenue B ucuuncyenue lly6epra, ncurcienue [llyGepra kak MHTerprpyemas Mofesib cTaTGU3NKH, YnC-
na JIuttBya—Puuap/icoHa kak CTaTCyMMBL.

YYEBHHUKMU: ¢ MaTepHrajJaoM KypcCa 4YaCTHUYHO IMEPEKPBIBAIOTCA CJIEAYIOINE KHUT'U:

o P. BakcTtep. TouHO pemaeMble MOJeJIN B CTaTUCTUUeCKOU MexaHuke. M.: «Mupy, 1985.

o A. A. BenaBuH, A. I'. Kymakos, P. A. YcmanoB. Jlekiiuu no TeopeTuveckoin ¢usuke. 2-e uszganue. M.:
MIIHMO, 2001.

KOMMEHTAPHM: KioueBble cjoBa: UHTerpupyeMele Mofean cratdu3vuky, Mofdesib M3uHra, ucuuciaeHue
[ly6epra, koMOMHaTOpHKA IyTel Ha rpadax, ypaBHeHUe n-CUMILIeKca, (BBICIIMe NopsAAKy bproa, MmaTtpousisl),
KOMOHWHATOpHKAa rumepkyoba.
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KYPC HAYAJIBHOT'O YPOBHA «TEOPHUSA ITYYKOB»

JIEKTOP: H. C. MapkapsaH

HA3BAHHME: Teopus ny4koB ¥ roMoJiornueckas ajgrebpa

VYEBHASA HATPY3KA: BeceHHUI ceMmecTp 2018/19, 1 mapa B Hefesno, 3 KpeauTa 3a ceMecTp.

OITMCAHHMUE: Teopus yYKOB ABJIIeTCA CTAaHAAPTHBIM MHCTPYMEHTOM M3Yy4YeHUs JIOKAJIbHBIX 00BEKTOB Ha pas-
JINYHBIX MHOr0o00pasuax U MOJIyuYeHUs C UX MOMOIUIbI0 IJI00aJIbHBIX NHBAPUAHTOB paccMaTpHUBaeMbIX MHOTIO-
obpasuil. OHa ABJIAeTCA XOpollell MOTUBalyeld AJIA U3yYeHNs TOMOJIOTNYeCcKoU aareOphl. Mbl MO3HAKOMUMCA
C OCHOBHBIMU NOHATUAMU T€OPUHU ITyYKOB U X KOT'OMOJIOTHM, U TOCTapaeMcs BEIyUYHUTh BCe HEOOXOAVMBble AJIA
3TOro onpefeJieHNA U TeOPEeMBl U3 TOMOJIOTUYECKOU aareOpsl.

IIPEABAPHUTEJIBHASA ITIOATOTOBKA: Tpu ceMecTpa CTaHAapTHHIX KYpPCOB ajire0phl, aHa/13a, TreoMeTpuu,
TOIIOJIOTUU U CIelKypc «BBeqjeHre B TeOPUI0 KaTerOpuil ¥ TOMOJIOTUUECKYIO ajirebpy».

ITPOTPAMMA:

o ITy4ky Ha TOMOJIOTMYECKUX NpocTpaHcTBax. Cyion, 3TajlbHOE MPOCTPAHCTBO MIpeIlyyKa, OIIyYKOBEIBAHME.
[TpsAMoii u oOpaTHEIN 00pa3. AGesieBhl Iy UK.

o Komruiekcsl 1 romoJioruu. JJIMHHasA TOYHAs TOCJENOBATEJIBHOCTh M CIIEKTPAaJIbHAS IMOCJIeq0BATEIb-
HOCTh. AGeJIeBBI KATETOPUU.

o I'moGasibHBIE ceueHUs, BAJIble MMy4YKU, pe30JibBeHTa I'ogemaHa. Koromosiornu nmyykoB M rurnepKoroMoJio-
My KOMILJIEKCOB ITyukoB. Koromosorun Yexa.

o Tonkue u MArkue nyuyku. [lydok nuddepeHnuanbHeix Gpopm Ha rjiagkomM MHoroobpasuu: jemma I[lyan-
Kape u Teopema e Pama.

o Bricmme npsmele 00passl IyYKOB, ClIeKTpaJibHas 1ocjieJoBaTesIbHOCTh Jlepe.

o CedeHMA U KOTOMOJIOTUU C KOMIIAKTHBIMU HOCUTEJISIMU.

o KorepeHTHbIe MyYKH B ajirebpanieckoli reoMeTpUM U UX reoMeTpudeckre MpuaoXkeHus.

o Kareropuu, pyHKTOpHI, IpeJIIyuYKy Ha KaTeropuw, jeMma MoHe bl, CONPSXEHHOCTD U (KO) Ipe/iesibl.

o Tonosiornu I'poTeHaMKa, MyYKU HA caliTaX, TEOPUA CIIyCKa.

YYEBHHUKHA:

o B. Fantechi et al, Fundamental algebraic geometry: Grothendieck’s EGA explained, Part 1.
o P. XapTcxopH, Anrebpanueckas reoMeTpus.
o B. Iversen, Cohomology of Sheaves, parts I-III.

o C. A. Weibel, An Introduction to Homological Algebra.
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HAYYHBIY CEMUHAP JJIA MJIAJINKUX KYPCOB «TOPUYECKUE MHOT'OOBPA3USI»

MAY BE GIVEN IN ENGLISH

PYKOBOAUTEJIb: K. I'. KyroMmxusaH

HA3BAHHUE: Topuuyeckue MHOroo0pa3us

VUYEBHAA HATPY3KA: BeceHHHI ceMecTp 2018/19, 1 mapa B HeneJ0, 3 KpeguTa 3a ceMecTp.

OIIMCAHMUE: CyliecTByeT 3aMevaTe/IbHbII cIIoco6 MOCTPOeHUs aarebpaniyecKnux MHOTooOpa3uil Mo BHIIYK-
JIBIM MHOTrOrpaHHHKaM. MHoroo0Opasus, KOTOpble BO3HMKAalT TaKMM OOpa3oM, HAa3bIBAKTCA TOPUYECKUMU.
W3 camMoro npocToro MHOIOIpaHHHUKA — CTaHAAPTHOrO CHUMILIeKCa — IIPU 3TOM I0JIy4aeTcsA NPOeKTHUBHOe
npocTpaHcTBo. KitroueBble anrebpo-reoMmerprudeckre CBOMCTBA TOPUUECKUX MHOI0O0pasuil MOXXHO IIeperoBo-
PUTH B TEDMUHAaX KOMOMHATOPHO-TeOMeTPUYEeCKUX CBOMCTB NX MHOTOIPaHHUKOB, YTO AejiaeT OOJIbIIYI0 YacTh
anrebpo-reoMeTpruYeCKUX MHBAPHUAHTOB TOPUYECKNX MHOI000pa3nii IBHO BEIYUCIIMMBIMUY, & CAMU TOpHUYecKre
MHOroo0pa3sus — OCHOBHBIM U He3aMeHHMBIM IIOJIMT'OHOM [Jisi IPOBepKU ajre0po-reoMeTpUuecKuX rurnores,
[IOMCKa IPUMEPOB U KOHTP-IIPUMEPOB, U T. A.

IPEABAPHUTEJIbHAS ITOATOTOBKA: JI/14 MOHUMAaHUA IEPBOU MOJIOBMHBI Kypca HY>XHBI OCHOBBI BBIITYKJIOH
reoMeTprUy U KOMMYTAaTHUBHON ajireOpbl, a Takxke MOHATUA adPUHHOIO M MPOEKTUBHOIO alredpandeckoro
MHoroo0pasus. 111 IOHUMaHUA BTOPOI NOJIOBUHBI Kypca XeJjlaTeJIbHO UMeTh IIpeJcTaBJIeHle O AUBU30pax U
JelcTBUU ajireOpanueckux ajreOpandecKux TPyl Ha aarebpandeckux MHOrooopasusax. TeM He MeHee, HUKa-
KOT0 IJIy0OKOI'0 3HaHUsA ajnredpanieckol reoMeTpUU OT cilyliaTesiell He IpeAriosiaraeTcs, U Bce HeoOXoqUMble
(daxTel U onpeneseHna OyAyT HAIOMUHATHCA.

ITPOTPAMMA: A PrHHBIe 11 TPOEKTUBHBIE TOPUYECKHe MHOIr000pasusi, COOTBETCTBUE MeXay KOHyCcaMH U Op-
6uramu, aBToMopGU3Mbl aPOUHHBIX TOPUUYECKHX MHOT000pa3uil 1 JIOKAJIbHO HIUJIBIIOTEHTHBIE AUddepeH -
pOBaHus, pa3pelleHre 0COOEHHOCTEN B pa3MepPHOCTHU 2 U CBA3b C IJeNTHBIMU Apo6samMu XuplieOpyxa. JJUBU30pEL
Ha TOpUYecKUX MHOroo0pasusx. Koromosioruu riagkux TOpUIeCKHUX MHOTOOOpa3uii.

YYEBHHUKHA:

o D. Cox, J. Little, H. Schenck. Toric varieties. GTM 124, AMS, 2011.

L]

W. Fulton. Introduction to toric varieties. Ann of Mathematics Studies 131, Princeton University Press,
1993.

o B. W. Janunos. 'eomeTpusa Topuueckux MHoroo6pasuii. YMH 33:2(200), 1978, c. 85--134.

o T. Oda. Convex bodies and algebraic geometry. An introduction to the theory of toric varieties. Results
in Mathematics and Related Areas (3) 15, Springer-Verlag 1988.

KOMMEHTAPHM: Kypc paccurtaH Ha CTyJeHTOB HauMHas ¢ TpeThero Kypca 6akajaBpuara.
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KYPC HAYAJIBHOI'O YPOBHA «YPABHEHUA C YACTHBIMHU ITPOU3BOJJHBIMM»

JIEKTOP: B. B. YensxoB

HA3BAHHME: YpaBHeHMs B YaCTHBIX IIPOU3BOAHBIX

VYEBHASA HATPY3KA: BeceHHUH ceMmecTp 2018/19, 2 mapsl B HeZieJi0, 5 KpeJUTOB 3a ceMecTp.

OITMCAHMUE: Bcé, 4TO MBI BUAUM, CJIBIIINM, OCsA3aeM: KoJjieOaHUA CTPYHBI, BOJIHE Ha BOAE, 3BYK, CBeT U Apyrue
3JIEKTPOMarHuTHeIE KoJieOaHus, paclpocTpaHenue Tera, Auddysus U npoyee, ONMCHIBACTCA yPaBHEHUAMU B
yacTHBIX Tpou3BoAHbIX (YpUII). OHu Havanu usydaTecs B cepeauHe XVIII Beka B Tpygax J’Anambepa, diie-
pa, bepnHysuiu, Jlarpanxa, Jlamnaca, Ilyaccona, ®@ypee. K koniy XIX Beka opopmusiack obmiasa teopus Y pUll,
TECHO CBsI3aHHAsA C APYTMMHU pasfesiaMy MaTeMaTUKd — (QYHKIMOHAJIBHEIM aHAJIN30M U Teopuel QpyHKIWII,
TOIOJIOTHeEl, anre0poii, KOMIIJIEKCHBIM aHaan30M U Ap. YpUIl akTUBHO HMCHOJIb3YIOT JOCTUXEHHUS BCeX DTUX
HayK Y, B CBOIO 0O4epe/ib, CYIECTBEHHO BJIMAIT Ha UX PasBUTHE, YKa3blBas KJII0UEBbIe HANpaBJICHNA JaIbHEl-
mero uccijiefoBaHus. M3ydyeHre KOHKPETHBIX ypaBHEeHHI MaTeMaTu4ecKoi (PU3MK{ 4acTO IPHUBOAMJIO K OT-
KPBITHIO O0OIKMX METOAO0B, IPUMEHABIINXCSA fajiee K MrpoyanieMy Kpyry 3afad. Tak Bo3HUKIIU MeToAd Dypbe,
MeTof Puna, metop l'asiepkuHa, Teopus BO3MylleHUH U Ap. [lopasuTtensHasa 3¢ GeKTUBHOCTD UX IpUMeHeHN,
4acTO SMIMPHUYECKOI0 U JIMINEHHOTO CTPOroro MaTeMaTHn4ecKoro 060CHOBaHMs, 3aCTaBJIsAjIa UCKATh IIPUYVHEI
ycIexa 1 pasBuBarh GyHAaMeHTaIbHble MaTeMaThuecKre TeOpry Ipoucxosamniero. Tak NoABUIINCE UHTerpal
®ypbe, 06001IEHHBIE QYHKIMM, TaApDMOHUYECKUI aHa/Inu3 U MHOTOe JIpyToe.

IIPEABAPUTEJIbBHAS IIOATOTOBKA: 4 cemMecTpa MaTeMaTUYeCKOro aHaJin3a, TOMOJIOrUsA, JUHAMUYeCcKue
cucTeMbl, 0OBIKHOBeHHEIe AuddepeHnabHble ypaBHEHUA.

ITPOI'PAMMA:
1. HekoTtopsie BaxHble ¢pu3ndeckue 3agauu, npusogAmue K YpUll.

OcHoBHBIe TUNHI JJUHEUHBIX Y pUll BTOpOro nopsjka.

[TocTaHOBKa OCHOBHBIX KpaeBhbixX 3a/a4. Teopema Komu — KoBasieBCKOI.

> W N

Pemienue ypaBHeHUs kojiebaHuii cTpyHsl, Gopmysa Janambepa. Meron dyphe pellieHls BOJIHOBBIX ypaB-
HeHMil. O600111eHHBIE pellleH!s YpaBHeHNA KojieO0aHUuN CTPYHBI.

5. 3amaua lItypma — JInyBusuiA. CBoiiCcTBa COOCTBEHHBIX 3HaU€HUM U COOCTBEHHBIX (QYHKIMI 3TOU 3aJauM.
®yukuuAa I'puHa 3agaun lltypma — JInyBUILIA.

6. PemieHue ypaBHeHMe TeIJIONIPOBOAHOCTH MeToAoM Dypbe U ¢ noMouibio npeobpasosanus dypee. Dop-
myJia Ilyaccona. [IpyHImun MmakcuMmymMa.

7. YpaBHeHusa u cucteMnl YpUll, koppekTHbie 110 [leTpoBCcKkoMy.

8. Pemenue 3aauyu Komy /11 BosiHOBoro ypasHeHus. ®opmysisl Kupxroda u Ilyaccona. PacnipoctpaHeHue
BOJIH.

9. Dnnuntudeckre ypasHeHusA. @opmysiel 'puHa. @yHaaMeHTaIbHOE pelleHue onepaTtopa Jlamaaca.
10. T'apmonnueckre GyHKIUM U UX cBoicTBa. [IpuHuun Mmakcumyma. Teopema JInyBuiIA.

11. O6o0meHHBIe Tpou3BOAHEIE U TpocTpaHcTBa CobosieBa. HepaseHcTBO @puapuxca. BapraliioHHBIN Me-
TO/1 pelleHusA JUTUIITHYECKUX YPaBHEeHU.

YYEBHHUKNA:
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1. Baagumupos B. C. YpaBHeHusa maremaTtudeckoi ¢usuku. — M.: Hayka, 1988.

2. Cob6oues C. JI. HekoTopsle npuiioxeHus GyHKIIMOHAJIBHOTO aHAJIN3a B MaTeMaTtuyeckol ¢usuke. — M.:
Hayxka, 1988.

3. Winbun A. M. YpaBHeHusa mateMatudeckor ¢dusuku. — M.: ®dusmaraur, 2009.
4. ly6oun M. A. Jlekuuu o6 ypaBHeHUsAX MateMaTudeckoi ¢puzuku. — M.: MITHMO, 2003.

5. Oumeitauik O. A. Jlekiuu 00 ypaBHEHMAX C YaCTHBIMU MTPOou3BOAHBIMU. — M.: BUHOM. JlabopaTopus 3Ha-
Hui, 2010.

6. JBanc JI. K. YpaBHeHus ¢ 4aCTHBIMU ITpoM3BOAHBIMU. — HoBocubupck: Tamapa Poxkosckas, 2003.

7. COOpHUK 3a/1a4 [0 YpaBHEHUAM C 4YaCTHBIMU npou3BogHeMU. Ilog pexn. A. C. lllamaesa. — M.: BUHOM,
2005.

KOMMEHTAPHM: Kypc sABjiseTca nepepaGoTaHHBIM KyPCOM YPaBHEHMI B YACTHBIX TPOU3BOOHBIX, KOTOPHIi
yuTasjca Ha paxysbTeTe MaTeMaTuku rpod. B. B. UensokoseiMm B 2013-2016 rr.
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CHE[IHAJIbeII;’I KYPC «OUHAHCOBAA MATEMATHKA»

JIEKTOP: A. B. Kos1eCHUKOB

HA3BAHUE: BBefjeHue B UHAHCOBYI0 MaTEMATHKY

VYEBHASA HATPY3KA: BeceHHUH ceMmecTp 2018/19, 2 mapsl B HeZieJi0, 5 KpeJUTOB 3a ceMecTp.

OITUCAHHE: Kypc npeacrasiisieT co60i1 BBeleHle B CTOXaCTUYECKUI aHaJIN3 C U3JI0’)KeHreM 0a30BbIX NOHA-
Tui 1 pakToB GUHAHCOBOU MaTeMaTUKu (apoutpax, GpyHaaMeHTasIbHble TeopeMbl, Teopus biska — [loysza).
B xypce craBuTcs 3ajaua 0OCBOEHUA TEXHUKU CTOXacTHYecKoro quddepeHIpoBanma 1 TeOpUY MapTHHIAJIOB,
C BKJIIOYEHUEM [IOBOJIBHO CJIOXXHBIX B TEXHMYECKOM OTHOIIEHUH, HO BAXXHBIX 1A NPUJIOXKEHUN pe3ysIbTaToB
(ypaBHeHnusa Konmoroposa, Teopema ['mpcaHosa). IToaToMy, yacTU4HO MaTepuasl Kypca OyAeT ImpefcTaBjieH
0030pHO. B Kypc Takke BKJII0UeH 0030p APYIUX pa3/ieJIoB TEOPUH BEPOATHOCTEMH, NMemuX GHUHAHCOBbIe IIPU-
JoxeHus (pacnpeaeseHus JleBu, KOMyJibl U Jp.).

IIPEABAPHUTEJIbHAS ITIOATOTOBKA: Teopuis Mephl, BBeJleHUEe B TEOPUIO BEPOSATHOCTEN.

ITPOTPAMMA:

1.

MogennpoBaHue GUHAHCOBBIX aKTUBOB. ba3oBeie (paKThl 3 TeOpHUU BepoATHOCTeH (0030pHO). MOMEHTHI
1 KyMyJIAHTBL. BakHble ceMmelicTBa pacnpefesieHuil. IleHTpasibHaA npefesibHasA TeopeMa. be3arpaHu4HO
JesiuiMble pacnpefesieHus. Teopema Jlesu — XununHa. KoppesAanuu 1 KomyJisl. OCHOBHBIE MOJIEJIBHEIE
npouecchl. Buneposckuii npotecc. ITpoueccsl Jlepu. J[po6HOe OpOYHOBCKOE [BIKEHUE.

2. Teopus apbutpaxa [Ji JUCKPeTHOro BpeMeHU. ONIMOHK U ApyTrUe IleHHble OyMaru. OgHouarosas ou-
HOMMAaIbHasA MofeJsib. MHoromarosas 6uHoMuanbHasa Moaesib U popmysa CRR. SiemMeHTH Teopuu Map-
TUHTaJIOB (AUCKpeTHOe BpeMs). BeimykJiible MHOXecTBa. TeopeMa 06 otnennmoctu. IlepBasa GpyHmameH-
TaJsibHaA TeopeMa. [lonHoTa peiHKA. Bropasa ¢ynaamenTtanbHasa Teopema. Mogeas CRR u cxoauMocTs K
mopenu Biska — [loysza. MapTHUHraael 1 MOMEHTEL OCTaHOBKU.

3. Mogesnu ¢ HellpepbsIBHBIM BpeMeHeM. MapTuHrasisl. MapKkoBcKre MOMEHTHI, HepaBeHCTBa. CToxacTuye-
ckuibl nHTerpas. CToxacTU4ecKuii MHTerpas kak MmaptuHrai. @opmysa Uto. Croxactudeckue auddepeH-
I[MaJIbHble YpaBHEHUA. YpaBHeHHe TelJIONpoBOAHOCTH. MapKkoBckoe cBOIcTBO pemeHuii CIY. YpaBHe-
Hue Konmoroposa. Teopema I'mpcanoBa. Mogess biska — [lloyna3a.

YYEBHHUKWU:

1. Oxkcenpgans b., Croxactuueckue nudpdepeHnmanbHele ypasHeHuA. 2003.

2. Bouchaud J.-P., Potters M., Theory of financial risk. CUP, 2000.

3. Bougerol F., Modeéles stochastique et application a la finance.

4. Elliot R.J., Kopp P.E., Mathematics of financial markets, 2004.

KOMMEHTAPHM: 3anucku JIEKIUI JOCTYMIHBI Ha
https://math.hse.ru/courses/185567209.html
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CTYJEHYECKHNH HAYYHBIA CEMUHAP «®POBEHMY COBbI MHOTOOBPA3HUI»
MAY BE GIVEN IN ENGLISH
PYKOBOOUTEJIBI: C. M. HaTtau3oH, I1. U. /lyHua-BapKoBckuii

HA3BAHHUE: ®pobeHIyCcOBbI MHOTO06pa3us, KOrOMOJIOTHYECKHE TEOPUU MOJISI ¥ TOIIOJIOTUYECKAs pe-
Kypcus

VUYEBHAA HATPY3KA: BeceHHHI1 cemecTp 2018/19, 1 mapa B HezeJ10, 3 KpequTa 3a ceMecTp.

OIIMCAHHME: MHoroob6pa3susa ®@pobeHuyca — [JyOpoBuHa CBA3BIBAIOT MeXAy COOOI TeOpHUi0 0COOEHHOCTeM,
WHTerpupyemsbie cuctemsl, AuddepeHIaIbHYI0 TeOMeTPHUI0, TOMOJIOTHYecKre NHBApPUaHThl MHOT000pa3uni,
omnepafrl, IpocTpaHCcTBa MOAYJIel anre0pandecKux KpUBBIX, 3epKaJIbHYI0 CUMMETPHIO U IIpouee. AHaIUTHYe-
CKHe acIeKTH UX Teopuu ObUIu paspaboTaHbl yOpoBuHBIM OKoJi0 20 JieT Hasafd. Anrebpanyeckue U TOIO-
JIOTHYeCKHe acCIeKThl ONMCHIBAIOTCSA KOTOMOJIOTUYECKUMU TEOPUAMU I10JiA, CO3AaHHBIMU IPUMEPHO TOTrJa Xe
Konresnuem u ManunsiM. Celiuac 3Ta Hayka CTpeMHTEIbHO pa3BHUBaeTCsA U UTpaeT BaXXHYI0 POJIb BO MHOTUX
pasgesiax MaTeMaTUKA U MaTeMaTh4ecKor Gpu3nku. Mbl yCTaHOBUM 3KBUBAJIEHTHOCTh Pa3JIMYHBIX OoNpejesie-
HUU MHOroo6pas3uii ®pobeHunyca — [lybpoBuHa: yepes IJiockue gedopmariuv GpoOeHUyCOBHIX ajirebp, OpTo-
TOHAJIbHbIE KOOPAMHATHEIE CUCTEMBI, CBSA3KH IJIOCKUX KOMETPHK, pelieHusa ypaBHeHnin WDVV, nukinyeckure
omepafsl, KOroMoJiornyeckre Teopuu nojA u Ap. byayT pasobpaHbl HeTpHUBUaJIbHBIE IPUMEDPHl TAKUX CTPYK-
TYP Ha MPOCTPAHCTBax BepcaJibHBIX AedopMarliiii o0coOeHHOCTeH, MPOCTPaHCTBaxX OPOUT KOKCTEPOBCKUX I'PYIIIL,
npocTpaHcTBax I'ypeuna, B Teopun quddepeHInaabHBIX YpaBHEHNUI I'MIPOAUHAMUYECKOro TUIa, TeOpUM TO-
MmoJiornyeckrx nHBapuaHToB I'pomoBa — ButTteHa u p. HakoHel, Mbl 06CyJUM TOMOJIOTMYECKYI0 PEKYPCHIO Ha
CIIeKTPAaJIbHBIX KPUBBIX U €€ CBA3U C YIIOMAHYTHIMU OObEKTaMMU.

IIPEABAPHUTEJIbBHAS ITOATOTOBKA: OcHOBH auddepeHraabHON reOMeTpUM.
ITPOT'PAMMA:

®po6eHNyCOBHI ajireGpHl.

YpaBHeHue WDVV.

®pobeHnyCcOBE MHOTO0Opa3us.

Kitaccuduxkanusa AByMepHBIX U TpeXMePHBIX GpoOeHIyCOBEIX MHOTOOOpa3uil.
ITpocTtpancTBa I'ypBuna — ®pobenuyca.

OCHOBH Teopuu 0COOEHHOCTEN U CBA3b ¢ GPOOEHUYCOBBIMU MHOT00Opa3usaMU.
Koromonoruueckue Teopuu noJid U UHBApUaHTH I'poMoBa — BuTTeHa.

HHTerpupyemMsie CUCTEMBI, CBsI3aHHbIE ¢ GPOOEHNYCOBBIMU MHOT'000Pa3UAMMU.

© © N o ok w =

Tonosiornueckas peKypcus Ha ClIeKTpaJIbHBIX KPUBLIX U €€ CBA3b C KOTOMOJIOTUYECKUMU TEOPUAMMU M0JIs,
¢dopmanusm 'mBeHTasA.

YYEBHHUKUA:

1. B. Dubrovin, «Geometry of 2D topological field theories», Springer, Lect. Notes in Math., 1620 (1996),
120-348.

2. C. M. HaraH30H, «['eoMeTpusa JBYMEPHBIX TONOJIOTUUECKUX Teopuil mosisiy, M., MITHMO, 1998.

3. 10. . MaHuH, «®pobeHnyCcOBbl MHOI000pa3usa, KBAHTOBblE KOTOMOJIOTUM M MPOCTPAHCTBA MOIYJIEi,
M., ®daktopuai, 2002.

4. II. U. Aynun-bapkosckuii, N. Orantin, S. Shadrin, L. Spitz «Identification of the Givental formula with
the spectral curve topological recursion procedure», Comm. Math. Phys. 328 (2014), 669--700.
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CHELIHAJIbeIﬁ KYPC (((I)YHKLIHOHAJIBHBII;,I HUHTETPAJI»

JIEKTOP: A.T. CeMéHOB

HA3BAHUE: OyHKIIUOHAJIbHBII UHTErpaJl.

VUYEBHAA HATPY3KA: oceHHuH ceMmecTp 2018/19, 1 mapa B Hefesno, 3 KpeauTa 3a ceMecTp.

OIIMCAHMUE: OgHUM U3 MOIHENIINX MeTOI0B COBPEMEHHOI TeopeTUuiecKol PU3UKU sBjiseTcsA MeToL QYyHK-
[[MOHAJIBHOT'O MHTErPUPOBAHUA WJIN, UHTETPUPOBAHNUA 10 TpaeKTopuaM. OCHOBBL JaHHOTO ITOAX0Aa ObLIN 3a-
JoxeHsl H. BuHepoMm emé B Hauajsie XX BeKa, OJHAKO HaWOOJIBIIYI0 M3BECTHOCTh OH MOJIYYUJI IIOCJIE TOTO,
kak P. @eitHMaH MpUMEHWJI JaHHBIN MOAXO[ B KBAHTOBOM MexaHUKe. B HacTosmee BpeMA (PyHKIMOHAJIb-
HBIII MHTerpajl Hallejl CBO€ IpHUMeHeHle B TEOPUHU CJIydYalHBIX MpolleccoB, (u3rke MOJMMeEPOB, KBAHTOBOU
M CTaTHCTHUYECKON MeXaHWKe U fJaxe B GUHAHCOBOM MaTeMaTnke. HecMoTpsA Ha To, 4TO B psAe CJIyYyaeB ero
MIpUMEeHNMOCTh MaTeMaTU4eCcKU CTPOro MoKa He [JoKa3aHa, JaHHBIN MeTo[ MO03BOJIAET C YAUBUTEIbHBIM U35-
IIeCTBOM NOJIy4aTh TOYHBIE U NMPUOJINKEHHBIE PelleHNs pa3JIMYHbIX UHTePeCHbIX 3aaad. Kypc nocBaméH oc-
HOBaM JlaHHoro noaxopfa. Ha mpumepe croxactudeckux gquddepeHIMaabHEX ypaBHEHUN OyyT paccKa3aHbl
OCHOBHBIE UJIeU JAHHOI'O MOAXOMA, a TaK K€ pasjInyHble CIIOCOOBI TOYHOTO U NPUOJIMKEHHOIO BHIYMCJIEHUA
(pyHKIMOHAIBHEIX UHTErpasoB. [lanee, B 3aBUCUMOCTH OT MHTEpPeCOB ayauTopuu, OyAeT paccka3aHO O pas-
JIMYHBIX IPMMEHEHNAX JAaHHOIO MOAX04a, TAKUX KaK (pr3MKa I0JIMMEPOB, KBAHTOBAasA MeXaHUKa, (prHaHCcoBas
MaTtemartuka u ap. Ilpu Hannuny BpeMeHU OyAeT faH 0030p 6osiee MPpOABUHYTHIX CIOKETOB B JAHHOU 00JI1acTH,
B TOM 4HCJIe, THTETpUPOBaHNe 110 I'PaCcCMaHOBBIM IIEpEMEHHBIM, BbIYMCIIeHNE QYHKIMOHAIBHBIX JleTeEPMUHAH-
TOB OIIEPaToOpPOB U JIp.

IIPEABAPHUTEJIbBHAS ITOAT'OTOBKA: 6a3oBble Kypchl aHanu3a, TOKII, Teopun BepoATHOCTEN, Kjiaccuye-
ckori MexaHuku. JKejlaTesbHO, HO He 00sA3aTeJIbHO: KjlaccuuecKas TeopHus I0JisA, CTaTUCTUYeckas MexaHUKa,
KBAHTOBAA MeXaHUKa.

ITPOTPAMMA:

[

Croxactuueckue qubdepeHnyaibHble YPaBHEHUS U CJIyYalHbIe IPOIEeCCHL.
[MpousBogsamuil GpyHKMoHaI. MapkoBckuil (§-KoppelnpoBaHHbIN) U I'ayccoB ciiyvaliHble MPOLECCH.

BepOHTHOCTb epexoaa u e€e npeacraBJIEHEe B BUAE (I)YHKI_[I/IOHaJ'IbHOFO HWHTErpasa.

BrruncsieHne npoctedmnx GyHKINOHAIBHBIX NHTErPaJIoB.

BpoyHoBckoe aBuxeHne 1 BuHepoBCcKUIl MHTerpasl.

CBasb ¢ ypaBHeHneM dokkepa — Ilnanka, ncunciaeHuamu Mto u CtpaToHOBHYA.
l'ayccoBnl @yHKIIMOHaIBHBIE MHTErpasibl U TeopeMa ['esbdanga — Arsoma.

[TpubmxeHHoOe BeIYMCIIeHNEe PYHKI[MOHAJIBHOTO NHTEerpaa.

® ® N o 0 > W b

[TpuMeHeHUe QPYHKIMOHAJIBHOTO UHTErpajia B KBAaHTOBOM MeXaHuKe, Pr3rke NoJuMepoB U GUHAHCOBOU
MaTeMaTHUKe.

10. JJanbHeiiliee pa3BUTHE U,

YYEBHHUKMHA:

1. Chaichian M., Demichev A. Path integrals in physics. Vol. 1: Stochastic processes and quantum mechanics.
2001.
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2. Kleinert H. Path integrals in quantum mechanics, statistics, polymer physics, and financial markets. 2004.
3. ITonos B. H. KoHTuHyaJ/ibHble MHTErPaJIbl B KBAHTOBOM TEOPUH MOJIA U CTaTUCTHUYeCKOoU (pusuke. 1976.

4. CemeHoB A. I'. O ciayuaiiHOM OJTy>XaHUM «IIbSTHOU KoMmaHum». Teop. u matemar. ¢pusuka 2016 T. 187
No. 2 ¢. 350-359.
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HAYYHBIA CEMHHAP IJIA MJIAJIIKUX KYPCOB «J3JIEMEHTAPHASA TEOPHUA I1IOJIA HA PEIETKE»
MAY BE GIVEN IN ENGLISH

PYKOBOOUTEJIb: M. b. CKOIIeHKOB

HA3BAHHUE: JjieMeHTapHasA TeOpUs HOJIA Ha pelIéTKe

VUYEBHAA HATPY3KA: ocennmii cemectp 2018/19, 1 mapa B Heze0, 3 KpequTa 3a ceMecTp.

OIIMCAHHME: B 3TOM Kypce B 3JieMeHTapHOUI UrpoBoi (popMe Mbl TO3HAKOMUMCS € BaXHBIMU UAEAMU TEOPUU
I10J1s1, ONKCBIBAIOIIEN B3auMO/ECTBYA 3JIeMEeHTapHBIX YaCTHULl. DTO [TO3BOJIUT IOHATH HE TOJIBKO (PU3UKY, HO U
TaKye pasjesibl MaTeMaTuKy, Kak AuddepeHnuansbHas reoMeTpyusa U KOMIUIEKCHBIN aHaIn3. J{J1sa Kaxkaou usy-
yaeMOH TeOpHH, KaXkI0I0 HOBOI'O IOHATHSA MBI IOCTapaeMcs N0Ka3aTh, KaK OHU eCTeCTBeHHO BO3HUKAIOT IIpU
pellleHnH IpaKTUYeCKUX 3a7a4 ¥ K KaKuUM 3ajadyaM NpUMEeHAI0TCA Aasiblie. biarogapsa 3ToMy, 00JIbIIMHCTBO
O0OBEKTOB CTAHOBATCA HAIJIAAHBIMU M IIPOCTBIMU. Martepuas OyfeT M3ydaTbCs MyTEM pelleHus y4acTHHKa-
MU 3aja4 ¢ NOAPOOHBIMU YKa3aHUAMU U NOCJIEAYIOIMM pa3dopoM Ha 3aHATUU. HuKakux npeaBapuTesbHBIX
MO3HaHUU U3 GU3UKU He TpebyeTcsa: JOCTaTOYHO BJaAeHHs MIKOJbHONM MaTeMaTUKOM.

IMPEABAPHUTEJIBHAA ITOAT'OTOBKA: HeT.

ITPOTPAMMA:

1. UrpyuieuHasa MoAesib KaJuOpPOBOUYHON TEOPHUM Ha peliéTke: o6MeH ToBapaMu Mexay ropogamu. CBA3b
¢ MarHUTHBIM NoJieM. KBaHTOBaHUe: ciiydyaiiHble Kypchl oOMeHa ToBapaMu. TouHoe pelieHue 1- u 2-
MepHOH KaJJuOpOBOYHON TeOpUU Ha pelléTke. UrcjaeHHbIe SKCIEPUMEHTHI B pa3MepHocTU 3 u 4. [Ipumep
HeabeJieBOll KaJiMOpoBOYHOIN Teopuu. I[lneHeHue kBapkoB. CyTh mpobyieMbl B Teopuu fAHra — Musiica
(omHOM U3 «mpobsieM ThicsYeeTUus»). MexaHuam Xurrca®. Pa3yioxkeHus CUJIbHON U CJ1a00M CBA3U™.

2. MaremaTudeckas Mojiesib 3JIeKTPUUYeCKOl Liely — MPpOCcTeNas Moe/Ib TeOpPUH 110JiA Ha peméTke. Cylie-
CTBOBaHUe U eMHCTBEHHOCTD MOTeHIINasa B 3JleKTprudeckol nenu. [IpuHnun makcumyma. CoxpaHeHue
SHepruu. BapuanuoHHsI!l npuHIun. MarautHoe noJie. CBA3b C UTPYIIEYHON KaJIUOPOBOYHOI Teopueil.
JluckpeTHble TapMOHUYECKUE U AVUCKPETHBIE aHAINTHYECKHe QYHKINMU. DJIEKTPOMAarHuTHoe mnoJjie”. Jluc-
KpeTHBIe ypaBHeHUs MakcBesuia®.

3. lamku defiHMaHa — MpoOCTeNIas MoJiesib 3JieKTpoHa. CrnuH. J[McKpeTHOe ypaBHeHHe [Jupaka”. Cxo-
auMocCTs mmamrek deffHMaHa K Teopun JJupaka®.

YYEBHHUKNA:

1. J. Maldacena, The symmetry and simplicity of the laws of physics and the Higgs boson, Europ. J. Phys.
37:1 (2016), https://arxiv.org/abs/1410.6753.

2. P. ®erinman, K9/I. CtpaHHasA Teopus cBeta U BellecTBa, Cep. BubinoTeuka «KBaHTY, BbII. 66.

3. DsieMeHTH MaTeMaTHKHU B 3afjadyax: OT KPYXKOB U oauMnuafg kK npodeccun. Ilog obm. pex.: M. B. Cko-
nmeHkoB, A. B. CkorneHkoB, A. A. 3aciasckuii, M., MITHMO, 2018.

KOMMEHTAPHH: IToBTOp Kypca, mpouutanHoro B HMY ocenbio 2017, cM.
https://skopenkov.ru/courses/quarks-17.html.
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COURSE DESCRIPTIONS IN ENGLISH

Listed in this section are the courses that will be given in English if required (e.g., if some students do not
understand Russian). The courses given only in Russian were presented in the previous section, where the
Russian descriptions for some courses listed below were also available (all these courses were marked there as
«MAY BE GIVEN IN ENGLISHY).

PRIMARY LEVEL COURSE «<ADVANCED LINEAR ALGEBRA»

LECTURER: K. G. Kuyumzhiyan

TITLE: Advanced Linear Algebra

LEARNING LOAD: Spring term of 2018/19, 2 classes per week, 5 credits per semester.

DESCRIPTION: This course is aimed to introduce main notions of Linear Algebra and their instances in other
fields of mathematics.

PREREQUISITES: some notions from the Fall term course «Algebra and Arithmetics» will be used, especially,
fields and groups.

SYLLABUS:

1. Matrices and Matrix Operations. Systems of Linear Equations. Cramer’s Rule.
Vector spaces.

Linear Transformations.

Symmetry and Permutation Representations.

Bilinear Forms.

Linear Groups.

N o 9 » W N

Basics of Representation Theory.

TEXTBOOKS:

(]

Artin, Michael; Algebra. Prentice Hall, Inc., Englewood Cliffs, NJ, 1991. xviii + 618 pp.

o

Vinberg, E. B.; A course in algebra. Translated from the 2001 Russian original by Alexander Retakh.
Graduate Studies in Mathematics, 56. American Mathematical Society, Providence, RI, 2003. x+511 pp

o Lang, Serge; Algebra. Revised third edition. Graduate Texts in Mathematics, 211. Springer-Verlag, New
York, 2002. xvi+914 pp.

o Lang, Serge; Introduction to Linear Algebra. Second Edition. Undergraduate Texts in Mathematics.
Springer-Verlag, New York, 1986.
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PRIMARY LEVEL COURSE «(ALGEBRA AND ARITHMETICS»

LECTURER: V. S. Zhgoon

TITLE: Algebra and Arithmetics

LEARNING LOAD: Fall term of 2018/19, 2 classes per week, 5 credits per semester.

DESCRIPTION: The aim of the course is to give introduction to basic notions of algebra and number theory.
We plan to start from the algebraic properties of integer numbers, arithmetic of residues and basic proper-
ties of polynomials: such as Chinese remainder theorem, little Ferma’s theorem, Wilson’s lemma, quadratic
residues. This will give us motivation for introducing more general notions in the group theory, commuta-
tive and non-commutative algebra. In particular we shall also study basic properties of finite groups such as
cosets, normal, nilpotent and solvable subgroups, Sylow theorems, basic notions of commutative algebra: such
as ideals, modules, maximal and prime ideals, localization, and basic notions of non-commutative algebra.

PREREQUISITES: The course tends to be elementary and very flexible, the program will depend on the listen-
ers. All material required for understanding the course will be explained or reminded.

SYLLABUS:

1. Basic notions of integer numbers and residues

Chinese remainder theorem, little Ferma’s theorem, Wilson’s lemma.

Quadratic residues. Gauss reciprocity law.

Basic notions of group theory. Cosets, normal, nilpotent and solvable subgroups.
Group actions. Orbits, stabilizers, normalizers, conjugacy classes. Burside formula.
Sylow theorems™.

Basic notions of commutative algebra: rings, fields, algebras, ideals, modules.

Properties of finite fields.

® ® N o U W N

Nilpotence, radicals, maximal and prime ideals, localization.

p—
e

Basic notions of non-commutative algebra. Structure theory for non-commutative algebras.”

TEXTBOOKS:

1. E. B. Vinberg, A course in algebra, AMS No. 56, 2003.

2. K. Ireland, M. Rosen. A classical introduction to modern number theory, Springer Science & Business
Media Vol. 84, 2013.

w

. S. Lang, Algebra, Revised third edition, Graduate Texts in Mathematics 1.211, 2002.

N

. D. S. Dummit, R. M. Foote. Abstract algebra, Vol. 3, Hoboken: Wiley, 2004.

9]

. R. B. Ash, Basic abstract algebra: For graduate students and advanced undergraduates, Courier Corpora-
tion, 2013.

COMMENTS: Marked by stars are more complicated topics that will be considered only if the time allows.
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PRIMARY LEVEL COURSE «ALGEBRAIC GEOMETRY: A FIRST GEOMETRIC LOOK»
LECTURER: V. S. Zhgoon

TITLE: Algebraic Geometry: A First Geometric Look

LEARNING LOAD: Spring term of 2018/19, 2 classes per week, 5 credits per semester.

DESCRIPTION: Algebraic geometry studies geometric loci looking locally as a solution set for a system of poly-
nomial equations on an affine space. It gives an explicit algebraic explanation for various geometric properties
of figures, and in the same time, brings up a geometric intuition underlying abstract purely algebraic construc-
tions. It plays an important role in many areas of mathematics and theoretical physics, and provides the most
visual and elegant tools to express all aspects of the interaction between different branches of mathematical
knowledge. The course gives the geometric flavor of the subject by presenting examples and applications of
the ideas of algebraic geometry, as well as a first discussion of its technical tools.

PREREQUISITES: linear and multilinear algebra, basic ideas of polynomials, commutative rings and their
ideals, tensor products, affine and projective spaces, topological spaces and their open, closed and compact
subsets. No deep knowledge is assumed, all essential definitions and technique will be recalled during the
course.

SYLLABUS:

o Projective spaces. Geometry of projective quadrics. Spaces of quadrics.

o Lines, conics. Rational curves and Veronese curves. Plane cubic curves. Additive law on the points of
cubic curve.

o Grassmannians, Veronese’s, and Segre’s varieties. Examples of projective maps coming from tensor alge-
bra.

o Integer elements in ring extensions, finitely generated algebras over a field, transcendence generators,
Hilbert’s theorems on basis and on the set of zeros.

o Affine Algebraic Geometry from the viewpoint of Commutative Algebra. Maximal spectrum, pullback
morphisms, Zariski topology, geometry of ring homomorphisms.

o Agebraic manifolds, separateness. Irreducible decomposition. Projective manifolds, properness. Rational
functions and maps.

o Dimension. Dimensions of subvarieties and fibers of regular maps. Dimensions of projective varieties.
o Linear spaces on quadrics. Lines on cubic surface. Chow varieties.

» Vector bundles and their sheaves of sections. Vector bundles on the projective line. Linear systems, in-
vertible sheaves, and divisors. The Picard group.

o Tangent and normal spaces and cones, smoothness, blowup. The Euler exact sequence on a projective
space and Grassmannian.

TEXTBOOKS:

o A. L. Gorodentsev, Algebra II. Textbook for Students of Mathematics. Springer, Ch. 1, 2, 10, 11, 12.
Springer, 2017.

o A. L. Gorodentsev, Algebraic Geometry Start Up Course, MCCME.
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o J. Harris, Algebraic Geometry. A First Course, Springer.

o D. Mumford, Red book of varieties and schemes, Springer LNM 1358.

COMMENTS: This course may be joint with the Math in Moscow program, see
http://www.mccme.ru/mathinmoscow/.

The materials for previous versions of this course are available at
http://gorod.bogomolov-lab.ru/ps/stud/projgeom/1718/list.html
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ADVANCED LEVEL COURSE «ALGEBRAIC TOPOLOGY»

LECTURER: A. G. Gorinov

TITLE: Algebraic Topology

LEARNING LOAD: Spring term of 2018/19, 2 classes per week, 5 credits per semester.

DESCRIPTION: One of the main goals of algebraic topology is to answer the question whether two given
topological spaces are homeomorphic or homotopy equivalent. This question and several related ones arise
not only in topology, but also in mathematical physics, algebra and geometry of any kind. Classical cohomology
and generalisations such as K-theory etc are among the the main computational tools that in some cases, allow
one to answer this question. This course explains systematically all these tools and their applications. It is
intended as a continuation of the primary level course «Introduction to Algebraic Topology».

PREREQUISITES: basic algebra (groups, rings, fields), topology (topological and metric spaces, continuous
maps, homotopy between continuous maps, coverings and the fundamental group) and category theory (cate-
gories, functors and natural transformations). However, all necessary notions will be recalled if required.

SYLLABUS:

o Introduction. How to calculate the homology groups of surfaces.

» Singular homology. Basic homological algebra: exact sequences, complexes, 5-lemma, homotopy.
o Homological algebra continued: acyclic models.

o First applications of acyclic models: homotopy invariance and excision for singular cohomology.

o CW-complexes, cellular homology and its particular cases and analogues. Simplicial complexes and sim-
plicial homology. Smooth manifolds, Morse functions, handle decompositions and Morse homology.

o Homology and cohomology with coefficients. The universal coefficient theorems.

o The Kiinneth isomorphisms.

o Cup and cap products. Topological manifolds and the Poincaré duality.

o Lefschetz theorems. The contribution of a nondegenerate fixed point in the manifold case.
o Vector bundles; the glueing construction. Constructing new bundles using given bundles.
o Chern and Stiefel - Whitney classes. The addition formula.

o The Euler class. Applications of characteristic classes.

TEXTBOOKS:

o D. Fuchs, A. Fomenko. A Course in Homotopy Theory.

o A. Hatcher. Algebraic Topology.
http://www.math.cornell.edu/~hatcher/AT/ATpage.html

o A. Hatcher. Vector bundles and K-theory.
http://www.math.cornell.edu/~hatcher/VBKT/VBpage.html

o J. Milnor, J. Stasheff. Characteristic classes.
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ADVANCED LEVEL COURSE «ANALYSIS OF SEVERAL COMPLEX VARIABLES»
LECTURER: A. A. Glutsyuk

TITLE: Analysis of several complex variables.

LEARNING LOAD: Spring term of 2018/19, 1 class per week, 3 credits per semester

DESCRIPTION: Analysis of several complex variables is a necessary pre-requisite to study many important
domains of contemporary mathematics such as algebraic geometry, complex dynamics, singularity theory, dif-
ferential equations etc. While holomorphic functions of several complex variables share many basic properties
of functions of one variable, new phenomena of analytic extention occurs. For example, they can have neither
isolated singularities, nor compact sets of singularities. The statement of Riemann Mapping Theorem in higher
dimensions is strongly false. Namely, generic pair of two simply connected domains in complex space are not
biholomorphically equivalent. Each complex space of dimension at least two contains a proper domain that
is biholomorphically equivalent to the ambient space (Fatou — Bieberbach domain). Theory of holomorphic
convexity and Stein manifolds together with basic sheave theory allows to prove important extension and ap-
proximation theorems. For example, each holomorphic function on a submanifold of a linear complex space is
the restriction to if of a global holomorphic function on the ambient space. The GAGA principle in algebraic
geometry says that every analytic object on a complex projective algebraic manifold is algebraic. The cours
will cover the above mentioned topics, including basic analytic set theory, biholomorphic automorphisms and
introduction to complex dynamics.

PREREQUISITES: basic calculus, complex analysis of one variable.

SYLLABUS:

1. Holomorphic functions of several complex variables. Cauchy — Riemann equations, Cauchy formula,
Osgood Lemma, Taylor series.

2. Convergence of power series and convergence radius. Equivalent definition of holomorphic function.
3. Analytic extension. Erasing singularities. Hartogs Theorem.

4. Analytic sets: Implicit Function Theorem, Weierstrass Preparatory Theorem, factoriality of local ring of
holomorphic functions, Weierstrass polynomials in two variables.

5. Analytic sets: decomposition into irreducible components, criterium of irreducibility, local covering pre-
sentation and Proper Mapping Theorem (without proof).

6. Introduction to complex algebraic geometry. Chow Theorem. Biholomorphic automorphisms of projec-
tive space.

7. Cauchy Inequality. Henri Cartan’s theorem on automorphisms of bounded domains tangent to identity.
8. Generalized Maximum Principle and Schwarz Lemma. Automorphisms of ball and polydisk.

9. Introduction to complex dynamics: linearization theorems, polynomial automorphisms of C2, Fatou-
Bieberbach domains.

10. Domains of holomorphy. Holomorphic convexity. Levi convexity. Levi form. Oka’s theorems on equiva-
lence of these notions (with proofs of their simple parts). Pseudoconvexity. Riemann domains.

11. Dolbeault cohomology, d-problem, 0-Poincare lemma.

12. Cousin problems. Sheaf cohomology. Analytic hypersurfaces in domains of holomorphy as zero loci of
global holomorphic functions.
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13. Coherent analytic sheaves. Stein manifolds. Extension and approximation theorems. Cartan A and B
Theorems (without proof).

TEXTBOOKS:

o R. Gunning, H. Rossi, Analytic functions of several complex variables. AMS, 2009.

o B. Shabat. Introduction to complex analysis. Part II: Functions of several variables. Translations of Math-
ematical Monographs, AMS, 1992.

o Ph. Griffiths, J. Harris. Principles of algebraic geometry, vol. 1. J. Wiley & Sons, 1978.
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ADVANCED LEVEL COURSE «ANALYTIC NUMBER THEORY»

LECTURER: A. B. Kalmynin

TITLE: Analytic Number Theory

LEARNING LOAD: Two semesters of 2018/19 A. Y., 1 class per week, 3 credits per semester

DESCRIPTION: Analytic number theory is an area of number theory that uses analytic methods to study
properties of the integers. No progress towards some famous problems such as Golbach’s conjecture, Waring’s
problem or twin primes conjecture would be possible without the development of analytic methods such as
bounds for exponential sums and theorems on the distribution of prime numbers. In this course we will study
some results concerning averages of certain arithmetical functions (such as divisor function or Euler totient
function), prime numbers in arithmetic progressions, properties of the Riemann zeta function and Dirichlet
L-functions and exponential sums. We will also see how to use these results to prove certain classical number-
theoretical facts. Some of the applications will be straightforward, but we also will learn many unexpected
ones. For example, we will deduce Linnik’s theorem on seven cubes from Siegel-Walfisz theorem.

PREREQUISITES: Complex analysis (basic properties of holomorphic functions, Cauchy’s integral formula,
Maximum modulus principle, Weierstrass factorization theorem), Analysis (O-notation, Lebesgue —Stieltjes
integration), Algebra (fundamental theorem of arithmetic)

SYLLABUS:
Fall term:

1. Arithmetical functions and their averages: an elementary approach. Convolutions of arithmetical func-
tions, Mobius inversion formula, Dirichlet divisor problem, Gauss circle problem, normal and maximal
orders of arithmetical functions.

2. Contour integration method. Riemann zeta function, its basic properties and functional equation. Phrag-
men - Lindelof principle. Prime number theorem, explicit formula, zero-free region for the zeta function.
Hardy - Voronoi summation formula.

3. Dirichlet characters, Dirichlet L-functions, Polya - Vinogradov inequality, Page’s theorem, Landau - Siegel
zeros, Siegel - Walfisz theorem on primes in arithmetic progressions, Linnik’s seven cubes theorem.

4. Basic sieve methods, smooth numbers, Selberg sieve, applications.
Spring term:

1. The theorem on approximation of a trigonometric sum by a shorter one. Approximate functional equation
for the Riemann zeta function. Theory of exponent pairs. Zero density estimates. Primes in short intervals.

2. Estimates for the Weyl sums, equidistribution modulo 1, zero-free regions for zeta function. Waring’s
problem.

3. Large sieve method and its applications: Linnik’s theorem on the least quadratic nonresidue, Brun -
Titchmarsh inequality, Galois group of a random polynomial, Selberg’s conditional theorem on primes
in very short intervals.

TEXTBOOKS:
o A. A. Karatsuba, «Basic analytic number theory».
o H. L. Montgomery, R. C. Vaughan, «Multiplicative number theory I: Classical theory».
o A. A. Karatsuba, S. M. Voronin, «The Riemann zeta-functiony.

o T. Tao, «Analytic prime number theory»
https://terrytao.wordpress.com/category/teaching/@54a-analytic-prime-number-theory/.

59


https://terrytao.wordpress.com/category/teaching/254a-analytic-prime-number-theory/

ADVANCED LEVEL COURSE «ARITHMETICAL DYNAMICS»
LECTURER: C. Favre

TITLE: Arithmetical Dynamics

LEARNING LOAD:

DESCRIPTION: , module 1 (September-October), 1 class per week, 2 credits. classes per week, 5
credits per semester. These lectures are aimed at presenting some aspects of the dynamics of polynomials in
one variable with coefficients in a number field. We shall discuss two deep conjectures that have been proved
to be very influential in the development of this field: the uniform boundedness conjecture by Silverman,
and the dynamical Andre-Oort conjecture Baker and DeMarco. It will be the opportunity to present various
tools coming from arithmetic geometry or from complex dynamics that are used to approach these challenging
problems.

PREREQUISITES: elementary notions in non-Archimedean analysis in one variable are welcome (e.g. A. Robert
«A Course in p-adic Analysisy, chapters 1, 2, and Sections 6.1, 6.2).

SYLLABUS:

(]

The uniform boundedness conjecture

[

Fatou/Julia theory for complex polynomials

o Canonical heights for complex polynomials

o

Non-archimedean polynomial dynamics

o The dynamical Andre-Oort conjecture

(]

Equidistribution of points of small heights
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PRIMARY LEVEL COURSE «BASICS OF FUNCTIONAL ANALYSIS»

LECTURER: M. Z. Rovinsky

TITLE: Basics of functional analysis

LEARNING LOAD: Spring term of 2018/19, 2 classes per week, 5 credits per semester.

DESCRIPTION: As its name suggests, Functional analysis originates from the study of functions. The fun-
damental idea here is to interpret functions as points in an appropriate vector space and to study analytic
problems in terms of mappings between such spaces. However, as soon as considered vector spaces are infinite-
dimensional, nontrivial results arise only after vector spaces are provided with a nontrivial topology and the
mappings are supposed to be continuous. This course proposes an introduction to methods and basic results of
Functional analysis, both abstract and related to various spaces of functions.

PREREQUISITES: Acquaintance with Linear Algebra and some basic Analysis is required. Some knowledge of
measure theory would be helpful.

SYLLABUS:

o

Normed fields and vector spaces

o Banach spaces and their examples

o Hahn-Banach theorem (and extension of bounded linear functionals)

o Uniform boundedness principle

o Bounded inverse theorem, open mapping theorem, closed graph theorem
o Hilbert spaces

o Spectral theory

o Fourier transform on commutative locally compact groups

TEXTBOOKS:

1. Erwin Kreyszig, Introductory Functional Analysis with Applications, John Wiley & Sons, 1978.
2. Dirk Werner, Funktionalanalysis, Springer-Verlag, 2005.

3. A. Weil, L’intégration dans les groupes topologiques et ses applications, Hermann, 1953.

COMMENTS: Marked by stars are more complicated topics that will be considered only if the time allows.
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PRIMARY LEVEL COURSE «CALCULUS OF VARIATIONS»
LECTURER: M. Mariani
TITLE: Calculus of Variations
LEARNING LOAD: Spring term of 2018/19, 1 class per week, 3 credits per semester
DESCRIPTION: The lectures provide an introduction to Calculus of Variations, addressing both classical sub-
jects (action functionals, isoperimetric problems), and modern approaches (direct methods, applications to
physics and optimal control). The student will be required to understand the theoretical aspects of the theory,
as well as to apply it to specific cases.
PREREQUISITES: Mathematical Analysis, Elementary general Topology, Basic Functional Analysis.
SYLLABUS:

1. Historical model problems and preliminaries: convex analysis, Sobolev spaces.

2. Classical methods: Euler-Lagrange equations, optimal control, the Hamiltonian approach, viscosity solu-
tions, applications.

3. Direct methods: basic theory, elliptic problems (existence, uniqueness, regularity), Euler-Lagrange revis-
ited, relaxation of integral functionals, applications.

TEXTBOOKS:

o Bernard Dacorogna; Introduction to the calculus of variations; Imperial College Press, 3rd ed (2014).

o Bruce van Brunt; The Calculus of Variations; Springer (2004).

o

Israel M. Gelfand, Sergey V. Fomin; Calculus of Variations; Dover (1963) [Selected topics].

[}

Michael Struwe; Variational Methods; Springer (2008) [Selected topics].

(]

Mariano Giaquinta, Stefan Hildebrandt; Calculus of Variations I; Springer (2004) [Selected topics].

COMMENTS: Depending on the number and interests of students, one of the following topic can be addressed
in some additional lectures: optimal control, minimal surfaces, homogenization.
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PRIMARY LEVEL COURSE «CLASSICAL ANALYSIS AND ODE»

LECTURER: T. Takebe

TITLE: Classical Analysis and ODE

LEARNING LOAD: Fall term of 2018/19, 2 classes per week, 5 credits per semester.

DESCRIPTION: The calculus (differentiation and integration) is one of the most fundamental tools in math-
ematics. In this course, after reviewing definitions of differentiation and integration of functions of several
variables, the properties of such functions will be discussed together with basics on ordinary differential equa-
tions (ODE).

PREREQUISITES: Basic calculus (functions of one variable and elementary properties of real numbers).

SYLLABUS:

Review of calculus of functions in one variable.

[}

(]

Differentiation of functions of many variables: partial derivatives and total differential.

o Inverse function theorem and implicit function theorem.

o

Integration along curves.

o

Integration of functions of many variables.

[}

Ordinary differential equations: basic examples and various methods for solving them.

o Fundamental theorems on ordinary differential equations: existence and uniqueness of solutions.

TEXTBOOKS:

o W. Rudin. Principles of mathematical analysis.
o J. Munkres, Analysis on Manifolds.

o E. Hairer, G. Wanner. Analysis by its history.

COMMENTS: The final score will be based on the results of quiz during the course and the final exam.
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PRIMARY LEVEL COURSE «COMMUTATIVE ALGEBRAY»

LECTURER: A. S. Khoroshkin

TITLE: Introduction to Commutative Algebra

LEARNING LOAD: Spring term of 2018/19, 2 classes per week, 5 credits per semester.

DESCRIPTION: At its most basic level, algebraic geometry is the study of the geometry of solution sets of
polynomial systems of equations. Classically, the coefficients of the polynomial equations are assumed to lie
in an algebraically closed field. Considering more general coefficient rings, in particular rings of integers in
number fields, one arrives at modern algebraic geometry and algebraic number theory. Commutative algebra
provides the tools for answering basic questions about solutions sets of polynomial systems, such as finite gen-
eration of the system, existence of solutions in some extension of the coefficient ring, dimension and irreducible
components, and smoothness and singularities.

PREREQUISITES: Basic courses given at the faculty of mathematics for the first 3 semesters, including (a)
basic algebra (groups, rings, fields), (b) Linear algebra (tensor products), (3) Basic geometry

SYLLABUS:

o Rings and ideals

o Modules

o Integral dependence

o Localization

o Primary decomposition
o Dedekind domains

o Dimension theory

o Tensor products

o Length

TEXTBOOKS:

o M. Reid, «<Undergraduate commutative algebra», CUP, 1995.

M. Atiyah, «Introduction to commutative algebra.», Westview press, 1994. Russian translation: M. ATbs,
U. MakaoHang, «BeejeHre B KOMMYTaTUBHYIO ajaredpy», M.: Mup, 1972,

o

o G. Kemper, «A course in commutative algebra», Springer, 2010.

o D. Eisenbud. «Commutative Algebra: With a View Toward Algebraic Geometry», NY: Springer-Verlag,
1999.
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ADVANCED LEVEL COURSE «DIFFERENTIAL GEOMETRY»

LECTURER: O. V. Schwarzman

TITLE: Differential geometry

LEARNING LOAD: Spring term of 2018/19, 2 classes per week, 5 credits per semester.
DESCRIPTION: The course will serve as an introductory guide to basic topics of Differential and Riemann
geometry: the theory of Riemannian and Loretzian manifolds, the theory of affine connections on manifolds,

The Gauss — Bonne — Chern — Weil theory.

PREREQUISITES: KypC pacCiuMTaH Ha CTYAeHTOB-MaTeMaTHKOB CTapIIMX KypcoB OakajaBpuaTra, a TaKxe
MarvCTpaHTOB M aCIIIPAHTOB.

SYLLABUS:

[}

Differential and Riemann geometry of smooth hypersurfaces in the Euclidean space.

— Parallel transport. The Gauss Map. The Shape operator.
— The metric connection. Covariant derivatives. Parallel transport.
— Completeness and geodesics. The Exponential Map. The Hopf — Rinow theorem.

— Curvature. Geodesics.
o Riemann manifolds: Riemannian metric and Levi — Chivita connection.
o Curvature.

— Calculations with curvature tensor. The Gauss curvature.
— The Ricci tensor.

- Spaces of constant curvature.

o

Variational theory of geodesics.

- First and second variation of arc length.
- Jacobi’s equation and conjugate points.

— The Gauss lemma and polar coordinates.

Connections in vector bundles.

o

— Parallel transport and Covariant derivatives.

- Introduction to the Chern — Weil theory.

TEXTBOOKS:

1. Gallot, Hulin, Lafontaine, Riemannian Geometry.

2. Milnor, Morse Theory.
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ADVANCED LEVEL COURSE «DIFFERENTIAL TOPOLOGY»

LECTURER: A. A. Gaifullin

TITLE: Differential topology

LEARNING LOAD: Spring term of 2018/19, 2 classes per week, 5 credits per semester.

DESCRIPTION: We plan to discuss two topics, which are central in topology of smooth manifolds, the A-
cobordism theorem and theory of characteristic classes. The h-cobordism theorem proved by S. Smale in 1962
is the main (and almost the only) tool for proving that two smooth manifolds (of dimension > 5) are dif-
feomorphic. In particular, this theorem implies the high-dimensional Poincaré conjecture (for manifolds of
dimensions > 5). Characteristic classes, in particular, Pontryagin classes are very natural invariants of smooth
manifolds. Computation of characteristic classes can help one to distinguish between non-diffeomorphic man-
ifolds. We plan to finish the course with the theorem by J. Milnor on non-trivial smooth structures on the
7-dimensional sphere. This theorem is based both on methods of Morse theory and theory of characteristic
classes.

PREREQUISITES: Differential and algebraic topology, Morse theory, theory of characteristic classes.

SYLLABUS:

1. DeRham cohomology. Singular homology. Pairing between homology and cohomology.
2. Multiplication in cohomology and intersection of cycles. Poincaré duality.

3. Morse functions. Cobordisms corresponding to critical points. Morse inequalities. Lefschetz theorem on
hyperplane sections.

4. Smale’s h-cobordism theorem. High-dimensional Poincaré conjecture.

5. Principal bundles and their characteristic classes. Chern—Weil theory. Chern classes and Pontryagin
classes.

6. Integral Chern classes and Pontryagin classes.

7. Smooth structures on the 7-dimensional sphere.

TEXTBOOKS:

1. R. Bott, L. W. Tu, Differential forms in algebraic topology.

2. B. A. Dubrovin, A. T. Fomenko, S. P. Novikov, Modern Geometry — Methods and Applications. Part II:
The Geometry and Topology of Manifolds.

J. Milnor, Morse theory.
J. Milnor, Lectures on the hA-cobordism theorem.
J. Milnor, On manifolds homeomorphic to the 7-sphere, Annals of Mathematics, 64 (1956), 399-405.

J. Milnor, J. Stasheff, Characteristic classes.

N o 90 x> W

S. P. Novikov, I. A. Taimanov, Modern Geometric Structures and Fields.
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PRIMARY LEVEL COURSE «DYNAMICS AND ERGODIC THEORY»

LECTURERS: A. S. Skripchenko, A. V. Zorich

TITLE: Dynamical Systems in Modern Geometry, Topology and Physics.

LEARNING LOAD: Spring term of 2018/19, 2 classes per week, 5 credits per semester.

DESCRIPTION: Dynamical systems in our course will be presented mainly not as an independent branch of
mathematics but as a very powerful tool that can be applied in geometry, topology, probability, analysis,
number theory and physics. We consciously decided to sacrifice some classical chapters of ergodic theory and
to introduce the most important dynamical notions and ideas in the geometric and topological context already
intuitively familiar to our audience. As a compensation, we will show applications of dynamics to important
problems in other mathematical disciplines. We hope to arrive at the end of the course to the most recent
advances in dynamics and geometry and to present (at least informally) some of results of A. Avila, A. Eskin,
M. Kontsevich, M. Mirzakhani, G. Margulis.

PREREQUISITES: basic differential geometry, topology and measure theory.

SYLLABUS:

o Rotation of the circle and continued fractions.

o Introduction to hyperbolic geometry. Mobius transformations. Fuchsian groups.

o Geodesics on surfaces of negative curvature. The geodesic flow and its properties.

o Geodesic flow on modular curve as a continued fraction map.

o Teichmiiller space. Teichmiiller geodesic flow.

o Interval exchange transformations (IET) as natural generalizations of continued fractions.

o IET as the first return maps on transversal for measured foliations on oriented surface. Poincaré recurrence
theorem.

o Key ergodic properties: minimality, ergodicity, number of invariant measures (illustrated by IET).
o Multiplicative ergodic theorem. Topological interpretation of Lyapunov exponents.

o Anosov and Pseudoanosov diffeomorphisms of surfaces. Introduction to hyperbolic dynamics (Markov
partitions, invariant measures etc).

TEXTBOOKS:

o F. Dal’bo, Geodesic and Horocyclic trajectories, Springer Urtext (2011).

L]

S. Katok, Fuchsian groups, University of Chicago Press, 1992 (na pycckom: M.: ®akropuai, 2002)

o

W. Thurston, Geometry and topology of three-manifolds, Princeton University Press, 1997 (1a pycckom:
M.: MLIHMO, 2001)

o Ya. Sinai, Introduction to ergodic theory Princeton University Press, 1977 (1a pycckoMm: u3a. EpeBanckoro
yHUB., 1973)

[

M. Viana, Ergodic Theory of Interval Exchange Maps, Revista Mathematica Com- plutense 19:1 (2006)
7—--100.

67



o J.-C. Yoccoz, Interval exchange maps and translation surfaces,
http://www.college-de-france.fr/media/jean-christophe-yoccoz/UPL15305
PisaLecturesdCYR007.pdf

o G. Margulis, Number theory and homogeneous dynamics,
http://jointmathematicsmeetings.org/meetings/national/jmm/margulis colloqg lect 08.pdf

o D. Ruelle, Chaotic Evolution and Strange Attractors, CUP, 1989.
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http://jointmathematicsmeetings.org/meetings/national/jmm/margulis_colloq_lect_08.pdf

STUDENT RESEARCH SEMINAR «FROBENIUS MANIFOLDS»

ADVISORS: S. M. Natanzon, P. I. Dunin-Barkowski

TITLE: Frobenius Manifolds, Cohomological Field Theories and Topological Recursion
LEARNING LOAD: Spring term of 2018/19, 1 class per week, 3 credits per semester

DESCRIPTION: The theory of Frobenius — Dubrovin manifolds connects the theory of singularities, integrable
systems, differential geometry, topological invariants of manifolds, operads, moduli spaces of algebraic curves,
mirror symmetry etc. Analytical aspects of the theory were developed by Dubrovin about 20 years ago. Al-
gebraic and topological aspects are described by cohomological field theories discovered by Kontsevich and
Manin. After that the theory of Frobenius — Dubrovin sees active development and plays an important role
in many branches of mathematics and mathematical physics. In the course, we will discuss the equvalence of
various seemingly different definitions of Frobenius — Dubrovin manifolds: flat deformations of Frobenius al-
gebras, orthogonal coordinate systems, pencils of flat cometrics, solutions of WDVV equations, cyclic operads,
cohomological field theories and so on, and consider various nontrivial examples of such manifolds arising
naturally on spaces of versal deformations of singularities, spaces of orbits of Coxeter groups, Hurwitz spaces,
in the theory of differential equations of the hydrodynamic type, theory of Gromov — Witten invariants, etc. In
addition, we will discuss the theory of spectral curve topological recursion, and its connections to some of the
aforementioned objects and theories.

PREREQUISITES: Basics of differential geometry.

SYLLABUS:
1. Frobenius algebras.
2. WDVV equation.
3. Frobenius manifolds.
4. Classification of 2D and 3D Frobenius manifolds.
5. Hurwitz — Frobenius spaces.
6. Basics of singularity theory and its connection to the theory of Frobenius manifolds.
7. Cohomological field theories and Gromov — Witten invariants.
8. Integrable systems related to Frobenius manifolds.
9. Spectral curve topological recursion and its connection to cohomological field theories; Givental’s for-
malism.

TEXTBOOKS:

1. B. Dubrovin, «Geometry of 2D topological field theories», Springer, Lect. Notes in Math., 1620 (1996),
120-348.

2. S. M. Natanzon, «Geometry of two-dimensional topological field theoriesy.

3. Yu. I. Manin, «Frobenius Manifolds, Quantum Cohomology, and Moduli Spaces», AMS Colloquium Pub-
lications, 1999.

4. P. I. Dunin-Barkowski, N. Orantin, S. Shadrin, L. Spitz «Identification of the Givental formula with the
spectral curve topological recursion procedure», Comm. Math. Phys. 328 (2014), 669--700.

69



ADVANCED LEVEL COURSE «FUNCTIONAL ANALYSIS»

LECTURER: A. Yu. Pirkovskii

TITLE: Functional Analysis

LEARNING LOAD: Spring term of 2018/19, 2 classes per week, 5 credits per semester.

DESCRIPTION: Functional analysis studies normed and topological infinite-dimensional vector spaces and
representations of algebraic structures on them. It is commonly used in differential equations, analytical and
differential geometry, representation theory and quantum physics. The classical areas are the spectral theory
of linear operators, distribution theory, operator algebra theory etc. Among relatively new are the noncommu-
tative geometry a la Connes, operator space theory (AKA «quantum functional analysis»), and locally compact
quantum groups. We plan to discuss selected topics from the syllabus below. The choice will depend on the
material of preceding course «Introduction to Functional Analysis» in order to minimize intersections.

PREREQUISITES: the course «Introduction to Functional Analysisy, Fall 2018.

SYLLABUS:

Duality for Banach spaces. Dual spaces and dual operators. The duals of classical Banach spaces. The canon-
ical embedding into the bidual. Reflexivity. Annihilators, preannihilators. The duals of subspaces and
quotients. Relations between properties of operators and their duals.

Elementary spectral theory. The spectrum of an algebra element. Banach algebras. The nonemptiness and
the compactness of the spectrum. The Gelfand — Mazur Theorem. Spectral radius. The point spectrum, the
continuous spectrum, and the residual spectrum of a linear operator. Spectra and duality. Calculations
for classical operators.

Compact and Fredholm operators. Basic properties, examples. The Fredholm index. The Riesz — Schauder
theory. The Fredholm Alternative. Properties of the spectrum of a compact operator. Applications to
integral equations. The Nikolski — Atkinson criterion. The Calkin algebra. The continuity of the index.
The stability of the index under compact perturbations. The essential spectrum. Applications to Toeplitz
operators.

Compact operators on a Hilbert space. The Hilbert — Schmidt theorem on the diagonalization of compact
selfadjoint operators. The Schmidt theorem on the structure of compact operators. Applications to the
Sturm - Liouville problem. Hilbert — Schmidt operators and nuclear operators. The trace.

Topological vector spaces. Locally convex spaces. Examples. Continuous linear operators. Normability and
metrizability criteria. Dual pairs and weak topologies. The bipolar theorem and corollaries. The Banach —
Alaoglu theorem. Weak topologies and compact operators.

Distributions. Operations on distributions. The sheaf of distributions. The support. Compactly supported dis-
tributions and tempered distributions. Tensor product and convolution of distributions. Structure theo-
rems for distributions. The Fourier transform of tempered distributions.

Commutative Banach algebras. Maximal ideals and characters of a commutative Banach algebra. The
closedness of maximal ideals. The Gelfand spectrum. The Gelfand transform. C*-algebras. The Gelfand -
Naimark theorem on commutative C*-algebras.

The Spectral Theorem. The continuous and Borel functional calculi for a selfadjoint operator. Positive opera-
tors. The polar decomposition. Spectral measures and representations of algebras of continuous functions.
The Spectral Theorem and the functional model for a selfadjoint operator. Multiplicity theory and clas-
sification of selfadjoint operators.
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TEXTBOOKS:

1. A. Ya. Helemskii, Lectures and exercises on functional analysis. AMS, 2006.
2. V. L. Bogachev, O. G. Smolyanov, Real and functional analysis (in Russian), R&CD, 2009.
3. J. B. Conway. A course in functional analysis, Springer, 1990.

4. G. J. Murphy. C*-algebras and operator theory, Academic Press, 1990.
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PRIMARY LEVEL COURSE «GALOIS THEORY»
LECTURER: C. Brav
TITLE: Galois theory
LEARNING LOAD: Fall term of 2018/19, 2 classes per week, 5 credits per semester.
DESCRIPTION: Galois theory is the study of roots of polynomials and their symmetries in terms of Galois
groups. As the algebraic counterpart of the fundamental group of topology, the Galois group is an essential
object in algebraic geometry and number theory.
PREREQUISITES: Basic algebra: groups, rings, linear algebra over a field.
SYLLABUS:
o Review of polynomial rings and more general principal ideal domains.

o Extensions of fields, algebraic and transcendental.

o

Splitting fields of polynomials and Galois groups.

[}

The fundamental theorem of Galois theory.

(]

Computing Galois groups.

[

Applications.

TEXTBOOKS: James Milne. Fields and Galois Theory,
http://www.jmilne.org/math/CourseNotes/FT.pdf
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PRIMARY LEVEL COURSE «GEOMETRY AND TOPOLOGY»

LECTURER: V. A. Kiritchenko

TITLE: Geometry and Topology

LEARNING LOAD: Spring term of 2018/19, 2 classes per week, 5 credits per semester.
DESCRIPTION: The course covers basic notions of topology such as metric spaces, smooth manifolds and
fundamental group. The main focus is on concrete examples such as Riemann surfaces, projective spaces,
Grassmannians. The course can serve as an introduction to more advanced geometry and topology courses.

PREREQUISITES: Basic Abstract Algebra (groups, rings and vector spaces)

SYLLABUS:

o Reminder on set theory: countable and uncountable sets, Cantor set, axiom of choice, non-measurable
set.

o Point-set topology: topological spaces, open and closed subsets, continuous functions, homeomorphism
and homotopy equivalence.

o Metric spaces, compactness, manifolds. Peano curve and Cantor staircase function.
o Fundamental group and covering spaces, Riemann surfaces.

o Projective spaces and Grassmannians.

TEXTBOOKS: J. R. Munkres. Topology — A First Course. Prentice Hall, 1975

COMMENTS: The course is suitable for all 1st year M.Sc. students or 2nd year B.Sc. students.
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ADVANCED LEVEL COURSE «<HAMILTONIAN MECHANICS»

LECTURER: I. M. Krichever

TITLE: Hamiltonian Mechanics

LEARNING LOAD: Fall term of 2018/19, 2 classes per week, 5 credits per semester.

DESCRIPTION: This is one of the basic theoretical physics courses for students in their 3-4 year of under-
graduate studies and for Masters students. A core of mathematical methods of modern theory of Hamiltonian
systems are concepts created in various branches of mathematics: the theory of differential equations and
dynamical systems; the theory of Lie groups and Lie algebras and their representations; the theory of smooth
maps of manifolds. Many modern mathematical theories, such as symplectic geometry and theory of integrable
systems have arisen from problems of classical mechanics. That’s why this course is recommended not only for
those who plan to continue their studies in «Mathematical Physics» master program, but also for those who
are planing to continue pure mathematical studies.

PREREQUISITES: No physics courses prerequisites.

SYLLABUS:

1)Lagrangian formalism: Least action principle; Euler — Lagrange equations; first integrals and symmetries of
action.

2) Basics of Hamiltonian formalism: phase space; Legendre transform; Poisson brackets and symplectic struc-
ture; Darboux thoerem, Hamiltonian equayions.

3)Examples: Geodesics on Lie groups. Mechanics of solid body and hydrodinamics of ideal fluid.

4) Separations of variables and integrability: Hamitonian-Jacobi equations; canonical transformations. Moment
map. Arnold - Liouville integrable systems. Lax representation.

TEXTBOOKS:
Jluteparypa IJis IOATOTOBKU

[1] JI. A. Jlanpay, E. M. JIubmun. Kypc Teopetnueckoii dusukuy, 1.1, Mexanuka. M.: Hayka, 1988.
[2] B. X. ApHospa. MaTemaTh4ecKrie METOIBI KJIaCCUUYECKON MeXaHUuKu. 3-e u3f. M.: Hayka, 1989.

[3] O. Babelon, D. Bernard, M. Talon. Introduction to Classical Integrable Systems. CUP, 2003.
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ADVANCED LEVEL COURSE «INTEGRABLE SYSTEMS AND ADS/CFT CORRESPONDENCE»
LECTURER: Mikhail Alfimov

TITLE: Integrable Systems and AdS/CFT Correspondence

LEARNING LOAD: Spring term of 2018/19, 1 class per week, 3 credits per semester

DESCRIPTION: In the present course the foundations of the AdS/CFT correspondence and integrable structures
appearing in this context will be explained for the case of 4-dimensional superconformal gauge theory. As a
pedagogical examples of the integrable systems solved by the Bethe Ansatz method Bose gas and Principal
Chiral Field models will be considered. There will be given an introduction into the applications of the theory
of integrable systems to the study of the spectrum of .#/ = 4 supersymmetric Yang-Mills theory and dual
superstring theory on the Ad.Ss x.S° background. The course is intended for PhD and Master students. Postdocs
and Bachelor students are also welcome.

PREREQUISITES: The course is best suitable for PhD and Master students.

SYLLABUS:

o The model of Bose gas. Bethe equations for the spectrum of the Bose gas model and their thermodynamic
limit. Thermodynamic Bethe Ansatz (TBA) equations for the Bose gas model.

o Principal Chiral Field (PCF) Model. Bethe equations for the spectrum of the PCF model and their ther-
modynamic limit. TBA equations for the PCF.

o Y- and T-system (Hirota equations) for PCF. Wronskian solution of the Hirota equations.
o AdS/CFT correspondence. String background Ad.Ss x .S° as the solution of the supergravity equations.
o Classical integrability of the PCF model and Ad.Ss x S° superstring c-model.

o Derivation of the S-matrix for the superstring 6-model on AdS5 x S° from Zamolodchikov-Faddeev alge-
bra.

o Bethe equations for the XXX Heisenberg spin chain (1-loop spectrum of anomalous dimensions of the
local operators in the 81(2) sector of ./ = 4 SYM). Asymptotic Bethe equations for the spectrum of /" = 4
SYM. TBA equations for the spectrum of /=4 SYM.

o Y- and T-system for the spectrum of .#* = 4 SYM and the corresponding Hirota equations. Wronskian
solution of these equations.

o Derivation of the AdS/CFT Quantum Spectral Curve for Ad.Ss x S° superstring theory and /' = 4 SYM.

o Application of the QSC method for the 81(2) sector of .#* = 4 SYM. Non-perturbative characteristics of the
operator trajectories of the operator trajectories in the .#/" = 4 SYM.

TEXTBOOKS:

[1] V. Korepin, N. Bogoliubov, A. Izergin, Quantum Inverse Scattering Method and Correlation Functions,
CUP, 1993, https://doi.org/10.1017/CBO9780511628832.

[2] N. Beisert, C. Ahn, L. F. Alday et al. Lett Math Phys (2012) 99:3,
https://doi.org/10.1007/s11005-011-0529-2.
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[3] E. D’Hoker, D. Z. Freedman, Supersymmetric Gauge Theories and the AdS/CFT correspondence. Strings,
Branes and Extra Dimensions, 2004, https://doi.org/10.1142/9789812702821 0O0O01.

COMMENTS: In the Spring term of 2017, I was giving the similar course at Skolkovo. In the next Fall term, it
was moved to the Faculty of Mathematics. According to my previous experience, the actual duration of classes
will be rather 2-2.5 hours than the traditional 1.5 hours. The course will also include solving the problems by
the students. Keywords: supersymmetric gauge theory, integrable systems, gauge/string duality.
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PRIMARY LEVEL COURSE «INTRODUCTION TO COMBINATORIAL THEORY»
LECTURER: Yu. M. Burman

TITLE: Introduction to Combinatorial Theory

LEARNING LOAD: Fall term of 2018/19, 2 classes per week, 5 credits per semester.

DESCRIPTION: Combinatorics is a part of mathematics studying finite sets. The question to answer is usualy
«how many»: how many are there connected graphs with » numbered vertices containing no cycles? how
many are there ways to draw diagonals of a convex n-gon so as to cut it into triangles? etc. This question is
answered by a multitude of methods from real and complex analysis, number theory, geometry, and more.
We do not expect, however, that the students are familiar with all these areas: the necessary techniques will
be explained in the course. Combinatorics is very rich in applications, ranging from mathematical physics to
algebraic geometry to finance, including topology and dynamical systems on the way. Very often questions
from various sciences eventually turn to be combinatorial problems. Combinatorics is an indispensable part of
every mathematician’s education.

PREREQUISITES: no.

SYLLABUS: In the course, we study various combinatorial objects and various methods of solution of combi-
natorial problems. For convenience we list methods and objects separately in the program; in the actual course
we alternate them.

1. Methods.

o Formal power series.
o Linear recurrence.
o Lagrange inversion theorem.

o Transfer matrix.
2. Objects.

o Binomial coefficients.

o Lattice paths.

o Catalan numbers.

o Partitions and compositions.
o Trees.

o Parking functions.

o Hurwitz numbers.

o Tutte polynomial.

TEXTBOOKS:

o S. Lando, Lectures on Generating Functions, AMS Student Mathematical Library, V. 23, 2003.

o G. F. Andrews, The Theory of Partitions, Cambrisdge University Press, 1984 (reprinted in 2003).
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ADVANCED LEVEL COURSE «INTRODUCTION TO SYMPLECTIC AND CONTACT GEOMETRY»
LECTURER: P. E. Pushkar

TITLE: An Introduction to Symplectic and Contact geometry

LEARNING LOAD: Fall term of 2018/19, 2 classes per week, 5 credits per semester.

DESCRIPTION: The course is centered on the notion of symplectic structure, contact structure, legendrian and
contact manifolds. In each direction we start from the very basic definition.

PREREQUISITES: Introductory courses on differential manifolds and ordinary differential equations.

SYLLABUS:

A. Symplectic geometry

A.0 Linear symplectic geometry

A.1. Symplectic structure, Hamiltonian fields, Darboux theorem

A.2 Symplectic reduction.

A.3. Lagrangian manifolds, Maslov index.

A.4. First steps of symplectic topology (Morse theory, Arnold’s conjectures, idea of Floer Homology).
A.5" Liouville — Arnold theorem, moment map. The Atiyah — Guillemin — Sternberg convexity theorem.

B. Contact geometry

B.1. Distributions, integrability, contact structures. Examples. One jets of functions.
B.2 Legendrian manifolds.

B.4. Contact geometry and first-order partial differential equations.

B.3. Differential geometry of plane curves and contact structure.

B.4 Generating families.

B.5. An introduction to Lagrangian and Legendrian singularities.

TEXTBOOKS:

Arnold V. L., Givental A. B. Symplectic geometry.

Arnold V. I. Mathematical Methods of Classical Mechanics.

Arnold, V. L., Gusein—Zade, S. M., Varchenko, A. N. Singularities of Differentiable Maps, Volume 1. Classifica-
tion of Critical Points, Caustics and Wave Fronts.
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ADVANCED LEVEL COURSE «LIE GROUPS AND LIE ALGEBRAS»

LECTURER: G. I. Olshanski

TITLE: Lie Groups and Lie Algebras

LEARNING LOAD: Fall term of 2018/19, 2 classes per week, 5 credits per semester.

DESCRIPTION: We shall begin with the basics of the theory of Lie groups and Lie algebras. Then we shall
provide an accessible introduction to the theory of finite-dimensional representations of classical groups on
the example of the unitary groups U(N).

PREREQUISITES: standard course of linear algebra.

SYLLABUS:

o linear Lie groups and their Lie algebras

o universal enveloping algebras

o the Haar measure on a linear Lie group

o general facts about representations of compact groups and their characters
o radial part of Haar measure

o Weyl’s formula for characters of the unitary groups

o Weyl’s unitary trick

o classification and realization of representations.

TEXTBOOKS:

1. W. Fulton, J. Harris, Representation theory. Springer 1991; Russian translation: 2017.
2. J. Faraut, Analysis on Lie groups. An introduction. CUP, 2008.

3. A. Kirillov, Jr., Introduction to Lie groups and Lie algebras. CUP, 2008;
https://www.math.stonybrook.edu/~kirillovimat552/liegroups.pdf
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PRIMARY LEVEL COURSE «KMARKOV CHAINS»

LECTURER: A. Dymov

TITLE: An introduction to Markov chains and their applications.

LEARNING LOAD: Fall term of 2018/19, 1 class per week, 3 credits per semester

DESCRIPTION: Markov chains form the simplest class of random processes for which the future does not
depend on the past but depends only on the present state of the process. Being rather simple, at the same time
Markov chains have very deep and beautiful mathematics. They are known as probably the most important
class of random processes, in particular, because of the numerous applications in mathematics, physics, biology,
economics, etc. Indeed, once a stochastic process is given, it is natural to simplify it by assuming that the
future does not depend on the past, and very often this approximation works well. The present course is the
introduction to the theory of Markov chains. It will concern with their most important properties and the most
known applications. The course is aimed at the 3rd and 4th year students, but is also possible for 1st and 2nd
year students.

PREREQUISITES: basic courses of analysis and linear algebra.

SYLLABUS:

1. Examples of models leading to Markov chains.

Markov chains with finite number of states.

Ergodic properties of Markov Chains.

Applications of Markov Chains: random walks, birth-death processes, etc.

Entropy of Markov Chains.

S B I

Markov Chains with infinite number of states.

TEXTBOOKS:

o A. N. Shiryaev, Probability, 2nd ed., Springer, New-York (1995).
o J. G. Kemeny, J. L. Snell, Finite Markov chains, Springer-Verlag (1976).
o B. V. Gnedenko, Theory of probability, 6th ed., Boca Raton, FL: CRC Press (1998).
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PRIMARY LEVEL COURSE «KMATHEMATICAL METHODS OF SCIENCE»

LECTURER: A. S. Tikhomirov

TITLE: Mathematical methods of science

LEARNING LOAD: Fall term of 2018/19, 2 classes per week, 5 credits per semester.

DESCRIPTION: The notion of vector, respectively, principal bundle over a smooth manifold is one of the cen-
tral notions in modern mathematics and its applications to mathematical and theoretical physics. In part
icular, all known types of physical interations (gravitational, electromagnetic, etc.) are described in terms of
connections and other geometric structures on vector/principal bundles on underlying manifolds. The proper-
ties of physical fields can be formulated in terms of geometric invariants of connections such as curvature and
characteristic classes of corresponding vector/principal bundles. In this course we give an introduction to the
differential geometry of vector and principal bundles and consider their metrics, connections, curvature and
characteristic classes. Some applications to algebraic geometry, topology, and gauge theory of classical fields
(in particular, Maxwell equations, Yang—Mills theory) are discussed.

PREREQUISITES: the standard courses in algebra, calculus, geometry, and topology for the first year of un-
dergraduate study.

SYLLABUS:

o Manifolds. Manifolds and smooth maps. Tangent vectors. Vector fields. Differential forms. Exterior dif-
ferentiation on a manifold. Exterior differentiation on R>. Pullback of differential forms.

o Riemannian Manifolds. Inner products on a vector space. Riemannian metric. Existence of a Riemannian
metric. Regular curves. Arc length parametrization. Signed curvature of a plane curve. Orientation and
curvature.

o Affine Connections. Affine connections. Torsion and curvature. The Riemannian connection.

o Vector Bundles. Definition of a vector bundle. The vector space of sections. Extending a local section
to a global section. Local operators. Restriction of a local operator to an open subset. Frames. F-linearity
and bundle maps. Multilinear maps over smooth functions.

o Connections on a Vector Bundle. Connections on a vector bundle. Existence of a connection on a
vector bundle. Curvature of a connection on a vector bundle. Riemannian bundles. Metric connections.
Restricting a connection to an open subset. Connections at a point.

o Connection, curvature, and torsion forms. Connection and curvature forms. Connections on a framed
open set. Metric connection relative to an orthonormal frame. Connections on the tangent bundle. Co-
variant differentiation along a curve. Connection-preserving diffeomorphisms. Christoffel symbols.

o Geodesics. The definition of a geodesic. Reparametrization of a geodesic. Existence of geodesics.
Geodesics in the Poincaré half-plane. Parallel translation. Existence of parallel translation along a curve.
Parallel translation on a Riemannian manifold.

o Exponential maps. The exponential map of a connection. The differential of the exponential map. Nor-
mal coordinates. Left-invariant vector fields on a Lie group. Exponential map for a Lie group. Naturality
of the exponential map for a Lie group. Adjoint representation. The exponential map as a natural trans-
formation.

o Distance and volume. Distance in a Riemannian manifold. Geodesic completeness. Dual 1-forms under
a change of frame. The volume form in local coordinates.
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o Operations on vector bundles. Vector subbundles. Subbundle criterion. Quotient bundles. The pullback
bundle. Examples of the pullback bundle. The direct sum of vector bundles. Other operations on vector
bundle.

o Vector-valued forms. Vector-valued forms as sections of a vector bundle. Products of vector-valued
forms. Directional derivative of a vector-valued function. Exterior derivative of a vector-valued form.
Differential forms with values in a Lie algebra. Pullback of vector-valued forms. Forms with values in a
vector bundle. Tensor fields on a manifold. The tensor criterion.

o Connections and curvature again. Connection and curvature matrices under a change of frame. Bianchi
identities. The first Bianchi identity in vector form. Symmetry properties of the curvature tensor. Co-
variant derivative of tensor fields. The second Bianchi identity in vector form. Ricci curvature. Scalar
curvature. Defining a connection using connection matrices. Induced connection on a pullback bundle.

o Characteristic classes. Invariant polynomials on g[,.(R). The Chern-Weil homomorphism. Characteristic
forms are closed. Differential forms depending on a real parameter. Independence of characteristic classes
of a connection. Functorial definition of a characteristic class.

o Pontrjagin classes. The Euler class and Chern classes. Vanishing of characteristic classes. Pontrjagin
classes. The Whitney product formula. Orientation on a vector bundle. Characteristic classes of an ori-
ented vector bundle. The Pfaffian of a skew-symmetric matrix. The Euler class. Generalized Gauss—-Bonnet
theorem. Hermitian metrics. Connections and curvature on a complex vector bundle. Chern classes.

o Some applications of characteristic classes. The generalized Gauss-Bonnet theorem. Characteristic
numbers. The cobordism problem. The embedding problem. The Hirzebruch signature formula. The
Riemann-Roch.

o Principal bundles. Principal bundles. The frame bundle of a vector bundle. Fundamental vector fields
of a right action. Integral curves of a fundamental vector field. Vertical subbundle of the tangent bundle
T P. Horizontal distributions on a principal bundle.

o Connections on a principal bundle. Connections on a principal bundle. Vertical and horizontal com-
ponents of a tangent vector. The horizontal distribution of an Ehresmann connection. Horizontal lift of a
vector field to a principal bundle. Lie bracket of a fundamental vector field. Horizontal distributions on
a frame bundle. Parallel translation in a vector bundle. Horizontal vectors on a frame bundle. Horizontal
lift of a vector field to a frame bundle. Pullback of a connection on a frame bundle under a section.

o Curvature on a principal bundle. Curvature form on a principal bundle. Properties of the curvature
form. The associated bundle. The fiber of the associated bundle. Tensorial forms on a principal bundle.
Covariant derivative. A formula for the covariant derivative of a tensorial form.

o Characteristic classes of principal bundles. Invariant polynomials on a Lie algebra. The Chern-Weil
homomorphism.

o Applications to gauge theory of classical fields. The Yang-Mills functional. Maxwell equations, rank
two Euclidean Yang-Mills theory: instantons.

TEXTBOOKS:

o L. Tu. Differential Geometry: Connections, Curvature, and Characteristic Classes. Springer, 2017.
o K. Nomizu. Lie Groups and differential geometry. 1956.

o R. Palais. The geometrization of physics. 1981.
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o T. Aubin. Nonlinear analysis on manifolds, Monge-Ampere equations. Springer, 1982.

Additional textbooks:

o C. H. Taubes. Differential geometry: bundles, connections, metrics and curvature. Oxford, 2011.

o P. Petersen. Riemannian geometry. Springer, 2006.

J. Milnor, J. Stasheff. Characteristic classes. Princeton, 1974.

(]

o C. Nash, S. Sen. Topology and geometry for physicists. Academic Press, 1987.
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PRIMARY LEVEL COURSE «MATHEMATICAL STATISTICS»
LECTURERS: A. V. Klimenko, A. S. Skripchenko
TITLE: Introduction to mathematical statistics

LEARNING LOAD: second module (November-December) of the Fall term 2018/19A.Y., 2 classes per
week, 3 credits.

DESCRIPTION: The main goal of mathematical statustics is an adaptation of the theoretical probabilistic
models to some practical problems in economics, physics, medicine, social sciences. Typically the precise
distribution or random process that describes some phenomenon is not known; however, some information
can be extracted from the series of observations or repeated experiments; this data is be used to select the most
appropriate model.

PREREQUISITES: the most basic part of probability theory, like distributions of random variables, mathemat-
ical expectations and variances for random variables, statement of the central limit theory (knowledge of the
proof is not required).

SYLLABUS:

o Statistical models, samples, descriptive statistics. Empirical approach: empirical distribution and
Glivenko - Cantelli theorem.

o Parametric statistics: estimations and their main properties. Unbiased estimators. Efficient estimators.
Cramer — Rao low bound. Consistent estimators. Fisher —- Neumann factorization theorem. Rao — Blackwell
theorem. Confidence intervals.

o Statistical hypothesis testing. Common test statistics. Null hypothesis statistical significance testing. Neu-
mann - Pearson lemma and the most powerful test at the given significance level.

TEXTBOOKS:

o David Freedman, Robert Pisani, Roger Purves, «Statistics».
o David Williams, «Weighing the odds: a course in probability and statisticsy.

o M. JlauyruH, «HarmsagHasa MaTeMaTrndyeckas CTaTUCTUKay.

COMMENTS: It is a short (1-module) course given in the second module (November-December). The
course is strongly recommended for the students who are planning to include econometrics and related subjects
in their future individual plans. The course can be taught in English or in Russian.
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ADVANCED LEVEL COURSE «KNUMBER THEORY»

LECTURER: M. V. Finkelberg

TITLE: p-adic numbers

LEARNING LOAD: Fall term of 2018/19, 1 class per week, 3 credits per semester

DESCRIPTION: p-adic numbers were discovered by Hensel at the turn of 20-th century as an alternative to the
classical real analysis in order to solve number theoretic problems. The development of p-adic analysis allowed
Dwork to prove the first Weil conjecture on the number of solutions of algebraic equations over finite fields in
1960’s. The goal of the course is to understand this proof and to learn the basics of p-adic analysis.

PREREQUISITES: mnepBulli roja OakajnaBpuara (cTaHgapTHBE Kypchl aireOpel, aHaan3a, TeoMeTpHHU,
KOMOMHATOpPUKHU U TONOJIOrKMK) U Teopus l'amya.

SYLLABUS:

o Metrics on the field of rational numbers.
o p-adic numbers.

o Hilbert symbol.

o Quadratic forms over p-adic fields.

o Minkowski — Hasse theorem.

o Algebraic closure of p-adic field.

o Tate field.

o Artin — Hasse exponent.

o Newton polygons.

o Zeta-functions.

o Rationality of zeta-function.

TEXTBOOKS:

[K] H. KoGuil, «p-aguueckuie 4nciia, p-aquieckuil aHaau3 1 A3eTa-QyHKINN».

[C] X. IL. Cepp, «Kypc apudpmeTukmy.
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PRIMARY LEVEL COURSE «SYMMETRIC FUNCTIONS»

LECTURER: E. Yu. Smirnov

TITLE: Symmetric functions

LEARNING LOAD: Fall term of 2018/19, 2 classes per week, 5 credits per semester.

DESCRIPTION: The theory of symmetric functions is one of the central branches of algebraic combinatorics.
Being a rich and beautiful theory by itself, it also has numerous connections with the representation theory
and algebraic geometry (especially geometry of homogeneous spaces, such as flag varieties, toric and spher-
ical varieties). In this course we will mostly focus on the combinatorial aspects of the theory of symmetric
functions and study the properties of Schur polynomials. In representation theory they appear as characters of
representations of GL(n); they are also closely related with the geometry of Grassmannians. The second half
of the course will be devoted to Schubert polynomials, a natural generalization of Schur polynomials, defined
as «partially symmetric» functions. Like the Schur functions, they also have a rich structure and admit sev-
eral nice combinatorial descriptions; geometrically they appear as representatives of Schubert classes in the
cohomology ring of a full flag variety. Time permitting, we will also discuss K-theoretic (non-homogeneous)
analogues of Schur and Schubert polynomials.

PREREQUISITES: the standard courses in algebra and discrete mathematics or combinatorics. Some knowledge
of representation theory of symmetric and general linear groups is not required, but helpful.

SYLLABUS:

1. Symmetric polynomials. The ring of symmetric functions. Bases of the ring of symmetric functions: el-
ementary, complete, monomial symmetric functions, power sums. Transition formulas between these
bases.

2. Schur functions. Algebraic definition. Jacobi-Trudi formula. Combinatorial definition, equivalence with
the algebraic definition. Young tableaux.

Applications to combinatorics: enumerating plane partitions. MacMahon formula.
Richardson — Schensted — Knuth (RSK) correspondence. Jeu de taquin.

Multiplication of Schur functions. Pieri rule. Littlewood — Richardson rule. Knutson — Tao puzzles®.

IR T

Symmetric group, its Coxeter presentation. The Bruhat order. The Lehmer code and the essential set of a
permutation.

N

«Partially symmetric» polynomials. Divided difference operators. Schubert polynomials.

8. Properties of Schubert polynomials. Monk’s formula, Lascoux transition formula.

9. Combinatorial presentation of Schubert polynomials. Pipe dreams. Positivity. Fomin — Kirillov theorem.
10. Flagged Schur functions, determinantal formulae.

11. Generalizations*: double Schubert polynomials, Stanley symmetric functions, Grothendieck polynomials.

TEXTBOOKS:

1. W. Fulton. Young tableaux, With Applications to Representation Theory and Geometry. CUP, 1997
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2. L. Manivel. Fonctions symétriques, polynémes de Schubert et lieux de dégénérescence. Société Mathé-
matique de France.

3. L. G. Macdonald. Symmetric functions and Hall polynomials. 2nd edition. Clarendon Press, 1998.

4. R. Stanley. Enumerative combinatorics, vol.2. CUP, 1999.

COMMENTS: In the Syllabus, marked with stars are advanced topics that will be considered if the time allows.
There are Russian translations for the textbooks [1], [3], [4], and English for [2].
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PRIMARY LEVEL COURSE «TOPICS IN DIFFERENTIAL AND ALGEBRAIC TOPOLOGY»
LECTURER: P. E. Pushkar

TITLE: Topics in differential and algebraic topology

LEARNING LOAD: Fall term of 2018/19, 2 classes per week, 5 credits per semester.

DESCRIPTION: We will start by introducing the basic notions and objects such as manifolds and tangent
spaces. After that we will discuss the inverse and implicit function theorems from the viewpoint of tangent
spaces, Sard’s lemma and the Morse lemma, as well as Whitney’s immersion and embedding theorems. In the
topology part of the seminar we will see CW-complexes, approximation theorems, simplicial homology, the
fundamental group and higher homotopy groups. We will also discuss the de Rham cohomology which forms
a connection between the differential and topological approaches.

PREREQUISITES: Undergraduate calculus and linear algebra.

SYLLABUS: Tentative list of topics:

A. Differential topology:

A.0 Smooth manifolds and tangent bundles

A.1 Inverse and implicit function theorems

A.2 Sard’s lemma

A.3 Morse lemma

A.4 Whitney’s immersion and embedding theorems

A.5 Transversal intersections and transversality theorems
B. Algebraic topology:

B.1 CW-complexes

B.2 Cellular and simplicial approximation theorems

B.3 Complexes and exact sequences

B.4 Simplicial homology

B.5 The fundamental group and higher homotopy groups
B.6 De Rham cohomology

TEXTBOOKS:

o V. I Arnold, S. M. Gusein-Zade, A. N. Varchenko. Singularities of Differentiable Maps, Vol. 1. Classifica-
tion of Critical Points, Caustics and Wave Fronts.

o R. Bott, L. Tu. Differential forms in algebraic topology.

o J. Milnor, J. Stasheff. Characteristic classes.
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STUDENT RESEARCH SEMINAR «TORIC VARETIES»

ADVISOR: K. G. Kuyumzhiyan

TITLE: Toric Varieties

LEARNING LOAD: Spring term of 2018/19, 1 class per week, 3 credits per semester

DESCRIPTION: This is an introduction to the theory of toric varieties, which are algebraic manifolds obtained
from convex polytopes by means of some wonderful explicit geometric construction. For example, the standard
n-simplex gives in this way the projective space of dimension n. The advantage of the pass from polytopes
to toric varieties is that the crutial combinatorial and geometric properties of polytopes predetermine the
key properties of the corresponding varieties and vice versa. Almost all essential algebraic, geometric, and
topological characteristics of a toric variety are explicitly computable in terms of its polytope. This makes the
toric varieties very suitable for testing algebro-geometric and topological conjectures, seeking examples and
counterexamples, etc.

PREREQUISITES: In the first half of the course, we need Convex Geometry, Commutative Algebra, and basic
properties of affine and projective algebraic varieties. In the second half, some more advanced notions from
algebraic geometry are required, such as divisors and algebraic group actions. However, a deep knowledge of
Algebraic Geometry is not assumed, and all necessary things will be precisely formulated and either proven or
provided with explicit references to textbooks.

SYLLABUS: Affine and projective toric varieties, orbit — cone correspondence, automorphisms of affine toric
varieties and locally nilpotent derivations, resolution of singularities in dimension 2 and continued fractions.

Divisors on toric varieties. Cohomology groups of nonsingular toric varieties.

TEXTBOOKS:

o D. Cox, J. Little, H. Schenck. Toric varieties. GTM 124, AMS, 2011.

(]

W. Fulton. Introduction to toric varieties. Ann of Mathematics Studies 131, Princeton University Press,
1993.

o B. Y. lanunos. 'eomeTpus Topudyeckux MHorooopasuii. YMH 33:2(200), 1978, c. 85--134.

o T. Oda. Convex bodies and algebraic geometry. An introduction to the theory of toric varieties. Results
in Mathematics and Related Areas (3) 15, Springer-Verlag 1988.

COMMENTS: The course is suitable for students of the third year and above.
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OIIMCAHUA CEMUHAPOB HA PYCCKOM

HAYYHBIA CEMUHAP AJIA MJIAAIIINX KYPCOB «AJITEBPAMYECKHIH CEMHHAP»
PYKOBOJUTEJIb: B. A. I'puiieHKO

HA3BAHME: HUC no anrebpe i CTyA€HTOB IIEPBOTO U BTOPOTro KypcoB 6akajiaBpuara
YUYEBHAA HAI'PY3KA: oceHHul cemecTp 2018/19, 1 mapa B HefeJio, 3 KpejuTa 3a ceMecTp.

OITMCAHMUE: O6s3aTenbHbIN Kypc anreOpbl He MOXeT BMeCTUTh BCce MHTepecHble U BaXHbIe BOIIPOCH], KOTO-
pble Haao ObLJI0 OBl M3YYNUTh B TeUeHMeE MEePBHIX TPEX cemecTpos. Llesb sToro HMCa — 3aryiAHyTh 32 rpaHUIlbL
Kypca anreOpsl Kak ¢ TOYKU 3peHNs TeOpeTUUeCKNX KOHCTPYKIINI, TaK U ¢ TOUKHU 3peHUs COBpeMeHHbIX IPUJIO-
xeHuil. Mbl nonpobyeM peliath 1 OpUrriHaJIbHBIE HCCIIeloBaTesIbCKUe 3a]auy, JOCTYITHbBe MOTUBHPOBAHHBIM
CTyJl€eHTaM MJIaJIIINX KypPCOB.

NMPEABAPHUTEJIbHAA ITOATOTOBKA: uaymuii mapajjiejbHO 0053aTesIbHBIN KypC ajarebpsl.

IMPOTPAMMA: IIporpamMma GyieT OT4aCTH 3aBUCETh OT aKTUBHOCTH Y4aCTHUKOB. Hike UAET CIIEICOK BO3MOX-
HBIX Te€M, KOTOPBIX MBI cOOHMpaeMcs KOCHYThCA.

Kosibna. KoHeuHble KoJibLia. MyibTUILIMKATUBHEIE QyHKIMN 1 pyHKIMA MéOuyca. O6001mennsa pyHkuun Ji-
Jepa. MHorouwieHsl HaJl KOHeYHBIMU NoJiAaMu. KoJsiblia uncesn Dii3eHIITeliHA U KBaApaTUYHble pacllnpe-
HUA. Tesio KBaTepHNUOHOB, IieJible KBaTePHUOHBI, OO00IIEHHbIE KBATEPHUOHHBIE aareOphl.

JIuneitHas anre6pa. [1nockocTs @aHO M KOHEYHbIE NMPOEKTHBHBIE IIJIOCKOCTH. BUHapHOe BEKTOPHOE Mpo-
CTPaHCTBO: g-000011leHNA Yrcjia coueTaHui, ahpuHHAA reoOMeTpUsA, TpacCMaHUaH U JJarpaHXXuHaHbl. O0-
mas JMHelHas rpynna HajJl KOHeUHbIM nojieM. [IpuMepsl JIMHEMHBIX KOAOB: KoA X3MMUHra, kof ['oses u
UX rpynmsl aBToMop¢pu3MoB. [IpuseeHre MaTpul] HaJl KOHEUYHBIM II0JIEM.

I'pynmsl. Iloarpymnisl npAMoro nponsseaeHus. ABToMopGuU3Mbl Ipyniibl iepecTaHoBOK. izoMopdu3Mel kiiac-
CHUYeCKUX rpynn Haja nojaMu. VizoMopduambl JIMHEHHBIX PYMNI Ha KOJIbI[aMu. ['pynimbl HHBapUaHTOB
Pa3yIMYHbIX 00beKTOB. CHUCTeMBl KOPHEe U rpyniibl Beisid, MHBapraHTHBIE U aHTUMHBapHUAaHTHBIE MHOTO-
ujieHbl. Pacuivpenus rpynmi, rnepable I'PyNbl KOTOMOJIOTHH.

YYEBHHKMU: [ToapobHOCTH 110 BCeM TeEMaM MOXHO HalTh B Bukunequn. CrienriajbHbie KHUTHU U CTaThu Oy AyT
BBIJaBaThCs yYaCTHUKaM BO BpeMs pabOThl ceMuHapa.
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HAYYHBIY CEMUHAP JJIA MJIAJINIKUX KYPCOB «BBEJJEHUE B TEOPHIO MO,HEJIEfI»
PYKOBOOUTEJIb: B. b. IllexrmaH

HA3BAHMUME: BBesieHUe B TEOpHIO Moiejieit

VYEBHAA HATPY3KA: oceHHu ceMecTp 2018/19, 1 mapa B Hefesmo, 3 KpeauTa 3a ceMecTp.

OIIMCAHME: Teopusa Mofesieil — OBICTPO Mporpeccupyloniasa 06acTb, Ha CThIKE MaTeMaTHU4eCKOU JIOTHKY,
anrebpbl U APYrUX AUCHUIIIMH: TEOPUU aJTOPUTMOB, TEOPHUU MHOXECTB, TEOPUM KaTeropuii, TEOpUU UTP.
OHa u3yyaeT CBA3b MeXAy MaTeMaTU4YeCKUMU CTPYKTypaMu U UxX (popMaJibHBIMU TeopuAMU. MeToabl Teopuun
MoJeJieii IPUMEeHSIOTCA 1J1A pellleHNs TPYAHBIX IpobjieM, HanpuMep, Ipo0JieMbl KOHTUHYYMa WUJIU NPOOJieMBbI
Yaiitxena. Llesb Kypca — 3HAaKOMCTBO C OCHOBHBIMU HNOHATUAMU U METOJaMU T€OPUN MOJIEJIEN.

IPEABAPHUTEJIbHASA ITOATOTOBKA: Jloruka u ajroputmsl (1 MOJyJib), OCHOBHI ajreOpbl, OCHOBHLIE I10-
HSATUSA TOTOJIOTUM.

IIPOTPAMMA: Teopuu u mofesnu. [1o1HOTa 1 KOMIAKTHOCTb. JJIeMeHTapHble paciinpeHus. OnyckaHue Tu-
1oB. MojiesibHasA MOJIHOTA. DJIMMMHaLMA KBAaHTOPOB. YJibTpalnpoussedeHus. HaceoleHHble Mofenun. Karero-

PUYHOCTb.

YYEBHHUKMHA:

o CrpaBouHas KHUTa Mo MaTeMaTtuuyeckou jioruke. Yacts 1. Teopusa mogaesneii. M. Hayka, 1982.

o

Bbpyno Ilyasa. Kypc Tteopumu mopesnen. https:/www.math.wisc.edu/~lempp/poizat/poizat1251.
html.

o W. Hodges. Model theory. CUP, 1993
o D. Marker. Model theory. Springer, 2002.

o J1. Keticnep, Y. YsH. Teopua mogenen. M.: Mup, 1977.

KOMMEHTAPHM: Kypc mocTyneH ctyaeHTaMm, HAUYMHAsA €O 2 Kypca, a TakXe IPOABHUHYTHIM ITepBOKYPCHUKAM
(B Buie MCKJTIOUEHU).
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HAYYHBIY CEMUHAP JJIA MJIAINIKUX KYPCOB «'EOMETPHYECKASA AJITEBPA»
PYKOBOAUTEJIb: A. M. JleBuH

HA3BAHHME: 'eomeTpudeckas ajrebpa

VYEBHASA HATPY3KA: BeceHHUI ceMmecTp 2018/19, 1 mapa B Hefesno, 3 KpeauTa 3a ceMecTp.

OITMCAHMUE: CeMuHap paccuMTaH Ha CTy[eHTOB 1-2 Kypca 6akanaBpuarta. Mel ipeanoJaraemM o6CyIuTh pas-
JINYHBIe IPYMEeHeHUsA TeOMeTPUU YPOBHA UyTh BhIIE IIKOJIBHOTO JIA aHa/IM3a 00bEKTOB YUCTO ajrebpanye-
CKOMU IIpUPOJHL.

IMPEABAPHUTEJIBHAA ITOAT'OTOBKA: HeT

IMPOTPAMMA: CemuHap OyZeT COCTOATh U3 NOYTU He3aBUCHUMBIX 0JIOKOB B 1-3 3aHATHUA. BOT HekoTophie
TEMBI:

o CTPYKTypa KBaJpaTUYHBIX TOPAAKOB: KJIACCUYECKUI1 BOIIPOC COBPEMEHHOH ajredpanyeckoil TeOpUum 4u-
ces1 00 CBOAUTCA IO CyTH K HECJIOXKHBIM IJIAHUMETPUYeCKHUM paccyxAaeHusaM. [IpuioxeHusa K Teopuu
MOZYJIAPHBIX GOPM.

o KBaTEpHMOHBI B TEOPUU AUCKPETHBIX U HelpPepPHIBHBIX I'PYIII: KBaTepHUOHHAs pean3alis OpTOroHaslb-
HOMU TPYIIIIHI MO3BOJISIET CBSA3aTh HETPUBUAJIBHBIN YeThIpeXMEePHBI (TUlep)MHOTOIPaHHUK C TPYIIION Tie-
PeCTaHOBOK.

o uarpaMMsl JIBIHKMHA U CHCTEMBI KOpHel.
o PemeTku 1 MoAyJiApHble (GOPMBL.

YYEBHHUKNA:

o 3. AptuH, 'eomeTprueckas anredpa. M.: «Hayka», 1969

o X.-II. Cepp, Kypc apudmetuxu. M.: «Mup», 1972.
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CTYJEHYECKHUHA HAYYHBIH CEMHUHAP «'EOMETPHUSA U AHAJIU3 B TEOPUU JUO®PEPEHI[UAJIb-
HBIX YPABHEHHI»

PYKOBOJOUTEJIBI: U. B. Beiorus, B. A. [To6epexxHBINH
HA3BAHUME: 'eomeTpusa u aHau3 B Teopuu auddepeHnuanpHpIX ypaBHEeHUN
YYEBHASA HATPY3KA: nBa ceMmectpa 2018/19 yu.r., 1 mapa B Hefjesto, 3 Kpeaura 3a ceMecTp.

OIIMCAHHME: [lepBriii ceMecTp MJIaHUPYeTCs IPOBECTH B BHJe CIIelKypca: HayaTh C OCHOB aHaJIMTUYeCKOU
Teopun quddepeHaabHbIX ypaBHEeHN, TeOpUH JINHEeNHHIX AuddepeHnranibHbIX YpaBHEHNN U UX AedopMa-
I[1}1, 3aTeM pacCMOTPEThb CBA3b 3TOW OOLIell TeOPUHU ¢ UCCIeJOBaHNEM HM3BECTHBIX HEJIMHEUHBIX ypaBHEHUN.
Bo BTOpOM ceMecTpe IJIaHUPYyeTCsA cepus NOKJIa[OB YYaCTHMKOB CeMMHapa O reOMeTpUYeKUX II0AXOo[axX K
n3ydyeHuro aud@epeHIaabHbIX YpaBHEHUH.

NPEABAPHUTEJIBHAA ITIOATOTOBKA: cTaHAapTHBIE KYPCHI JIMHEHHOU airedpsl, AuddepeHniaabHbIX YpaB-
HEHUI 1 KOMIUJIEKCHOI'0 aHaJIn3a.

ITPOTPAMMA:

1. Cneumnduka KOMIUIEKCHBIX AUDYPOB: METOA MaXXOPaHT, TeOpeMa CyIleCTBOBAHUA U e JUHCTBEHHOCTHU.

2. JluneiiHble AuddepeHnnabHbIE YpaBHEHUA: IJ100aIbHas Teopus — IpeAcTaBjeHre MOHOAPOMUU, JIO-
KaJIbHasA Teopus — pasJioxeHue Jlepess.

@dyKCOBHI U peryJisipHble AuddepeHnnaibHbe YpaBHeHN:A, COOTHoIeHre dykca.
CaoticTBo IlenneBe. HenmHeliHble ypaBHEHU I€PBOTo NMOPAIKa.

N3oMoHOApOMHBIE AedopManuy U ypaBHeHU: [leHieBe, cuMMeTpUM U ajrebpanieckre peleHus.

o oMW

JlokasnbpHBIE (popMasIbHEIE HOpMaJibHble GOPMEI HeJIMHEeNHbIX cucteM. TeopeMs! Ilyankape u [Tyankape —
Jrwonaka. CxoguMocTs ¢GOpMaJIbHON 3aMeHBl B HEPE30HAaHCHOM CJIydae.

YYEBHHUKMHA:

1. B. U. ApHosibA. JJonoJIHUTEIbHbBIE TJIaBbl TEOPUM OOBIKHOBEHHBIX AuddepeHInabHbIX ypaBHeHUN. M.:
Hayka, 1978.

2. Y. S. Ilyashenko, S. Yakovenko. Lectures on analytic differential equations. Graduate Studies in Math.
vol. 86, AMS, 2007 (pycckas Bepcus: 0. C. Unpsamenko, C. 0. fIkoBeHko. AHauTUYecKkas Teopus qud-
(epeHIMATBHEIX YPaBHEHN).

3. A. A. Bonubpyx. @ykcosbl AuddepeHnaabHble ypaBHeHUA U rogoMopdHble paccioeHua. M.: MITHMO,
2001 (umu gomoyiHeHHOe usganue: A. A. Bonubpyx. OOpaTHBIe 3ajayd MOHOJIPOMUM B aHAJIMTUUYECKOMU
Teopuu auddepeHnnanbHex ypaBHeHui. M.: MITHMO, 2009).

4. B. B. T'omyGeB. Jlekiuu o aHaIUTH4ecKou Teopuu Aud@epeHNanbHbIX ypaBHeHUN. ['ocTexTeopeTus-
nat, 1950.

5. B. Kruglikov, V. Lychagin. Differential Equations — Geometry, Symmetries and Integrability. Springer,
2008.

KOMMEHTAPHU: CeMuHap IJIaHUPyeTCcA MPOBOAUTH HAa PyCCKOM fI3BIKe, XOTs, IPU HEOOXOAUMOCTH, BO3MO-
J)Ke€H YaCTUYHBIN ITepexo] Ha aHTJIMACKUU A3BIK.
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HAYYHBIY CEMUHAP JJIA MJIAJINKUX KYPCOB «'EOMETPHSA U I'PYIIIIbI»
PYKOBOOUTEJIb: O. B. IlIBapumMaH

HA3BAHME: I'eoMeTpHus U I'pyIIbl

YUYEBHASA HATPY3KA: nBa ceMmectpa 2018/19 yu.r., 1 mapa B HefeJio, 3 Kpegura 3a ceMecTp.

OITMCAHHME: IlepBoe 3HaKOMCTBO C HJeel cummempuu Ha NpUMepe 04apoBaTe/IbHOM KOJUIEKIMU ILJIOCKUX
KpucTtayuiorpa@uyeckux rpymni, CMMMeTPUYeCKUX I'PYII, IPyNIl CaMOCOBMeIlleH!! TPaBUJIbHBIX MHOIOI'PaH-
HUKOB, (pyHJaMeHTaJIbHbIX I'PYII HEKOTOPHIX IOBEPXHOCTEH, IPyNl aBTOMOPGU3MOB AepPeBbeB, JUHEWHBIX U
IIPOEKTUBHBIX T'PyNIN HaJl KOHEYHBIMU MOJIAMU U APYTMX UHTEPECHBIX I'PYIII, TeCHO CBA3aHHBIX C reOMeTpuen,
JOCTYITHOU IIepBOKYPCHUKY.

IMPEABAPHUTEJIBHAA ITOAT'OTOBKA: HeT.

ITPOTPAMMA:

[epBEIli cemecTp.

o UTo Takoe rpyiia mnpeobpa3zoBaHUN.

o I'pynna ABMXXeHUI eBKJIMAOBON IIJIOCKOCTHU. BpalieHusa u oTpaxeHus.

o I'pynna ABM>XeHUI NPaBUJIBHOI'O MHOIOYTOJIBHUKA.

o [lepBas sKcKypcus B KOMOMHATOPHYIO TEOPUIO IPYMII: 0Opa3yiomiyie U COOTHOIIEHU.
o UTO Takoe OUCKpeTHas rpynna ABMXEHUN IJIOCKOCTHU.

o Kpucrasuiorpaguyeckue rpyImmnsl.

o dyHaameHTasbHaA obyaacte. PemeTku u ux pyHaameHTanbHble o61actu BopoHoro.
o Teopema bubGepbaxa.

o [IpaBuibHBIE 3aMOI[eHNs IIJIOCKOCTH.

o I'pynna ABMXeHUI TpeXMepHOI'0 eBKJINA0BA IIPOCTPaHCTBA.

o Teopema Jiiyiepa.

o I'pynnsl oTpakeHUI KaK IPYIIB CUMMETPUI IPAaBUJIbHBIX MHOTOT'PaHHUKOB.

o Bropas skcKypcus B KOMOMHATOPHYIO TEOPUIO I'PYIIIL: 0Opasyloliye U COOTHoMeHuA AjiA rpymnn Kokcrepa.

o CUMMeTpHuuecKas rpymmna kak rpymnmna Kokcrepa.
BTopoii cemecTp.

o JIuCKpeTHbIe KpucTajulorpadguyeckre rpynmsl B TpeXMepHOM €BKJIMJOBOM IPOCTPAHCTBeE.
o PemeTku u ux GyHaamMeHTasbHbIe 06Jy1acTy (3JIeMeHTapHas TeopusA MHOTOI'PaHHUKOB BopoHOTo).
o Teopema Bubepbaxa.

o IIpuMephl BHICOKOCMMMETPUYHBIX 3aMOIIIeHNIl IPOCTPAHCTBA.

94



o Brimykuible Tesia U pemeTky. Teopema MUHKOBCKOI'O M HEKOTOPHIE ee IPUMeHeHNs B reOMeTPUM U TeOpun
qriceL.

o Yro Takoe ¢ykcoa rpynna. Ayiredpa 1 reoMeTpusa MOAYJIAPHOU I'PyNNbl U e€ Apy3ei.

o

TpeTbs 5KCKypcusa B KOMOMHATOPHYIO TEOPHUIO I'PYIIIN: I'PYIIIEL, JeCTBYOLINE Ha JepeBbX.

o [IpaBUJIbHBIE MO3aUKH Ha MJIOCKOCTU JIoGaueBCKOro.

YYEBHHUKNA:

1. B. B. Hukynun, U. P. lladapesuu. I'eomeTpus u rpynmnsl, Hayka, 1982.

2. T. C. M. Kokcrep. Beenenue B reometpuio, Mup, 1968
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HAYYHBIY CEMUHAP JJIA MJIAJINIKUX KYPCOB «'EOMETPHUSA U JUHAMHKAY
PYKOBOJMUTEJIBI: A. B. KinmuMmenko, I'. . OgpmaHckuii, A. C. CKpUITYeHKO

HA3BAHHME: 'eoMmeTpUsa U JUHAMHUKA

YUYEBHASA HATPY3KA: nBa ceMmectpa 2018/19 yu.r., 1 mapa B HefeJio, 3 Kpegura 3a ceMecTp.

OITMCAHHE: CeMUHap paccudMTaH Ha CTyAeHTOB 1-2 Kypca OakasaBpuara. Mbl npeanosiaraeM pacckas3artb
cJIyuIaTesiAM O MOHATUAX, METO1ax 1 pe3yJibTaTaX U3 pa3jIMYHbIX pa3ziesioB reoMeTpru, AMHAMUKY U CMEeXHBIX
obmacTel, Ipy 3TOM HepeJKO COOOpakeHus U3 OAHON 00s1acTy OyAyT MCIIOJIb30BaThCsA B paboTe ¢ 00beKTaMu
Zipyroil npupoAsl. Kak npasuiio, B TedeHue ABYX JieT pa3brpaeMble CIOXKeThl I0UYTU He IOBTOPAITCS.

ITPEABAPHUTEJIBHAA ITIOAT'OTOBKA: HeT.

ITIPOTPAMMA: HHC coCcTOUT 13 NOYTU He3aBUCUMEIX OJI0OKOB B 1-3 3aHATHA. BOT HEKOTOpEIE U3 TeM:

o CHMBOJINYECKOE KOAUPOBAHMUE: CBA3b OTOOPAXKEHUS X — {2X} HA e JUHUYHOM OTPE3Ke C MoAGPachiBaHUEM
MOHETKH

°o DHTPOIINA J:[I/IHaMI/IquKOﬁ CHUCTEMBI: KaK U3BMEPUTDH ((CJIy‘IaﬁHOCTb)) MOBeJeHUsA CUCTEMBI?

o auddeomMopPuU3Mbl OKPYKHOCTHU: KiaccudUKalua C TOYHOCTHIO A0 CONPSXXeHHUs, MHBApDHUAHT KJIacCu-
duxaium (YMcI0 BpalleHuA), JOCTaTOYHOCTh ero JJiA kiaccudukaiuy, noBefeHre Yrcia BpalleHuA B
ceMelcTBax

o MaTeMaTuuyeckKue GI/IJ'II)HP,E[H: BCe AMHaAMMU4YeCKNne CHUCTEMBI OT napa6om/1qec1<1/1x Ao FI/IHGPGOJ'II/I‘-IGCKI/IX B
oJHOI 3ajaue

o IlelHble ApPOOM: KaK AMHAMUKA [IOMOraeT TeOpUM YHcesl U MPYU 4eM TyT reojie3nyeckue?
o MHAMUKA pallliOHaJIbHBIX OTOOpaxkeHUMN: ¢ppaKTasibl, MHOXecTBa JKiojia u Jpyruve 3Bepu

° T€OMETPUA KJIaACCUYECKUX I'PYIIIT

YYEBHHUKHA:

o A. b. KaTok, b. Xaccen6saT. BBefieHue B TeOpUio JUHAMUYECKUX CHCTEM C 0030pOM IOCJIEJHUX JIOCTU-
xeHutt. M.: MITHMO, 2005.

o C. Tabaunukos. 'eomeTpusa u 6usLInapasl. bubanoreka xypHasa «PeanbHasd U XaoTUUeCcKas AUHAMUKAY,
M. - MxeBck, 2011.

o 3. AptuH. 'eomeTprueckas anredpa. M.: «Hayka», 1969.

KOMMEHTAPHM: BeceHHuii ceMecTp MOXHO, XOTs U He peKOMeH/lyeTcs, 6paTh 6e3 oceHHero. B ciyuae ecu
aToT HUC yXe ObUI B3AT OJMH pa3 B MPOILJIOM oAy, pa3peliaeTcs B3sATb ero BO BTOPOU pas.
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CTYI[EH‘IECKHI;’I HAVYHBI CEMHUHAP «[EOMETPHSA M TOIIOJIOTHSA BAHAXOBBIX IIPO-
CTPAHCTB»

PYKOBOIUTEJIb: II. B. CemMéHOB
HA3BAHHME: 'eoMeTpus ¥ TONOJIOTNA 6aHAXOBBIX IPOCTPAHCTB
VUYEBHASA HATPY3KA: BeceHHU# cemecTp 2018/19, 1 mapa B Heeo, 3 KpeAuTa 3a CEMECTP.

OIIMCAHMUE: paccunTaHHbIN Ha 20 3aHATUHN Kypc, He peANoJIaramiuil CKpyIyJé3Horo uyueHus 6eckoHeu-
HOMEPHO! TOIOJIOTUU U TeoMeTprUU OaHaXOBBIX IIPOCTPAHCTB, @ B OCHOBHOM OPHEHTUPOBAHHEIN Ha AeTaIbHOe
3HAKOMCTBO C HECKOJIBKUMMU JIOKAJIbHBIMU pe3yJIbTaTaMu, KaX/Iblil 3 KOTOPBIX B CBOE BpeM:A ObLJI CBOEro poja
MaTeMaTH4YeCKoil ceHcalel 1 okas3aJl 3aMeTHOe BJIMsAHNe Ha JjajibHelilllee pa3BUTHe dTOrO pasjesa MaTeMa-
TUKU.

IIPEABAPHUTEJIbHAS IIOATI'OTOBKA: MaTeMaTU4eCKUIl aHa/Inu3, reoMeTpus, ajiredbpa 1 BBeJleHUe B TOIO-
JIOTHIO B 00BhEMe MEePBHIX IBYX JIET OaKajilaBpuara.

IMPOTPAMMA: Ilocjie 3HAaKOMCTBA C TPAAUIMOHHBIMY NpUMepaMy 6aHaXOBBIX MPOCTPAHCTB U UX CBOMCTBA-
MM, OCHOBHOe BHHMaHUe OyfieT CKOHLIEHTPUPOBAHO Ha CJIeAYyIOLMX TeopeMax U CBA3aHHBIX C HUMU CIOXeTax:

o O IMOMapHOM U30MOPGHOCTU IPOCTPAHCTB HENpPePHIBHBIX QYHKIIMI HA HecueTHhIX KoMmakTax (A. A. Mu-
JIIOTUH)

o 0 HAJIMYMH HeJJONOJIHAEMBIX HOAMPOCTPAHCTB B He THIb0ePTOBHIX IpocTpaHcTBax (M. JIMHAeHIITpayce —
JI. agpupn)

o 0 TOMeOoMOP(MHOCTH BBIMYKJIBIX 6ECKOHEYHOMEPHBIX KOMIIAKTOB THJibOepToBy KyoOy (O. Kenep)

o 0 roMeoMOp(dHOCTHU cenapabesbHOT0 6eCKOHEUHOMEPHOTO O0aHaxoBa MPOCTPAHCTBA T'MJILOEPTOBY MPO-
crpaHcTBy (M. W. Kager).

YYEBHHUKHA:

1. A. H. Kosmmoropos, C. B. ®omuH. DjeMeHTH Teopur GYHKITUHN 1 QyHKI[MOHAIBHOTO aHau3a. M.: Hayka,
1976.

. Y. PynuH. ®yHKIIMOHAJIBHBIN aHanu3. M.: Mup, 1975.

. A. TlesunHckuii. JIMHeHHbBIe TPOIOJDKEHNS, JIMHENHBIE YCpeJHEeHUA U UX puMeHeHusA. M.: «Mupy, 1970.

2
3
4. J.van Mill. Infinite-Dimensional Topology: Prerequisites and Introduction. North Holland, Elsevier, 1989.
5. C. Bessaga, A. Pelczynski. Selected topics in infinite-dimensional topology. Warszawa, PWN, 1975.

6

. J. Lindenstrauss, L. Tzafriri. Classical Banach spaces I. Sequence spaces. Springer-Verlag, 1977.
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HAYYHbBIM CEMHHAP JJI MJIAQIINUX KYPCOB «U3BPAHHBIE I'JIABBI ,E[PICKPETHOfI MATEMATH-

KWy

PYKOBOOHUTEJIb: U. B. ApraMKuH

HA3BAHME: U36paHHbIe IJIaBbl IUCKPETHON MaTeMaTUKU

VUYEBHASA HATPY3KA: BeceHHU# cemecTp 2018/19, 1 mapa B Heeo, 3 KpeAuTa 3a CEMECTP.

OIIMCAHHME: Ilog quckpeTHON MaTeMaTHKON B Halllel cTpaHe OOBIYHO MOHUMAaKT cobpaHue pa3po3HEHHBIX
MaTeMaTHYeCKUX CIKeTOB, OKa3aBIIMXCs M0JIe3HBIMU B MHGOPMAaTHKe MJIU CMEXHBIX IPUKJIaJHbIX 00JIACTAX.
HekoTopble 13 3TUX CIOXXETOB BXOJAT B 00513aTesIbHbIE KYpPChl MaTeMaTHU4eCKO JIOTUKY U AUCKPETHON MaTeMa-
THUKHU, YUTaeMble B 6akasaBpuare. Ha Hamewm cemuHape o6CyXJai0Tcs He BOIIeAlIre B 3TU KypChl KOHCTPYK-
I[1Y, UMelolie, TeM He MeHee, 3aMeTHOe 3HaueHNe Kak B MaTeMaTHKe, TaK U B MIPUJIOXKEeHUAX.

IMPEABAPHUTEJIBHAA ITOAT'OTOBKA: HeT.

ITPOTPAMMA:

o BysneBsl ¢pyHkIUU 1 TeopeMa Ilocta o pyHKIMOHATIBHOM NOJTHOTe. DTa TeopeMa AaéT 3(GeKTUBHBIN OT-

BET Ha CJIeqyIOIINI BOIIPOC: MOXKHO JIK JitoOyio O6ysieBy GyHKIMIO (0T JII000r0 Yrcja nepeMeHHbIX) BhIpa-
3UTh C IIOMOIIBI0 OTlepallli KOMIIO3UIINY Yepe3 3aJaHHbI Habop GyHKINIL. Y JUBUTEIBHO, YTO Ha TaKOH
BOIIPOC HMMeeTCs MIPOCTOUN U cofepXKaTeJIbHBIN OTBET, O3BOJIAILINI, HapuMep, IpUAyMaTh (PyHKI[HIO
OT JBYX MepeMeHHBIX, Yepe3 KOTOPYI0 MOXXHO BBIPA3UTh JIOOYI0 PYHKIIHUIO.

KoHeuHbIe 1OJIA. TeopeMa O TOM, YTO MYJIbTUIIJIMKATWUBHAA I'PYIIIIa KOHEYHOTI'O II0JIA ABJIACTCA MUKJINYE-
CKOﬁ, IMMO3BOJIAET CTPOUTH AJIMHHBIC IIEPUOJNYECKNE ITIOCTIEA0BATEIIbHOCTHU, IIOBCEMECTHO MCIIOJIb3yEMBIE
B paanOJIOKallNK1, CUCTEMAX OIMO3HABAHWA ((CBOﬁ-‘-Iy3KOI>1» nT.ao.

Teopema ®doppa — @ankepcoHa 0O MaKCMMaJIbHOM MOTOKE B TPAHCIOPTHOU ceTU. Peus maeT o Takou
3afjaue: UMeeTcs HeKOTopas ceThb Aopor (TpyOoNnpoBOAOB), COeAMHAILINX MyHKTH A 1 B. ¥V xax o fo-
poru (TpyObI) eCcTh CBOSI MAaKCUMAaJIbHAS MPOITYCKHAS CIIOCOOHOCTh — HanboJIbIllee YHMCIJI0 aBTOMOOWITIEH
(bappeneii He(pTH) KOTOpble MOTYT MPOUTH MO 3TOU Aopore (Tpybe) 3a yac. TpeGyeTcsa opraHu30BaTh
ABKeHMe (nmepekauky HedTH) TakuM oOpa3oM, YTOOHI 00Ilee yrcI0 aBToMobuelt (6appeseit HehTH),
nomnajaoiee 3a yac 13 A B B, 6610 MakcUMaJibHO BO3MOXHBIM. OKa3bIBaeTcsl, MHOTHE BaXXHbIe pe3yJib-
TaTHl U aJITOPUTMBI Teopuu rpadoB, Kak MpUKJIaJHbe, TAaK U YMCTO MaTeMaTuieckue, CBSA3aHbl C 3TUM
KpPYTOM HJen.

YYEBHHUKMHA:

—

N U A~ W N

®. Xapupu. Teopus rpados. M.: YPCC, 2003.

B. B. Benos, E. M. BopoOsbes, B. E. Illatanos. Teopus rpados. M.: Beicii. mkosa, 1976.
M. Ceawmu, K. Txynanupamas. I'padsl, cetn u anroputMmel. M: Mup, 1984.

A. U. KoctpukuH. OCHOBHI aiareophl.

Baptu, Bupkrod. CoBpeMeHHas npukJjagHas aaredpa. M. 1976.

A. W. Cupora, 10. U. Xynak. OcHoBE AuickpeTHOU MaTemaTtuku. Y. 1. M. 2010.
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CTY,[[EH‘-IECKI/If;I HAYYHBIY CEMUHAP «IIEPECTAHOBKHU, HAKPBITUSI, UHTETPUPYEMOCTDb»
PYKOBOOUTEJIBL: M. J. KazapsH, C. K. Jlauno

HA3BAHHME: IlepecTaHOBKH, HAKPHITUA, UHTEIPUPYEMOCTH

VYEBHAA HATPY3KA: Spring, 1 mapa B Hefesio, 3 KpeiuTa 3a ceMecTp.

OITMCAHHME: Kypc opreHTHpPOBaH Ha CTyIeHTOB 3—4 Kypca OakajaBpuara, CTyJeHTOB MarucTpaTryphl U aclu-
PaHTOB, a TakXe BCeX MHTEePeCYIINXCsA COBPEMEHHBIMH BONPOCAMU NOCTPOEHUA pellleHU NHTerpupyeMbIX
CHCTEM U UX CBA3bI0 C KOMOMHATOPUKOW I'PYIII epecTaHOBOK, rpadoB U reoMeTprell IPOCTPAaHCTB MOAYJIe
KOMIIJIEKCHBIX KPUBBIX 1 UX 0TOOpakeHUH. Kypc OCHOBBIBaeTCsA Ha COBPEMEHHBIX MCCIeJOBAHUAX, B TOM YHC-
Jie, Ha paboTax JIeKTOpPOB.

IIPEABAPHUTEJIDHASA IMTOATOTOBKA: 6a30Bble KypChl IIEPBHIX JBYX JIET OakajiaBpraTa

ITPOTPAMMA:

o [lepecTaHOBKU U UX pasJjIOKeHU: B IPOU3BeJleHNe TPAHCIO3UI[UN U IIepecTaHOBOK JPYroro BUAA.
o IfeHTp rpynnoBoil ajreOpbl CHUMMTPHUYECKON I'PYNIBL U €ro pa3jdyHEIe pean3aliu.

o Pa3BeTBJIeHHBIE HAKPBITUA [TIOBEPXHOCTEH, MOHOAPOMUS.

o MHTerpupyemsie nepapxumu Kagomiiesa — [lersuamsuiu u Kopresera — e ®dpusa.

o B030H-(epMHOHHOE COOTBETCTBHE, T0JIyOeCKOHEeUHBIN rpaccMaHuaH U Teopema Carto.

o DBOJIIOLIMOHHOE YpaBHeHUe (ypaBHeHHe CKJIeHKU-pa3pesa).

o Yuncsa I'ypeunia u nponspogamuye GyHKIMN 471 HUX KaK pellleH!s NHTerPUpPyeMBIX NepapXull.

o Pexypcusa TaTTa cTAruBaHusA-yfajeHus pebpa, ypaBHeHUs Bupacopo 1 COOTHOIIEHUA TONOJIOTNYeCcKOMn
peKypcum.

o O630p pa3/IMYHBIX KOMOMHATOPHBIX 3a/1a4, IPUBOJANMX K pellleHUsAM UHTerpupyeMbIX nepapxuil.

YYEBHUKMU: A. K. 3BoHKuUH, C. K. JIanno. I'padsl Ha IOBEPXHOCTAX U UX Npusioxkenus, M.: MITHMO, 2010 +
CTaThy, aKkTyaJibHble HA MOMEHT YTEHUA CIIeLKypca.
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CTY,[[EH‘—IECKI/II;’I HAYYHBIM CEMHUHAP «CIOXETBI U3 TEOPHM I'PYIIIIbI KOC U TEOPUM KBAHTO-
BbIX I'PYIIII: IPOUCXOXJAEHHUE U IPUMEHEHUE R-MATPUL»

PYKOBOJUTEJIb: I1. H. ILatos, II. A. CartoHOB

HA3BAHHME: CioXKeThl U3 TEOPUHU I'PYINIIBI KOC ¥ TEOPUM KBAHTOBBIX I'PYIIN: IIPOUCXOXIEHUE U IIpUMe-
HeHHe R-Mmatpull.

VUYEBHASA HATPY3KA: BeceHHHUI ceMmecTp 2018/19, 1 mapa B Henesno, 3 KpeauTa 3a ceMecTp.

OITUCAHHME: B 5TOM Kypce MBI 06CyX/1aeM HECKOJIbKO T€M 13 TEOPUH I'PYIIIHI KOC ¥ TEOPUM KBAHTOBBIX IPYIIIL,
B KOTOPBHIX MOABJIAETCA U IPUMEHAETCA OAVH U3 CaMbIX N3BECTHBIX OOBEKTOB COBPEMEHHOU MaTeMaTHU4YeCKOu
¢u3uku — Tak HaspiBaeMasA R-MaTpuija. R-MaTpulja B y3KOM IOHMMaHUM 3TOT'O TEPMUHA, C KOTOPHIM MBI, B
OCHOBHOM, U OyzeM UMeTh Aeji0, — 3TO pelleHue (KyOHueckoro MaTpUyHOro) ypaBHeHus flHra — Bakcrepa,
M3BECTHOI'0 TaKXe KaK COOTHOIIeHne ApTuHa uiu ypaBHeHUe koc. Cepsl IprMeHeHUsA R-maTpul] B HaCTOsA-
I1ee BpeMs O4eHb pa3HOOOPa3HBI — OT TEOPUU TOYHO pellaeMbIX MOfeJiell CTaTUCTUYeCcKOl GU3UKU U TeOpUU
11014 10 Ipo0JieM OCTPOeHNs NHBAPUAHTOB Y3JI0B, CTPYKTYPHOI TeOpHUU U TEOpUU IIPeACTaBIeHNI KBaHTO-
BBIX MaTPUYHBIX ajired6p. YYacTHUKU ceMHUHapa I03HAKOMATCA ¢ ajirebpanyecKiMy KOPHAMU IPOUCXOXKIeHNA
R-MaTpuI| 1 UX POJIbI0 B TEOPUU MHBAPHUAHTOB y3JIOB U TEOPUU KBAHTOBBIX I'PYMIL.

IIPEABAPHUTEJIBHAS IIOAT'OTOBKA: [[11 NOHUMaHUA Kypca TpeOyeTcsa 3HaHNe JIMHEHHON aaredpsl, Teo-
pUU I'pynn U TeOPUH NpeACTaBJIeHN B paMKax IIporpaMMBbl MEpBBIX 2-X KypcoB OakasiaBpuara. JKesaTeabHO
Takke 3HaKOMCTBO C OCHOBamu Teopuu rpynn Jiu u anrebp Jlu, anrebp Xonda. Bnpouem, Bce He0OOX0qUMEIE
MOHATHA OyAyT HallOMUHATHCA B IIpoliecce 3aHATHUI.

ITPOTPAMMA:

o I'pynmna koc, ee reoMeTpruyeckoe 1 ajnredbpanieckoe npeacrassieHnsa. KoHeuHoMepHble (aKTOPHI IPYNITEI
KOC U ee TPYIIOBOY ayireOphl: cuMMeTpudeckas rpynma, ajreopa I'ekke. Oneparopsl FOuuca — Méppu u
OaxcTepu30BaHHbIE 3JIEMEHTHI B ajiredpe I'ekke, ee HeNIpUBOAUMEIE IPeICTaBJIEHNs, CBA3b C TaOIUIAMU
u quarpammamu HOnra.

o R-MaTpuuHbIe IpeICTaBJIEHUA IPYIILI KOC, IpuUMepsl R-MaTpull: R-matpuusl GL(m|n) Tuna. IlepBele npu-
JIOXeHUsA R-maTpull: R-cjeq 1 MHBapUaHTHl Y3JI0B.

o INouaTue 06 anrebpax Xomnda. KoymHOXeHMEe, KOEUHUIIA M AaHTUTION C TOYKU 3PEHUS TEOPUM TIpeJICTaB-
JeHui. [IBoiicTBeHHbIe ajreOprl Xonda.

o KomMmyTaTuBHaA anarebpa ¢ MyacCOHOBOI CTPYKTYPOU U ee KBaHTOBaHMe. Ajirebpa GYHKIMU Ha TpyIine
1 ckoOka CKJISHMHA Kak IIpuMep r-MaTpuyHoOM ckoOku Ilyaccona. KBantoBanHasA anreOpa QyHKIMNA Ha
rpynne: R-MaTpuU4HBIN oAaxon (Tak HassiBaeMasi RTT-anre6pa).

o Anrebpa pyHKIIUI Ha JBOMCTBEHHOM IMPOCTPAHCTBE K ayirebpe Jlu gl(n), ckodka ITyaccona-JIu. KBaHTto-
BaHue ckoOku [lyaccona-JIu u yHuBepcasnbHasa obeproiBaroman ainredbpa U(gl(n)). KBagpatnunasa ckobka
Ha anre6pe GyHKIUI Ha gl*(n) 1 €€ corjlacoBaHHOCTH C JIMHEHHOI cKoOKoI1 [TyaccoHa — JIu (IIyYKOM CKO-
6ok Ilyaccona). KBanToBaHue myuka ckobok ITyaccoHa: anrebpa ypaBHeHUs oTpaxeHuil. CTPyKTypa ee
XapakTepUCTUYeCKOU noaanreOpsl, ClIeKTp KBAHTOBOW MaTpPUIbl, KBAaHTOBasl BepcHs TeopeMbl ['aMuib-
ToHa — Kosn.

o Teoprsa KOHEUHOMEPHBIX Pa3JIOXKUMBIX IIPeACTaBJIeHN aareOpbl ypaBHEeHUA OTpaXXxeHU.

YYEBHHUKWU:
o O. Ogievetsky, P. Pyatov. Lecture on Hecke algebras. Preprint CPT-2000/P.4076.
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o J. S. Birman, T. E. Brendle. Braids: a Survey. arXiv:math/0409205 [math.RT]. In: «Handbook of Knot
Theory», ed. by W. Menasco and M. Thistlethwaite, Elsevier, 2005.

o K. Kaccesb. KBantossie rpynnsl. M.: dasuc, 1999.

o A. Klimyk, K. Schmuedgen. Quantum groups and their representations. Springer, 1997.
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CTY,[[EH‘-IECKI/If;I HAYYHBIU CEMUHAP «MATEMATHKA ITPOLIECCOB ITEPEHOCAY
PYKOBOJUTEJIb: K. Il. 3p160uH

HA3BAHHME: MaTeMaTuKa IIPOLECCOB IIepeHoca

VYEBHASA HATPY3KA: BeceHHUI ceMmecTp 2018/19, 1 mapa B Hefesno, 3 KpeauTa 3a ceMecTp.

OIIMCAHME: YYacTHUKHA CEMUHAPa TTO3HAKOMSATCSA C METOAAMH1 OITMCAHUSA IIPOIIECCOB IIEPEeHOCa B Pa3JIMYHBIX
cpenax. ByayT paccMOTpeHBI Kak KJjlacchueckre BOMPOCH! MOCJie[JOBAaTeIbHOTO BEIBOJA KMHETHYECKUX YpaB-
HEHUM U3 [enoyku boroyro6oBa AjiA OOBIYHBIX Ta30B U IIJIA3Mbl, TaK U COBPEMEHHbIE METO/IbI MCCJIeI0BaHNA
JVUHAMUKU Pa3/IMYHBIX [TOJIeH, MOTPYyXeHHBIX B TypOyJIeHTHBIE MyJIbCaLIUN.

IMMPEABAPHUTEJIBHAS ITIOATI'OTOBKA: HeoOXO0AUMBI MaTeMaTU4eckuil aHaians, AuddepeHnyaabHble ypas-
HEeHMs; XKeJlaTeJIbHbl aCUMIITOTUYeCKre MeTOAb! penieHus AuddepeHnanibHbIX ypaBHEHN.

MMPOTPAMMA: C ucCnojb30BaHHeM KJIacCUYeCKOll TeXHUKHU BBIBOJA KMHETHYeCKUX ypaBHEHU IpejroJa-
raercs NOJIyYWUTb YpaBHEHU:, ONKCHIBAIOIIME YCKOPeHHe KOCMUYEeCKUX JIydell M HUCCjiefoBaTh UX pelleHHsA.
OTtpesnbHO O6yieT pacCMOTPeH MpeAesl MajbiX JJIMH Ipobera 4acTul] ¥ NoJIydyeHO 000CHOBaHMe TMAPOANHAMU-
94eCcKOro NpuOJIMKeHUsA KaK pe3yJibTaT aCUMIITOTUYECKOro pa3JlokeHUsA KMHEeTUYeCKoro ypaBHeHUsA. OCHOBBI-
BasCh Ha aHaJIM3e CTOXACTUYeCKO! T-3KCIIOHEHTHI NIpeirojiaraeTcsa uccjaeoBaTh KOppeAlOHHbIe QYHKIUN
IIPUMECHBIX YaCTUI] B Pa3BUTON r'UIPOAMHAMUYECKON TypOyJIeHTHOCTU, OOCYIUTh Ha 3TOM MpHUMepe sABJIEHHE
nepeMexaeMOCTH, TUIMYHOE J1 Pa3JINYHbIX KOPPEeJIANNOHHBIX QYHKINHI, ONMCHBAIINUX TypOyJI€HTHOCTD.
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HAYYHBIY CEMUHAP JJIA MJIIAJINKUX KYPCOB «KMATEMATHUKA ®U3UYECKHUX SBJIEHHUM»
PYKOBOOUTEJIb: II. U. ApceeB

HA3BAHHUE: Marematuka ¢pusnueckux sBJIeHUN

VYEBHASA HATPY3KA: BeceHHUI ceMmecTp 2018/19, 1 mapa B Hefesno, 3 KpeauTa 3a ceMecTp.

OITMCAHMUE: MsI 00Ccy M CBA3b peabHbIX (PU3NUeCKUX ABJIEHUN ¢ MaTeMaTU4eCKMU MeTOAaMU UX OIuca-
HUs1, BOSHUKHOBEHNE MaTeMaTU4YeCKUX CTPYKTYP U3 3aKOHOB (pU3MKHU, B IIEPBYIO OYepe/ib, B MEXaHUKE, 3JIeK-
TpOCTaTHKe, 3JIeKTpoArHaMuke. Cpeau TeM CBA3b BTOPOI'o 3akoHa HeoToHa ¢ JlarpaHxeBsIM (pOpMaii3MoOM,
JIBUDKEHME «II0 IIPSAMOV» Ha KPUBOJIMHEMHOU NOBEPXHOCTH, NOBeAeHNe I'MPOCKOINa, SKBUBAJIEHTHOCTh 3aKO-
Ha KysnoHna teopeme I'aycca u 1.11. CeMuHap paccuuTal, cKopee, Ha CTyAeHTOB 2-3 KypcoB OakajaBpuara, HO
IIOATOTOBJIEHHbIE CTYAEeHTHl 1 Kypca He NOJIKHBI BCTPETUTh CePbE3HBIX TPYAHOCTE.

ITPEABAPUTEJIBHAA ITOATOTOBKA! xejiaTeJIbHO 3HaHNE OCHOB MaTeMaTHYeCKOro aHajin3a 1 NoHuMaHue
npocThix AuddepeHIIMaIbHBIX ypaBHEHUN.

ITPOTPAMMA:

MexaHMKa

o Bropoii 3akoH HpioTOHa — OCHOBa ONMCaHUA KJIACCUYeCKOoro ABrKeHU:A. [IpuMepsl AMHAMUKA. 3aKOHBI
COXpaHeHNs 13 ypaBHEeHUU ABUXeHUS.

o OT 3axk0HOB HbI0TOHA K JiarpaHXeBoil ¢GopMyrpoBKe. [IpyHINN HauMeHbIIero AelcTBUA. 3aKOHHI CO-
XpaHeHUs ¢ TOYKU 3peHUs JIarpaHXXeBoro noaxoaa.

o «CBOOOTHOE ABMIXEHHE» B KPHUBOJIMHENHOM IpOCTpaHCTBe. J[BrkeHUe Mo cdepe U MOBEPXHOCTAM Bpa-
meHus. OmnvcaHyie ¢ OMOIIbI0 METPUKHU.

o JIBuxeHMe OBICTPO Bpawjamuuxcs teja. HeTpuBuaabHOCTh UX CBOOOHOTO ABUKEHUA. «AHTUUHTYUTUB-
HOe» TOoBeJ[eHe TUPOCKOIIA.

DJIEKTpOCTaTHKA

o 3akoH KyJsioHa Kak npsmoe cjaeAcTBue 3KcnepuMeHTa. [IoHATHE TOTOKA BEKTOPHOI'O I0JIA. DKBUBAJIEHT-
HOCTh TeopeMsl 'aycca «dkcrepuMeHTaIbHOMN» (GOpMyJMpoBKe 3akoHa KysoHa. [{uBepreHIusa BeKTOp-
HOTO noJisg, AudpepenIrasbHas GopMyanpoBKa 3akoHa KysioHa. YpasHeHus Jlamiaca u Ilyaccona.

o PemreHue 3324 3JIEKTPOCTATUKU C IIOMOIIBI0 TeopeMbl ['aycca. [ToJie 3apskeHHBIX MJIOCKOCTEHN U CTEPXK-
Hell. [IoHATHE O IBYMEpPHON U OJJHOMEPHOMH 3JIEKTPOCTaTHKe U creludriecknx «3akoHax KysoHay. 3a-
PAOBI HAJ TOBEPXHOCTHIO MeTaJLIA.

o DJIEKTPUYECKOE IoJie B JUIJIEKTPUKax. [IoBepXHOCTHBIE 3apsAbl M I'PAHUYHbIE YCIIOBUA IJIS dJIEKTpUYe-
CKOTO TI0JI1 B HEOOHOPOIHOI cucTeMe. MeTop 3apsAoB n300paxeHuil — pu3nveckoe peleHue 3aaaun
0 HaXOXIeHU!U pelieHusA quddepeHIHaTbHOTO YPaBHEHUS C TPAHUYHBIMY YCJIOBUAMU.

DJIeKTpOAUHAMMKA

o B3auMopeiicTBHe TOKOB. DKCIlepUMeHTaJIbHble 3aKOHH DpcTefa 1 Amnepa. Cua, JelcTBylomas Ha TOK
B MarHuTHoM IoJie. Cuiia JlopeHna. JIBuxXeHre 4acTULBl B MAarHUTHOM IOJIE.

103



[ToHATHE BEKTOPHOro MoTeHI[asa. Porop BekTopHOro mnoss, ¢popmysia Crokca. CBOMCTBA BEKTOPHOTO
NOTeHIMaJla, CPaBHEHHE CO CKAJIAPHBIM MOTeHIHaioM. [uddepeHnnansHas GOpMyJIMPOBKa 3aKOHOB
3JIeKTpOMarHeTyu3Ma Ipy YCJIOBUHM CTALIOHAPHOCTH TOKOB. JlarpaHXuaH YacCTHUIbl, B3alMOJIefICTBYIO-
Iieii C 3JIEKTPOMArHUTHBIM OJIEM.

3axoH ®apapes, ero uHTerpaabHasn u qubdepeniuanbias GopMmyanpoBky. CucrteMa ypaBHeHUN Makc-
BesuIa. Eife pas ux ¢pusnueckuil cMbIC U MaTeMaTruudeckas GopMyanposka. [TosHbil JlarpanxuaH 3J1eK-
TPOMAarHUTHOI'O I10JIA — BO3MOXHOCTH BBIBOJA YPABHEHNU 3JIEKTPOJANHAMUKY U3 HOBBIX IIPUHIIUIIOB.

YpaBHeHUA 2JIeKTPOMAarHUTHBIX BOJIH M3 ypaBHeHUH MakcBesuia. DJIeKTPOMarHUTHbEIE BOJIHBL B cpefie.
I'paHuYHbIE YCJIOBUA Ha IOBEPXHOCTU paszesia [IBYX Cpen.

OTpaxeHue OT MOBEPXHOCTH pa3fesa JAByX cpell. [IBa MeTo/a pemeHus 3aa4u 00 OTpakeHUH OT ILJI0-
CKOMapaJsiieJIbHOM MJIacTUHbL [I0BEpXHOCTHbIE BOJIHBI

BoyiHOBOZB! U pe30HAaTOPHL. [(rCKpeTHbIe YacTOThl COOCTBEHHBIX KOJIeOaHUI — IIyTh K OIMCAHUI0 IOJIel
Kak Habopa OCLUJLIIATOPOB.

YYEBHHUKNA:

AR

®etinMmaH P.,JleiiToH P., Canac M. deiiHmaHoBcKkue jekuu 1o ¢usuke. M.: Mup, 1967.

ApHouipa B. . MaTtemaTtrueckrie METOIbI KJIacCUUeCKOU MexaHuku. M.: dusmariaut, 1974.

Jlanpay JI. [., JIugpmun E. M. Teopetuueckasa ¢usuka. M.: dusmartiaut, 2004.

TamMm U. E. OcHOBHI Teopuu sekTpudectBa. M.: 'oc. U3[1. TEXHUKO-TEOPETUUECKOU JTUTepaTyphl, 1956.

Tuxonos A. H., Camapckuii A. A. YpaBHeHusa mateMatndeckoy ¢pusuku.— M.: Hayka, 1977.
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HAYYHbBIM CEMHUHAP JJIA MJIAOIIUX KYPCOB «K MHOT'OT'PAHHUKH U BBIITYKJIAA TEOMETPH SA»
PYKOBOOUTEJIb: A. . OcTtepoB

HA3BAHHE: MHOrorpaHHMKH M BBIIIyKJIasi reoOMeTpus

YYEBHAS HATPY3KA: oceHHHH ceMmecTp 2018/19, 2 mapsl B HeZieJiio, 5 KpeJUTOB 3a ceMecCTp.

OITMCAHMUE: MHOrorpaHHUKY U CBOMCTBA BBIITYKJIOCTH UTPAlOT BaXXHYIO POJIb IIOUYTH BO BCEX pa3fiesiax MarTe-
MAaTHKU U eé MIpUJIoKeHN. Mbl N3y4nM reomeTpruyeckoe, ajarebpandeckre, KOMOMHATOPHBIE U aHAJIUTUYeCKHe
ACMEKTHI BHIIYKJION reoMeTpUuu U YBUAWUM, [I0YeMYy MHOTOI'PDAHHUKU U BBIINYKJIbIE Tejia OKa3bIBAIOTCA BaXXHEI
Jlaxe B TaKMX, Ka3ajoch Obl, HEOXUAAHHBIX 00J1acTAX, KaK ajrebpanyeckas reoMeTpus U Teopus uucesi. Yro-
OBl UMETh BO3MOKHOCTh YBUJIETh [TAHOPaMy B LIeJIOM, MBI IOCTapaeMcs He YIIyOJAThCA B AeTaIl OTAeJIbHBIX
BRXKHENIINX pa3fesioB, TAaKUX Kak rpynnsl Kokcrepa, Tponnyeckas reoMeTpusA UK JIMHENHOe [IpOorpaMMUpO-
BaHNUe — MM Yy Hac Ha ¢axyJbTeTe OCBAIIEHHl CllelraJbHble Kypchl. MaTepuai Kypca OyfeT JOCTyIleH AJiA
CTYZIeHTOB BCeX KypCOB, BKJII0Uas NMepBOKYPCHUKOB OakajlaBpyHaTa M MarucTpaHTOB, KOTOPHIE MapajljlesIbHO
CMOTYT yCIIEIlIHO CJIef0BaTh 0053aTeJIbHOU MIporpaMme.

ITPEABAPUTEJIBHAA ITOATOTOBKA: HeT.
ITPOI'PAMMA:
1. BBeneHue B npeaMet (JIEKINN):

o AdPurHHOE NPOCTPAHCTBO, BHIIYKJIbIE Tejla U 000JIOUKH.
o KoHyCBI, OIOpHBIE MIJIOCKOCTU, ABONCTBEHHBIE KOHYCHI.

o JInHeliHbBIe HEpaBeHCTBA, aaroputM dypre — MorkuHa.
o MHOrorpaHHukY, rpaHy, 00bEMBI, CMelIaHHbIe 00BEMEL.

2. CroXeTsl 0 BAXXHBIX KJIaccaX MHOTOTPaHHUKOB (pedieKCUBHbIE, BTOPUYHBIE, pACCJIOeHHBIE, [INKJINYeCKHe,
IIyCThle, KOBBINTyKJIble, BUPTYaJIbHBIE ...), UX UHBapUaHTax (3ijilepoBa XapaKTepUCTHKa, f- U h-BEeKTOPHI,
IOJIMHOM DpXapTa ...), CBA3AX ¢ APYTrUMHU 06J1acTAMY MaTeMaTHKH (ajrebpaniyeckas reoMeTpusi, TeOpUs
quces ...), TEKyIUX UCCIIeJOBAHUAX 1 OTKPHITHIX NTpobsieMax. IloMuMoO JieKIuii 1 ceMUHapoB, B paMKax
BTOPOI 4acTH Kypca IJIaHUPYIOTCA AOKJIAIbl CIyliaTesen.

VUYEBHHKMU: IlepBoe mpeicTaBjeHNe O MpeAMeTe MOXHO COCTaBUTh 1O EMKHM, HO CKATBIM PYCCKOS3BIYHBIM
BBedeHuAM (1-3). BoJiee JOCTYyITHOE U Pa3BEPHYTOE U3JIOXKEHNE CM. B aHTJIOA3BIYHBIX yueOHUKax (4-7).

1. A. JI. T'opoxeHues, «'eomeTpusy, jekuuu 8-9,
http://gorod.bogomolov-lab.ru/ps/stud/geom _ru/1617/list.html

2. B. M. TuxomMupoB, «BHIITyKJIbIF aHAIN3 U €TI0 IPUJIOKEHUSY,
https://www.mccme.ru/free-books/dubna/tich.pdf

3. B. A. TumopuH, «KoMOMHaTOpHKa BHITyKJIBIX MHOTOTPAHHUKOBY,
https://www.mccme.ru/free-books/dubna/timorin.pdf

4. A. Brondsted, «An Introduction to Convex Polytopesy (nepeBoa: A. Bpéncren, Mup 1988),
https://books.google.ru/books?id =7PXxBwWAAQBAJ&printsec=frontcover

5. C. Haase, B. Nill, A. Paffenholz, «Lecture Notes on Lattice Polytopesy,
https://polymake.org/polytopes/paffenholz/data/preprints/In_lattice polytopes.pdf

6. M. Beck, S. Robins, «Computing the Continuous Discretelyy,
http://math.sfsu.edu/beck/papers/noprint.pdf

7. G. Ziegler, «Lectures on Polytopesy,
https://books.google.ru/books?id =xd2BTXSSUcgC&lpg=PP1&hl=ru&pg=PPl#v=0nepage&q&f=rfalse
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HAYYHBIY CEMHUHAP JJIA MJIAQIIUX KYPCOB «IIPOEKTUBHAS AJITEBPAUYECKAS TEOMETPUA»
PYKOBOOUTEJIN: HU. B. ApramkuH, A. JI. 'opoaenues, A. C. Tuxomupos

HA3BAHHME: [IpoekTHUBHasA ajnrebpandeckas reoMeTpus

YYEBHASA HATPY3KA: nBa ceMmectpa 2018/19 yu.r., 1 mapa B HefeJio, 3 Kpeaura 3a ceMecTp.

OITMCAHHE: llesnb ceMuHapa - pacckasaTh O TeOMeTPHUYEeCKUX NCTOKax ajarebpandeckoi reomerpun. [Tosato-
My ceMHHap pacCyMTaH KakK Ha CTYJAeHTOB-MJIa/IIeKypPCHUKOB, NMEIOLHX COBCEM 3JIeMeHTapHbIN HauyaIbHBIN
YPOBEHb, TaK 1 Ha CTyAEHTOB CTapIINX KypPCOB, MarCTPaHTOB 1 aClIPAHTOB, KOTOPHIE YK€ NMEIOT Cepbe3HYI0
TeXHHUYecKylo 6a3y B ajredpanyeckoii reomeTpuu (0JHAKO, U /I HUX 3HAKOMCTBO C HarJigAHBIMU IreOMeTpu-
4ecKUMH KapTUHKaMU HeCOMHeHHO OyfieT noJsie3Ho). Ha cemuHape npeanoJiaraercsa o0cyxaeHre pa3JInyHbIX
KJIacCUYeCKUX ajre6po-reoMeTpruyecknux 06beKTOB ¥ KOHCTPYKIMI B IPOEKTUBHOM IIPOCTPAHCTBE, TAKUX KaK
KoHGurypanuu Jlesapra u Ilackass, NpoeKTUBHBIE KOHUKU U KBaAPUKH, [IOJIAPHL, F'eCCUaHbl, JeTepMUHaHTaIH,
MHoroo6pa3sus Cerpe u BepoHese, rpaccMaHUaHBbI, U 1[eJIOT0O psAAa APYTUX FeOMeTPUYECKUX CIXKeTOB.

IMPEABAPUTEJIBHAA ITOAT'OTOBKA: HeT.

ITPOTPAMMA:

=

. 3apmauu, cBsizaHHBIE ¢ TeopeMamu [Jle3apra, Ilamnmna, [Tackasns, u ap.
. 3agauu eBKJIUA0BAON U APYTUX TeOMETPUN: pellleHre cpeJCcTBaMU IPOeKTUBHON reOMeTPUN.
Teopema Be3y, uHAeKcH niepeceueHus, npasuia LleiiTeHa.

[MossApsl, TeccrUaHbl, TPUHLMIT IBONCTBEHHOCTH.

Gos W

JluHeliHbIe PAMBI, JIMHENHbIE CEUEHUA U MPOEKINY, Pa3ayTUd, JXKONHBI, MyJIbTHCEKAHTHI, IIPOEKTUBHBIE
KacaTeJIbHbIe TPOCTPAHCTBA K MHOTOOOPa3UsIM.

o

[ToBepxHOocTU Aeb Ileriio, HOpMMHOTro0Opa3us, KBaJJpUKU.
7. JlerepMuHaHTa/ M, MHOTooOpa3us Cerpe, BepoHe3e, nux MHOTroo0Opasus Xopa.

8. I'paccmaHuaHbl, MHOroo6pasus ¢Jiaro, MHAYKIMOHHAA NpolieAypa NOCTPOeHus rpacCMaHuaHoB. MHoO-
roMepHble KOHPUTrypauuu MpsAMbBIX.

9. 3amsikaHus [IoHcese u 3agauu kiaccudUKali BEKTOPHBIX PaCCI0€HUM.

10. HpOCTpaHCTBa (IIOJIHBIX» KBAAPUK, «IIOJIHBIX» TPE€YTOJIbHWUKOB U 3aJa4u WCUMCJINTEIbHOM reoMeTpumn.

YYEBHHUKHA:

1. B. B. IIpacosos, B. M. Tuxomupos. I'eomerpus. M., MITHMO, 2007.

2. A. JI. TopogenueB. Kypc reometrpuu s HMY, 2016/17.
http://gorod.bogomolov-lab.ru/ps/stud/geom ru/1617/list.html.

3. A. JI. Topognesn1es. I'eomeTrpuueckoe BBeJieHNE B ajire0pandecKylo reoMeTpuio. EkaTrepuHOyprckue Jiek-
muu 2012 r., http:/gorod.bogomolov-lab.ru/ps/stud/giag ru/giag.pdf.

4. A. JI. Toponennesn. Algebraic Geometry. A Start Up Course, M., MITHMO, 2006,
http://gorod.bogomolov-lab.ru/ps/stud/projgeom/tot-2006.ps.8z

5. J. G. Semple, J. T. Kneebone. Algebraic projective geometry. Oxford, 1963.
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CTYI[EH‘-IECKI/II;’I HAVYHbBIM CEMHUHAP «PUMAHOBBI IMOBEPXHOCTH, AJITEBPHI JIU U MATEMA-
THUYECKAA ®HU3UKAY

PYKOBOAUTEJIH: O. B. llIsapuman, C. M. Haran3oH, O. lllefinmaH
HA3BAHME: PuMaHOBHI TOBEPXHOCTH, ajreopsl JIu u MmatemMmaTuueckas ¢pusnka
YYEBHASA HATPY3KA: nBa ceMmectpa 2018/19 yu.r., 1 mapa B HefeJio, 3 Kpeaura 3a ceMecTp.

OIIMCAHME: CeMUHap pacCUUTaH Ha MaruCTPaHTOB, aCIMPAHTOB U CTYJAEHTOB, HAUMHAasA C TPEThero Kypca,
a Takxe npodeccuoHaJIbHBIX MaTeMaTukoB. Ha cemmHape oOCyXOalTcCs HOBBIE Pe3yJIbTaThl B aKTyaJIbHBIX
00J1acTsAX MaTeMaTHKY, CBA3aHHBIX C MaTeMaTuueckol puankoi. Cpeau NOKJIaJYMKOB BeAyIIUe POCCUIICKUE
1 3apy0exHble HhCccejoBaTesd, PacCKa3blBawIe 0 CBOMX pe3yJibTaTaxX, COTPYQHUKY, a UHOTAA U CTYJICHTEHI
Hamero ¢gakyJibTeTa. PykoBoauTe n ceMuHapa OOBIYHO MPOCAT JOKJIaJUUKOB OOBACHATD BCE MTOHATHUSA, BBIXO-
aAmue 3a paMku 2-3 Kypca 6akasiaBpuara matdaxa.

ITPOTPAMMA: B 3TOM Iroly OXHUAarwTcsa, Cpeau IIpovYux, Takue qOKJIagbl:

o B. M. Byxmitabep (MUAH, MI'Y). ®yepeHsl, MHOrorpaHHUKY [ToropesioBa, mmpo6JieMa YeTHIPEX KPacoK
U TpéxMepHble runepbondecKrue MHOrooOpasus.

o W. M. Kpuuesep. Beipoxaenus nud@epeHnnaaoB Ha pUMaHOBBIX IOBEPXHOCTSX.

(]

C. K. Jlanmo. XpomaTuuecKkuii MHOTO4JIeH U MHTerpupyeMble CHCTEMB.

[

B. Py6uoB. /lekopupoBaHHbIE MHOI0O0Opa3ys XapaKTepoB U MOBEPXHOCTH MOHOJIPOMHBIX JIaHHBIX, acCo-
IIMMPOBaHHbIe ¢ ypaBHeHUAMHU [leHsieBe.

(]

I1. Aynun-bapkosckuii. PackparmienHsie nHBapuaHThl XOM®JIU Toprueckux y3J10B U OIlepaTophl Ha Mpo-
CTpaHCTBe [I0JIy0DeCKOHEYHOI'0 BHEIIHEro pOou3BeJeHN .

o 10. bypman. Yucina I'ypsuna — Cesepu.

o A. OcTepoB. McuncianTepHas reoMeTpys U TPONNYECKUe TeOpeMbl COOTBETCTBHUS.

KOMMEHTAPHM: Cemunap paboraet ¢ 2000 rofa. 3aHATHA poucxoaT B HezaBucrMom MockoBckoM YHU-
BepcuTeTe o naTHunam c¢ 17 go 19 gacos. AHHOTAIMK JOKJIAa[0B pa3MeIlalTcs Ha
http://ium.mcecme.ru/fl17/rsmph.html.
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CTY,[[EH‘—IECKI/Iﬁ HAYYHBIM CEMHMHAP «COBPEMEHHBIE ITPOBJIEMbI MATEMATHYECKOH JIOTH-
KN»

PYKOBOOHUTEJIBIL: JI. JI. Bekinemunies, A. B. Kynuuos, ®@. H. ITaxomos, [I. C. [llamxaHoB, B. b. lllexTmMaH
HA3BAHME: CoBpeMeHHbIe TPOOJIEMBI MaTEMaTHYECKOM JIOTUKH
YYEBHASA HATPY3KA: nBa ceMmectpa 2018/19 yu.r., 1 mapa B HefeJio, 3 Kpeaura 3a ceMecTp.

OITMCAHHME: llesnpio ceMrHapa ABJIsieTCsl 3HAKOMCTBO CJIyIIaTesieil ¢ MHTepeCcHbBIMU pe3yJibTaTaMU U POJIBU-
KEHUAMU NOoCJIeJHEro BpeMeH! B MaTeMaTHYeCcKO! JIOTUKe. BoJIbIMHCTBO NOKIaA0B OyayT OO30PHBIMU.

IMPEABAPHUTEJIBHAA ITOAT'OTOBKA: OCHOBBI JIOTKU 1 TEOPUU MHOXECTB.

IIPOTPAMMA: [IOKJIa[IBl Ha ceMUHape OyOyT KacaThCA TaKUX TeM KaK MoJaJibHasd JIOTHKa, TeopusA JoKasa-
TeJIbCTB, A-UCUUCJIeHNe, TeOpUs MHAYKTUBHEIX Ollpe/esieHNll, ceMaHTHKa KOMIbIOTEPHBIX SI3BIKOB U T. II.

YUYEBHUKU: «CnipaBovHas KHUTA II0 MaTeMaTHUYeCKOU Jiorukey moj pea. Jx. bapsatica.

KOMMEHTAPHUM: HAay4YHO-MCCJIeJOBATEJIbCKUI CEMUHAp pacCUUTaH Ha CTyAEeHTOB BTOPOI'O Kypca U CTaplie,
OAHAKO y4yacTHe 0co00 3aMHTePeCOBAHHBIX IEPBOKYPCHUKOB TaKXe He BO30paHsaeTCs.
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CTYI[EH‘-IECKI/II;’I HAYYHBIU CEMUHAP «TEOPHS HPEI[CTABJIEHPIfI»

PYKOBOJIUTEJIBI: B. JI. ®etirun, JI. I'. PEIOHHUKOB

HA3BAHME: Teopus npescTaBjeHUH

YUYEBHASA HATPY3KA: nBa cemectpa 2018/19 yu.r., 1 mapa B HefeJio, 3 Kpeaura 3a ceMecTp.

OITMCAHHE: CeMrHap paccuUTaH Ha CTyJIeHToB 3 Kypca 6akasiaBpuara 1 Bhlllle, MHTePeCYIOIUXcs aaredbpom,
a TakXxe Ha MOMUBUPOBAHHBLIX BTOPOKYPCHUKOB, pe3y/IbmamueHO UHTepecyoxcsa aaredpoil. Llesb cemuHa-
pa — IPOJIEMOHCTPHUPOBATh OCHOBHBIE METOABI TEOPHUU NPEACTaBJIEHNI Ha MPOCTENIINX IpUMepax, KOTOphle
MOXXHO B IBHOM BHJle pa3o0paTh A0 KOHI[a. [lepBas rpymnmna TeM ceMHUHapa KOHLEHTPHUPYeTCs BOKPYT TeOpPeMBbI
I'abpuaa. I'py6o roBops, 3To yTBEpXKIAEHUE O TOM, B KaKUX C/Iydasx 3afava kjaccupukanum Habopa JIMHeNHbIX
0I1epaTopoB MeX]ly BEKTOPHBIMU MPOCTPAHCTBAMU C TOYHOCTBIO 10 M30MopdU3Ma B IIPUHIUIE NMeeT OTBeT.
[lepBas HeTpuBHaJIbHaA KjlaccudUKAIMOHHAA 3afjaya TaKOro TUMA — U3BEeCTHAas 3afaya O KJjaccupukanuu
TPOEK MOANPOCTPAHCTB B BEKTOPHOM MPOCTPAHCTBE C TOYHOCTHIO JI0 JIMHEMHOro n3oMopdusma. Y AUBUTEIb-
HBIM 00pa3oM, 3/1ech B KaueCTBe OTBETA BO3HUKAIOT rpadbl J[BIHKIHA, KJIACCUPUIMPYIOIIHE TaKXe U APyTrue
BaXXHbIe U, Ka3aJjioch Obl, HUKaK He CBsA3aHHbBIE ajirebpanyeckrie 0ObeKTHI: IPOCThie ajaredpsl JIU U rPYIIILL OT-
paxkeHUi. MbI moctapaeMcs 0OBACHUTD CBA3M MeXy BCEMHU 3TUMU 0O0BbeKTaMU, He THYIIASCh CAMBIX SBHBIX
BBIUMCJIEHUI B OYeHb KOHKPETHBIX CJIy4asax ¥ TaKuM 00pa3oM pa3dupasach B HUX 0 KOHI[A. J[JiA MOJTHOIEHHOT'0
OTBETa Ha BOIPOC, KAaK CBA3aHHBI [IPYT C APYroM mosiBjieHusA rpados JIbIHKMHA B Pa3HBIX ajredpanvecKkux 3a-
Jladax, TpebyeTcs Bech anmnapar COBpeMeHHO! Teopuu INpe/icTaBjieHuil. BmecTe ¢ yyacTHUKaMU ceMUHapa Mbl
nocTtapaeMmcs NPOABUHYTHCA B 3TOM HallpaBJIEHUHM HACKOJIBKO BO3MOXHO rj1yb6oko. MHUIMATHBa y4aCTHUKOB
pa3buparh yTO-IM00 M3 TeM CeMUHapa WM CMEXHBIX TeM C MOCJIeyIOU[M AOKJIaJOM Ha CeMUHape OueHb
IIPUBETCTBYETC.

IIPEABAPHUTEJIBHAS ITOATOTOBKA: Asnrebpa B o6beMe 1-2 KypcoB 6akajiaBpuara.

ITPOTPAMMA:

[

[TpencrasieHns Koa4aHoB. IIpocreiimue npuMepsl Kiiaccudrkanuy HepasaoXXKUMBIX [IpeACTaBJIeHUN.
OyHKTOPH oTpaxkeHus. Teopema I'abpuasia. Ilpocreliiiie npyuMepsl BEIYNCIEHUA Ext!.

CootsetcTBrue MakKes.

Marpuia Kaprana, cBA3aHHas1 ¢ KOJTYaHOM.

Anre6psl Xosia, mpocTeiye puMepsl.

CeppoBCKH€e COOTHOIIEHUA U UX g-aHAJIOTH.

Teopema ITyankape — Bupkroga — BurTta u eé€ 060011eHuUs.

KOHCTPYKLII/II/I KBAaHTOBBIX I'PYIIIT U KX Hpeﬁ[CTaBﬂeHHﬁ.
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KOHCTpYKIIMU R-MaTpHIl.

YYEBHHUKN:

1. V. ®ynaron, [x. Xappuc. Teopus npeacrasiieHui. HauanbpHBII Kypc.

2. Alexander Kirillov Jr. Quiver representations and quiver varieties.

KOMMEHTAPHH: CI1COK TeM ceMHHapa MOXeT CUJIbHO BapbUPOBAThCA B 3aBICHMOCTH OT COCTaBa U Ipej-
MOYTEHUN ero y4aCTHUKOB.
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CTYI[EH‘-IECKI/Iﬁ HAYYHBIU CEMUHAP «TEOPHS CTPYH U KJIACTEPHBIE MHOT'OOBPA3HUI»
PYKOBOAUTEJIb: A. B. Mapuiakos

HA3BAHHME: Teopus CTpyH U KJacTepHble MHOrooopasus

VYEBHASA HATPY3KA: oceHHHMH ceMmecTp 2018/19, 2 mapsl B HeZieJ0, 5 KpeJUTOB 3a ceMecTp.

OITMCAHHME: VcciiefoBaTesbCKUil ceMUHAap, MOCBAMIEHHBIN N30paHHBIM I'JlaBaM TE€OPUM CTPYH, U OJIM3KUM K
HUM BOIPOCAaM O CyNepCUMMETPUYHBIX KaJUOPOBOYHBIX TEOPHUAX MOJIS, ABYMEPHBIX KOHOOPMHBIX TEOPUI U
ux nedopmanuii, Teopum npeacrasyieHni, quddepeHIaabHEIX U Pa3HOCTHBIX ypaBHEHUI, UHTETPUPYEMBIX
CHCTeM Ha KJIaCTepPHBIX MHOI000pasusx.

IIPOTPAMMA: KoHKpeTHas porpaMMa ceMruHapa BO MHOI'OM OIpeJiesiAeTcsA UHTepecaMy YYaCTHUKOB. B Ha-
CTOALIMI MOMEHT B I[eHTpe BHUMaHNA HAXOAUTCA KPYT BOIPOCOB, ONpe/iesiAeMbIX HeTPUBHUAJIbHBIMU CBA3AMU
MeXAy CylnepCUMMEeTPUYHBIMU 1 KOHPOpMHBIMU TeopusaMuU (AI'T-cooTBeTCTBUE), TONOJOTHYECKMMU CTpyHa-
MU (topological vertex), mpeacraBieHUAMH JeOpMHUPOBAHHBIX ajarebp BUPAaCOPOBCKOTO THUIA, a TaKXe HH-
TerpupyeMbIMI CHCTEMaMHM Ha KJIACTePHBIX MHOroo0pa3snsaxX, UX CBA3BI0 C reOMeTpHel IIJIOCKUX KPHBBIX U
TPeXMEPHBIX MHOr0oO0Opa3uil U Ux AeaBTOHOMU3anuel, Beayllel K cuctemam tuna Ilersese.
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CTYI[EH‘IECKHI;’I HAYYHBIM CEMUHAP «TOPOUJAJIBHBIE AJITEBPbI, UHTETPUPYEMBIE CUCTEMBbI
U YPABHEHHA BETE»

PYKOBOIMUTEJIb: B. JI. ®eiirud
HA3BAHHUE: TopouaasbHble ajredbpsl, MHTerprupyeMble cCcTeMbl U ypaBHeHus Berte
YYEBHASA HATPY3KA: nBa ceMmectpa 2018/19 yu.r., 1 mapa B HefeJio, 3 Kpeaura 3a ceMecTp.

OIIMCAHMUE: TopouaibHble ajredpbl — OYeHb BaXXHBII U UHTEPeCHHBIN MaTeMaTHueckuii 06beKT. CMOTpeTh
Ha Hero MOXHO KaKk MUHMMYM TpeMs pa3HbBIMU criocobamMu. Bo-niepBhIX, TOponAaibHble anre0psl — 3TO ecTe-
cTBeHHOe 00001eHre abGUHHBIX KBAaHTOBBIX rpyIm. MHoroe u3 teopuu addOUHHBIX ajare6p MMeeT TOPOU-
JaJjibHBle aHAJIOTu. BO3MOXKHO, caMasa MHTepecHasA 4acTb OTHOCUTCA K TEOpPUN UHTErpUpYyeMBIX cucTeM. Bo-
BTOPHIX Takue ajrebpbl MOXXHO NMOHUMAaTh Kak AedopMaliy BepTeKc-olepaTopHBIX ajaredp. A moToMy TOpo-
n“AajibHble ajrebpbl BO3HUKAIOT NPU udydeHnu Aedopmariiii KoHPOpMHBIX (M Aaxe HEKOHGDOPMHBIX) TEOPUI
noJsisa. B-TpeThux, TopouaabHbIe anreOphl UCIOJIb3YIOTCS B YeTHIPEXMEPHOU (M He TOJIBKO) TOIOJIOTMYeCcKOU
Teopuu moJis. C MaTeMaTUYeCKOM TOYKHM 3peHUs Takue ajreOpsl MOSABJIAIOTCA MPU 3TOM Kak asreOpsl ['ekke
(nu XoJsuna), AefCcTBYIOIUEe COOTBETCTBUAMU Ha 000OMIEHHBIX KOTOMOJIOTHUAX MPOCTPAHCTB MOAYJIeH pa3jiny-
HBIX MaTeMaTuyecKnux oO0beKTOB. B Kypce s coOuparch Mo Mepe BO3MOXHOCTA 000 BCEM 3TOM pacCKa3aTh.
JlekIuy HA4YHYTCA C OCHOBHBIX ONpefeJieHNI U TeOpUU NpeAcTaBjIeHni. AHAJIOTMU C Teopuel IpefcTaBiie-
HUN W -ajre6p oyeHb BaxXHHL. Bce Heob6xoaumoe OyaeT paccka3aHo. 3aTeM MBI epelIéM K UHTerpHupyeMbIM
crcTeMaM U ypaBHeHUsM bete. 3To Bce 3aliMET OOJIBIIYI0 YacTh FOAOBOrO Kypca. UTO-TO cKkas3aTh PO CBA3U C
TOIOJIOTNYeCKUMHU TeOpUsIMU, KBAHTOBBIMU KOTOMOJIOTUSAMH, TeOpHel y3JI0B — HaBepHOe 6erJyio 1 HelloJIHO,
B KOHIIe Kypca. [To xony OyayT ynpaXHeHus — 3JIeMeHTapHbIe 1 He OYeHb.

ITPEABAPUTEJIBHAA ITOATOTOBKA: Bce 3TO IpefHa3HavYaeTCcA AJ1A MaruCTpaHTOB, aCIUPaHTOB U IPOABU-
HYTBIX CTYZAEHTOB, a TakK Xe OJIs BCeX NPOYNX.
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CTYI[EH‘IECKHI;’I HAVYHbBIM CEMHUHAP «@YHKL[PIOHAJIBHBIIZ AHAJIN3 1 HEKOMMYTATHUBHAA
TEOMETPHA»

(CEKLIUA OBA3ATEJIbBHOI'O CEMHUHAPA MATHCTPCKOM ITPOTPAMMBbBI «MATHEMATICS»)
MAY BE GIVEN IN ENGLISH

PYKOBOOUTEJIB: A. 0. [InupkoBcKUi

HA3BAHHME: OyHKIIMOHAJIbHBII aHAJIM3 U HEKOMMYTaTUBHAA reoMeTpus

YYEBHAS HATPY3KA: fiBa ceMecTpa, 5 KpeJUTOB 3a ceMecTp, 1 mapa B HeJeJno.

OITMCAHME: CTyJeHThl-y4aCTHUKM CeMUHapa BBICTYNAKT C AOKJIaJaM{ IO Pa3HOOOpPa3HBIM CHOXKeTaM, Jie-
JKaluM Ha CThIKe (YHKIMOHAJBHOIO aHa/M3a U HEKOMMYTAaTUBHON reoMeTpuu. Takxke IPUBETCTBYIOTCA J10-
KJIaJbl, OTHOCAMINECS TOJIBKO K QYHKUMOHAJIPHOMY aHau3y (HO He JIMIIeHHBIe ajredpaniyeckoro apomara)
W, HA00OPOT, TOJIBKO K HEKOMMYTAaTHUBHOU reOMeTpUU B IMIMPOKOM MOHMMAHUM 3TOr0 TepMHHA (B T.4. K
HEKOMMYTaTHUBHOI ajirebpanveckoil reomeTpun). TeMsl [Jis JOKJIaA0B OepyTcs, KaK MpaBUiio, U3 HayYHOU
JIUTEepaTyphl; B OTAEJIBHBIX CJIy4asdaX CTyJeHTHl U3JiaraioT cOOCTBEHHBIE pe3yJibTaThl. M3peaka ¢ JOKJIa[OM BBI-
CTyIaeT PyKOBOJUTEb CEMHHapa JIM0OO MPUTJIalleHHbIH TOKJIaIunK.,

IIPEABAPHUTEJIbHAS IIOAT'OTOBKA: XeJjlaTeJbHO BJafeTh 0a30BBIMU MOHATUAMHN aaredpsl U QyHKIIUO-
HaJIBHOTO aHa/IM3a U JIIOUTh KaKyi-HUOY b pa3HOBUAHOCTh TeOMeTPUHN UJIU TOMOJIOTHU.

ITPOTPAMMA: HecKoJIbKO BO3MOXHBIX (3a4acTyi0 BecbMa OOIMPHEIX) TeM /I 00CYXXIeHs, BRIOOp cpeu
KOTOPBIX OyleT 3aBUCETh OT COCTaBa U MpeANnoYTeHU Y4aCTHUKOB:

1. KBaHTOBbIe OrpaHUYeHHbIe CUMMeTpUuieckye 00J1acTU U HEKOMMYTaTUBHBIN KOMIIJIEKCHBIN aHaIu3 B Y-
xe JI. JI. Bakcmana.

2. Ctporoe gedopmaiioHHoe kBaHToBaHue (M. Pudbden u ap.).
3. Hdedopmanuu C*-anre6p (B MIMPOKOM CMBICTIE).

4. HekxoMMyTaTUBHas KOMILIEKCHaA aHauTu4eckas reometpus (A. Toaumyk, A. HIsapi, IT. Cmut, M. Xasi-
xanu, JIx. Jlanou u ap.).

5. TeopeTuko-onepaTopHbI NOAX0[ K HEKOMMYTaTUBHOMY KOMILIeKCHOMY aHanu3y (Y. Apsecos, I'. Ilo-
MeCKy U JIp.).

6. HekoMMyTaTHBHBIE KOMILJIEKCHBIE CTPYKTYPBl U TOJIOXHUTEbHBIE KonuWkjel Xoxmmiibaa (A. KonH,
M. Xanxanu, Ix. Jlanou u ap.).

7. HexoMMyTaTUBHOE UHTErpUpOBaHUe, HEKOMMyTaTUBHbIe L’-nipocTpaHcTBa.
8. HexommyTtatuBHas reomerpus Pl-anre6p (ajrebpanueckas v aHaJIMTAYeCKasd).

9. BuBapuanTHasa K-Teopus M OuWBapuUaHTHbIe IepuoAudeckue Iukiandeckue romosiornu (I'. Kacmapos,
W. Kynu, P. Maiiep u np.).

10. C*-cynepasre6psl (I1. BessBcku u Ap.).
11. DQ-moaynu (M. Kamnsapa, I1. llTanupa).

12. TonomopdHbie QYHKINU HECKOJBKNX CBOOOAHBIX MepeMeHHbIX (/. Taiyiop, B. BUHHMKOB,
J. C. KanroxHbiii-BepOoBelkuii).
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13. «®usnyeckue» acnekThl HEKOMMYTaTUBHOM reoMeTpuu (B T.4. cricteMbl bocta — KoHHa).

YYEBHHUKNA:

1. A. Connes. Noncommutative geometry. Academic Press, 1994.
. A. Connes, M. Marcolli. Noncommutative geometry, quantum fields and motives. AMS, 2008.

. L. L. Vaksman. Quantum bounded symmetric domains. AMS, 2010.

2
3
4. M. A. Rieffel. Deformation quantization for actions of R?. Mem. Amer. Math. Soc. 106 (1993), no. 506.
5. J. Cuntz, R. Meyer, J. Rosenberg. Topological and bivariant K-theory. Birkhauser, 2007.

6

. D. S. Kaliuzhnyi-Verbovetskyi, V. Vinnikov. Foundations of free noncommutative function theory. AMS,

2014.
7. M. Kashiwara, P. Schapira. Deformation quantization modules. Astérisque No. 345 (2012).
8. K. A. Brown, K. R. Goodearl. Lectures on algebraic quantum groups. Birkhéduser, 2002.
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SEMINAR DESCRIPTIONS IN ENGLISH

STUDENT RESEARCH SEMINAR «CONVEX AND ALGEBRAIC GEOMETRY»

ADVISORS: A. I. Esterov, V. A. Kiritchenko, E. Yu. Smirnov

TITLE: Convex and algebraic geometry

LEARNING LOAD: Two semesters of 2018/19 A. Y., 1 class per week, 3 credits per semester

DESCRIPTION: Our research seminar is devoted to the many connections between convex and algebraic ge-
ometry. This interaction has many important applications in various areas of mathematics: combinatorics,
representation theory, mathematical physics to name a few. One of the most well-known examples is the com-
binatorial description of the toric varieties in terms of polytopes. Yet another recent and up-to-date application
is the theory of Newton — Okounkov bodies. Participants will tell about classical topics as well as recent papers
that they find important on

http://arxiv.org/find/grp math/1/AND+cat: +math.AG+all: +polytope/O/1/0/all/O/1
http://arxiv.org/find/grp math/1/AND+cat: + math.RT+all: +polytope/O/1/0/all/O/1

providing extensive background material for those less familiar with the subject.

PREREQUISITES: Accessible to geometrically oriented 2nd year students. No prerequisites required beyond
the mandatory courses from the 1st year (and the fall of the 2nd year, for the spring term). Introduction to
algebraic geometry is a plus, but not required.

SYLLABUS:

o Convexity and lattices.

o Smooth convex bodies.

o Convex polyhedra.

o Mixed volumes.

o Convex inequalities.

o Ehrhart polynomials.

o Patchworking.

o Bernstein — Kushnirenko Theorem.

o Fiber polytopes and polyhedral subdivisions.
o Tropical and Enumerative Geometry.
o Coxeter groups and polytopes.

o Number of faces of a convex polytope.

o Gelfand - Zetlin polytopes and Schubert calculus.

TEXTBOOKS:
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]

o

o

Gelfand I., Kapranov M., Zelevinsky A., Discriminants, Resultants, and Multidimensional Determinants,
1994,

Maclagan D., Sturmfels B., Introduction to Tropical Geometry, 2015

Viro O., Itenberg I., Patchworking Algebraic Curves Disproves the Ragsdale Conjecture, 1996

G. Ziegler, Lectures on Polytopes, 1995,
https://books.google.ru/books?id=xdR5TXSSUcgC&lpg=PP1&hl=ru&pg=PP1l#v=0nepage&q&f="false
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https://books.google.ru/books?id=xd25TXSSUcgC&lpg=PP1&hl=ru&pg=PP1#v=onepage&q&f=false

STUDENT RESEARCH SEMINAR «COMBINATORICS OF VASSILIEV INVARIANTS»
ADVISORS: M. E. Kazarian, S. K. Lando

TITLE: Combinatorics of Vassiliev invariants

LEARNING LOAD: Two semesters of 2018/19 A. Y., 1 class per week, 3 credits per semester

DESCRIPTION: This students’ research seminar is devoted to combinatorial problems arising in knot theory.
The topics include finite order knot invariants, graph invariants, matroids, delta-matroids, integrable systems
and their combinatorial solutions. Hopf algebras of various combinatorial species are studied. Seminar’s par-
ticipants give talks following resent research papers in the area and explaining results of their own.

PREREQUISITES: no.

SYLLABUS:

1. Knots and their invariants.

Knot diagrams and chord diagrams.

4-term relations for chord diagrams, graphs, and delta-matroids.
Weight systems.

Constructing weight systems from Lie algebras.

Hopf algebras of graphs, chord diagrams and delta-matroids.

Combinatorial solutions to integrable hierarchies.

® N o 9 M W N

Khovanov homology

TEXTBOOKS:

1. S. Chmutov, S. Duzhin, Y. Mostovoy. CDBook. CUP, 2012.

2. S. Lando, A. Zvonkin. Graphs on Surfaces and Their Applications. Springer, 2004.
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STUDENT RESEARCH SEMINAR «DEFORMATION THEORY WITH THE VIEW OF MORI THEORY»
ADVISOR: V. S. Zhgoon

TITLE: Deformation theory with the view of Mori theory

LEARNING LOAD: Spring term of 2018/19, 1 class per week, 3 credits per semester

DESCRIPTION: The aim of the course is to give the introduction to the advanced topics of algebraic geometry
which are usually omitted in the standard course. The fruitfull schematic approach of Grothendieck allows to
construct such objects as: Hilbert scheme (which classifies the subschemes of a given scheme), Quot scheme
and scheme of morphisms between two schemes. The deformation theory studies the infinitesimal structure
of these schemes, that allows to say much about the objects where the deformations are considered. This idea
was used by Mori who used the geometry of rational curves to study the birational geometry of projective
varieties. In the course we shall discuss these variety of topics.

PREREQUISITES: Basic notions of algebraic geometry of schemes or a good knowledge of commutative algebra
and basic algebraic geometry.

SYLLABUS:

1. Deformation theory. Deformations of different objects: schemes, sheaves, morphisms etc. Tangent spaces
to the space of deformations. Infinitesimal obstructions.

2. Hilbert, Quot, Hom and Chow schemes.
3. Applications to the spaces of rational curves. Bend and break technique.

4. Multiplier ideals. Kawamata-Viehweg vanishing theorem. Shokurov non-vanishing and base-point-
freeness theorem. Mori cone theorem.

5. Fulton — Hansen connectedness theorem and its applications to geometry of projective varieties. Zak
theorems.

TEXTBOOKS:

1. Lazarsfeld, Robert K. Positivity in algebraic geometry I: Classical setting: line bundles and linear series.
Vol. 48. Springer, 2004.

Hartshorne, Robin. Deformation theory. Vol. 257. Springer, 2009.
Debarre, Olivier. Higher-dimensional algebraic geometry. Springer, 2013.
Kollér, Janos. Rational curves on algebraic varieties. Vol. 32. Springer, 2013.

Esnault, Héléne, and Eckart Viehweg. Lectures on vanishing theorems. DMV seminar. 1992.

AL S o

Matsuki, Kenji. Introduction to the Mori program. Springer, 2013.
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STUDENT RESEARCH SEMINAR «GEOMETRIC STRUCTURES ON MANIFOLDS»

(A SECTION OF THE OBLIGATORY MATH SEMINAR OF MSC PROGRAM «MATHEMATICS»)
ADVISOR: M. S. Verbitsky

TITLE: Geometric structures on manifolds

LEARNING LOAD: two semesters, 5 credits per semester, 1 class per week.

DESCRIPTION: Students of HSE give talks about current problems of algebraic and differential geometry.
PREREQUISITES: Analysis on manifolds, complex analysis, differential geometry.

SYLLABUS: Every week new speakers are chosen, with a new topics of their choice.

TEXTBOOKS:

A. Besse, «Einstein manifoldsy

A. S. Mishchenko, «Vector bundles and their applicationsy»

M. Gromov, «Metric Structures for Riemannian and Non-Riemannian spacesy
P. Gauduchon, «Calabi’s extremal Kdhler metrics: An elementary introduction»

N. J. Hitchin, A. Karlhede, U. Lindstrom, M. Rocek, «Hyperkdhler metrics and supersymmetry», Comm. Math.
Phys. 108 (1987), 535-589.
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STUDENT RESEARCH SEMINAR «<HARMONIC ANALYSIS»

ADVISOR: A. Yu. Pirkovskii

TITLE: Harmonic analysis and unitary representations

LEARNING LOAD: Fall term of 2018/19, 1 class per week, 3 credits per semester

DESCRIPTION: Harmonic analysis on groups and unitary representation theory are closely related areas of
mathematics, complementary to each other. They play an important role in analysis, geometry, topology,
physics, and other fields of science. In essence, they grew out of two classical topics that are usually studied
by undergraduate students in mathematics. The two topics are the theory of trigonometric Fourier series and
the representation theory (over C) of finite groups. Among other things, we plan to explain what the above
topics have in common, what the representation theory of compact groups looks like, what the Tannaka — Krein
duality is, and what all this has to do with the Fourier transform. We are also going to construct harmonic
analysis on locally compact abelian groups. This theory includes the Pontryagin duality and generalizes the
Fourier transform theory on the real line. As an auxiliary material, the basics of Banach algebra theory will
also be given.

PREREQUISITES: The Lebesgue integration theory and the basics of functional analysis. Some knowledge of
the representation theory of finite groups will also be helpful.

SYLLABUS:

1. Introduction. A toy example: harmonic analysis on a finite abelian group. Classical examples: harmonic
analysis on the integers, on the circle, and on the real line.

2. The main objects: topological groups; the Haar measure; a relation between the left and right Haar
measures; unitary representations; the general Fourier transform.

3. Banach algebras: the L!-algebra of a locally compact group; the spectrum of a Banach algebra element;
commutative Banach algebras, the Gelfand spectrum, the Gelfand transform; basics of C*-algebra theory;
the C*-algebra of a locally compact group; the 1st (commutative) Gelfand — Naimark theorem.

4. Locally compact abelian groups: the dual group; the Fourier transform as a special case of the Gelfand
transform; the Plancherel theorem; the Pontryagin duality.

5. Compact groups: the averaging procedure; irreducible representations are finite-dimensional; decompos-
ing unitary representations into irreducibles; the Peter — Weyl theorem; the orthogonality relations; the
Fourier transform and its inverse; the Plancherel theorem; the Tannaka — Krein duality.

TEXTBOOKS:

1. A. Deitmar, S. Echterhoff. Principles of harmonic analysis. Springer, 2009.
2. G. B. Folland. A course in abstract harmonic analysis. CRC Press, 1995.

3. G. J. Murphy. C*-algebras and operator theory. Academic Press, 1990.
4

. D. P. Zhelobenko. Principal structures and methods of representation theory. MCCME, 2004 (in Russian).
English transl.: AMS, 2006.

5. A. Robert. Introduction to the representation theory of compact and locally compact groups. Cambridge
University Press, 1983.

6. K. H. Hofmann, S. Morris. The structure of compact groups. Walter de Gruyter, 2006.

7. A. Joyal, R. Street. An introduction to Tannaka duality and quantum groups. Lecture Notes in Math.
1488, 411-492. Springer, 1991.
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STUDENT RESEARCH SEMINAR «KHOMOTOPY THEORY»

ADVISOR: A. G. Gorinov

TITLE: Homotopy theory

LEARNING LOAD: Fall term of 2018/19, 2 classes per week, 5 credits per semester.

DESCRIPTION: We give an introduction to generalised cohomology and stable homotopy theory. At first,
we consider examples and a few applications of generalised homology and cohomology, such as the Bott
periodicity, Hopf invariant 1, complex structures on spheres, representing classes by manifolds, cobordism
rings. After that we develop a general theory: spectra, stable homotopy category, fibration and cofibration
sequences, the Whitehead theorem, the Atiyah duality.

PREREQUISITES: Basic algebraic topology as covered, e.g., in [3] or [2, Ch.1-2]. However, the material of [3,
Ch.4] and [2, Ch.1] will be recalled if necessary.

SYLLABUS:

1. Axioms for generalised (co)homology.
2. Cofibration sequences for spaces. Omega-spectra and cohomology theories.
3. Fibration sequences for spaces.
4. First applications: the Dold — Thom theorem, representing rational homotopy classes by manifolds.
5. Brown’s representability theorem for cohomology.
6. Basic K-theory.
7. Complex Bott periodicity; extending the complex K-theory to a cohomology theory.
8. Applications of K-theory: the Hopf invariant 1 and almost complex structures on spheres.
9. Spectra and stable homotopy category. Homotopy groups of spectra.

10. Thom spectra and cobordism. The Pontrjagin — Thom theorem.

11. Calculation of z,(MO) and z,(MSO) ® Q.

12. Whitehead’s theorem for spectra.

13. Spectra can be desuspended.

14. Fibration and cofibration sequences for spectra.

15. Duality for spectra. The Alexander duality.

16. The Thom isomorphism for generalised cohomology and the Atiyah duality.

17. The topological Riemann — Roch theorem and applications. Schwarzenberger’s conditions on the Chern

numbers of complex vector bundles on CP".
TEXTBOOKS:

1. J. Adams, Stable Homotopy and Generalised Homology.
2. D. Fuchs, A. Fomenko, A course in Homotopy Theory.
3. A. Hatcher, Algebraic Topology.
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STUDENT RESEARCH SEMINAR «INTEGRABLE SYSTEMS OF CLASSICAL MECHANICS»
ADVISOR: I. Marshall

TITLE: Integrable Systems of Classical Mechanics

LEARNING LOAD: Fall term of 2018/19, 1 class per week, 3 credits per semester

DESCRIPTION: Integrable systems are Hamiltonian systems possessing a complete set of commuting integrals.
Since the Kepler problem, which is perhaps the most important physical model in history, and throughout the
development of classical mechanics and celestial mechanics, they make recurrent appearances. In modern
times they continue to find applications in diverse areas of physics and mathematics, and their study involves
many interesting mathematical techniques. In this course we will treat a series of examples by means of which
we shall encounter some of the various methods and approaches used in the subject.

PREREQUISITES: It will be useful if students have some knowledge of classical mechanics, and already have
some familarity with Lagrangian mechanics. If they have studied Hamiltonian systems, so much the better.
Material from the 2nd year course «Calculus on Manifolds» will be sufficient for most of the technical parts of
the course. Fundamental aspects will be revised during the first few seminars, and this course may be expected
to be useful for the consolidation of concepts from all of the «prerequisitesy.

SYLLABUS:

1. First examples: Jacobi problem of geodesics on an ellipsoid, Neumann problem of harmonic oscillators
on a sphere, Euler problem of rigid body motion, Kepler problem, KdV equation.

2. Review of differential geometry: smooth manifold, tangent and cotangent bundles, vector-fields and p-
forms, exterior derivative, Lie derivative, symplectic structure, Poisson structure.

3. Darboux Theorem, generating functions, Liouville Theorem.

>

Euler, problem of two centres: Elliptic coordinates on R", Lax representation, Garnier and Calogero —
Moser systems.

The KdV story, and a superficial look at inverse scattering.
Lie groups, Lie algebras.

Involution theorems, the r-matrix, Toda models, Kowalevski top, Manakov top.

® N o o

Hamiltonian reduction, examples — Calogero and others.

TEXTBOOKS:

o Reyman, Semenov-Tian-Shansky. «Integrable Systems» (in Russian).

o Bableon, Talon «Integrable Systemsy (in English).
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STUDENT RESEARCH SEMINAR «INTRODUCTION TO THE THEORY OF INTEGRABLE EQUATIONS»
ADVISOR: A. K. Pogrebkov

TITLE: Introduction to the Theory of Integrable Equations

LEARNING LOAD: Spring term of 2018/19, 1 class per week, 3 credits per semester

DESCRIPTION: Creation and development of the theory of integrable equations is one of main achievements
of the mathematical physics of the fall of the previous century. In our times ideas and results of this theory

penetrate in many branches of the modern mathematics: from string theory to the theory of Riemann surfaces.

PREREQUISITES: analysis of one and several real variables, theory of complex variables, linear algebra, theory
of linear partial differential equations.

SYLLABUS: Commutator identities on associative algebras; o-problem and dressing operators; Lax pairs;
Kadomtsev — Petviashvili equation; Soliton solutions of the KP equation; Two-dimensional reduction: KdV
equation; Details of the Inverse scattering transform for KdV equation; Soliton solutions of the KdV equations,
their properties; dispersion relation and integrals of motion; IST as canonical transformation.

TEXTBOOKS: Presentation of the theory of the KAV equation is based on the textbooks:

o S. Novikov, S. V. Manakov, L. P. Pitaevskij, V. E. Zakharov. Theory of solitons. The inverse scattering
methods. Contemporary Soviet Mathematics, 1984.

o F. Calogero, A. Degasperis. Spectral Transform and solitons, I. 1982.

Presentation of other topics is based on the current publications.

COMMENTS: reading course
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STUDENT RESEARCH SEMINAR «PROBABILITY AND STOHASTICS»

ADVISORS: A. V. Kolesnikov, V. Konakov

TITLE: Probability Theory with Analytical and Economical Applications.

LEARNING LOAD: Two semesters of 2018/19 A. Y., 1 class per week, 3 credits per semester

DESCRIPTION: We discuss all kind of problems related to probabilistic methods in analysis and various ap-
plications. The discussed topics cover a broad area and vary every year. The content highly depends on the
interest of invited lectureres and participating students.

PREREQUISITES: standard linear algebra and analysis, ordinary differential equations. Some experience in
functional analysis and stochastics is desirable.

SYLLABUS: List of some regularly discussed topics.

o Stochastic differential equations with applications in finance

o Random matrices

o Convex geometry and probability

o Probabilistic and economic applications of the Monge-Kantorovich problem and other extremal problems
o Martingale theory, its financial applications

o Probability distributions on Lie groups

o Stochastic Riemannian geometry

o Infinite-dimensional distributions, Gaussian measures

o Elements of the game theory

o Physical methods in economics

o Levy processes
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STUDENT RESEARCH SEMINAR «REPRESENTATIONS AND PROBABILITY»

ADVISOR: A. 1. Bufetov (Steklov Math. Inst.), A. Dymov, A. V. Klimenko, M. Mariani, G. I. Olshanski
TITLE: Representations and Probability (joint with Steklov Math. Inst. and TUM)

LEARNING LOAD: Two semesters of 2018/19 A. Y., 1 class per week, 3 credits per semester
DESCRIPTION: The seminar is mostly aimed to 3-4th year bachelor students, as well as master and PhD stu-
dents. Senior participants are expected to deliver a talk on the seminar. The seminar topics are the mix of
modern results in areas related to representations and probability theory, and older areas, which are prereq-
uisites to the former, as well as keep their own value.

PREREQUISITES: Standard courses of calculus, algebra, and probability.

SYLLABUS: Tentative topics for fall semester:

[}

Continuous-time Markov chains and their asymptotical behavior.

(]

Empirical and invariant measures for Markov chains. Potential theory for Markov chains.
o Determinantal point processes. Results connecting them with Markov chains.

o Large-time behavior of diffusion process. Applications to non-equilibrium statistical mechanics.
Tentative topics for spring semester:

o Classical representations theory.
o Representations of infinite-dimensional groups

o Their connections with algebraic combinatorics (symmetric functions), classical analysis (orthogonal
polynomials) and probabilities theory (point processes and Markov dynamics).

TEXTBOOKS:

[1] L. I. Gikhman, A. V. Skorokhod. Introduction to the theory of random processes. Dover 1996 (Pycckuii
opuruHas: U. U. T'nxmas, A. B. CkopoxoA. BBeeHre B TeOPHIO CITy4aliHBIX MPOLECCOB)

[2] S. Kuksin, A. Shirikyan. Mathematics of two-dimensional turbulence. CUP, 2012.

[3] A. Borodin, G. Olshanski. Representations of the infinite symmetric group. CUP, 2017.

COMMENTS: Seminar is held at the Steklov Mathematical Institute in fall semester and at HSE in spring
semester. Semesters can be taken independently.
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STUDENT RESEARCH SEMINAR «SMOOTH, PL-, AND TOPOLOGICAL MANIFOLDS»
ADVISOR: A. G. Gorinov

TITLE: Smooth, PL and topological manifolds

LEARNING LOAD: Spring term of 2018/19, 1 class per week, 3 credits per semester

DESCRIPTION: Suppose we are given a topological manifold X. When does it admit a smoothing? In other
words, when does there exist a smooth manifold Y which is homeomorphic to X? And if there does, then how
many, up to diffeomorphism? Surprisingly, the answer to these and similar questions can be given in terms of
homotopy classes of maps into certain classifying spaces. The aim of the seminar is to provide an introduction
to these topics. In particular, we will construct examples of topological manifolds that admit no PL structures
and of PL manifolds that admit no smooth structures.

PREREQUISITES: smooth manifolds, basic algebraic topology as covered, e.g., by A. Hatcher’s «Algebraic
topology»; some knowledge of Morse theory and surgery theory would be useful, but we will recall everything
we will need.

SYLLABUS:

o Microbundles.

o The Kister — Mazur theorem; the tangent bundle of a topological manifold.
o PL manifolds and their tangent bundles.

o Classifying spaces for PL bundles.

o Obstructions to smoothing a PL manifold. The homotopy groups of PL/DIFF are the groups of homotopy
spheres.

o Smoothing handles.

o The product structure theorem.
o Milnor’s smoothing theorem.

o TOP/PL = K(Z/2,3) (a sketch).

o Examples

TEXTBOOKS: smoothings of piecewise linear manifolds by A. Hirsch and B. Mazur, foundational essays on
topological manifolds, smoothings and triangulations by R. Kirby and L. Siebenmann, topics in geometric
topology from lecture notes by J. Lurie.
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