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KYPCBbI HA BBIBOP CTYJJEHTOB

Bo Bcex Tabimiax Hike TOJICTHIM HIpUPTOM HaOpaHBI «TOJICTHIE» KYPCHI ¢ HArpy3Kod 4 yac/Hen, Aaromiye
5 kpen/ceMm. OcTajibHbIE, KTOHKHE» KYPChl UAYT 2 yac/Heq U AaloT 3 kpef/ceM. Kypchl, Ha3BaHHBIE MO-aHTJIUH-
CKH, YATAIOTCA HA aHTJIMICKOM fi3bIKe. HeKoTOophle N3 KypCcOB, Ha3BaHHBIX [I0-PYCCKHU TOXE MOT'YT YUTAThCA Ha
aHTJIMICKOM, ecjii Ha To OyJeT XeJjlaHue ayaiuTopun. Bce Takue Kypcol cHaOXXeHbl aHTJIMHCKUMU aHHOTalUA-
MH.

KYPCbI HAYAJIBHOI'O YPOBHA

[IpepekBU3UTHI K 3TUM KypcaM He BBIXOJIAT 32 paMKH MEPBHIX ABYX JieT OakasaBpuata. OHM peKOMEHAYIOT-
cA CTyJeHTaM MJIafIIMX KypCOB' Kak BBefeHHS B Te pasjelibl MaTeMATHKH, TIe IUIaHUpyeTcA JasbHeimasn
crierMaIn3aliys, a TakXke CTapIleKypCHUKAM, JXeJIAiIMM PaclIupUTh MaTeMaTUYECKU KPyTro3op B 00J1acTsX,
BBIXOJIAIINX 32 paMKU BRIOpaHHOM crierfuanusanuu. B «CoiepxxaHnum» Ha CTp. 2—4 CChLIKY Ha OIMKCAHUs KYPCOB

HaYaJIbHOTO YPOBHs HaOpaHBI KYPCUBOM.

OCEHb

o BBeleHIe B TEOPHUI0 KaTeropuii U romMoJiorude-
CcKylo anrebpy, A. JI. F'opoaeHueB

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

o CummMmerpudeckue ¢pyHknuu, E. 0. CMupHoB

o BBeeHHe B GQYHKIMOHAJIbHBIN aHaU3, A. K. I1o-
rpe6koB

o BBemeHwme 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 Maremaruueckas craTucTuka®, A. B. KinMeHKo,
A. C. CxpumnueHKoO

o Kitaccuueckas teopus noJis, I1. A. CannoHoB

o CJIOXXHBIE CHUCTEMBI: OT (U3UKH K IKOHOMUKE,
C. M. AneHko

BECHA

o Teopusa nyukos, H. C. MapkapsH

o Muddepenuanpaaa reomerpusa, O. B. IIBapu-
MaH

o KomMmyTaTtuBHas 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

- BBeieHHe B KBaAHTOBYIO Teopulio, B. B. Jlocsakos

o CrentuasibHble pyHKIUY, C. M. XOpOomKuH

1B YaCTHOCTH, OOJIBIIIMHCTBO 3TUX KypCoB HOI[OﬁI[yT BTOPOKYPCHHKaM B KaU€CTBE «aHTI/IMafIHOPOB)).

2Kypc MpOXOAUT TOJIBKO BO BTOPOM MOJyJe (HOAGph — JeKkabps). MHTEHCMBHOCTD: 2 Maphl B HefAemw. CTOMMOCTD: 3 KpeauTa.

[IpepeKBU3UT: TEOPUsI BEPOSITHOCTEN. PEKOMEHYeTCs CTYAEHTaM TPETHETO Kypca U BHILIE.
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CIIELIUAJIbHBIE KYPCBHI

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

OCEHb BECHA

o AsireOpanveckas reomerpus, B. A. Bosorogckuii - KomimiekcHas reomerpusi, A. B. IleHckoi
o BBeleHHMe B CHUMIUIEKTHYECKYI0 M KOHTAaKTHYI0 o Ajire6paundeckas romoJjiorus, A. I'. T'opuHoB
reomerpuio, Il. E. ITymkaps

o Teopus umces, M. B. ®uakep0epr o Differential topology, A. A. Gaifullin
o AHasmMTU4ecKas Teopus uuces, A. b. KaamMbiHuH o AHasmuTU4ecKas Teopus uucesi, A. b. KaaMbiHNUH
o I'pynnsl u anre6pst Jiu, I'. K. OspmiaHcKui o I'pynnsl u anre6pst Jiu-2, E. B. ®eiirud

o ABTOMOpPMM3MBbI MHOTr0o00Opa3uii, kojibiia Kokcau o OyHKIIMOHAJIBHBIN aHamu3, A. 0. ITupkoBckuii
JIOKAJIbHO HWJIBIIOTEeHTHBIe AuddepeHupoBaHMS,
H. B. ApxaHueB
o Arithmetical Dynamics', C. Favre o Dynamics And Ergodic Theory, A. S. Skripchenko,
A. V. Zorich
o CyryualiHble mpoueccsl, M. JI. BiaHk
o Analysis of several complex variables, A. A. Glutsyuk
o YpaBHeHHUA C YACTHBIMH IIPOU3BOJHBIMHU,
B. B. YenbxoB
o KBaHTOBas Teopus noJis, A. I'. CeMéHOB
o OyHKINOHAIBHBIN uHTerpai, A. I'. CeméHOB o CTaTHMCTHYeCKas MeXaHHKa: CTporve pesyJibTa-
161, C. B. Ill;TOCcMaH
o CiryyaiiHble MaTpHIBbl, cJIydaiHble Ipolecchl U
UHTerpupyemsie moaeiu, A. M. IToBosionkuii
o duHaHCcOBasaA MmareMaTruka, A. B. KosecHuKOB

Kyprchbl CKOJITEXA (UUTAIOTCS B CKOJIKOBO)

OCEHDb BECHA

o Koudgopmusrie Teopuu, M. A. Bepmreiis o KamuOGpoBouHsie Teopuu, A. A. PocJibiil

1Kypc 6yaeT uuTaThes TOJIBKO B HepBoM MofyJie (CeHTAGPb—OKTAGPE), HarpysKa: 1 Jeknus B HeAesi0, CTOMMOCTD: 2 KpeJuTa.
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AHTJIOA3BIYHBIE KYPCBI HAYAJIBHOT'O YPOBHSA

[IpegnasHaueHsl B MePBYI0 o4epedb Il MHOCTPAHHBIX CTYy[AEHTOB Marucrepckoi mporpammsl «Mathematicsy
u coBMecTHOI ¢ HMY nporpammel «Math in Moscowy. 9To Kypchl cogcem HauaTbHO20 YPOBHSL.

OCEHb BECHA
o Algebra and Arithmetics, V. S. Zhgoon o Geometry and Topology, V. A. Kiritchenko
o Classical Analysis and ODE, T. Takebe o Basics of Functional Analysis, M. Z. Rovinsky

o Introduction to Combinatorial Theory, - Advanced Linear Algebra, K. G. Kuyumzhiyan

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

HEMATEMATUYECKUE KYPCbl, YUTAEMbBIE HA ®AKYJIbTETE MATEMATHUKHA

OTH KypCHl YUTAIOTCA COTPYAHUKAMU APYTUX (PaKyJIbTETOB U IpegHa3HauYeHbl TeM, KTO X0ueT U3y4UTh Te WUJIU
nHble obJiacTy 3a npejesaMu MateMaTuku. Kpome kypcos «IIporpammupoBaHue» (06a cemectpa), «DKOHO-
MeTpuKay 1 «MamnHaHoe 00y4yeHre», KOTOphle He YUUTHIBAIOTCA B OrpaHUYeHNH Ha CyMMapHOe 4MCJI0 HeMa-
TeMaTuueckux KypcoB B UYTle, Bce ocTaJibHbIE KYPChI YUUTHIBAIOTCA B 3TOM OrpaHUYeHNH HapaBHe ¢ Kypcamu,

YyuTaeMBIMU Ha APYyTruX (pakysbrerax BIID.

OCEHb BECHA

o OCHOBBI IporpaMMupoBanusa Ha Python, 1-ii ce- - OcHOBBI mporpaMMmupoBaHuAa Ha Python, 2-ii ce-

mectp?, M. C. T'ycTokamuH Mmectp, B. E. IBaHHOKOBa

o MammuHHOe 00y4yeHue, U. B. Illypos o DKOHOMeTpHKa, II. H. KaTbiies

o MaTeMaTHuecKue MOJieJIU 3KOHOMHYECKUX cu- o MeToabl cOopa 1 aHAIU3a COLUOJIOTUYECKUX aH-
creMm, M. U. JleBuH HbIX, [. C. [lIMepJsIMHT

o MaTeMaTnuyeckas JIMHI'BUCTUKA, b. JI. Homauu o duwinocodpua-2, A. B. MuxaiyoBCKui

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

7


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

CEMUHAPBI

JUJ1A MJIAJIIIUX KYPCOB

OCEHb

o OcHOBHBIE MOHATHA MaTematuku'', 10. M. BypmaH,
C. M. JIbBOBCKU

o TeomeTpus u rpymmsr’, O. B. Illapuman

o 'eomeTpusa u fuHamuka, A. B. Kimumenko, I'. Y. Ob-
maHckui, A. C. CKpuUnmueHKo

o [IpoexTHBHAs 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 AnreGpanyeckuil ceMHHAp [JIA MJIAJUINX KypcoBl,
B. A. T'punieHKO

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

o D/leMeHTapHas TeopHs MOJiA Ha peméTke!,
M. B. CkorieHKOB

J1J14 CTAPUINX KYPCOB U ACITUPAHTOB

OCEHb

o Brimykuias u ajrebpandeckas reometpus, B. A. Ku-
puueHko, E. I0. CmupHOB, A. U. OcTepos

o 'eomeTpusa u ananus3 B Teopun aAuddepeHInaIbHbIX
ypaBHeHu#, U. B. BeioruH, B. A. [ToGepexHbIi

o CoBpeMeHHbIe MTpo6IeMbl MaTeMaTHU4ecKO! JIOTUKH,
JI. . bexnemumes, A. B. Kygquuos, ®. H. [Taxomos,
J. C. IlamkaHoB, B. b. llexTmaH

o Teopusa npencrasyaeHu, b. JI. ®eiirun, JI. I'. PeiOHU-
KOB

o TopongasbHble ajaredphl, UHTETPUPYeMble CUCTEMBI
u ypaBHeHus Berte, B. JI. ®elirux

o ®dpobeHnnycoBrl MHOroobpasus, C. M. Haransom,
I1. 1. Jyana-bapkoBckuii

o F'oMoTOonMyeckas TonoJiorus, A. I'. 'opuHOB
o Harmonic analysis, A. Yu. Pirkovskii

o Integrable Systems, I. Marshall

pexomeHayeTCA MOIbKO CTYAEHTaM IepBOro Kypca.

1 PexomeH IyeTCs CTy€HTaM MEepBOro Kypca.

BECHA

o W3bpaHHble TJIaBbl JUCKPETHON MaTeMaThUKu'
H. B. ApraMKuH

o TeomeTpus u rpymmnsr’, O. B. IllaprmMan

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

o IIpoexTHBHas anre6panyeckas reometpus’, U. B. Ap-
TaMKuH, A. JI. l'oponeniieB

o Combinatorics of Vassiliev invariants, M. 3. Ka3zapsH,
C. K. Jlanno

o MaTteMaTuka ¢usndeckux sAsjaeHuid, [1. U. Apcees

BECHA

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

o 'eomeTpusa u ananus B Teopuu AuddepeHInaIbHbIX
ypaBHeHui, U. B. BeioruH, B. A. [ToGepexxHbIi

o CoBpeMeHHbIe MTpo6IeMbl MaTeMaTHUYecKoU JIOTHKH,
JI. . bexnemumes, A. B. Kyaqunos, ®. H. [Taxomos,
J. C. IlamkaHoB, B. b. llexTmaH

o Teopus npeacrasaeHuit, b. JI. @eiiruy, JI. I'. PoiOHU-
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'eoMmerpuss u ToOmoOJIOTHMsA OaHaxXOBBIX 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 TEOPUU KBAaHTOBBIX
TPYNIL: TPOUCXOXJeHWe U IpUMeHeHHe R-MaTpul,
I1. H. ITaTos, IT. A. CanoHOB

o MaTeMaTHKa npolieccoB nepeHoca, K. I1. 3p16uH

PL, and topological manifolds,

NHTErpupyemMmocCTh,



OBA3ATEJIbHBIM MATEMATHYECKHWIM CEMHHAP MATHCTEPCKOM ITPOrPAMMBI «KMATHEMATICS»

OTOT ceMUHAap pas/iesiéH Ha TPU He3aBUCHMBbIE CEKLUM, KaXJas U3 KOTOpPhIX paboTaeT B TeueHUe 00OUX ce-
MEeCTPOB ¢ MHTeHCUBHOCTBIO 1 mapa B Hefesto. Kaxaplil CTyIeHT MarucTparypsl, o0ydyaonuiics 1o nporpamMmme
«Mathematicsy, 06513aH OJIy4UTh OLIeHKY 32 pabOTy B OJJHOM M3 CEKINI 3TOr0 ceMHHAapa B KaXJOM U3 YeTHIPEX
ceMecTpoB cBoero o6ydenus'. J[JIA 3TOro JOCTATOYHO y4acTBOBATh B pabOTe BHIOPAHHOM CEKI[UH U BHIIOJHUT
TpeboBaHuUA, MpeabsABJAeMble K CTyleHTaM eé pyKoBoauTeaaMu. CTyJeHTH ApYrux oOpa3oBaTesbHBIX MPO-
rpaMM ¢akyJbTeTa MOTYT B KaX[AOM U3 CeMeCTPOB BKJIIOUMTH B CBOI yUeOHBIN IJIaH OJHY M3 CEKLUH 3TOro
ceMrHapa (OCeHHHUI ceMecTp OlleHHBaeTcsA B 3 KpeuTa, BeCeHHUI — B 4 KpeJlUuTa) U MOJIyYUTh OI[eHKY 3a
CeMMHAp Ha TeX Xe yCJIOBUAX.

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

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

o OYHKIMOHAJIBHBIN aHAJIN3 ¥ HEKOMMYTAaTHUBHAas 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 ¥ HEKOMMYTaTHUBHAs I'eo-
MeTpus, A. 10. TTupkoBckuii

MATEMATHUYECKHE CEMUHAPBI, OPTAHU3YEMBIE COBMECTHO C IIAPTHEPAMHY ®AKYJIBTETA

OCEHb

o PUMaHOBBI IOBEPXHOCTH, are6psl JIu U MaTeMaTu-
yeckas ¢usuka (HMY; C. M. Hatausos, O. B. IlIBapi-
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 MHOroodpasusi,
(CKOJITEX; A. B. Mapmiakos)

BECHA

o PUMAaHOBBI IOBEPXHOCTHU, aJreGpsl JIu ¥ MaTeMaTu-
yeckas ¢usuka (HMY; O. B. IlIsapiman, C. M. Hatan-
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 ITPUKJIAJJHON MATEMATHUKOM

CtyneHTaM, y KOTOPBIX KypCOBasi MJIU BBITYCKHAs KBaJIMpUKalUOHHasA paboTa nocBAieHa MpPUIoKeHUsAM Ma-
TEMaTHKH, peKOMEeHAyeTCs BKIIIOUNTD B cBoil UVYII ciiefyromyie 13 epevyrcaeHHBIX BhIIIE KyPCOB:

OCEHb
o AJITOPUTMBI U1 aBTOMATHI
o MaTteMaTryeckas CTaTUCTHKA
o CJIOKHBIE CUCTEMBI: OT (GU3UKU A0 S5KOHOMUKU
o [lenin MapkoBa
o MammuHHOe o0yueHue

o Cekrusa «Probability and Stochasticsy o6s3aTepHOrO
HUC marucrepckoii mporpammsl «Mathematics»

1B pasHBIX cemMecTpax MOXHO BHIOUpPATh pasHble CEKIUM.

BECHA
o YpaBHeHMA B YaCTHBIX IPOU3BOJHBIX
o BapuannoHHoe ucuucjieHue
o CyryyaiiHble IpoLiecChl
o dUHaHCOBas MaTeMaTHKa
o HAC CiyualiHble MaTpUllbl, ciy4yaliHble IIpoLlecChl 1
WHTerpupyeMble MOJesIn
o Ceknus «Probability and Stochasticsy o6s3aTessHOTO
HUC marucrtepckoii mporpammsl «Mathematics»
o CTaTuCTHUYECKAsA MeXaHUKa: CTPOTHe pe3yJIbTaThl



OIIMCAHUA KYPCOB HA PYCCKOM

Kypchl ¢ TOMeTKOH «MAY BE GIVEN IN ENGLISH» OyAyT YMTAThCA HA aHIJIMHACKOM, €CJIU CJIyIIaTesIN TOro 3a-
XOTAT!, UX ONMMCAHUA Ha AHTJIMICKOM JOCTYIHH HIDKe paszesie «Course descriptions in Englishy. Kypchr Ge3
IIOMETKU «MAY BE GIVEN IN ENGLISH» YUTAIOTCA TOJIBKO Ha PYCCKOM.

CHEIMAJIBHBIA KYPC «ABTOMOPMMH3MbI MHOTI'OOBPA3HMM, KOJIBIIA KOKCA H JIOKAJIBHO
HUJIBIIOTEHTHBIE JU®®EPEHI[MPOBAHHSI»

JIEKTOP: U. B. ApxaH1ieB

HA3BAHHUE: ABTOMOpPMH3MbI MHOTO0O0pa3uii, KoJiblia Kokca U JIOKaJIbBHO HWIbIIOTEHTHBIEe nuddepen-
IIHPOBAHUA

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

OIIMCAHHME: C kaxasIM ajrebpanyeckuM MHOrooOpasreM CBs3aHa ero rpymnmna aBToMop¢GusMoB. JTU IPyII-
Bl BecbMa pa3HooOpa3Hbl. Hampumep, rpynnsl aBTOMOP@GH3MOB MPOEKTHUBHOI'O MPOCTPAHCTBa, adpPUHHOIO
IIPOCTPAHCTBA U ajire6pandyeckoro Topa 3TO IPyNNbl NPUHLUUNUAIBHO Pa3HBIX THUNOB. JlJIA U3ydeHusA Tpynin
aBTOMOPGU3MOB B HacTosIlee BpeMsa pa3paboTaHO HECKOJIbKO 3¢ @eKTHUBHBIX MeToAoB. Tak, Teopus KoJien
Kokca no3BoJisieT CBOAUTD ONKCaHKe rpymi aBTOMOp(GH3MOB MIMPOKOro Kilacca KOMIAKTHBIX MHOI000Opasuil K
adduHHOMY ciIyvaro Uiy, 6ojiee TOYHO, K ONKUCAHUIO TPy OJHOPOAHBIX aBTOMOPGU3MOB IrpalyipOBaHHBIX
anre6p. M3BecTHO, UTO CBA3HaA anrebpandeckas rpymnna MaTpUIl IOPoXAaeTcss CBOMM MaKCHMaJIbHBIM TOPOM U
OAHOMEpHBIMU KOPHEBBIMU NOATPpyNIaMu. J[efiCTBUIO TOpa COOTBETCTBYeT I'paAypPOBKa Ha COOTBETCTBYIOLEN
anrebpe, a 1eliCTBUIO KOPHEBOI MOATPYIIIE — OAHOPOAHOE JIOKAJIbHO HUIBIIOTeHTHOe AuddepeHnpoBaHue.
Takoli moaxoQ K ONMCcaHUIo IPynI aBTOMOPGU3MOB BOCXOAUT K Kjiaccuuyeckoi pabote [demasiopa (1970), rae
OBLIN BIIEpBBIE OIpe/iesieHbl TOpHUYecKre MHOroo0pasus, a Takke BbIUMCJIeHa Ipynna aBToMOpdU3MOB KOM-
[IAaKTHOT'O TOPHUYECKOr'0 MHOrooOpasusl.

ITPOTPAMMA: Mbl HaUHeM KypcC € CUCTEMaTHYeCKOro U3y4eHusA rpaJyupOBaHHBIX ajire0p 1 JIOKaJIbHO HUJIb-
MmoTeHTHHIX AuddepeHnripoBanuii Ha Takux ajreop. [locse atoro GydeT omnpenesieHo KoJibiio Kokca asre6-
panyeckoro MHOroodpasus M CBsi3aHHAasA ¢ HUM KOHCTPYKIUsA (GaKTopu3aluu. JTO NO3BOJIUT HAUTU TPYIIIEL
aBTOMOPGU3MOB MHOTMX MHOroo0pasuii, onucaTh CBOMCTBA AeHCTBUA I'PyNIbl aBTOMOPOU3MOB U HCIOJIb30-
BaTh MOJIyYeHHbIEe pPe3yJIbTaThl JJIA N3y4eHUA 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 HaJIMYMK aHTJIOTOBOPAIMX CTyINaTes e,
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CI'IEI_II/IAJII)HLII;’I KYPC «AJITEBPAUYECKAA TEOMETPHUA»

MAY BE GIVEN IN ENGLISH

JIEKTOP: B. A. BoJjioroackuii

HA3BAHMUME: Asire6Opaniyeckas reoMeTpus

VUYEBHASA HATPY3KA: ocennmii cemectp 2018/19, 2 mapsl B HegeJi0, 5 KpeIUTOB 32 CEMECTP.

OIIMCAHHME: lesib 5TOro Kypca — MOMOYb CJIyIIaTes 0 OBJIafeTh OCHOBaMH TEOPUU CXeM U UX KOTOMOJIOTHI
B 00béMe yueOHMKa P. XaTpcxopHa.

IIPEABAPHUTEJIbBHAS ITOATOTOBKA: KOMMyTaTUBHasA 1 roMoJsiorndeckas aiaredpa.

ITPOTPAMMA:

o OmpefesieHre U IepBOHavYa/IbHbIE CBOMICTBA CXEM.

o JluBusopsl, rpynmna Ilukapa.

o KorepeHTHBIe [TyYKU U UX KOTOMOJIOT'HM.

o IuddepennuanpHeie GopMbl 1 KoroMmosoruu ae Pama. JIporictBeHHOCTL Ceppa.

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

o XapakTepucTUueckue Kiacchl, obmas TeopeMa Pumana — Poxa.

o TloBepxHocTu. TeopeMa Xojxa 06 UHIEKCE.

o JlokazaTesbCTBO runote3 Beiinia o g3eTa-QpyHKOMAX KPUBHIX HAaJl KOHEYHBIMU MTOJIAMM.

o BBeneHue B Teopuio JedopMaluii U MpoCcTpaHCTBA MoAyJiel. KOHCTPYKIUsA paliOHAJIBHBIX KPUBHIX Ha
MHoroo6pasusax ®ano: "bend and break” semma.

YYEBHHUKHA:

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

J. Kollar, Rational Curves on Algebraic Varieties.

KOMMEHTAPHH: Eciiu ciymaTesiam 6yeT yrogHo, Kypc 6yeT YuTaThes Ha aHTJIMHACKOM fA3BIKE.
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KYPC HAYAJIbBHOI'O YPOBHA «AJITEBPAHYECKASI TEOMETPHUA. BBO,E[HbeI TEOMETPUYECKHUH
KYPC»

MAY BE GIVEN IN ENGLISH

JIEKTOP: B. C. XryH

HA3BAHHME: Asire6panyeckas reoMmeTpusa. BBOOAHBIN reoMeTpruueckui Kypce

VUYEBHAA HATPY3KA: ocennuii cemectp 2018/19, 2 mapsl B HeieJ1l0, 5 KPeIUTOB 32 CEMECTP.

OIIMCAHMUE: AsnreGpandeckas reoMeTpusa usydyaeT (pUryphl, JIOKAJIbHO YCTPOEHHble KaK MHOXECTBO pellle-
HUI CHCTeMBI OJIMHOMUAJIBHBIX YpaBHeHUl B adpPuHHOM npocTpaHcTBe. C OQHOI CTOPOHBI, 3TO IPUBOAUT
K Y€TKOMY ajrebpanueckoMy ONMCAHUIO ITyOOKHUX reoMeTpUYecKUX CBOMCTB, C APYTOU CTOPOHHI, JAET «KU-
BO€» reOMeTPUYeCcKOoe BUAEHUE «CYX0iy» ayireOpsl, 61arogapsa 4emMy abCcTpaKTHbIe MAaHUMYJIALUH ¢ popMyJiaMu
nproOpeTaroT ACHBIN reoMeTprUUYecKril cMblci. Anrebpanyeckas reoMeTpUsa 3aHUMaeT I[eHTpaJbHOe MeCTO B
caMbIX pa3HbIX 00JIACTAX COBpeMeHHON MaTeMaTuKU 1M MaTeMaTtuuyeckoil GuU3uku, U sABJsieTcs Haubosiee 3¢-
(peKTUBHBIM M KPacCHBBIM MHCTPYMEHTOM [JIA YCTaHOBJICHMs HETPHUBUAJIBHBIX CBA3€H MEXIy KaKyIIMMUCA
JanékuMu ApyT OT Apyra sBjieHuAMU. HacToAmui Kypc ABJIAETCA ceomempuieckum BBefjeHreM B IIpeMeT U
3HAKOMUT ciymaresiell ¢ GyHAaMeHTaJIbHBIMU IeOMeTpUYeCcKUMU GUrypamMyu U KOHCTPYKIUAMY, a TaKXxe C
anrebpanyecKUMU CTPYKTypaMu, KOTOpPbIE 32 HUMH CTOSAT.

MMPEABAPHUTEJIbHAA ITIOATOTOBKA: mnepBbiii Kypc Oakanaspuarta (anarebpa, aHajiuz, reoMeTpusi, KOMOU-
HaTOPHKA, TOIOJIOTUA).

ITPOTPAMMA:

o [IpoeKkTHBHBIE IPOCTPAHCTBA U IPOEKTUBHEIE KBaAPUKU. [IpocTpaHcTBa KBaaApuK. IIpAMEble, KOHUKH, KpU-
Bble BepoHese, paloHasibHBIe KpUBBIe. [110ckue KyOnueckue KpUBbIe, CJI0KeHNe TOYeK Ha dJUIUITHYe-
CKOU KPHBOU.

o MHoroo6pa3susi I'paccmana, Beponese u Cerpe. [IpoekTrBHble MOP()U3MBI, CB3aHHbIE C TEH30PHOU aJi-
rebpoii. Kietku llyGepTa.

o llestble 3JIEMEHTHI B paCIIUPEHUAX KOJIEll, CTPOeHHE KOHEYHO MOPOXKIEHHBIX KOMMYTATHUBHBIX ajiredp Hal
mmoJjieM, 6asrchl TPaHCI[eHIEHTHOCTU, TeopeMbl ['MIbbepTa 0 HyJIAX 1 6asrce vieasa.

o I'eoMeTprueckas UHTepHpeTanys KOMMYTaTUBHOW aareOphl: CIEeKTPHI, TOMOJI0TUA 3apHUCcCKOro, reoMeT-
pudecKue cBoicTBa roMoMopGU3MOB ajredp.

o Anrebpanueckre MHoroob6pasus. OthaennumocTb. CBoIiCcTBa MPOEKTUBHBIX MHOroo0Opasuii, coOCTBeH-
HOCTb. PanioHasibHble QYHKIIMU 1 paljiOHaJIbHBIe MOP()H3MEL.

o PaznuuHble onpeneneHns pa3MepHOCTU. PaaMepHOCTH OAMHOTrOo00pas3uil U cJI0€B MOp(puU3MoB. Berunic-
JIeHre pa3MepHOCTeN MPOeKTUBHBIX MHOTO00pa3uii.

o JIuHeliHBIE TPOCTPAHCTBA HA KBaApuKax. [IpsAmMble Ha KyOnuecKux noBepxHocTsax. MHoroo6pasus Uxoy.

o BeKkTOpHBIE pacc/I0eHUA U YK UX ceueHUI. BeKTOpHbIe pacciioeHns Ha IPOeKTUBHOU NpAMOU. JInHel-
HBIe CHCTeMEI, O0OpaTHMBble ITy4YKW U AUBU30pHL, rpynna [Tukapa. Mopduamel onpefeiseMble JMHEHHBIMU
crucTeMaMu.

o KacarenbHble 1 HOpMaJibHBIE IIPOCTPAHCTBA U KOHYCHI, TJIAAKOCTD, pasayTue. TouHasA mocjaeqoBaTeb-
HOCTb DIJiepa Ha MPOEKTUBHBIX IPOCTPAHCTBAX U rpacCMaHUaHax.

YYEBHHUKNA:
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o A. JI. TopogeHn1ieB, Anre6pa — 2.
gorod.bogomolov-lab.ru/ps/stud/algebra-3/1415/algebra-& 2015.VI.15.pdf.

o JIx. Xappuc, Anrebpanueckas reomerpus. Hauansubiii kype, « MITHMOy.
o . P. llapapesnu, OcHOBHI anrebpanueckon reomerpun I, I, «Haykay.
o JJ.Mampopza KpacHas kHura o MHOrooopasusax u cxemax. «K MLIMHO», 2007.

o F0.MaHuH BBeZieHre B TeOpHUIO 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 ABTOMATbBI»

JIEKTOP: I0. B. CaBaTeesB

HA3BAHHE: AJITOPUTMBI M1 aBTOMAaThI

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

OIIUCAHME: M5l ITIO3HAKOMHMCA C q)OpMaJTI/IBaI_[I/IefI IMOHATHA «aJITOPUTM», PAaCCMOTPHUM BBIYWCJIMTEIbHBIC
Moae/ I 1 pa36epéMc;1 C IIOHATHUAMM BbIYMICJIMMOCTU M CJIOXHOCTH.

IIPEABAPHUTEJIbHAA IMTOATOTOBKA: He TpeOyeTcs.

ITPOTPAMMA:

o KoHeyHble aBTOMATHI.

o PeryJisipHble BBIpQXEHUs.

o KOHTeKCTHO-CBOOOHBIE TPAMMAaTUKU.

o Mamunbl TelOpUHTa.

o PaspemmnMocTs U NepeyrcjanuMOCTh MHOXKECTB.
o BeluncimMele QyHKIUN.

o CJIOKHOCTb BBIYMCJICHUN.

o CioxHocTHble kjacckl P, NP, PSPACE, L, NL.

YYEBHHKMU: 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 ajrebpanyecKyio TOMOJIOTUIO

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

OITUCAHHUE: Anrebpauyeckas TONOJIOTHA — IIpeIMeT, HeOOXOAVMBIl BCAKOMY, IUTAaHUPYIOIEMY 3aHUMAaThCA
MaTeMaTHUKON WM MaTeMaTtuieckoil ¢pusukoil. Haubosiee OypHBIN Nepuof pa3BUTHUA ajireGpanveckoil TOIo-
JIOTHHY TpUIesics Ha BTOPYI0 MoJioBUHY XX Beka. B pesysbraTe HcCHoJib30BaHMNE aaredpo-TONOJIOTHYECKOro
VHCTPYMEHTapus CTaJIo HellpeMeHHBIM aTpuOyTOM 3HAuMTeJIbHON YacTh MaTeMaTUYeCKUX KCCJIeJOBaHUM.
OTa obJsiacTh MaTeMaTHUKU MMOPOAWJIA, HaIpUMep, Takue HalpaBJieHusA Kak roMoJsiornieckas aarebpa u Teo-
pusa anrebp Xonda. B kypce mpefjjaraerca 3HauMTesJIbHOE KOJIMYECTBO 3aJay Ha BBIYMCJIEHHe arebpo-
TOTIOJIOTUYECKUX XapaKTEPUCTUK PA3JINYHBIX TOTOJIOTUYECKUX IIPOCTPAHCTB.

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

ITPOI'PAMMA!:

o I'padbl, MOBEPXHOCTU, CUMILIULIMAJIbBHBIE KOMILIEKCHI, CUMILTAIIMAJIbHbIE OTOOpaKeHUA

o IlyTu, romoTonuu myTel, pyHaaMeHTaIbHasA rPyIa, HAKPHITHUA, BhIUKCIeHHe GyHAaMeHTaJIbHOM Ipy-
IIBI

o llenHble KOMIJIEKCHI BEKTOPHBIX IPOCTPAHCTB, TOMOJIOIMH ¢ KO3 GULeHTaMH B [10JIe, TOMOJIOTUU CHUM-
IJTAIMAJIBHBIX KOMILJIEKCOB, TOMOJIOTUH ¢ ko3dduiieHTaMu B abesieBOil rpyIine

o KoromoJioruu CUMILIMIIAIbHBIX KOMILJIEKCOB. YMHOX€eHNE B KOTOMOJIOTHAX

o KiieTouHBIe KOMILJIEKCHI M KJIeTOYHBle roMoJioruy. MHoroo6pasus. J[BolicTBeHHOCTh Ilyankape. DieMeH-
TBl Teopun Mopca. HepaseHctsa Mopca

YYEBHHUKHA:

o B. A. BacusnbeB. BBenenue B TonoJyoruw. M.: ®@a3zuc, 1997.
o B. B. [IpacosioB. dieMeHTH Teopuu romosoruii. M.: MITHMO, 2006.
o P. M. CButnep. Anrebpanueckas TONOJIOrusA — romoronuu u romosioruu. M.: Hayka, 1985.

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

JIEKTOP: B. B. Jlocakos

HA3BAHHE: BBejeHHEe B KBAHTOBYIO TEOPHIO

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

OITUCAHHME: ... Y Hac HET JIy4lllero CpeAcTBa AJIA OMMCAaHMA dJIEMEeHTAaPHBIX YaCTULl, YeM KBaHTOBasA TeOpUs
nosA. KBanToBoe nosie — 3T0 aHcaMOJib 0€CKOHEYHOr0 YrcJjia B3auMOAENCTBYIOIINX eAPMOHUYECKUX OCYLLT-
JIamopos. Bo30yxieHna 3TUX OCLHUIJIATOPOB OTOXIECTBJIAITCA ¢ yacTulamu. Ocobas poyib rapMOHUYECKUX
OCIIMJLIIATOPOB CBAA3aHa ¢ aAUTUBHOCTHIO UX criekTpa. Ecim E| u E, — sHepreTndeckue yposHu, to £+ E, —
TOXe dDHepreTU4ecKuil ypoBeHb. B TOUHOCTH TakMX CBOVICTB MBI OKMJaeM OT dJIeMeHTapHbIX YacTull... Bece aTo
oueHb B Ayxe XIX cTosieTuis, Korja JIIOAU MBITAJIMCh CTPOUTh MeXaHuuyeckre MOJIeIn BceX sBJieHui. fI He BU-
Ky B 3TOM HUYEro IJIOXOTO, MMOCKOJIBKY JI00as HeTpuBHaJIbHAA Nes B OIlpeleJIeHHOM CMBIC/Ie BepHa. Mycop
MIPOILJIOTO YacTO OKa3bIBaeTCsl COKPOBUILeM HacTosAmero (1 Hao6oport). I1o 3Toli nmpruurHe MBI OyZieM CMeJio
npuberaTs K pa3jIMYHbIM aHAJIOTUAM NPU OOCYXAEHUU HaIllMX OCHOBHBIX MPOOJIEM.

Astexcandp Iosiakos

[IpenopaBartens cTyaeHTaMm 1-ro kypca: «byaeM n3ydats KBAHTOBYIO TEOPDHUIO TOJIA?Y
Crynentsl: «Jla! la! A 4TO Takoe — KBaHTOBAA?»
[IpenopaBaresib: «BOT ¢ 3TOro0 U HAYHEM.»

IMPEABAPHUTEJIBHAA ITOAT'OTOBKA: HeT.

ITPOTPAMMA:

1. Kiaccuueckas Teopus Ha IpUMepe 3JIeKTPOMarHUuTHOU BOJIHBL DJIeKTpOMarHuTHas BoJiHa — Habop rap-
MOHHYECKNX OCIAJLIATOPOB. 'aMMJIBTOHOB MTOAXOM.

2. Gedanken skcrieprMeHTHI CO CBETOM — IIPOXOX/IeHIe Yepe3 HoJiApu3aTtop U Gporosaddext. BoBoa: Ham
MUPp He kjaccrudeckuil. COOTHOIIEHNUA HeOoNpeIeIeHHOCTHU.

2. Cocrosanusa GpU3NUECKON CHCTEMBI B KBaHTOBOH Teopuu. CoOCTBeHHbIe COCTOAHMA. [IpuHIUn cynepno-
3uLMN. BepoATHOCTH Iepexojia U3 OJHOr0 COCTOSIHUA B pyroe (aMIumTyAa nepexopa). [IpoctpaHcTBo
COCTOAHUN — T'MJIbOEPTOBO MPOCTPAHCTBO.

3. Hab6usioqaemble B KBAaHTOBOM TEOPUU — OllepaTOPhbl Ha TJIbOEPTOBOM MpocTpaHcTBe. JleficTBue omnepa-
TOpa Ha COOCTBEHHbIE COCTOSIHUA. TpeboBaHNe caMOCONPsKeHHOCTU oneparopa. MamepeHnne Habrona-
eMOU Kak 3aJjaya Ha coOCTBeHHble 3HaueHuA. OnpepesieHre cpeJHEro 3HaueHus U Aucnepcuy Haboaa-
€MOI1.

4. CooTHOIIeHNEe HeollpeeJIeHHOCTH U OAHOBPEMeHHasA U3MEPUMOCTh PU3NYecKUX BesinuuH. KaHoHnue-
CKHe KOMMYyTallMOHHble COOTHOIIeHUA. KaHOHYecKkoe KBaHTOBaHNE B KBAaHTOBOI Teopuu. [ToHbIN Ha-
060p HabJI0gaeMBbIX.

5. J/luHaMmuKka B KBAaHTOBOI Teopuu. YpaBHeHue IlIpeaunrepa. ['amMmuibToOHUaH Kak HabJIi0jaeMas, onpe/e-
JAIIaAd AUHAMUKY B KBAHTOBOU TeopuH. 3ajiaya Ha cOOCTBEHHbBIE 3HAUYEeHUA U COOCTBEHHEBIE COCTOAHUA
ramMuIbTOHMAaHa Kak 3ajava, pellamlias BOIPOC O AUHAMUKe MPOU3BOJIBHOIO COCTOSIHUA B KBAaHTOBOU
MeXaHUKe.

6. KBaHTOBaHIe rapMOHUYECKOT0 oclULIsATOpa. OnepaTopsl pOXAEHUA U YHUUTOXeHNs. DJHepreTHUueCcKUi
CIIEKTP U COOCTBEHHBIE COCTOAHUA.

7. KorepeHTHble cocTosAHUA. KOorepeHTHbIE COCTOAHNA KaK MUHUMU3UPYIOIIKe COOTHOIIIEHNe HeollpeieJieH-
HOCTU. [IlMHaMHKa KOTepeHTHOT0 cOCTOAHMA. PazyioxkeHre eIMHULIBI [IJI KOTePEHTHBIX cocToAHui. [Tpe-
JeJIbHBIN Mepexo/] K KJIacCUYeCKON TeOPHU.
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YYEBHHUKNA:

o I1. lupax. [TpuHI{UNIBI KBAaHTOBOI MeXaHuku, 1979.
o P. ®@eiiuman, P. JletiToH, M. CoHpc. @eliHMaHOBCKHUE JIEKI[UU 110 (PU3UKe.

o JI. JI. ®annees, O. A. Axky6oBckuii. JIekiyu 1o KBaHTOBOM MeXaHUKe /1A CTyIeHTOB-MaTeMaTUKoB, 1980.
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KYPC HAYAJIBHOT'O YPOBHA «BBEJJEHUE B TEOPUIO KATETOPHUM M TOMOJIOTUYECKYIO AJITEB-

PY»

JIEKTOP: A. JI. TopoaeHuieB

HA3BAHME: BBejleHHE B TEOPUIO KaTeropuil ¥ rOMOJIOTUYECKYIO ajredopy

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

OIIMCAHHMUE: fI3bIK KaTeropuii U PyHKTOPOB sIBJIsIeTCA YHUBEPCAJIbHEIM CPeICTBOM [JIsA BeIpakeHus ajredpa-
MYeCKHX CBOMCTB 00BEKTOB ¥ OTOOpaXeHNI MeXAy HUMH B TOM WJIM NHOH TeOpUH, K Kakoi Obl objiacTu Mate-
MaTHUKU OHA He OTHOCHJIACh. YMeHMe AyMaTh Ha 3TOM sA3bIKe I103BOJIAET HAXOAUTh IIPOCThIe KOHLIENTyaIbHbIE
OTBETHI HA MHOTHE KaXXyIiecs TPy AHBIMY BOIIPOCHL U yraJibIBaTh IPABUJIbHEIE IOCTAHOBKY HOBBIX MHTEPECHBIX
3afau. Llesplo Kypca sIBJIsieTCsA OBJIafieHre KaTerOpHbBIMU KOHCTPYKIMAMY Ha €CTeCTBEHHBIX CojJiepKaTe/IbHbIX
[prMepax U IpruodpeTeHre HABBIKOB paboTHl ¢ OCHOBHBIM U1 abeJsieBbIX KaTeropuil BHIYMCJINTEIbHBIM WH-
CTPYMEHTOM — KOMILJIEKCaMU 1 UX TOMOJIOTUSMM.

NMPEABAPUTEJIbBHAA ITIOATIOTOBKA: nepBbiii ro 6akajaBpuaTa (cTaHJapTHBIE KypChl ajre0psl, aHaIN3a,
reoMeTpuy, KOMOMHATOPUKU U TOIOJIOTUM).

ITPOTPAMMA:

Kareropuu, GyHKTOpPSHI, peAnyYku. [IprMepsl: CUMIUIAIMAIbHBIE MHOXKECTBA, TTPEIMTYYKA Ha TOMOJIOT -
yecKuX MpocTpaHcTBax. KaTeropus ¢yHKTOPOB, JiemMa MoHebl, peicTaBuMble QYHKTOPHI M 3aflaHHe
00BEKTOB YHUBepcaIbHBIMU cBovicTBamu. ([GM], [G], [M])

ConpsexéHHble QyHKTOpPEHL. [Ipenensl auarpamm. @uibtpyomuecs kateropuu. [Ipumepsr: /7, Heapxu-
MeJI0BO TOILUTHEHUE KOoJiblla Z, JIoOKaIu3alua U HeKkoMMyTaTuBHEIE fipodu Ope. ([GM], [G], [M])

AnuTuBHBIE, TOUYHBIE 1 abesieBbl KaTeropuu. JuarpaMMHBIN TTOUCK, JIEMMBI O MOCJIe0BATEIhHOCTSX.
[IpsMBIEe CYMMBI M TIpOU3BeieHUA. UHbeKTUBHbIE, TPOEKTHUBHBIE, (KO)MopxaaloIire 1 (KO)KOMITaKTHBIE
00beKThI. XapaKTepUu3aIus KaTeEropruil MOy i€, S3KBUBaJIEHTHOCTh MOpPUTHL. Eciii MO3BOJTUT BpeMsI: TEO-
peMa o Bioxenuu. ([GM], [G], [M], [W])

Kareropuu KOMILJIEKCOB, TOMOTOMNHY 1 TOMOJIOTHU. [IpUMephl: KOMIJIEKC Ieneil CUMIINITAAJIbHOTO MHO-
XKeCTBa, pe30JIbBEHTa MO1yJIsA, Pe30JIbBEHTH MOHOMHAJIBHBIX UAeaJIOB. J[JTMHHAA TOYHASA [TOCIeOBATE -
HocTh romosioruii. Konyc mopdusma. ([GM], [W])

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

Ext u Tor Ha kateropuu MoAyJiel. UHbeKTUBHbBIE 1 TPOEKTUBHBIE PE30JIbBEHTH. YMHOXEHUS 1 CBEPTKU.
Kommiekcs! Komysis, Teopema I'mnsbepra o cusurusax. ([Bl, [W])

bap-pesosibBeHTa. Koromosioruu anre6p u rpyni. Knaccuduiupyoiue npoctpanctsa. ([B]l, [W])

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

YYEBHHUKN:

[B] H. Bypbaku, «['omoJsioruueckas aarebpa» (Anreopa X).

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

[M] C. MaknetiH, «Kateropuu gjia paboTamoiiiero MaTeMaTUuKay.

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

KOMMEHTAPHM: KypC ABJIAETCS HOBBIM, HO HEKOTOPBIE €I'0 YaCTU IPeCTaBJIEHH 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 YHCEJI»

JIEKTOP: B. 3. Illapuy

HA3BAHHME: BBeieHre B TEOPUIO UHCeET

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

OIIMCAHME: Teopus 4nceJl COCTOUT U3 MHOXeCTBAa Pa3HOOOPA3HBIX BOMPOCOB M METO[OB UX UCCJIEIOBAaHUA.
Kypc comepxur nBe uactu. [lepBas yacth mocesiieHa NoApoOHOMY U3YUYEHUIO dJIEMEeHTapHON Teopum uucest
C WCIIOJIb30BaHUEM WHCTPYMEHTOB BBICIIEN MaTeMaTHUKU. BTopas 4acTh JJaCT CJymIaTesisiM IpeJicTaBjeHre o
BO3MOXHBIX HalpaBJIeHUAX yIIyOJeHUs U OCHOBHBIX pe3yJibTaTaxX B paMKaxX 3THUX HalpaBJIeHUH.

MMPEJABAPHUTEJIBHASA ITOATOTOBKA: nepBulil roa 6akajgaBpuaTa (cTaHgapTHBIE KypCHl ajireOpHl, aHaIn3a,
reoMeTpruy, KOMOMHATOPUKU U TONOJIOTUN)

ITPOTPAMMA:

1. [eauMocCTh U IPOCTHIe YKcja. EBkMIoBE koJiblia Z u Z[i]. AnroputMm EBkiuga. JiuHeliHOe peicTaB-
nenue HOJl. OcHoBHasA Teopema apudMeTHUKU. p-niokasatesiu. JlemMa 06 yrouHeHuu cremneHu. [loctynat
beprpana.

2. Kosibna Be14eToB IO MoAyJilo. OOpaTrumMeble BerYeTE. TeopeMa Buibcona. @ynknua Disiepa U e€ CBOM-
cTtBa. Teopema Oiiiepa. Kutatickaa Teopema 06 ocrarkax. Teopema IlleBasiie. IIpUMUTUBHBIE BBIUETHI.
KBanpaTtuunble BeIUETH (KpUTepuil Jiljiepa, KBaJpaTU4HbIN 3aK0oH B3auMHocTHU ['aycca).

3. Llenusie (HenpepsiBHBIE) Apobu. CeoticTBa IenHbIX Apobeli. [IpubimxkeHre MppanioOHaJIbHBIX YHCes
pannoHasnbHbIMU. L{enHble ApoOY KBaApaTUYHBIX MppPaIl[IOHAIbHOCTEMN.

4. 3agauu Ha pemérkax. ®opmyina I[Tuka. Teopema biauxdenbaa. Jlemma Munkosckoro. Teopema Kposne-
Kepa. PaBHOMepPHO pacnpefiesIEHHbIE [TocIeoBaTeJIbHOCTU. TeopeMa BaH-nep-BapaeHa.

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

6. MuodaHTOoBHI ypaBHeHU:A. JInHeliHbIe T1OPAaHTOBH ypaBHeHUsA. MeToAbl pellleHUs HeJIMHENHBIX AUO-
(paHTOBBIX ypaBHEHUI: METOJ OCTAaTKOB, METOJ pa3JIoKeHN, METO/] OLIeHOK, MeTo/ ciycka. [Tudaropo-
BHI TpOMKU. YpaBHeHus [lesuisa. CymMMBl IByX KBaagpaToB. CyMMBI YeTBIPEX KBaJAPaTOB.

7. OcHOBBI ajirebpandeckoi Teopuu yucesi. Koneunsle pacuipenusa Q. JlemMma o mpocToM paciiipeHnu.
Kosbro 1eneix. [Tosie anrebpanvyeckux uncen A. Anrebpandeckas 3aMKHYTOCTb A. Teopema JInyBusiisa.
Teopema Jlungemana (6/4). TpaHCIeHOeHTHOCTD 7 U e.

8. OCHOBBI aHAJIMTHUYECKOM Teopum yucel. 'amma-pynkuus diyiepa. [3eta-pyHkiua Pumana. Paasr [lu-
puxJie, TeopeMma Jlupuxie o6 apudpmMeTrdeckux nporpeccusax (6/n). Teopema YeObiméBa o paciipenesie-
HUU IPOCTHIX YHCEJL.

9. OcHOBBI KOMOMHATOPHOU Teopuu uucesi. Teopema Komu — [[pBeHnopra. Teopema IToHHeKke — Pyxa.
Teopema Cemepenu (6/na). Teopema I'puna — Tao (6/n).

10. p-agunuyeckue umcya. Heapxumenosel HopMe B O 1 nornosiHeHusA () no HUM. Kosibro Z,n ero CBOICTBA.

JlemMma I'eHzeJis.

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

[B] A. byxmirab, «Teopus 4uce».

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

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

[U] B. B. BaBusos, A. B. YcTuHOB « MHOTOyTrOJIbHUKY Ha PEMIETKaX».
[W] T. Beiisib, «BBegeHue B anreOpanyecKyio TEOPUIO YHCey.

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

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

[P] B. B. IIpacosioB, «KMHOTOYJIEHb».
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KYPC HAYAJIBHOT'O YPOBHA «BBEJJEHUE B cDYHKI.II/IOHAJIbeIfI AHAJIA3»

JIEKTOP: A. K. Ilorpe6koB

HA3BAHUME: BBefjeHue B QyHKIMOHAJIBHBINA aHAJIU3

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

OITMCAHMHE: OyHKINOHAJIbHBIN aHAIN3 eCTh aHaJIn3 B 6eCKOHEYHOMEPHBIX JINHENHBIX IPOCTPAHCTBaX, CHA0-
XXEHHBIX HOPMOI, U TeOpHs ONepaTOPOB Ha TaKUX NMPOCTpPaHCTBax. Ero MeToasl U pe3yJibTaThl UMEIOT MHOTIO-
qricJIeHHBIe IPUJIOXKEeHNA B Pa3JInYHbIX 00JIACTAX MaTeMaTUKU U MaTeMaTu4eckoi Gpusuku.

IIPEABAPHUTEJIbBHAS ITOATOTOBKA: o0s3aTesibHbIE KypChl IEPBOro roja OakaiaBpuara.

ITPOTPAMMA:

1. IIpocTtpancTBa banaxa 1 onepaTophl Ha HUX, TeopeMa XaHa — baHaxa.
2. O6o0uieHHBle QYHKIMM YMEPEHHOro pocTa, Teopema IlIBapna.

3. IIpoctpancrBa 'mipbepTa, OpTOHOPMHUpPOBaHHBIE Oa3UCH, ToXxAecTBO [lapceBasna u Teopema Puca — ®Ou-
niepa.

4. OrpaHuyeHHble 1 HeOTpaHNYeHHbIE OllepaTophl B r'MJIbOEPTOBOM IIPOCTPAHCTBE, 3AMKHYThIE OIlepaTOpHl,
OpPTOrOHaJIbHBIE [TPOEKTOPHI, 3PMUTOBBEL I CAMOCONPSXKEHHBIE ONIePaTOPHL.

5. Pe30JIbBEHTA U CIIEKTp OllepaTopa.

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

YYEBHHUKHA:

o M. Pup, B. Caiimon, «MeTo/ibl COBpEMEHHOI MaTeMaTru4eckol GU3nKuy», ToM 1, « DyHKIIMOHAJIBHBIN aHa-
JIU3»

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

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

JIEKTOP: E. B. ®eiirun

HA3BAHHME: I'pynnsl 4 anrebpst Jiu — 2

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

OITMCAHMUE: Mbl HauyHEM CO CTPYKTYpHOU Teopumn anre0Op Jli M omnucaHus NOJYIPOCTHIX KOMIIJIEKCHBIX
anrebp Jlu B TepMmuHax kopHei, matpul] Kaprana u auarpamm [[plHKMHA. 3aTeM MBI 0O0CYOUM KOMILJIEKC-
HBIe MOJIYIIPOCThIe Ipynmnsl JIu, reoMeTpuio 000OIMEHHBIX MHOroo6pasuil ¢GJiaroB U CTpyKTypy IpelcTaBiie-
HUH €O CTpamuM BecoM. Jlajee — BelleCTBeHHbIe IPyMNIbl JIM U cUMMeTpHUYecKre MpOCTPaHCTBa, COOTBET-
CTByMOIMe UM aareOpsl JIu, cuMMeTpruyecKre apsl U OrpaHuYeHHBIe CUCTeMBI KOpHel, AuddepeHnraibHo-
reoMeTpuyeckre CBOMCTBA CUMMETPUYECKUX IIPOCTPAHCTB U CBsI3aHHBbIE C HUMU KaHOHHYeCKHe pa3JIokeHUsA
BellleCTBeHHBIX I'pynin. B 3akitoueHne OyAyT 6ecKOHEeYHOMepHbIe IIpeCTaBIeHNs BellleCTBEHHbIX IPYNI U UX
MPUJIOKEHN K CHel[haIbHBIM QYHKLIUAM.

NMPEABAPUTEJIBHASA ITIOAT'OTOBKA: Kypc «I'pynnsl u anre6pst JIu» oceHHero cemectpa 2018/19 yu.r.

ITPOI'PAMMA!:

1. HuibnoTeHTHbIE, pa3penrMble U MOJynpocThie aiare6psl Jin. CTpyKTypa U KjiaccupUKanus MPOCTHIX
KOMILJIEKCHBIX ajireOp JIn.

2. Tonynpocteie rpynnsl JIu, 60pesieBCcKue 1 YHUIIOTEHTHBIE NOATPYIIEL, MHOrooOpasus ¢Jiaros.
3. KoHeuHOMepHBIe NpeAcTaBJIeHNI TOJTYIPOCTHIX KOMIUJIEKCHBIX ajiredp u rpynn Jin.

4. BemlecTBeHHBIE NIOJIYIIPOCTHIE TPYIIIILI M CUMMeTpHUYeCcKHe PoCcTpaHcTBa. JIokasbHasa cTpyKTypa. Pasiio-
xeHusa MBacasel n Kaprana. CuMMeTpHUYecKre IIpOCTpaHCTBAa KOMIIAKTHOI'O, HEKOMIIAKTHOI'O Y €BKJIU-
JoBa Tuna. J[BolicTBeHHOCTb. OTpaHUUYeHHEIe CUCTEMBI KOPHE.

5. BeckoHeYHOMepHBIE NIPE/ICTABJIEHUs BEI[eCTBEHHBIX IIOJIYIIPOCTHIX Ipynn. OcHOBHaA cepuda. OnucaHue
OCHOBHOU HeyHUTapHOU cepuu rpynnsl SL(2, R). uckpeTHas cepus. CIUleTaolyde ollepaTophl. Xapak-
TEPHL.

6. CnenuasbHble QYHKLINUM, peajn3yeMble KaKk MaTpHUYHble 3JIEMEHTHI MIpe/CTaBJIeHUI MOATPYIN I'PYIIIEI
SL(2, R).

YYEBHHUKHA:

1. 3. B. BunGepr, A. JI. Onumuk, CeMuHap 1o rpymnmnam JIu u aaredpaniecKUM rpymnmnam.
2. C. XenracoH, [luddepeHnipanibHas reoMeTpus, rpynmsl JIu u cuMMeTprYecKre IIpoCTpaHCTBa.

3. U. M. Tenvdang, M. U. I'paes, H. A. BunenkuH, VHTerpajbHas reoMeTpus 1 CBA3aHHEIE C HEMl BOIIPOCH!
Teopuu npepcrtasiieHnil (O600mEHHbIEe QYHKIMY, BHII. 5.)

4. A. Kirillov Jr., An Introduction to Lie Groups and Lie Algebras.
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CHELIHAJIBHLII;’I KYPC «[U®DEPEHIUAJIbHAA TEOMETPUA»

MAY BE GIVEN IN ENGLISH

JIEKTOP: O. B. llIBapumaH

HA3BAHHUME: ludpdepennuanspHas reoMeTpus

VYEBHAA HATPY3KA: BeceHHU# cemecTp 2018/19, 2 mapsl B HeZjeJIi0, 5 KpeJUTOB 3a ceMecCTp.
OIIMCAHME: Kypc 3agymMaH Kak 3JieMeHTapHoe BBeJeHMe B bosbuyio Juddepennuanbsayio 'eomerpuio.

MMPEABAPHUTEJIBHAA ITOATOTOBKA: o0s3aresibHBle Kypchl MaTdaka Mo JIMHeHO! anrebpe, reoMeTpuu,
aHaIM3y Y TOIOJIOTUH.

ITPOTPAMMA:

1. SnemeHTtapHasa AuddepeHiiaibHas 1 pUMaHOBA reOMeTpUsA peryJIApPHBIX THIepPIOBepXHOCTEN B eBKJIN-
JI0OBOM IIPOCTPAHCTBe: MapaJlyieIbHbII IepeHOC Ha FMIleplIoBEpXHOCTH, OToOpaxeHue I'aycca, onepaTop
¢opmbl, KpUBH3HA, reofje3nyecKue.

2. PumaHOBBI MHOr0o0o0Opasus: cBA3HOCTh JleBu — UuBHTa U napauiesin3M, KoBapuaHTHoe quddepeHIrpo-
BaHMeE BEKTOPHBIX M TEH30PHBIX 10JIEeH, SKCIIOHEHI[HAIbHOE 0TOOpaXeHre U T0JTHOTa, TeopeMa Xonda —
PunoBa, reogesnyeckre, reoMeTpusa KOMIAKTHOMN rpynmnsl JIn.

3. KpuBusHa: TeH30p KPHMBU3HHI U rayccoBa KpUBU3HA, TEH30p PUu4y, IpoCcTpaHCTBA NOCTOAHHON KPUBU3-
HBI.

4. BapuanuoHHas Teopus reofle3snyeckux: nepBas 1 BTopas Bapualiis KpHBoLl, ypaBHeHue fkobu u conps-
XKEHHbIe TOUKH, JleMMa ['aycca U noJisipHble KOOpAWHATHI, HOpMaJlbHasA cucTeMa KOOpAUHAT.

5. CBA3HOCTU: CBA3HOCTH B I'JIABHOM U B aCCOLMMPOBAHHOM BEKTOPHOM pacCJIOeHUH, TapaJljiesibHbIN Iepe-
HOC U KOBapuaHTHOe AuddepeHIMpoBaHne ceueHnli, GopmMa KpUBU3HEL, IIJIOCKHUE CBA3HOCTU.

YYEBHHUKNA:

1. P. Bumormn, P. Kputenaen. I'eomeTrpusa MHoroo6pasuii. M.: Mup, 1967.
2. II. K. PameBckuii. PumaHoBa reomeTpus U TeH30pHBIN aHaimm3 M.: Hayka, 1967.
3. Hdx. MuaHop. Teopus Mopca, M.: Mup, 1965.

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

JIEKTOP: JI. I'. PEIOHUKOB

HA3BAHHMUE: [lonoJiIHUTeJIbHBIE TJIaBbl ajreopsl (Anredopa—4)

VYEBHASA HATPY3KA: BeceHHUH ceMmecTp 2018/19, 2 mapsl B HeZieJ0, 5 KpeJUTOB 3a ceMecTp.
OITMCAHHME: Kypc siBjisileTcA HellocpeICTBeHHBIM [IPOJ0JKeHNEeM IIepBEIX TPEX CeMeCTPOB CTAaHAAPTHOI'O Kyp-
ca ajireOpsl [ 6akajaBpuaTa U COCTOUT U3 ABYX OOJIBIINX TeM, II0 MOAYJII0 Ha Kaxaylo: (1) ajmeMeHTapHOe
BBeJleHIEe B KOMMYTAaTHUBHYI0 ajnredpy, 10 TeopeMsl ['nipbepTa o HyJIfAX U AeJeKUHOOBHIX KoJiel], HO 6e3 roMo-

Jiornyeckou anrebpsr; (2) DieMeHTapHOe BBeJleHNe B HEKOMMYTATUBHYIO ajrebpy — IMOJIyIpoCThie ajreOpsl,
IO TIpeICTABJIEHUI CUMMETPUYECKOU Ipymsl U GyHKTOpOoB Illypa.

IPEABAPHUTEJIbHASA ITOATOTOBKA: Tpu ceMecTpa CTaHIapTHOI'O Kypca aJjrebpsl /jia 6akajsaBpuara.

ITPOTPAMMA:

1. HerepoBrl Koyiblja U MoAyiu Hag HUMU. TeopeMa 'mnsbepTa o 6a3uce. Teopema I'mibbepta 06 NHBapU-
aHTax. Jlemma Hertep o Hopmanusanuu. Teopema 'minbbepTa o0 Hysisax. Kosbija nesbix aarebpanyeckux
yyceJsi. ['pynna kjaccoB naeasios.

2. Moaynu HaJi HEKOMMYTaTUBHBIMU KoJibllaMu. [losynpocTeie anreOpsl. TeopeMa IJIOTHOCTHU U ee cJiel-
ctBus. lleHTpanpHbIe IpocThie anreOpel. ['pynnosas anrebpa u Moaysu Haj Hell. J[BolicTBeHHOCTHh Dpo-
6enuyca. [IpesicraBieHus cuMMeTprudeckoi rpymnmbl. J{BotictBeHHOCTh Llypa—-Beiiis, pynkropsl llypa.

YYEBHHUKNA:

o C. Jlenr, Anrebpa.

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

JIEKTOP: A. T'. CeméHnos

HA3BAHME: KBaHTOBas Teopus moJiia

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

OIIMCAHME: B HacroAllee BpeMA KBaHTOBasA TEOPUA IOJIA ABJIAETCA OCHOBHBIM CPEACTBOM OIIUCAHUA SB-
JIEHUH NPOUCXOMAMNX B MUKPOMUpeE: B3aUMOJAENCTBUA 3JleMeHTapHbIX YacTull, CTpOeHre aIpoHOB U T. . Eé
MEeTOJbl IIUPOKO HCIOJIb3VIOTCA U B APYrUx 06JiacTsaX TeopeTuveckoil GU3NKU: KOHJeHCHPOBAaHHOE COCTOSI-
HUe BellleCcTBa, CTaTUCTUYeCcKas MeXaHHKa, Teopusa TypOyjJeHTHOCTU U Jp. [IToMruMO 3TOro, KBaHTOBAsA TEOpUA
MOJIA CJIYXUT BaXXHEHNITMM CTHUMYJIOM [AJiA Pa3BUTUA MHOXeCTBa COBpeMeHHBIX MaTeMaTHhyeCcKUux KccieoBa-
Hui. Kypc OCBAIMIEH M3yUYEeHNI0 OCHOBHBIX HJiell 1 METOAOB KBaHTOBOIM TEOPUM II0JIA, a TakXke 00CyXAEHUI0
MIpUMeHEHNA e€ MO/IX0/I0B K pa3/IMYHbIM 00JIaCTAM COBPEMEHHON TEOPETUYECKO U MaTeMaTUUeCKON GUINKU.
Byner paccka3aHO O KBaHTOBaHUU CKaJIAPHBIX U KAJMOPOBOYHBIN TeOpU, MeTole GyHKIMOHAIBHOTO NHTe-
rPHUpPOBaHUA, IOCTPOEHNU TeOpUM Bo3MylleHU u quarpaMmax ®@eiiiMmana, (1 + 1)-MepHBIX TOUYHO peliaeMbIX
TEOPUX, a TaK Xe O MPUMEeHEHUM 3TUX MOJAX00B B Pa3JIMYHEIX 00JIaCTAX COBPEMEHHOU HayKu.

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

ITPOTPAMMA:

o Teopus noJsida, cuMMeTpuu, GpU3NUECKe peaTn3aluu.

o CKaJIApHOeE T0JIe 1 ero KBaHTOBaHUe (OorepaTopHBIN MOAX0).

o HabGmopgaemsle u S-maTpurnia.

o MeTto pyHKIIMOHAJIBHOTO UHTEIPUPOBaHUA.

o PsAn Teopuu Bo3MyIlleHUN U ocTpoeHre MelTHMaHOBCKUX AUarpaMM.
o KanubpoBouHble oA 1 0COOEHHOCTU X KBaHTOBAHMA.

o AbGeJsieBH 1 HeabeJieBH TeopuH, Tpiok dangeesa — [lomoaa.

o MepMHOHHBI B KBAaHTOBOI TeOpUH MOJIA.

o BecKOHeYHOCTU B KBAHTOBOM TEOPUU MOJIA U METOAB pabOTHl C HUMHU.
o dusnueckue 3¢¢exTrl B KO/l 1 MOJIeJIbHEIX CUCTEMAaX.

o (1+1)-mMepHBIe CUCTEMBI.

o [IpruMeHeHUe MeTONOB KBaHTOBOI TEOPUH MOJIA B CMEXHBIX 00JIacTsX.

o MHTepecHble HenepTypOaTUBHEIE ABJIEHUS B MOJIeJIbHBIX cucTeMax (IIpy HaJIUn4My BpeMeHN).

YYEBHHUKHA:

1. M. ITeckuH, [. llIpenep. BeemeHve B KBaHTOBYI0 Teopuio noJs. 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: ocennmii cemectp 2018/19, 2 mapsi B HejeJo, 5 KpeIUTOB 32 CEMeCTp.

OITUCAHHMUE: Teopus noJisA udyvyaeT AUHAMUKY CHCTeM C 6eCKOHeYHBIM (yCJIOBHO rOBOPs, KOHTHUHYAJIbHBIM)
YI1CJIOM CTeneHel cBoboAnl. ['pymmoii cuMMeTpuril TpOCTpaHCTBa-BpeMeHU B Hell ABJisieTcs rpyima [lyankape,
urpamwmasn pyHaaMeHTaJIbHYI0 POJib B CHeIMaJbHON Teopuu oTHOcuTesbHOCTH. Kak u «['aMuIbTOHOBA Me-
XaHHKay, 3TOT KypC CTOUT OJHUM M3 NepBhIX B psAAYy 0a30BhIX KYpCOB TeopeTUueckon pusuku Ajid 3-4 roga
OakajilaBpuaTa U MarucTparyphl, U CJIyXKUT NpepeKBU3UTOM 111 «KBaHTOBOI Teopuu 1noJisiy. OH HACTOATEJIBHO
peKOMeH/yeTcs TeM, KTO YUUTCA WUJIN IJIaHUPYeT YUYUThCA [0 HallpaByeHuo «MaTeMaTrka 1 MaTeMaThyeckas
¢dusuka», HO OyzleT moJie3eH BceM He CKJIOHHBIM NpeHeOperats GU3NUYeCKMMU MCTOYHMKAMU UAel U 3ajaad,
JBUKYIIMX MHOTMIMH HalpaBJIeHUsAMHU COBPEMEHHO! MaTeMaTUKU.

MPEABAPHUTEJIbHAA ITOATOTOBKA: ceMecTpOBHIiI Kypc «MexaHukay AJifd 2-To rofa Oakasaspuarta. XKe-
JlaTeJIbHO 3HAaKOMCTBO C OCHOBaMH TeOpHU Ipylll U anreOp JIu, ux npeAcTaBjieHN!, BEKTOPHEIM aHAJIN30M
(knaccuueckue popmyJiel 'aycca u Crokca), 00001UEHHBIMU QYHKIUAMU U UX IpUMeHeHNeM B auddepeHLn-
QJIbHBIX ypaBHEHUAX, HO KpaTKOe HallOMHMHaHNUe HYXHBIX (aKToB U3 3TUX obJiacTell OyeT JaHO Ha JIeKIUAX.

ITPOTPAMMA:

1. JIarpanxeBa ¢GopMyIMpOBKa KJIACCUUeCKOl MeXaHUKU (HarloOMHHaHKe): IPUHLUI HauMeHbIIero AeiCcTBYS,
nepBas TeopeMa Hérep, 3aKOHBI COXpaHEeHU U I'PYIIBI CHMMETPUN MeXaHUYECKON CUCTEMBI.

2. OCHOBBHI cIIeIMaJbHON TEOPHUU OTHOCUTEIbHOCTU: IPUHITUAN OTHOCUTEJIBHOCTH DUHIITEHA, IPOCTPAHCTBO
MuHkoBcKoro, rpyiisl U anaredpsl Jlopenna u Ilyankape. CBoGoaHas pesiATUBUCTCKaA yactuia. JlelicTBue u
CHUMMETPUM PeJIATUBUCTCKOU CTPYHEI.

3. IIpenenbHBIN epexod OT MeXaHUYeCcKOH K IoJieBoy cucTeMe. CKasIApHOe BelllecTBeHHOe noJie. Obiee pe-
meHue ypaBHeHus Kielina — 'opoHa.

4. [TpuHIUNI HaMMEeHbIIero eCTBUA B MOJIEBBIX MOJeJIAX, epBas TeopeMa HéTep, coxpaHAmuecs TOKU U
3apsAabl. TeH30p osHepruu-uMIyJibca CKaJaApHOro MoJis.

5. CBoOOAHOE 3JIEKTPOMArHUTHOE MoJie: 4-BeKTOp MOTeHI1ala U TeH30p HaNpsHKEHHOCTH, ypaBHeHUs Makc-
Besuia. KannubpoBouHasa nHBapuaHTHOCTh. KymoHOBCcKas kanuOpoBka. [1iockue BOJIHBI.

6. PenATuBHCTCKaA JacTvla BO BHEUIHEM J3JIEKTPOMArHUTHOM IIOJIE. YPABHEHUA ABUXEHMA, CHUJIA JIopeHua.
YPaBHeHI/IH JABUXXEHUA 3JIEKTPOMArudvTHOI'O IOJIA B IPUCYTCTBUM 3apsAa0B 1 TOKOB.

7. 3aKOH COXpaHeHHs SHePTruM B dJIeKTpoArHaMuKe. [IT0THOCTh 3HepPrum 1 NJIOTHOCTU IOTOKA SHEePruu 3JIeK-
TPOMAarHUTHOTO MoJiA, BeKTop [ToiiHTuHra. TeH30p 3Heprun-uMITyJIbCa 3JIEKTPOMArHUTHOTO MOJIA.

8. BanasariBaromias GyHKIMA ['priHa BOJIHOBOTO ypaBHEHN, IOTeHI[1asIbl JIneHapa — Buxepra ToyeyHOro 3aps-
Jla ¥ COOTBETCTBYIOLYe HANPsDKEHHOCTU MOJIeH. DJIEKTpUYecKoe JUIOJIbHOEe U3JIyYeHNe, yIJI0Boe U YaCTOTHOe
pacnpezesieHre ero MHTeHCUBHOCTH.

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

10. HeaGeneBol KaTMOPOBOYHBIE CUMMETPUU.

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

3. P. ®eiinman, P. JletitoH, M. CanHpc, «DyekrpoauHaMuka. @eliHMaHOBCKHe JIEKIIMU MO (pu3ukey, T.6,
Mocksa, Mup, 1977.

4. B.C. Bnagumupos, «O60011eHble PYyHKIUN B MaTeMaTHuecKon ¢usukey, Mocksa, Hayka, 1979.

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

KOMMEHTAPHM: Hukakux creluaabHBIX 3HAHUI 10 GU3NKe OT ciymaTeseii Kypca He TpebyeTcs. 3amicKu
JIeKIIUI U JTMCTOYKU ¢ 3aJjauaMM 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

HA3BAHMUE: BBejieHre B KOMMYTaTUBHYIO0 ajreopy

VYEBHAA HATPY3KA: BeceHHU# cemecTp 2018/19, 2 mapsl B HeZjeJIi0, 5 KpeJUTOB 3a ceMecCTp.

OIIMCAHMUE: Kiaccuueckas anredbpanyeckas reoMeTpUs M3ydyaeT MHOXeCTBa pellleHUi cucTeM MOJIMHOMMU-
aJIbHBIX YpaBHEHUH HaJ ajreGpaniuyecku 3aMKHYTHIM IoJieM. PaccMoTpeHNe MOJMHOMMAIBHBIX YPaBHEHUI C
ko3 dunmenTaMu B 60Jiee CJIOKHBIX KOJIbIaX, HAIpUMep, B KOJIbLie I1eJIbIX 0JIA ajreOpandyecKux 4yncesi, Ipu-
BOJUT K COBpPeMEHHBIM 3ajjlauaM ajireOpandeckoil reoMeTpun U Teopuu uncey. KomMmyTtaTuBHaA ajaredpa sB-
JISeTCs OCHOBHBIM aJirebpanyeckKM MHCTPYMEHTOM 171 OTBETOB Ha MPOCTEHIINEe BOIIPOCHl TAKOTO POA: sABJIA-
€TCA JIM CCTeMa YpaBHeHUI KOHEUYHO OPOXAEHHOM, MMeEeT JI OHa pellleHUA B TOM WA UHOM pacCIIipeHnH,
CKOJIBKO HENTPUBOJIUMBIX KOMIIOHEHT UMeeT MHOXECTBO pellleHUM, KaKOBhl UX Pa3MEPHOCTH, TJIaJIKU JI1 OHU
U T.IL

NMPEABAPUTEJIbBHASA ITOATOTOBKA: o0sA3aTesbHble KypChl IIEPBBIX TPEX CeMecTpoB OakajaBpuaTa, 0Co-
OeHHO: OCHOBHI ajreOps! (Tpynmbl, KOJblia, MOJIA), JIUHelHasd ajredpa (BK/Iouas TeH30pHbIe POM3Be/leHNsA),
0a30BbBIi Kypc reOMeTpUU.

ITPOTPAMMA:

o KOJIbIIA U HJIeaJIbl

o MOAYJIU

o Iles1as 3aBUCUMOCTD

o JIOKaJIN3alys

o MPUMapHOE Pa3JIOKEHUE
o JeAeKUHJIOBHI 00J1acTH

o TEOpUs Pa3MepHOCTU

o TEH30pHOEe NpOou3BeJieHre

o IJIMHA

YYEBHHUKN:

o M. Reid, «<Undergraduate commutative algebra», CUP, 1995.
o M. Atba, U. MaknoHasg, «BBeJleHre B KOMMYTaTUBHYI0 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_II/IAJII)HI)II;’I KYPC «KKOMITJIEKCHAA TEOMETPUA»

JIEKTOP: A. B. Ilenckoi

HA3BAHHME: KoMmiekcHas reoMeTpus

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

OIIUCAHMHE: KommsieKkcHas reoMeTpHus udydaeT KOMILIEKCHO aHaJUTH4YeCcKre MHOroo0pasusa U rojoMopd-
Hble BEKTOPHBIe paccjioeHus. byiyuu TecHO cBs3aHHOU ¢ AuddepeHUaNbHON U ajaredpanieckoil reoMeTpu-
eli, anreOpanvecKoil TOMOJIOTHEN, TeOMeTpPUYeCKUM aHaJIM30M U MaTeMaTUdeCKOU (pU3NKOMN, KOMILIeKCHasd
reoMeTpus ABJIAETCA KPacUBOM MpUBJIeKaTeJbHOM U CTPEMUTEJIBHO pa3BUBalolerica 06J1acTbio B CaMOM IieH-
Tpe COBpeMeHHON MaTeMaTHuKH. JTOT Kypc ABJisAeTcA PyHAaMEHTOM MAJiA JaJbHEHNIIero caMOCTOATEJIbHOTO
U3y4uyeHUs1 KOMIIJIEKCHOM TeOMeTpUH 110 TpefJjiaraeMoil HuXe JIuTepaType.

NPEABAPUTEJIbHAA IMOATIOTOBKA: 3-4 rofa 6akanaBpuarta (riagkue mHoroobpasus, quddepeHIaib-
Has reoMeTpus, KOMILJIEKCHBIN aHaJIU3 OJHOU MepeMeHHOM, ajnrebpanyeckas TOMOJIOTHA).

ITPOTPAMMA:

o OCHOBHI Teopuu QYHKIUH HECKOJIBKUX KOMILJIEKCHBIX ITepeMeHHBIX
o IIy4yku ¥ UX KOI'OMOJIOTUU
o Obmactu B C": quddepeniiuasibHbie GOPMBI, KOMILJIEKCHBIE 1 SPMUTOBHI CTPYKTYPHI.

o KommiekcHble MHOT0OOpasus, roJiloMopdHbele BEKTOPHBIE PACCJIOEHU, JIMHEHbIe paccjoeHusA U JUBU-
30pHl, pa3yTus, 31eMeHTH quddepeHIaabHON reoMeTpUn.

o KanepoBel MHOroOOpasus, Teopusa Xomaxa, TeopeMsl Jlepena.

o IndbdepeHnnanbHas reoMeTpyUsa: SPMUTOBB BEKTOPHBIE PACCJIOeHHsA, ABONCTBEHHOCTh Ceppa, CBA3HO-
CTH, KPUBU3HA, Kj1acchl YxKeHs, TOJIOHOMHUA.

o Teopemsl XupreOpyxa — Pumana — Poxa u Kogaupsl.

[}

Hedopmarnyiy KOMILIEKCHBIX CTPYKTYP.

YYEBHHUKNA:

o D. Huybrechts, Complex Geometry — An Introduction

(]

I1. F'puddurc, Ix. Xappuc, [IpuHUUIH ajaredbpanyeckor reOMeTpuu, B 2-X TOMax.

o

K. Byasesn, Teopusa Xoxa 1 KOMILJIEKCHas aaredpandeckas reoMmeTpus, B 2-X TOMax.

o A. Becce, MHoOroo6pa3usa JUHIITENHA, B 2-X TOMaX.

o

P. Yasne, JuddepeHiinanbHoe NCUNCIeHNE Ha KOMIJIEKCHBIX MHOTO00Pa3usax.

KOMMEHTAPHH: B kauecTBe OCHOBHOrO yueGHMKA ILUTAHUPYeTCs KHUra Xéibpexrca, ABJIAIOMAAC PaCld-
PEeHHBIM H3JIOXKeHHeM IOJOBOro Kypca JIeKIUi, MIpoYMTaHHOro B YHuBepcureTe KénpHa. Mbl Hafjeemcs U3y-
9uTh e€ 3a OJWH CeMecTp IIpU ABYX 3aHATUAX B HeJeJl0, MpeAJsoKMB YacTh MaTepuasa B BUAe 3a4ad AJA
CaMOCTOATEJIBHOI'O PelleHUs.

30



CI'IEI.IPIAJII)HLIﬁ KYPC «kKKOH®OPMHBIE TEOPHUN»

JIEKTOP: M. A. BepureiiH

HA3BAHUE: Adpdunnsie anre6ps! JIu 1 KOHGOPMHaAsA TeOpUs MOJIA.

VYEBHASA HATPY3KA: oceHHMH ceMmecTp 2018/19, 2 mapsl B HeZieJ0, 5 KpeJUTOB 3a ceMecTp.
OITMCAHHME: Kypc nocssiieH KOHQOPMHBIM TeopUuaM (TOYHee UX KUPaJIbHBIM YacTAM — BepTEKCHBIM areo-
paMm) ¢ cuMmmeTtpueil abduHHON anre6psl JIu U TeOpUAM KOTOpbIe MOJIyYarTcsA U3 HUX 0a30BBIMU KOHCTPYK-
uAMHU. B ocHOBHOM MBI OyZileM 00CyXKOaTh MaTeMaTU4ecKUe acleKThl CBA3aHHbIe ¢ Teopuel NpeACcTaBIeHUuN

u reoMmeTpuii. Kypc npejmnosiaraeTcsi OTHOCUTEIBHO MTPOIBUHY ThIM.

MMPEABAPHUTEJIBHAS ITOATOTOBKA: 3HaKOMCTBO C Teopuel IpecTaBJIeHU! pocThix anrebp JIu u 6asuc-
HBI€ TIO3HAHUA U3 JIByMEPHOU KOH(GOPMHOM TEOPUU IOJIA.

ITPOTPAMMA:

—

HanomunHaHue U3 CTPYKTYPHOU TeOpUHM U TeOpUM NpeAcTaBIeHNI IPOCTHX U apduHHBIX anreOp Jiu.
Teopus Becca—3yMHHO, NIpoCTpaHCTBO KOHGOOPMHBIX OJIOKOB.

VYpaBHeHusa KamxHuka-3amosiogquukosa. [Ipeaessl ypaBHeHuii K3.

Anrebpa BepimnHpe, dopmyJsia Bepiutze. (*) OxBuBapuaHnTHas hopmysia Bepiautze.

Mopaynu BakuMoTO, CKpUHTH, UHTerpajbHble (OpPMYJIHL [JIA pellleHul ypaBHeHU K3.

KBaHTOBasA raMuJIbTOHOBA peAyKIUsA, KBAaHTOBEE W -anreOphl.

KoceT kOHCTpyKIMs, KBAaHTOBEIE W -anireOpHl.

Pacuipenus npousBefieHusA anaredp, IprUMepsHl.

© ® N o kA W N

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

—
e

(*) TeomeTpus paccyioeHUs] KOHOOPMHBIX 6JIOKOB — KOMIAKTU(PHUKALNSA, XapaKTEPUCTUIECKHE KJIACChI.

—_
—

. (*) YpaBuenus K3 Ha puMaHOBOI ITOBEPXHOCTH.

p—
»

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

PYKOBOUTEJIb: U. B. lllypos

HA3BAHHME: MamuHHOe 00yyeHUe

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

OIIMCAHHME: B 2018 roay Haligétca MaJio Jitojieli, KOTOphle OBl He CJIBIIAJIN O MAaTMHHOM 00yUYeHUH, HO TeX,
KTO IOHUMAET, YTO 3TO TaKoe, ropasfio MeHblle. MamunHHOe o0ydeHHe HCIIOJIb3yeTCs B TeX cJydasax, Korga
BaM HYXXHO Hay4YMThCA pellaTh KaKoW-TO Kjacc 3ajad, AJ1A KOTOPOro TPYAHO HamucaTh SBHBIN aJrOPUTM pe-
[IeHNsA, HO PY 3TOM MOXXHO HaiTH MHOeCTBO [IPUMepOB € IPaBUJIBHBIMU OTBeTaMU. TakK, HeBO3MOXHO IIpeJ-
CTaBUTH cebe HaMMCAHHBIN BPYYHYI0 aJTOPUTM, KOTOPBIU ObLI ObI CIIOCOOEH OTIMYUTD (POTOrpaduio KOMIKHA OT
¢oTorpaduu cobaky, HO ecjy y Bac ecTb JOCTAaTOUYHOe KoJyndecTBO poTtorpaduil Tex U APYyrux, Bbl MOXeTe
HCIIOJIb30BaTh MallMHHOe 00y4yeHue, YTOOB IOCTPOUTh TaKOHM aJITOPUTM aBTOMaTHUYECKHU.

NPEABAPUTEJIbHAA ITOATOTOBKA: JluHeliHas anrebpa, MaTeMaTHyeCcKni aHaym3 (0OqHOMEPHBIN 1 MHO-
rOMEPHBIIT), TEOPHs BEPOATHOCTEN, 6a30Bble HABBIKY MMPOTrpaMMUPOBaHMUA.

IMPOTPAMMA: B kypce MbI 6yJieM 00Cy>XIaTh pa3Hble MeTO Ibl MAIIMTHHOTO 00yYeHMs — HAaUYWHAas C JIMHEHHBIX
perpeccuii 1 lepeBbeB pellleHni U 3aKaHUNBas COBPEMEHHBIMU HellpOCeTeBBIMU apXUTeKTypaMu. Mbl HAUHEM
C TeOpeTUYeCKON OCHOBBI KaXJOr0 MeTOJa, IOCMOTPUM, Kak OH paboTaeT Ha MPOCTHIX IpuUMepax, a 3aTeM
IepemnéM K IpakTU4ecKoy paboTe ¢ peaJbHBIMU JaHHBIMU.

1. O630p 3aga4 MamIMHHOTO 00y4eHu:A. [TocTaHOBKA 3aaun «00yueHus ¢ yuntesaem» (supervised learning).
Meton k 6mmxanimux coceneil. [Ipobyiema nepeobydenus. ITpokiATHE pa3MepPHOCTH.

Perpeccun u knaccudukatopsl. JInHeliHble Mofenu. Peryssapusanus.

MeToasl onTUMU3aLK. 'paAUEeHTHBIN CITyCK U ero MoAuGUKALNN.

Pemaromue gepesbs. ByTcTpan u 6arruHr. CiydaliHele jieca. ['pagueHTHBIN OyCTHHT.
MeTon ONOPHBEIX BEeKTOPOB. fAapa. [[BolicTBeHHas 3aaaya.

HetipoHHble ceTu U riiybokoe obyueHue.

N o 0~ W Db

3amauu «oOyueHus 6e3 yuuresia» (unsupervised learning): oreHka IJIOTHOCTH, KJlacTepusaliuis, CHIXe-
HUe pa3MepHocTU. Semi-supervised learning.

8. Jlpyrue 3ajauu MalliHHOTO OOyYeHus.

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 TpeGyeTcs 3HaHUe IMHEHHOM aare6phbl, MHOTOMEPHOTO aHaIN3a U TeOPUH
BEpOATHOCTEll — Bac He JOJIXHBI MyraTh CJIOBA «TUIMEPIIOCKOCTbY, «TPAANEHT), «IIJIOTHOCTb BEpOATHOCTI»
1 «KOBapualOHHasA MaTpuua». Mel Takxe OyaeM IpOorpaMMHUpPOBATh — OCHOBHBIM A3BIKOM Ha Kypce Oyner
Python 3, ecsiit BB HUKOTJa HE MPOTPaMMUPOBaJIM HAa HEM, OyleT OUeHb XKeJIaTeJIbHO OCBOUTH €ro 3apaHee —
HanpumMmep, Mo Bce TeMbl Ha calite pythontutor.ru.
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CHELIHAJIbeIﬁ KYPC «OCHOBBI IPOTPAMMUPOBAHHS HA PYTHON»

JIEKTOPBI: M. C. I'ycrokammuH, B. E. HBaHHOKOBa

HA3BAHHME: OCcHOBHI IporpaMMupoBaHusa Ha Python

YUYEBHASA HATPY3KA: nBa ceMectpa 2018/19 yu.r., 2 mapsl B HefjeJIl0, 5 KpeJUTOB 3a ceMecCTp.

OITMCAHHME: Kypc nocBsAméEH NpakTUKe IPOrpaMMUpPOBaHusA Ha A3bike Python. Mbl HayunMcsa 6a30BoMy aHa-
JIN3y 1 BU3yaJu3aly JaHHBIX, OCHOBaM pa3pabOTKU B HECKOJIBKUX 00JacTAX, MONpodyeM COBpeMeHHbIe H-
CTPYMEHTHI aHaJINTHKa U pa3paboTuuka. [Ipu pemenuu 3aay U3y4uM HEKOTOPBIN MPOJABUHYTHI CUHTAKCUC
Python (Moaysu u akeTsl, 1eKOPAaTOPHI, TeHepaToOpH U T.1).

IIPEABAPHUTEJIBHAS ITOATOTOBKA: rOTOBHOCTD UCIIOJIb30BaTh MaTeMaTUYECKHUI anmapar JIMHEHHON aJji-
reOphl U CTATUCTUKU (BIIpOYEM, MBI IIOCTapaeMCs OCBeXaTh B MMaMATH Bce HEOOXOAUMBIE TTOHATHS).

IMPOTPAMMA: IlepBriii cemecTp npoxoaut B popmare blende learning no xypcy «OCHOBBI IporpaMMHpoOBa-
Hus Ha Pythony Ha Coursera (https:/www.coursera.org/learn/python-osnovy-programmirovaniya).
BbI oBJ1afieeTe 6a30BHIMY HaBBIKAaMU ITPOrpaMMUpPOBaHUs Ha Python — ymeHuem uuTaTh KO, UCIIOJIb30BAThH
0a30Bble KOHCTPYKIIMU SI3BIKA: BBI30B U OlpefesieHre QYyHKIUN, CIMCKA U CJI0BApH, IUKJIbI, YCJIOBHEIE BhIpa-
xeHnsA. Tembl BToporo cemecrpa: 6ubsiuorexku pandas u numpy, WEB u HTTP, u ap.
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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 HeZieJ0, 5 KpeJUTOB 3a ceMecTp.

OITUCAHHME: CiiymaTesiy cMOTyT Ha (OTHOCUTEJIBHO) POCTOM IpUMepe YBUAETh, Kak paboTaloT Ha MPaKTUKe
HEKOTOphIe BaXkHble MOHATHA ajirebpandyeckoll M aHaJIUTUYecKol reoMmeTpuu. Kypc sABjseTcsa ecTeCTBEHHBIM
npopopkeHneM «Teopun GyHKININ KOMILIEKCHOT'O ITlepeMeHHOro» U (0T4acTu) «AHajir3a Ha MHOT000pasuax».
Ecnu nocsieqnue ObLJIM BaM MHTEPECHB, TO «PUMaHOBBI IOBEPXHOCTU» — 3TO KypcC AJiA Bac!

NMPEABAPHUTEJIBHASA ITOATI'OTOBKA: [lepBbie aABa rona 6akanaspuaTta. OCOOEHHO CyIIeCTBEHHEI TeOopus
(PyHKIMI1 KOMILJIEKCHOTO IIepeMeHHOr0 U BBe[leHHe B TONOJIOTHIO.

ITPOTPAMMA:

1. OnpepneneHue pUMaHOBOM IOBEPXHOCTH, IPOCTeNIMe IPUMepH U cBoMcTBa. [Lv].

[TocTpoeHne KOMIAKTHOYW PUMAaHOBOI MOBEPXHOCTHU MO ajrebpandecKkoMy ypaBHeHuto. [Lv], [S].
AuddepeninanbHeie GOPMBI, UHTErPaibl U BEIYETHL. [Lv].

PazBeTBjieHHBle HakphITUA U GopMya Pumana-I'ypeuna. [Lv], [S].

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

Brruet [Tyankape. ITocTpoeHre prMaHOBOI MOBEPXHOCTHU MO IJIaJIKOH MJIU HOJAJIbHOM IIJIOCKON KPUBOIA.

N o 9 x> W N

Teopema PumanHa-Poxa: 5KBHUBaJIEHTHOCTh Pa3JIMYHBIX (OPMYJIMPOBOK, IpocTekmue ciaeactsusa. [L],
[Lv].

o

JIuHeliHBIE pacciioeHUA U JIMHelHble crucTeMbl. [Ipumepst. [G].
9. Teopemn Pumana-Poxa, PumaHa o cyijecTBoBaHUU U AberA—AKoOu Oj1d 3JUTMNTUYECKUX KPpUBBIX. [Lv].
10. Teopema Abena—fAkobu B 00mieM ciiydae: HaOpOCOK JOKa3aTeJIbCTBA U CJIENCTBUA.

11. HoxaszaTenbcTBO TeopeMbl Pumana—Poxa mo mopaysiio Teopembl Pumana o cyijectBoBanuu (1o AHjpe
Berimo). [L].

YYEBHHUKU:

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

[Lv] C. M. JIsBOBCKU. [IpyHIMIIE 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

HA3BAHHUE: CJIOXHbIE CUCTEMBI: OT (PU3UKU K IKOHOMHUKE

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

OITUCAHMUME: CJIOXHBIMM OOBIYHO HA3bIBAIOT CHCTEMBI, COCTOMAIME 13 OOJILIIOro YHcjia 3JIEMEHTOB, CHUJIb-
HO B3aUMOJENCTBYIOIINX MeXy COOOH. [IiA CJIOXKHBIX CUCTEM XapaKTepHO IOsBJIEHHE COBEpIIeHHO HOBBIX
CBOICTB y CHCTeMBI Kak neyioro (emergent behavior, cucremHsie 3¢deKTs), HECBOAUMBIX K CBOHCTBAM OT-
JleJIbHBIX 3JIeMEeHTOB. J[JIA aHajin3a TaKUX CHCTeM 4acTo OblBaeT MOJIE3HO UCMOJIb30BaTh METO/bI, YCIIELIHO
[IpYMeHsAeMbIe B CTaTUCTUYeCKON (pusnke. B 3ToM Kypce Mbl 06CyJUM OCHOBHBIE i€V PABHOBECHON U Hepas-
HOBECHOU CTaTHUCTUYeCKOH (PU3MUKU U 3aTeM MIOCMOTPHUM, KaK OHU MOTYT IIOMOYb NPU aHa/M3e HeKOTOPHIX
COIII0-5KOHOMMNYECKUX ABJICHUN

IIPEABAPHUTEJIbHAS ITIOATOTOBKA: 1epBbili o OakaiaBpuaTa (CTaHJapTHBIE KYpChl aJredpsl U aHaIu-
3a), TeOpHs BEPOATHOCTEMN, Kjlaccuyeckass MeXaHuKa.

ITPOI'PAMMA!:

o TNogxox I'mbG6ca k aHAJIM3Y TEPMOJUHAMMYECKOTI0 paBHOBecUs. KaHOHUYECKUI U MUKPOKaHOHUYECKUI
aHcaMO0JI1, SHTPONUS.

o UpeanpHbIN U ciaboHeneasibHbIe T'a3bl, BUpUAJIbHOE pa3JjioxeHue. fIBjieHre KoHAeH caluu. bo3e — OiH-
IITeTHOBCKaA KOHAeHCaI[1A.

o (a3oBhIe Mepexonpl, Kputnueckre UHAeKCh. Mogesnb WsuHra, teopusa nepkoJyAnuu. PeHopmrpymmna
BunbcoHa.

o HepaBHOBecHas craTucTUyeckKad MexaHuka. YpaBHeHUe BosbiiMaHa, H-Teopema.
o KuHeTuueckue Mofesii oOMeHa 00raTCTBOM B 5KOHO(DU3UKE.
o Mogenp V3uHra B CJIydallHOM IIOJIe U ee IpHUMeHeHUe [JIA aHaJIM3a COI[MO0-3KOHOMUYECKUX ABJIEHUN.

o DBOJIIOLIMOHHAsA TEOpUsA UTp U npobieMa Kooneparuy B MyJIbTUareHTHBIX CHCTeMax.

YYEBHHUKNA:

1. JI. [. JJanpay, E. M. JIugpmmuu. Cratuctuueckasa pusuka, yactu 1,2, Hayka, 1976.
2. T. Ctennu. ®a30Bble nepexosl U Kputudeckue sapiaeHusa. M. Mup, 1973.

3. II. Kpanusckuii , C. Peguep , 5. ben—Haum. KuneTtuueckuil B3y Ha cTaTucTuieckyio ¢usuky. 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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CHEILMAJIBHBIA KYPC «CIIYUAMHBIE MATPHUIIbI, CJIYYAMHBIE ITPOLIECCHI 1 UHTETPUPYEMbBIE
MO JEJIN»

JIEKTOP: A. M. IToBOJIOLIKHI1
HA3BAHHUME: CiryyaliHble MaTpHLbl, CJIy4aiiHble IIpolecchl ¥ UHTerpupyeMble MoAeIn
VYEBHASA HATPY3KA: BeceHHUH ceMmecTp 2018/19, 2 mapsl B HeZieJi0, 5 KpeJUTOB 3a ceMecTp.

OIIMCAHHME: B nocJieHuEe roasl 0OHAPYXWUJINCh HEOXUJAHHBIE CBA3M MEX/y, Ha TIePBBIi B3TJIAI, COBEPIIIEHHO
Pa3HBIMU 33/]JayaMU MaTeMaTUKU 1 Gusnku. C MaTeMaTHueCcKol CTOPOHBI 3TO KOMOMHATOPHBIE 1 BEPOATHOCT-
HBIE 33/]aull O CUCTeMax C OOJIBIIMM YKCJIOM CTeneHell CBOOOMBI: OmrcaHue COOCTBEHHBIX 3HAUEHUI MaTpUI]
CO CJIyYyaliHBIMU 3JIeMeHTaMH, CTaTHCTUKa cJIydyaiiHbix auarpamm IOHTra, 3amollieHue pa3jiMyHbIX obJacTeit
TJIOCKOCTH JOMMHOIIKaMU WM poMOMKaMM, IepeuricjieHre HellepeceKalonmxca nyTeil Ha pemérkax. C pu-
3UYeCKOM CTOPOHHI 3TO 3a/laul O pPacIpOCTPpaHEHUU I'PaHUI] pa3desioB MeXIy cpellaMU, MOTOKax B3auMO/Iel-
CTBYIOIIMX YaCTUI], TOJIMMepax B HEYIIOPANOYEeHHBIX cpedax U T. A. KitoueBoe sABJieHUe 34eCh — «UHTerpupye-
MOCTBY, BJIEKYIIasi MHOXECTBO KPaCUBBIX Y TOYHBIX MaTeMaTUYECKUX Pe3yJIbTaTOB, CTOJIb XKe 00111e3HaUNMBIX,
KaK 3aKOH O0JIBIINX UKceJT UM [ieHTpaJibHasA MpeiesibHasg TeopeMa. PaccMaTpurBast Halllv CJTydaliHble CHCTEeMBI
usgajeka, Mbl OOHapyXuBaeM, YTO OHU MMeEIOT COBepIlleHHO HecJ/IyualiHble npejieibHble (OPMBI, CIydaiiHbie
OTKJIOHEHUS OT KOTOPBIX ONMCHIBAIOTCS HEOOJIBIITNM YK CJIOM YHUBEPCATIbHBIX BEPOATHOCTHHIX pacipe/ieleHnH,
COBepIIIeHHO He 3aBUCAIIMX OT JeTajiell UCXOOHBIX crcTteM. CiIyniaTes I MO3HAKOMATCA C OYepUeHHBIM KPYTroM
BOIIPOCOB U y3HAKOT O MOCJIeHUX JOCTMXKEHUAX B 3TOU 06J1acTH.

IIPEABAPHUTEJIbHAS ITOATOTOBKA: MaTeMaTuvecKuil aHa/u3, JIMHelHas ajrebpa, Teopus GQYHKIIUI
KOMILJIEKCHOTO TIepeMEeHHOT0, TeOPHs BEPOSTHOCTH.

ITPOTPAMMA:

1. PacnpenesieHrie cCOOCTBEHHBIX 3HAUeHUI BUTHEPOBCKUX MaTpuLl. I1oJIyKpyTJiblii 3aKoH Burnepa. Mertop
MOMEHTOB.

2. PacmpeneneHuie coOCTBEHHBIX 3HaUeHUI KOBapUILMOHHBIX BEIOOPOUYHbIX MaTpull. 3akoH [Tactypa — Map-
yeHKO. MeTtop pacupepesieHus CTuibTheca.

WHBapuaHTHBIE MaTPUYHbBIE aHCaMOJIN.

OCHOBHI TEOpUM I€TEPMHUHAHTHBIX IIPOLIECCOB.

Onpenenurenu @pearoJbMa.

MeTo 1 OpTOrOHAJIBHEIX MHOI'OYJIEHOB.

YHuBepcasbHbIE pacnpe/iesIeHusA: IPoLecch CuHyc, Jupu u beccesa. Pacnpenesnenus Tpelicu Yugoma.

[TocTpoeHne KOppeJIALMOHHBIX /lep B OPTOrOHAJIBHOM U CUMIJIEKTUYeCKOM aHCaMOJIAX.

© ® N o 0 & W

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

10. OpgHa 3ajava ¢ pa3HBIMU JIUIIAMU: POCT IMOBEPXHOCTEMN, YaCTUIIBI C OTTAJIKUBaHMEM, 3aJjaya O BpeMeHU
MEePKOJIALMU TOCJIeJHEr0 JOCTKEHUA U 3ajJjaya 0 MaKCHMMAaJIbHOIM BO3pacTarlleil MoAnocjaeoBaTe/Ib-
HOCTU cJiydaiiHol nepectaHoBKU. CooTBeTcBue PobuHcoHa — [lleHcTena — Kuyra.

11. Teopema I'eccesisi — BueHHO 0 HemnepeceKkawmuxcs nyTax. [Toacuet nap Tabaur FOHra u nporecc Ilypa.

YYEBHHUKHA:
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M. JI. Mexta. Ciiy4aiiHble MaTpHULbL.

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

HA3BAHUE: BBesieHUe B TEOPHIO CJIyYaliHBIX IIPOIECCOB.

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

OITMCAHHME: Kypc sABisAeTca NpoJoDKeHNeM CTaHapTHOTO Kypca [0 TeOpPUHN BepOATHOCTEN U NpeJiHa3Ha-
4yeH [JiA IepBOHAYaJIbHOIO O3HAKOMJIEHUSA C Teopuel CJIyd4alHbIX IIPOLiecCcoB. Y esseTcs ocoboe BHUMaHUe
CBA3U 3TOU Teopuu ¢ dakTtamu GyHKIMOHAIBHOro aHanu3a. Kypc opueHTrpoBaH Ha 6akanaBpoB 3—4 Kypca,
MarucTpaHTOB U aclIPaHTOB.

NMPEABAPHUTEJIBHASA ITOATI'OTOBKA: HayaJIbHEIN KypC TeOPUM BEPOATHOCTEN U MOJIHBIN KypC aHaIn3a.

ITPOTPAMMA:

[MoHATHE ciydaliHOTO IpoIriecca.

DJIEMEHTHI CJIy4YaliHOTO aHaJu3a.

KoppenAnuoHHas Teopys CIyYaiiHBIX MPOLeCCOB.
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 JUHAMHYECKHUX CHUCTEM.

Bospmyie ykJIOHeHNA B MapKOBCKHX NPOIeccax U XaoTU4eCcKO JUHaMUKe.

HenuHeliHble MapKOBCKUE MTPOIECCHL

YYEBHHUKNA:

[}

(]

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

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

b. Okcenpanb. Ctoxactuueckue augdepeHunaabHele ypaBHeHuA, Mocksa, 2003

A.H. Mupses. BepoarHocTts, 2 T. MITHMO, 2007.
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KYPC HAYAJIBHOT'O YPOBHA «CITEI[UAJIbHBIE ®YHKI[UH»

JIEKTOP: C. M. XOpOoIKUH

HA3BAHMUME: CnenuaJibHble PyHKITUU

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

OIIUCAHHE: OO0I[eJOCTYITHOE BBeJIeHNe B TEOPUI0 ClelaIbHBIX QYHKITNH, K KOUM OTHOCATCS TUIlepreoMeT-
puueckasa pyHkiua 'aycca u QpyHKIUHU, NOTydeHHble TpeoOpa3oBaHUAMU BEIPOXKAEHHBIX rUepreoMerpuye-
ckux GyHkimn (cpepuueckre bynkuuu, pyaknuu beccesist, Ovipu u 1p.). Besen 3a ayiemMeHTapHBIMU QYHKITH-
AMHU, 3TU QYHKIUU BXOOAT B Oaraxk 3HaHUU BCSAKOro 00pa3oBaHHOTO MareMaTuka, pusunka, XuMuka. B muccie-
JOBAaHUM CBOICTB CIEI[UAJIbHBIX (QYHKLIMN NPOABJIAETCA U3AIMECTBO METOA0B, COBMENIAIOIINUX CpeJCTBa Jel-
CTBUTEJILHOTO M KOMILJIEKCHOT'O aHaiu3a U Teopuu AuddepeHInaIbHbBIX ypaBHEHU.

NMPEABAPHUTEJIBHAS ITOATOTOBKA: CranfgapTHbIe KypCH aHaausa, JJuHenHo! anreopsl, TOKII u oObIK-
HOBEHHBIX AuddepeHlrIaIbHbIX YpaBHEeHN.

ITPOTPAMMA:

1. Knaccuyeckas runepreomerpuueckas QyHKIMA: MHTerpajIbHble NIPeICTaBJIeHNs, TUIiepreoMeTpruyecKue
TOXJECTBa, COOTHOILIEHHUS CMEXHOCTH, OPTOrOHaJIbHble MHOrOWIeHBl fK0oOH, runepreoMeTpuyeckoe
ypaBHeHUe 110 Pumany.

2. CnenuanpHble QYHKIUY, CBS3aHHBIE C BBIPOXAEHHBIMU I'MIepreoMeTpUYeCcKUMU QYHKIUAMU. BBIpOX-
JeHHOe rurepreoMeTpruieckoe ypaBHeHHe. ACUMIITOTUYEeCKHe CBOVCTBA pelleHN. OyHKIIMN YUTTEKe-
pa, Jlexxanapa, diipu, Beccens.

3. IlpuiioxeHus BBIPOXKAEHHBIX FMIIepreoMeTpruyeckux QyHKIMI B aHaJIM3€e U B 33la4aX MaTeMaTU4eCKOn
pusukuy.

4. (*) Tunepreometpuueckue nHTerpassl. MHrerpassl Cenpbepra. Pemenus ypasHeHuii KumkHuka — 3amo-
JloauukoBa 1o Bapyenko — IllexTmany.

5. (*) Bo3HUKHOBeHUe cliel{raIbHBIX QYHKINI B TEOPUH NpeICTaBIeHuil rpymn JIn.

YYEBHHUKMHA:

1. Yurrekep, Batrcor Kypc coBpemenHoro ananusa. ToMm 2.
2. Acku, Poii, OHaproc, CnenriaabHble QYHKITUN.
3. Bunenkus, CrneruasibHble QYyHKIIMU U TEOPUs IIpeiCTaBJIeHU.

4. Jle6enes, CrernuajibHble QYHKINY U UX TPUITOXKEHMS.

KOMMEHTAPHﬁ: SBGSJIOHKOIZ IMOMEY€HbI NOIMOJIHUTEJIbHBIE€ TEMBbBI, YaCTh N3 KOTOPBIX MOXET OBITh OIlyII€Ha,
€CJIM OKaXXEeTCsA MaJIoO BpEMEHU.
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CI'IEI.II/IAJII)HLIfI KYPC «CTATUCTUYECKAS MEXAHHUKA: CTPOTHUE PE3VJIBTATbBI»
JIEKTOP: C. b. lllnocmaH

HA3BAHHME: CTaTucTUYeCcKasa MeXaHUKa: CTporve pe3yJbTaThl

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

OIIMCAHMUE: B kypce OyAyT paccKkasblBaThCsl CTPOTUE pe3yJIbTaThl CTAaTUCTHUYECKON MexaHuku. CHavasa A
pacckaxy o nemnsax Mapkosa 1 06 oqJHOMEpPHBIX pacipefeneHusax 'MbOca — B KauecTBe MOTHUBALUM UX OIIpe-
nenenvis. [IoToM peub NOMAET O MHOTOMEPHBIX THO0COBCKUX NOJIAX. ByAeT pacckazaHo o pa30BbIX lepexodax
[IepBOro U BTOPOI'0 pofa, O BEICOKOTeMIepaTypHOI eqUHCTBeHHOCTH (1 paccrosHun Kantoposuya — Baccep-
mTeliHa), o Gpa3oBHIX JUarpaMmax 1 0COOeHHOCTAX CBOOOIHOM 3Hepruu u o (CJIy4aiiHBIX) ITOBEPXHOCTSAX pas-
nena ¢as. [Janiee niaHupyeTca pacckasaTh O FeOMeTPUYeCKHX BapUalOHHBIX 3a/jayaxX cTaTGU3NKU U KOMOu-
HATOPHUKHU.

NMPEABAPHUTEJIbBHAA ITIOATIOTOBKA: nepBbiii ro 6akajaBpuaTa (cTaHAapTHBIE KypChl ajre0psl, aHAIN3a,
TOIIOJIOTMU) U HayaJIbHble IOHATUA TEOPUN BEPOATHOCTEI.

ITPOTPAMMA:

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

o CIIMHOBBIE CUICTEMBI, B3aMMO/IeHICTBHE 1 FaMUJIbTOHUAaHbL. OJHOMepHBIe r'n00CcOoBCKUe IToJiA = Ienu Map-
KOBa, TpaHchep-MaTpullsl. [S]

o MapkoBckue ciiyvaiiHble oA U ru66coBckue moJiA. 'paHnYHbIe YCIIOBYSA, CTaTCYMMBI, rHO06COBCKYE TT0-
Ji B KOHeYHOM 00béMe. YpaBHeHus J[oOpymunHa — Jlanopaa — Proasia (DLR). Bosbiioil kKaHOHUYECKUI,
KaHOHMUYECKUU U MaJiblil KaHOHNYeCcKui ancaMOu. [S]

o TepmoauHamuveckuii npefesi. CBobogHas sHeprus. Teopema Ban XoBa 0 He3aBUCHMMOCTH CBOOOTHOM
SHeprum OT 'PaHUYHBIX YCJIOBU. [S]

o (da3oBble MepexoAbl 1 MHOXeCTBEHHOCTDb (a3 mpu HU3KUX Temneparypax. KonTtypsl, meton Ilaiiepica.
[Mos1oXUTEIPHOCTh HAMarHu4eHHOCTH TP HU3KUX TeMIlepaTypax. [S]

o EquHCTBeHHOCTH (a3l IPU BHICOKUX TeMIlepaTrypax. PaccrosaHue KantopoBuya. KOHCTpyKTUBHBIN KpU-
Tepuil eqUHCTBEeHHOCTU. [FV]

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

o CHcTeMEBI C HenpepsIBHON cuMMeTpueli. Teopema MepmuHa — Barnepa. ®a3osniii nepexop Kocrepsuia —
Taysecca — bepesuHckoro. [FV]

o IlTaxmaTHbIe olleHKHU, (pa3oBrle Nepexo ikl B O(n)-MOeIAX U HEJIMHENHBIX o-MoAesisax. [FV]

YYEBHHUKHA:

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

[FV] ®pupiu, Benenuk. CTaTrcTuveckas MexaHHKa peléTyaThiX CUCTEM.
http://www.unige.ch/math/folks/velenik/smbook/index.html

40


http://www.unige.ch/math/folks/velenik/smbook/index.html

KYPC HAYAJIBHOT'O YPOBHAA «TEOPHUS ITYUYKOB»

JIEKTOP: H. C. MapkapsaH

HA3BAHHME: Teopus ny4koB ¥ roMmoJiornueckas ajgrebpa

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

OIIUCAHHE: Teopus My4KOB ABJIAETCA CTAHAAPTHBIM MHCTPYMEHTOM U3Y4YeHUs JIOKaJIbHBIX 00BEeKTOB Ha pas-
JIMYHBIX MHOT000pa3usAX U MOJyUYeHHUs C UX MOMOIIbIO IJI00aJIbHBIX MHBAPUAHTOB paccMaTPUBAeMbIX MHOTO-
o6pasuii. OHa ABJIAETCA XOPOoIlell MOTHUBalMel 1A U3y4eHUs rOMOJIOTUYeCKOl anreOpsl. Mbl MO3HAKOMUMCS
C OCHOBHBIMU TMOHATUAMM TEOPUU IIYUYKOB M UX KOTOMOJIOTUM, U MOCTapaeMcs BEIyUUTh Bce HEOOXOIMMbIe AJIsd
3TOro onpefeJieHNsA U TeOPEeMBl U3 TOMOJIOTUYECKOU aareOpsl.

IIPEABAPHUTEJIDHASA ITIOATOTOBKA: Tpu ceMecTpa CTaHJAapTHHIX KypPCOB ajire0phl, aHaJ13a, TreoMeTpuu,
TOIIOJIOTHU U CIelKypc «BBeqjleHre B TEOPUI0 KaTerOpUil ¥ TOMOJIOTUUECKYIO ajirebpy».

ITPOTPAMMA:

o ITy4yky Ha TOMOJIOTMYECKUX NMpocTpaHcTBax. Ciioun, 3TajlbHOE IPOCTPAHCTBO MIpeIlyyKa, OIIyYKOBEIBAHME.
[TpsAMoil n oOpaTHEIN 00pa3. AGesieBhl Iy UK.

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

o I'mobasibHBlE ceueHUs, BAJIble MMy4YKU, pe30JibBeHTa I'ogemaHa. Koromosiornu nyykoB M rurnepKoroMoJio-
My KOMILJIEKCOB ITyukoB. Koromosiorunu Yexa.

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

o Bricime npsmele 00passl IyYKOB, ClIeKTpaJibHas MocjieJoBaTesIbHOCTh Jlepe.

o CedeHMA U KOTOMOJIOTUU C KOMIIAKTHBIMU HOCUTEJISIMU.

o KorepeHTHbIe ITyYKH B ajirebpanieckoli reoMeTpUm U UX reoMeTpudeckre MpuaoXeHus.

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

o Tonmosiornu I'poTeHANKa, MyYKU HA caliTaX, TEOPUA CIIyCKa.

YYEBHHUKUA:

o B. Fantechi et al, Fundamental algebraic geometry: Grothendieck’s EGA explained, Part 1.
o P. XapTcxopH, AnreOpanueckas 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 MJIAJINIKUX KYPCOB «TOPUYECKUE MHOT'OOBPA3HUSI»

MAY BE GIVEN IN ENGLISH

PYKOBOAUTEJIb: K. I'. KyroMxusH

HA3BAHHUE: Topuuyeckue MHOrooopa3sus

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

OIIMCAHMUE: CyliecTByeT 3aMevaTeJIbHbII CIIOc0o6 MOCTPOeHUs aaredbpaniyecKnux MHOT0OOOpa3uil Mo BHIIYK-
JIBIM MHOTrOrpaHHHKaM. MHoroo0Opasus, KOTOpble BO3HMKAalT TaKMM OOpa3oM, HA3bIBAIOTCA TOPUYECKUMHU.
W3 camMoro npocToro MHOIOIpaHHHUKA — CTaHAAPTHOrO CHUMILJIEKCa — IPU 3TOM IOJIy4yaeTcsA NMPOeKTHUBHOe
npocTpaHcTBo. KimtoueBble anrebpo-reoMmerprudeckre CBOMCTBA TOPUUECKUX MHOI00O0pasuil MOXXHO IIeperoBo-
PUTh B TEPMUHAX KOMOMHATOPHO-IeOMeTPUYEeCKUX CBOMCTB NX MHOTOIPAaHHUKOB, YTO AejiaeT OOJIbIIyI0 YacTh
anrebpo-reoMeTpruYeCKrUX NHBAPHUAHTOB TOPUYECKHUX MHOI000pa3nii IBHO BEIYUCIIMMBIMUY, & CAMU TOpHUYecKre
MHOroo0pasusi — OCHOBHBIM U He3aMeHHMBIM IIOJIMT'OHOM [JIs IPOBepKU anre0po-reoMeTpUuecKruX rumnores,
IIOMCKa IPUMEPOB U KOHTP-IIPUMEPOB, U T. A.

NMPEABAPUTEJIbBHASA ITOATOTOBKA: [1711 IOHUMAaHUA N1epBOi1 MOJIOBUHBI Kypca HY>KHBI OCHOBBI BBIITyKJIOW
reoMeTprUy U KOMMYTAaTHUBHON ajreOpbl, a Takxke MOHATUA adPUHHOIO M MPOEKTUBHOIO aaredpandeckoro
MHoroo0pasus. 111 IOHUMaHUA BTOPOI MOJIOBUHBI Kypca XeJjlaTeJIbHO UMeTh IIpeJiCTaBJIeHle O AUBU30pax U
JelcTBUU ajireOpandeckux ajareOpandecKux rpyIil Ha aarebpandeckux MHOrooOpasusax. TeM He MeHee, HUKa-
KOro IJ1y00KOro 3HaHUsA ajre0bpanvyeckoy reoMeTpUM OT CIyliaTeJsiel He IperosaraeTcs, U Bce HeoOXoAuMble
(daxTel U onpeneseHus OyAyT HAIOMUHATHCA.

ITPOTPAMMA: A PrHHBIe 11 TPOEKTUBHBIE TOPUYECKHe MHOIr000pasus, COOTBETCTBUE MeXay KOHycaMH U Op-
6uramu, aBToMopbu3Mbl aPOUHHBIX TOPUYECKHUX MHOT000pa3uil 1 JIOKAJIbHO HIUJIBIIOTEHTHBIE AUddepeHITH-
pOBaHus, paspelleHre 0COOeHHOCTel B pa3MePHOCTHU 2 1 CBA3b C LeNMHBIMU ApobsaMu Xupuebpyxa. JJuBU30pHI
Ha TOpUYeCcKUX MHOroobpasusx. Koromosioruu riagkux TOpUIeCKUX MHOTOOOpa3uii.

YYEBHHUKHA:

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. 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 C TpeThero Kypca 6akajaBpuara.
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KYPC HAYAJIBHOTI'O YPOBHA «YPABHEHUA C YACTHBIMHU ITPOU3BOJHBIMM»

JIEKTOP: B. B. YensrxoB

HA3BAHHME: YpaBHeHMs B YaCTHBIX IIPOU3BOAHBIX

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

OITMCAHMUE: Bcé, 4TO MBI BUAUM, CJIBIIINM, OCsA3aeM: KoJjieOaHUA CTPYHBI, BOJIHE Ha BOAE, 3BYK, CBET U Apyrue
3JIEKTPOMAarHuTHbIE KoJieOaHusA, paclipocTpaHeHue Tera, Auddysus U npoyee, ONMCHBAECTCA yPaBHEHUAMU B
yacTHBIX Tpou3BoAHbIX (YpUII). OHu Havanu usydaTbes B cepeauHe XVIII Beka B Tpygax J’Anambepa, diiie-
pa, bepHysuiu, Jlarpanxa, Jlamnaca, Ilyaccona, @ypee. K koHiy XIX Beka opopmusiach obmiasa teopus Y pUll,
TECHO CBsI3aHHAsA C APYTMMHU pasfesiaMy MaTeMaTUKd — (QYHKIMOHAJIbHEIM aHAJIU30M U Teopuel QyHKIWII,
TOIOJIOTHeEl, anreOpoil, KOMIJIEKCHBIM aHaan30M U ap. YpUIl akTUBHO HMCHOJIb3YIOT JOCTUXXEHHUS BCeX dTUX
HayK Y, B CBOIO 04epe/ib, CYIIECTBEHHO BJIMAIT HAa UX Pa3sBUTHE, YKa3blBas KJII0UEBbIe HANpaBJICHNA JabHEN-
mero uccijiefoBaHus. M3ydyeHre KOHKPETHBIX ypaBHeHUI MaTeMaTu4ecKol (PU3MK{ 4acTO NPHUBOAMWJIO K OT-
KPBITHIO 00X METOAO0B, IPUMEHABIINXCA fJajiee K MpoyJanneMy Kpyry 3afgad. Tak BO3HUKIJIU MeTod Dypbe,
MeTof Puna, metop 'asiepkuHa, Teopus BO3MylleHUH U Ap. [lopasuTtensHasa 3 GeKTUBHOCTh UX IpUMeHeHN,
4acTO SMIMPHUYECKOI0 U JIUIIEHHOTO CTPOrOro MaTeMaTUYeCKOro 000CHOBAHMSA, 3aCTaBJIAIA UCKATh IPUYVHEI
ycIexa 1 pa3BuBath GyHAaMeHTaIbHble MaTeMaThuecKre TeOpry Ipoucxosamniero. Tak NoABUIINCE NHTerpal
Oypbe, 06001IEHHBIE QYHKIIUM, TapDMOHUYECKUI aHa/Inu3 U MHOTOe JIPYToe.

IIPEABAPUTEJIbBHAS IIOATOTOBKA: 4 ceMecTpa MaTeMaTU4Ye€CKOro aHaJin3a, TOMOJIOTUA, JUHAMUYeCcKue
cucTeMbl, 0OBIKHOBeHHEIe AuddepeHnabHble ypaBHEHUA.

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

OcHoOBHBIE TUNHI JTUHEUHBIX Y pUll BTOpOro nopsjaka.

[TocTaHOBKa OCHOBHBIX KpaeBhbixX 3a/1a4. Teopema Komu — KoBasieBCKOI.

> WD

Penienue ypaBHeHuUs kojiebaHuii cTpyHsbl, Gopmyia Janambepa. Meto dyphe peliieHls BOJTHOBBIX YpaB-
HeHMil. O60011IeHHbIE pellleH!s YpaBHeHNA KoieO0aHUuN CTPYHBI.

5. 3amaua lItypma — JInyBusuiA. CBoiicTBa COOCTBEHHBIX 3HaUY€HUM U COOCTBEHHBIX (YHKIMI 3TON 3aa4M.
®yukuuAa I'puHa 3agauu typma — JInyBUiLIA.

6. PemeHue ypaBHeHMe TeIJIONIPOBOAHOCTH MeToAoM Dypbe U ¢ oMoMLibio npeobpasosaHusa dypee. Dop-
myJia Ilyaccona. [IpuHImun MmakcuMmymMa.

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

8. Pemenue 3aaun Komy /11 BosiHOBOro ypasHeHus. ®opmysisl Kupxroda u Ilyaccona. PacnipoctpaHeHue
BOJIH.

9. Danuntudeckre ypasHeHusA. @opMmyiel 'puHa. @yHaaMeHTaIbHOE pelleHue onepaTtopa Jlamaaca.
10. T'apmonnueckre GyHKIUM U UX cBovicTBa. [IpuHuun Makcumyma. Teopema JInyBuiiA.

11. O6o0meHHBIe TpOoU3BOAHEIE U TpocTpaHcTBa CoboieBa. HepaBeHcTBO @puapuxca. BapraliuioHHBIN Me-
TOJ pellleHus dJUIMITUYeCKUX ypaBHeHU.

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

2. Cob6oueB C. JI. HekoTopsle npusioxeHus GyHKIIMOHAIBHOTO aHAJIN3a B MaTeMaTtudeckoi ¢pusuke. — M.:
Hayxka, 1988.

3. Winbun A. M. YpaBHeHusa mateMatudeckor dusuku. — M.: ®dusmaraur, 2009.
4. Mly6oun M. A. Jlekuuu o6 ypaBHeHUAX MateMaTudeckoi ¢puzuku. — M.: MITHMO, 2003.

5. Ouseitauik O. A. Jlekiuu 00 ypaBHEHMAX C YaCTHBIMU MTPou3BoAHBIMU. — 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 pen. A. C. lllamaesa. — M.: BUHOM,
2005.

KOMMEHTAPHM: Kypc sABjiseTca nepepaGoTaHHBIM KyPCOM YPaBHEHMI B YACTHBIX TPOU3BOOHBIX, KOTOPHIi
yuTasjca Ha pakysibTeTe MaTeMaTyuku rpod. B. B. UenspkoseiM B 2013-2016 rr.

44



CHE[IHAJIbeII;’I KYPC «OUHAHCOBAA MATEMATHKA»

JIEKTOP: A. B. Kos1eCHUKOB

HA3BAHUE: BBefjeHue B GMHAHCOBYI0 MaTEMaTHKY

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

OITMCAHHME: Kypc npeacrasiisieT co60i1 BBeleHHe B CTOXaCTUYECKUI aHaJIU3 C U3JI0’)KeHreM 0a30BbIX NOHA-
Tui 1 pakToB GUHAHCOBOU MaTeMaTUKu (apourpax, GpyHaaMeHTasIbHble TeopeMbl, Teopus biska — [loysza).
B xypce craBuTCcs 3ajaua 0OCBOEHUA TEXHUKU CTOXacTH4YecKoro quddepeHIpoBana 1 TeOPUY MapTHHIAJIOB,
C BKJIIOYEHHEM [OBOJIBHO CJIOXHBIX B TEXHUYECKOM OTHOIIEHUH, HO BaXXHBIX JJIA IPUJIOXKEHUN pe3ysIbTaToB
(ypaBHeHusa Konmoroposa, Teopema ['mpcaHosa). IloaToMy, yacTU4HO MaTepuasl Kypca OyAeT ImpefcTaBjieH
00630pHO. B Kypc Takke BKJII0UeH 0030p APYrUX pa3/iesIoB TEOPUH BEPOATHOCTEMH, NMemuX GHUHAHCOBbIe IIPU-
JoxeHus (pacnpeaeseHus JleBu, KOMyJibl U Jp.).

IIPEABAPHUTEJIbHAS ITIOATOTOBKA: Teopus Mephl, BBeJleHUE B TEOPUIO BEPOSATHOCTEN.

ITPOTPAMMA:

1.

MogennpoBaHue GUHAHCOBLIX aKTUBOB. bazoBeie (paKThl U3 TeOpHUH BepoAaTHOCTel (0030pHO). MOMEHTHI
Y KyMyJIAHTBL. BakHble ceMmelicTBa pacnpefesieHuil. IleHTpasibHasA npefesibHasA TeopeMa. be3arpaHu4HO
JenMble pacnpefesneHus. Teopema Jlesu — XununHa. KoppesAnuu u KomyJisl. OCHOBHBIE MOJIEJIbHEIE
npouecchl. Buneposckuii npotecc. ITpoueccsl Jlepu. J[po6HOe OpOYHOBCKOE [BIKEHHUE.

2. Teopus apbutpaxa [Ji UCKPeTHOro BpeMeHU. ONINOHK U ApyTUe IleHHble OyMmaru. OgHoiarosas ou-
HOMMaIbHasA MojeJsib. MHoromarosas 6uHoMuanbHasa Moaesib U popmysa CRR. SiiemMeHTH Teopuu Map-
TUHTaJIOB (AUCKpeTHOe BpeMs). Beimykiible MHOXecTBa. TeopeMa 06 otnennmoctu. IlepBasa pyHmameH-
TaJsibHaA TeopeMa. [lonHoTa peiHKa. Bropasa ¢ynaamenTtanbHasa Teopema. Mogeas CRR u cxoauMocTs K
mopenu Biska — [loysza. MapTHUHraael 1 MOMEHTEL OCTaHOBKU.

3. Mogeinu ¢ HelpepeIBHBIM BpeMeHeM. MapTuHraisl. MapKkoBcKre MOMEHTHI, HepaBeHCTBa. CToxacTuye-
ckuil nHTerpas. CToxacTU4ecKuil MHTerpas kak MmaptuHrai. @opmysa Uto. Croxactudeckue auddepeH-
I[MaJIbHble YpaBHEHUA. YpaBHeHMe TelJIONpoBOAHOCTH. MapKkoBckoe cBONCTBO pemeHuii CIY. YpaBHe-
Hue Konmoroposa. Teopema I'mpcanoBa. Mogess biska — [lloyn3a.

YYEBHHUKWU:

1. Oxcenpgans b., Croxactuueckue audpdepeHnmanbHele ypaBHeHuA. 2003.

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

3. Bougerol F., Modeéles stochastique et application a 1a 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

45


https://math.hse.ru/courses/185567209.html

CTYJEHYECKHNH HAYYHBIA CEMUHAP «®POBEHNY COBbI MHOTOOBPA3HUI»
MAY BE GIVEN IN ENGLISH
PYKOBOOUTEJIBI: C. M. HaTtau3oH, I1. U. /lyHua-BapKkoBckuii

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

VUYEBHAA HATPY3KA: BeceHHHI1 cemecTp 2018/19, 1 mapa B Heze0, 3 KpequTa 3a ceMecTp.

OIIMCAHHME: MHoroob6pa3susa ®pobeHuyca — [[yOpoBuHa CBA3BIBAIOT MeXAY COOOI TEOpHUI0 0COOEHHOCTEN,
UHTerpupyemsbie cuctemsl, AuddepeHIaIbHYI0 TeOMeTPHUI0, TOMOJIOTHYecKre MHBApPUaHThl MHOT000pa3ni,
omnepafsl, IpoCcTpaHCTBa MOAYJIel ajreOpandecKrux KpUBBIX, 3epKaJIbHYI0 CUMMETPHIO U IIpouee. AHAIUTHYe-
CKHe acIeKTH UX Teopuu ObUIu paspaboTaHbl JyOpoBuHBIM OkoJi0 20 JieT Hasafd. AnrebpanyecKue U TOIO-
JIOTHYeCKHe aCIeKThl ONMCHIBAIOTCSA KOTOMOJIOTMYECKUMU TEOPUAMU I10J1A, CO3AaHHBIMM IPUMEPHO TOTrJa Xe
Konrnepnuem u ManunsiM. Celiuac 3Ta Hayka CTpPEMUTEJIbHO pa3BHUBaeTCsA U UTrpaeT BaXXHYI0 POJIb BO MHOTUX
pasgesiax MaTeMaTUKA U MaTeMaTh4ecKol (pu3nku. Mbl yCTaHOBUM 5KBUBAJIEHTHOCTh Pa3JIMYHBIX ONpejeie-
HUU MHOroo0Opas3uii ®pobeHunyca — [lybpoBuHa: yepes IJIockue gedopmariuv GpoOeHUYyCOBHIX ajirebp, OpTo-
TOHAJIbHbIE KOOPAMHATHEIE CUCTEMBI, CBSA3KM IJIOCKUX KOMETPHK, peleHusa ypaBHeHnin WDVV, nukinyeckure
omepafsl, KOroMoJiornyeckre Teopuu nojA u Ap. byayT pazobpaHbl HeTpHUBUaJIbHBIE IPUMEDHl TAKUX CTPYK-
TYP Ha MPOCTPAHCTBax BepcasibHBIX AedopMarliiii o0coOeHHOCTeH, MPOCTPaHCTBax OPOUT KOKCTEPOBCKHUX I'PYIIIL,
npocTpaHcTBax I'ypeuna, B Teopun quddepeHIinaabHEX YpaBHEHNUI I'MAPOAUHAMUYECKOro TUIa, TeOpUM TO-
MmoJiornyeckrx nHBapuaHToB I'poMmoBa — ButTteHa u p. HakoHel, MBI 06Cy UM TOMOJIOTMYECKYI0 PEKYPCUIO Ha
CIIeKTPaJIbHBIX KPUBBIX U €€ CBA3U C YIIOMAHYTHIMU OObEKTaMMU.

IIPEABAPHUTEJIbBHAS ITOATOTOBKA: OcHOBH auddepeHIraapHON reOMeTpUM.

ITPOI'PAMMA:
1. ®pobennycoBHl aaredpHI.
2. YpaBaenue WDVV.
3. ®pobeHnyCOBbl MHOT00Opa3usl.
4. Knaccudukanysa IByMEPHBIX U TPeXMEPHBIX PpoOeHNYCOBBIX MHOTOO0Opa3nii.
5. IIpoctpancrBa 'ypBuna — ®pobeHunyca.
6. OCHOBBI TeOpuH OCOOEHHOCTEN U CBA3b ¢ GPpOOEHNYCOBEIMU MHOI0O0Pa3UAMMU.
7. Koromosiornueckue TeoOpruy NoJjis U UHBAapUaHTH ['pomMoBa — ButteHa.
8. HHTerpupyeMsie CUCTEMEI, CBsA3aHHbIE ¢ PPOOEHNYCOBBIMU MHOT000pa3rsaMU.
9. TonoJsioruveckas peKypcus Ha CIeKTPaJbHBIX KPUBBIX U €€ CBA3b C KOTOMOJIOTHYeCKUMU TeOpUsMHU I10JIH,

¢popmanusm 'mBeHTasA.

YYEBHHUKNA:

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

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

3. 10. . MaHuH, «®pobeHnyCcOBbl MHOT000pa3usA, KBAHTOBbIE KOTOMOJIOTUM M MPOCTPAHCTBA MOIYJIEi,
M., ®daktopuai, 2002.

4. II. U. Ayuun-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 «(DYHKI_II/IOHAJII)HBII'/,I HUHTETPAJI»

JIEKTOP: A.T. CeMéHOB

HA3BAHUE: OyHKIIUOHAJIBHBII UHTErpaJl.

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

OIIMCAHMUE: OgHUM U3 MOI[HENIINX MeTOI0B COBPEMEHHOI TeopeTuieckoi PU3UKU sBjiseTcs MeTol QYyHK-
[[MOHAJIBHOI'O MHTErPUPOBAHUA WJIN, UHTETPUPOBAHNUA 10 TpaeKTopusaM. OCHOBBL JaHHOTO IToAXoAa ObLN 3a-
joxeHsl H. BuHepoMm emé B Hauajsie XX BeKa, OJHAKO HAauOOJIBIIYI0 M3BECTHOCTh OH MOJIYYUJI IIOCJIE€ TOTO,
kak P. @eitHMaH MpUMEHWJI JaHHBIN MOAXO[A B KBAHTOBOM MexaHUKe. B HacTosmee BpeMA PyHKIMOHAJIb-
HBIII UHTerpajl Hallejl CBO€ IpHUMeHeHle B TEOPUHU CJIyYalHBIX MpolleccoB, (Gu3rke MOJUMEPOB, KBAHTOBOU
1 CTaTHCTHUYECKON MeXaHWKe U fJaxe B GUHAHCOBOM MaTeMaTnke. HecMoOTpsA Ha TO, 4TO B psAAe CJIyYyaeB ero
MIPUMEeHNMOCTh MaTeMaTU4eCcKU CTPOro MoKa He [JoKa3aHa, JaHHBIN MeTo[ MO03BOJIAET C YAUBUTEIbHBIM U35-
IIeCTBOM NOJIy4aTh TOYHbIE U NMPUOJINKEHHBIE PelleHNs pa3JIMYHbIX MHTepPeCHbIX 3aaad. Kypc nocBaméH oc-
HOBaM JiaHHoro noaxopna. Ha mpumepe croxactudeckux gquddepeHIMaabHEX ypaBHEHUN OyIyT paccKa3aHbl
OCHOBHBIE UJIeU JAHHOI'O MOAXOMA, a TaK K€ pasjInyHble CIIOCOOBI TOYHOTO U NPUOJIMKEHHOIO BBIUMCJIEHUA
(pyHKIMOHAIBHEIX UHTErpasoB. [lanee, B 3aBUCUMOCTH OT MHTEpeCcOB ayquTopuu, OyAeT paccka3aHO O pas-
JIMYHBIX IPMMEHEHNAX JaHHOIO NOAX04a, TaKUX KaK (pu3MKa I10JIMMEPOB, KBAHTOBAasA MeXaHUKa, (prHaHCcoBas
MaTtemartuka u ap. Ilpu Hannunuy BpeMeHU OyAeT faH 0030p 6osiee MPOABUHYTHIX CIOKETOB B JAHHOU 00JI1acTH,
B TOM 4HCJIe, UHTETpUPOBaHNe I10 I'PaCCMAaHOBBIM IIEpEMEHHBIM, BbIYMCIIeHNEe QYHKIMOHAIBHBIX JleTePMUHAH-
TOB OIIEpPaToOpOB U JIp.

IIPEABAPHUTEJIBHAS ITOAT'OTOBKA: 6a3oBble Kypchl aHaiau3a, TOKII, Teopun BepoATHOCTEN, Kjlaccuye-
ckort MexaHukU. JKejlaTesbHO, HO He 00sA3aTeJIbHO: Kjaccuueckasd Teopus I0JisA, CTaTUCTUYeckas MexaHUKa,
KBAHTOBAsA MeXaHUKa.

ITPOTPAMMA:

[

Croxactuueckue qubdepeHnyaabHble YPaBHEHU U CJIyYalHbIe IPOIEeCCHL.
[TpousBogsamuii pyHkoHaI. MapkoBckuil (§-KoppelpoBaHHbIN) U I'ayccoB ciiyvaliHble IPOLECCH.

BepOHTHOCTb epexoaa u e€e npeacraBJi€eHre B BUAE (I)YHKI_[I/IOHaJIbHOFO HWHTErpasa.

BrruncsieHne npoctedmux GyHKINOHAIBHBIX NHTErPaJIoB.

BpoyHoBckoe aBuxeHne 1 BuHepoBCcKUil UHTerpasl.

CBasb ¢ ypaBHeHneM dokkepa — I1nanka, ncunciaeHuamu Mto u CtpaToHOBHYA.
l'ayccoBnl @yHKIIMOHaIBHBIE MHTErpasibl U TeopeMa ['esbdanga — Arsoma.

[TpubmxeHHOe BBIYKMCIIeHNEe PYHKI[MOHAJIBHOTO NHTEerpaa.

© ® N o U A W N

[IpuMeHeHVe GYHKI[MOHAJIbHOTO MHTErpajia B KBAHTOBOI MeXaHUKe, GU3NKe MOJIMMEPOB U (PUHAHCOBOM
MaTeMaTHKe.

10. JJanbHeiilee pa3BuTHE U,

YYEBHHUKHA:

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 CTaTUCTUYeCcKOU (pusuke. 1976.

4. CemeHnoB A. I'. O ciayuaiiHOM OJTy’XIaHUM «IIbSIHOW KoMmaHum». Teop. u matemar. ¢pusuka 2016 T. 187
No. 2 ¢. 350-359.

48



HAYYHBIA CEMHHAP IJIA MJIAJIIHUX KYPCOB «J3JIEMEHTAPHASA TEOPHUA I1IOJIA HA PEIIETKE»
MAY BE GIVEN IN ENGLISH

PYKOBOOUTEJIb: M. b. CKOIIeHKOB

HA3BAHHE: JjieMeHTapHasA TeOpUs HOJIA Ha pelIéTKe

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

OIIMCAHHME: B 3TOM Kypce B 3JieMeHTapHOU UrpoBoi (popMe MbI TO3HAKOMUMCS € BaXHBIMU UAEAMU TEOPUU
I10J1s1, ONKCHIBAIOIIEN B3auMO/ECTBYA 3JIeMEeHTapPHBIX YaCTHULl. DTO [TO3BOJIUT IOHATH HE TOJIBKO (PU3UKY, HO U
TakKye pasfesibl MaTeMaTuKy, Kak AuddepeHnansbHas reoMeTpyusa M KOMIUIEKCHBIN aHan3. J{J1a Kaxxaou usy-
yaeMOH TeOpHH, KaXkKI0I'0 HOBOI'O IIOHATHSA MBI IOCTapaeMcs N0Ka3aTh, KaK OHHU eCTeCTBeHHO BO3HUKAIOT IIpU
pellleHnH IpaKTUYeCKUX 3a7a4 M K KaKuUM 3ajJadyaM NpUMeHAI0TCA Aasiblie. biarogapsa 3ToMy, 00JIbIIMHCTBO
O0OBEKTOB CTAHOBATCA HAIJIAAHBIMU M IIPOCTBIMU. Martepuas OyfeT M3ydaThCs MyTEM pelleHus y4acTHHKa-
MU 3aja4 ¢ NOAPOOHBIMU YKa3aHUAMU U NOCJIeAYIOIMM pa3dopoM Ha 3aHATUU. Hukakux npeaBapuTesIbHBIX
MO3HaHUU U3 GU3NUKU He TpebyeTcs: JOCTaTOYHO BJafAeHHs MIKOJbHON MaTeMaTUKOM.

IMPEABAPUTEJIbBHAA ITOATOTOBKA: HeT.

ITPOTPAMMA:

1. UrpyuieuHasa MoAesib KaJuOpPOBOUYHON TEOPHUM Ha peliéTke: oOMeH ToBapaMu Mexay ropogamu. CBA3b
C MarHUTHBIM NoJieM. KBaHTOBaHuUe: ciydyaiiHble Kypchl oOMeHa ToBapaMu. TouHoe pelieHue 1- u 2-
MepHOH KaJJuOpOBOYHON TeOpUU Ha pelléTke. UncaeHHbIe S5KCIEpUMEHTH B pa3MepHocTu 3 u 4. [Ipumep
HeabeJieBOll KaJiMOpoBOYHOIN Teopuu. I[lneHeHue kBapkoB. CyTh mpobyeMmbl B Teopuu fAHra — Musiica
(omHOM U3 «mpobsIeM ThicsYeeTUs»). MexaHuam Xurrca®. Pa3yioxkeHus CHUJIbHON U CJ1a00M CBA3M™.

2. MaremaTu4eckas Mojiesib 3JIeKTPUYEeCKOH Liely — NMPpOCTeNas Moie/Ib TeOpUH 10JiA Ha peméTtke. Cylie-
CTBOBaHUeE U eJMHCTBEHHOCTD MOTeHNINasIa B 3JleKTprudeckol nenu. [IpuHnun Mmakcumyma. CoxpaHeHue
SHepruu. BapuanmoHHsI! npuHIun. MarautHoe noJie. CBA3b C UTPYIIEYHON KaJIuOPOBOYHOIU Teopueil.
JlucKkpeTHbIe TapMOHIYECKYE U AUCKPETHBIE aHAINTHYECKHEe PYHKIMU. DJIEKTPOMAarHuTHoe mnoJje”. Juc-
KpeTHBIe ypaBHeHUs MakcBesuta®.

3. Ilamku defiHMaHa — MpoCTeias MoJiesib 3JieKTpoHa. CnuH. J[UcKpeTHOe ypaBHeHHe Jlupaka”. Cxo-
auMocCTs mmamrek deffHMaHa K Teopun Jupaka®.

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 oauMnuaj kK npodeccun. Ilog obm. pex.: M. B. Cko-
neHkoB, A. b. CkomneHkoB, A. A. 3aciasckuii, M., MITHMO, 2018.

KOMMEHTAPHH: IToBTOp Kypca, mpoyutanHoro 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:

[

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.

o 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.

56



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/.
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ADVANCED LEVEL COURSE «ARITHMETICAL DYNAMICS»
LECTURER: Charles 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.

L]

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 aiarebpy», 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 pacCciuMTaH Ha CTyAeHTOB-MaTeMaTHKOB CTapIIMX KypcoB OakajaBpuaTa, a TaKxe
MarvuCTpaHTOB U1 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 9 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 (u1a pycckom: M.: ®dakropuas, 2002)

o

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

o Ya. Sinai, Introduction to ergodic theory Princeton University Press, 1977 (1a pycckom: usa. EpeBaHckoro
yHUB., 1973)

[

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

66


http://www.college-de-france.fr/media/jean-christophe-yoccoz/UPL15305_PisaLecturesJCY2007.pdf
http://www.college-de-france.fr/media/jean-christophe-yoccoz/UPL15305_PisaLecturesJCY2007.pdf
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.
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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:
Jlutepatypa IJis IOATOTOBKU

[1] JI. A. Jlanpay, E. M. JIubmun. Kypc Teopetnueckoii dusuku, 1.1, Mexanuka. M.: Hayka, 1988.
[2] B. X. ApHospa. MaTemMaTh4ecKrie METOIBI KJIaCCUUECKOM MexXaHUKu. 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 AdSs x S° superstring -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.

76



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 «MARKOV 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.

o U oA woN

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 «MATHEMATICAL STATISTICS»
LECTURER: 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, «HarisgHasa MaTreMaTrudyeckas 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: mnepBwlli roj OakajaBpuara (cTaHOapTHBE Kypchl aireOpel, aHaau3a, TeoMeTpHHU,
KOMOMHATOpUKHU U TONOJIOrKun) 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 Ynciia, p-aquieckuil aHaau3 1 A3eTa-QyHKINN».

[C] X. IL. Cepp, «Kypc apupmeTukmy.
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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

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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SEMINAR FOR BEGINNERS «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. W. lanunos. 'eomeTpus Topuueckux 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

HAYYHBIY CEMUHAP AJIA MJIAAIIINX KYPCOB «AJITEBPAMYECKHIH CEMHHAP»
PYKOBOJAUTEJIb: B. A. I'puiieHKO

HA3BAHHME: HUC no anrebpe i CTyA€HTOB IIEPBOTO U BTOPOTro KypcoB 6akajiaBpuara
VYEBHAA HATPY3KA: oceHHHH ceMmecTp 2018/19, 1 mapa B Hefesno, 3 KpeauTa 3a ceMecTp.

OITMCAHMUE: O6s3aTenpHbIN Kypc ajnreOpbl He MOXeT BMeCTUTh BCce MHTepeCcHble U BaXHbIe BOIIPOCH], KOTO-
pble Haao ObLJI0 OBl MU3YYNUTh B TeUeHMeE MEePBHIX TpEX cemecTpoB. Llesb sToro HMCa — 3aryiAHyTh 3a rpaHUIlEL
Kypca anreOphsl Kak ¢ TOYKU 3peHNs TeOpeTUUeCKNX KOHCTPYKIINI, TaK U ¢ TOUKHU 3peHUs COBpeMeHHbIX IPUJIO-
xeHuil. Mbl nonpobyeM peliaTth 1 OpUrriHaJIbHBIE HCCIeJoBaTesIbCKUe 3a]auy, JOCTYIHbBe MOTUBUPOBAHHBIM
CTyl€eHTaM MJIaJIIINX KypPCOB.

MPEABAPHUTEJIBHAA ITOATOTOBKA: uaymuii napajjiejbHO 0053aTesIbHBIN KypC ajarebpsl.

IMPOTPAMMA: IIporpamma GyieT OT4aCTH 3aBUCETh OT aKTUBHOCTH Y4aCTHUKOB. Hike UAET CIIEICOK BO3MOX-
HBIX TeM, KOTOPBIX MBI cOOHMpaeMcs KOCHYThCA.

Kousbnja. KoHeunble KoJiblja. MyJIbTUILIMKATHBHBIE QYHKIUM U QyHKIHA MébOnyca. O600meHnsa GyHKInu Jii-
Jepa. MHorowieHsl HajJl KOHeUYHBIMU NoJiaMu. KoJsiblia urces Dii3eHIITeliHA U KBaApaTU4HbIe paclInpe-
HUA. Tejio KBaTepHUOHOB, IieJible KBaTePHUOHBI, OO00IIEHHbIE KBATEPHUOHHBIE areOphl.

JIuneitHas anre6pa. [TnockocTs MaHO M KOHEYHbIe NMPOEKTUBHBIE IJIOCKOCTH. BUHapHOe BEKTOPHOE Mpo-
CTPaHCTBO: ¢g-00001eHNA yrcya coueTannl, apduHHas reoMeTpus, FpacCMaHNaH U JlarpaHxxuHassl. O0-
as JIMHelHasA rpynna HaJ KOHeYHBIM nosieM. [IprMeps! JIMHEeMHBIX KOAOB: KoA XaMMUHra, koa ['oses u
UX Irpymmnsl aBToMop¢u3MoB. IIpuBeneHre MaTpull HaJl KOHEUHBIM I10JIEM.

I'pynmsl. Iloarpynimsl npAMoro nponsseaeHns. ABToMopGuU3Mbl Ipyniibl iepecTaHOBOK. MizoMopdu3Mel kiac-
CHUYeCKUX Ipynn Haja nojaMu. MizoMopduambl JIMHEHHBIX PYMNI Ha KOJIbI[aMu. I'pynmbl HHBapUaHTOB
Pas3INYHbIX 00beKTOB. CHCTeMBl KOPHe U rpymiisl Beiisid, NHBapraHTHBIE U aHTUMHBapHUAaHTHBIE MHOTO-
yeHbl. Pacuvpenus rpymni, rnepable I'Pynnbl KOTOMOJIOTH.

VYYEBHHKMU: [TogpobHOCTH 110 BCeM TeEMaM MOXHO HalTh B Bukuneun. CrienrajbHble KHUTHU U CTaThu Oy AyT
BBIJaBaThCs yUaCTHHUKaM BO BpeMs pabOThl ceMuHapa.
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HAYYHBIY CEMUHAP JJIA MJIAJIIKUX KYPCOB «BBEJJEHUE B TEOPHUIO MO,HEJIEfI»
PYKOBOOUTEJIb: B. b. IllexrmMmaH

HA3BAHUME: BBesieHUe B TEOpHIO Mojiejieit

VYEBHASA HATPY3KA: oceHHu ceMecTp 2018/19, 1 mapa B Hefjesno, 3 KpeauTa 3a ceMecTp.

OIIMCAHME: Teopusa Mofesieil — OBICTPO Mporpeccupyloniasa 06acTb, Ha CThIKE MaTeMaTHUYeCKOU JIOTHKY,
anrebpel U APYrUx AUCHUIIIAH: TEOPUU aJTOPUTMOB, TEOPHUU MHOXECTB, TEOPUN KaTeropuii, TEOPUU UTP.
OHa n3yyvaer CBA3b MeXAy MaTeMaTU4YeCKUMU CTPYKTypaMu U UxX (popMaJibHEIMU TeopuAMU. MeToasl Teopuun
MoJeJjieli IPUMEeHSIOTCA J1A pellleHNs TPYAHBIX Tpo6jieM, HanpuMep, Ipo0JieMbl KOHTUHYYMa WUJIU NPOOJieMBbI
Yaiitxena. Llesb Kypca — 3HAaKOMCTBO C OCHOBHBIMU HNOHATUAMU U METOJaMU T€OPUU MOJIEJIEN.

IPEABAPHUTEJIbHASA ITOATOTOBKA: Jloruka u ajropuTmsl (1 MOJyJib), OCHOBHI ajre0pbl, OCHOBHELIE I10-
HSATUSA TOTOJIOTUM.

ITIPOTPAMMA: Teopuu u mofesnu. [1oJ1HOTa 1 KOMIAKTHOCTb. JJIeMeHTapHble paciinpeHus. OnyckaHue Tu-
noB. MojiesibHasA MOJIHOTA. DJIMMUHALUA KBAHTOPOB. YJbTpanpousseneHusa. Haceimennsie moaenu. Kartero-

PUYHOCTbD.

YYEBHHUKHA:

o CrpaBouHas KHHUTa Mo MateMaTtuuyeckoi jioruke. Yacts 1. Teopusa moaesneii. 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 JI. Keticnep, Y. Ysn. Teopua mogenen. M.: Mup, 1977.

KOMMEHTAPHM: Kypc moctyneH ctyaeHTaMm, HAUMHAsA €O 2 Kypca, a TakXke IPOJABUHYTEIM ITepBOKYPCHUKAM
(B BUie MCKJTIOUEHU).
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CTYJEHYECKHUHA HAYYHBIH CEMHUHAP «'EOMETPHUSA U AHAJIU3 B TEOPHU JUO®PEPEHI[HAJIb-
HBIX YPABHEHHI»

PYKOBOJUTEJIBI: U. B. Boiorus, B. A. [To6epexxHBIH
HA3BAHUME: 'eoMeTpusa u aHa/IU3 B Teopuu auddepeHnuanpHpIX ypaBHEeHUN
YYEBHASA HATPY3KA: nBa ceMmecrpa 2018/19 yu.r., 1 mapa B HefjeJto, 3 Kpeaura 3a ceMecTp.

OITMCAHHMUE: [lepBriii ceMecTp MJIaHUPYyeTCs IPOBECTH B BHJE CIelKypca: HayaTh C OCHOB aHaJIMTUYeCKOU
Teopun quddepeHaabHbeIX ypaBHEeHNI, TeOpUH JINHENHBIX AuddepeHnanibHbIX YpaBHEHNN U UX AedopMa-
I[1i1, 3aTeM pacCMOTPEThb CBA3b 3TOW OOILIell TeOPUU ¢ UCCIeOBaHNEM HM3BECTHBIX HEJIMHEUHBIX ypaBHEHUN.
Bo BTOpOM ceMecTpe IUIaHUPYyeTCsA cepus NOKJIa[OB YYaCTHMKOB CEMMHapa O reOMeTpUYeKUX II0AXOo[axX K
n3ydyeHuio aud@epeHIaabHbIX YpaBHEHUH.

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

ITPOTPAMMA:

1. Cnenmndurka KOMIUIEKCHBIX JU(PYPOB: METOA MakOpaHT, TeOpeMa CyILIeCTBOBAaHUA U € JUHCTBEHHOCTH.

2. JluneiiHble AuddepeHnnaNbHBIE YpaBHEHUA: IJ100abHas Teopus — IpeAcTaBjieHre MOHOAPOMUU, JIO-
KaJIbHasA Teopus — pasJioxeHue Jlepess.

@dyKCOBH U peryJisipHble AuddepeHnnaibHbIe YpaBHeHN:A, COOTHoIeHre dykca.
CaoticTBo IlenneBe. HenmHeliHble ypaBHEHU I€PBOTo NMOPAKa.

N3oMoHOApOMHBIE AedopManiy U ypaBHeHU: [leHsieBe, ciMMeTpUn U ajrebpanieckre peleHus.

A

JlokasnbHBIE (popMasIbHEIE HOpMaJibHbIe GOPMEI HeJIMHEeNHbIX cucteM. TeopeMs! Ilyankape u [Tyankape —
Hrwonaka. CxoguMocTs ¢GOpMaJIbHON 3aMeHBl B HEPE30HAaHCHOM CJIydae.

YYEBHHUKHA:

1. B. W. ApHosipA. JJomoJIHUTEIbHbBIE TJIaBbl TEOPUM OOBIKHOBEHHBIX AuddepeHI[nabHbIX 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. Unpsmenko, C. 0. fIkoBeHko. AHanuTU4ecKkas Teopusi qud-
(pepeHIMIABHEIX YPaBHEHNUN).

3. A. A. Bomubpyx. @ykcoBbl AuddepeHnaabHble ypaBHeHUA U roaoMopdHble paccioeHua. M.: MITHMO,
2001 (uu gomosHeHHOe usganue: A. A. Bonubpyx. OOpaTHBIe 3ajayd MOHOJIPOMUM B aHAJIMTUYECKOU
Teopun auddepeHunanpHex ypapHeHuii. M.: MITHMO, 2009).

4. B. B. T'osyGeB. Jlekiuu o aHaIUTH4YecKo Teopuu AuddepeHNMaNbHbIX ypaBHeHUN. ['ocTexTeopeTus-
nat, 1950.

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

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

HA3BAHME: I'eoMeTpHUs U I'PyIIIbI

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

OITMCAHHME: [lepBoe 3HAKOMCTBO C HJeel cumMempuu Ha IpPHUMepe OYapoBaTEeJIbHON KOJUIEKLUY IIOCKUX
KpucTtayuiorpa@uyeckux rpymni, CMMMeTPpUYeCKUX I'PYII, IPYNIl CaMOCOBMeIlleH!! TPaBUJIbHBIX MHOTOI'PaH-
HUKOB, (pyHIaMeHTaJIbHbIX I'PYII HEKOTOPHIX IOBEPXHOCTEH, IPyNI aBTOMOPGU3MOB AePeBbeB, JUHENHBIX U
IIPOEKTUBHBIX TPy HaJl KOHEYHBIMU MOJIAMUA U APYTMX UHTEPECHBIX I'PYIII, TeCHO CBA3aHHBIX C reOMeTpuen,
JOCTYITHOU NIepPBOKYPCHUKY.

IMPEABAPHUTEJIBHAA ITOAT'OTOBKA: HeT.

ITPOTPAMMA:

[TepBrIli cemecTp.

o UTo Takoe rpyiima mnpeobpa3zoBaHUN.

o I'pynna ABMXXeHUI eBKJIMAOBON IIJIOCKOCTHU. BpalieHusa u oTpaxeHus.

o I'pynna ABM>XeHUI NPaBUJIBHOI'O MHOIOYTOJIBHUKA.

o IlepBas sKcKypcus B KOMOMHATOPHYIO TEOPUIO I'PYII: 00pasyoliyie U COOTHOIIEeHU .
o UTO Takoe OUCKpeTHas rpynna ABUXEHUN IJIOCKOCTHU.

o Kpucrasuiorpaguyeckue rpyImmnsl.

o dyHaameHTasibHaA obyaacte. PemeTku u ux pyHaaMmeHTanbHble o61actu BopoHoro.
o Teopema buGepbaxa.

o [IpaBuibHBIE 3aMOIeHNs IIJIOCKOCTH.

o I'pynma ABMXEHUI TpeXMepHOI'0 eBKJINA0BA IIPOCTPaHCTBA.

o TeopeMma Jiiyiepa.

o I'pynnsl oTpakeHUI KaK IPYIIIB CUMMETPUI IPAaBUJIbHBIX MHOTOI'PaHHUKOB.

o Bropas skcKypcus B KOMOMHATOPHYIO TEOPUIO I'PYIIIL: 0Opasyoliye U CoOoTHoLeHuA AjiA rpymnn Kokcrepa.

o CUMMeTpHuYecKas rpymnmna kak rpymnmna Kokcrepa.
BTopoii cemecTp.

o JIMCKpeTHbIe KpucTajulorpadpuyeckye rpynmsl B TpeXMepHOM €BKJINJOBOM IPOCTPAHCTBeE.
o PemeTku 1 ux GyHaamMeHTasibHble 06J1acTy (3JIeMeHTapHas Teopusa MHOTOI'PaHHUKOB BopoHOTO).
o Teopema Bubepbaxa.

o IIpuMephl BBICOKOCMMMETPUYHBIX 3aMOIIeHNIl IIPOCTPAHCTBA.
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o Brimykuible Tesia U pemeTky. Teopema MUHKOBCKOI'O M HEKOTOPHIE ee IPUMeHeHNs B reOMeTPUM U TeOpUun
qlceL.

o Yro Takoe ¢ykcoa rpynna. Ayiredpa 1 reoMeTpusa MOAYJIAPHOU I'PyNNbl U e€ Apy3ei.

o

TpeTbs 5KCKypcUsa B KOMOMHATOPHYIO TEOPHUIO IPYIIIN: I'PYIIIEL, JeCTBYIOLINE Ha JepeBbX.

o [IpaBUJIbHBIE MO3aUKH Ha IJIOCKOCTU JIo6aueBCKOro.

YYEBHHUKNA:

1. B. B. Hukynumn, U. P. lladapesuu. I'eomeTrpus u rpymnmnsl, Hayka, 1982.

2. T. C. M. KokcTep. Beenenue B reometpuio, Mup, 1968
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HAYYHBIY CEMUHAP JJIA MJIAJINIKUX KYPCOB «'EOMETPHUSA U JUHAMHKAY
PYKOBOJMUTEJIBI: A. B. KinuMmeHnko, I'. . OgpmaHckuii, A. C. CKpUITYEeHKO

HA3BAHHME: 'eoMmeTpusa U JUHAMHUKA

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

OITMCAHHE: CeMUHap paccuMTaH Ha CTyAeHTOB 1-2 Kypca OakasaBpuara. Mbl npeanosiaraeM pacckas3artb
cJIyuIaTesiAM O MOHATUAX, METO1axX U pe3yJibTaTaX U3 pa3jIMYHbIX pa3ziesioB reoMeTpru, AMHAMUKY U CMeXHbIX
obmacTte, Ipy 3TOM HepeJKO cOOOpakeHus U3 OAHON 00s1acTu OyAyT MCIIOJIb30BaThCsA B paboTe ¢ 00beKTaMu
Jipyroil npupoAsl. Kak npasusio, B TeueHHe ABYX JIeT pa3brpaeMble CI0XKeThl I0UYTU He TIOBTOPAITC.

IMTPEABAPUTEJIBHAA ITOAT'OTOBKA: HeT.

ITIPOTPAMMA: HHC coCTOUT 13 NOYTU He3aBUCUMEIX OJI0KOB B 1-3 3aHATHA. BOT HEKOTOpEIE U3 TeM:

o CHMBOJINYECKOE KOAUPOBAHMUE: CBA3b OTOOPAXKEHUS X — {2X} HA eJUHUYHOM OTPE3Ke C MoAGPachiBaHUEM
MOHETKH

°o DHTPOIIUA J:[I/IHaMI/FIECKOI'/JI CHUCTEMBI: KaK U3MEPUTDb ((CJIy‘IElﬁHOCTb)) MMOBeJeHUA CCTEMBI?

o quddeomMopdOU3MbI OKPYKHOCTHU: KJIACCU(PUKALMA C TOUHOCTBIO [0 CONPsKEHWsA, MHBAPUAHT KJIacCu-
duxkaiuu (YMcI0 BpalleHuA), JOCTaTOYHOCTh ero /1A kiaccudukaiuy, noBefeHre Yrcia BpaileHuA B
ceMelcTBax

o MaTeMaTnuyeckKue GI/IJ'II)HP,E[H: BCe AMHaAMMU4YeCKne CHUCTEMBI OT napa6om/1qec1<1/1x Ao FI/IHGPGOJ'II/I‘-IGCKI/IX B
oJIHOI 3ajaue

o IlelIHble ApPOOM: KaK AUHAMUKa [IOMOraeT TEOpUM YHcesl U MPYU 4eM TyT reojie3nyeckue?
o MHAMUKA pallOHaJIbHBIX OTOOpaxkeHUHN: ¢ppaKTasibl, MHOXecTBa JKiojia u Jpyruve 3Bepu

°o T'€OMETPUA KJIaCCUYECKUX I'PYIIIT

YYEBHHUKHA:

o A. b. KaTok, Bb. Xaccen6saT. BBesieHue B TeOpUio JUHAMUYECKUX CHCTEM C 0030pOM IOCJIEJHUX JIOCTHU-
xeHutt. M.: MITHMO, 2005.

o C. Tabaunukos. 'eomeTpusa u 6usLInapasl. bubanoreka xypHasa «PeasbHasd U XaoTUUeCKas AUHAMUKAY,
M. - MxeBck, 2011.

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

KOMMEHTAPHM: BeceHHuit ceMecTp MOXHO, XOTs U He peKOMeH iyeTcs, 6paTh 6e3 oceHHero. B ciyuae ecu
aToT HUC yXe ObLI B3AT OJMH pa3 B MPOILJIOM oAy, pa3pelniaeTcs B3sATb ero BO BTOPOU pas.
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CTYI[EH‘IECKHI;’I HAVYHBI CEMHUHAP «[EOMETPHSA M TOIIOJIOTHSA BAHAXOBBIX IIPO-
CTPAHCTB»

PYKOBOIUTEJIb: II. B. CeMéHOB
HA3BAHHE: 'eoMeTpus ¥ TONOJIOTNA 6aHAXOBBIX IPOCTPAHCTB
VUYEBHASA HATPY3KA: BeceHHu# cemecTp 2018/19, 1 mapa B HeeJo, 3 KpeAuTa 3a CEMECTP.

OIIMCAHHME: paccuuTaHHbIN Ha 20 3aHATUHN Kypc, He peANoJIaramiuil CKpyIyJé3Horo usyueHus 6eckoHey-
HOMEPHO! TOIOJIOTUU U TeoMeTprUU OaHaXOBBIX IIPOCTPAHCTB, @ B OCHOBHOM OPUEHTUPOBAHHEIN Ha ieTaJIbHOe
3HAKOMCTBO C HECKOJIbKUMHU JIOKAJIbHBIMU pe3yJIbTaTaMu, KaX/Iblil 3 KOTOPHIX B CBOE BpeM:A ObLJI CBOEro poja
MaTeMaTH4YeCKoil ceHcallel 1 okas3aJl 3aMeTHOe BJIMsAHNe Ha JjajibHelllllee pa3BUTHe dTOrO pasjesa MaTeMa-
TUKU.

IIPEABAPHUTEJIbHAS IIOATI'OTOBKA: MaTeMaTU4eCKUIl aHa/Inu3, reoMeTpus, ajredbpa 1 BBeJleHHe B TOIO-
JIOTHIO B 00BhEMe MEePBHIX ABYX JIeT OakajiaBpuara.

IMPOTPAMMA: Ilocjie 3HAaKOMCTBA € TPAAUIMOHHBIMY NpUMepaMy 6aHaXOBBIX MPOCTPAHCTB U UX CBOMCTBA-
MM, OCHOBHOe BHHMaHUe OyfeT CKOHLIEHTPUPOBAHO Ha CJIeAyIOLIUX TeopeMax U CBA3aHHBIX C HUMU CIOXKeTax:

o O IOMapHOM U30MOPGHOCTU IPOCTPAHCTB HENpPePHIBHAIX QYHKIMI HA HeCcUeTHhIX koMnakTax (A. A. Mu-
JIIOTUH)

o 0 HAJIMYMH HeJJONOJIHAEMBIX HOANPOCTPAHCTB B He THIb0epPTOBHIX IpocTpaHcTBax (M. JIMHAeHIITpayce —
JI. lagpupn)

o 0 TOMeoMOP(MHOCTH BBIMYKJIBIX 6€CKOHEYHOMEPHBIX KOMIIAKTOB THJibOepToBy KyoOy (O. Kenep)

o 0 roMeoMOp(dHOCTHU cenapabesbHOT0 6€CKOHEUHOMEPHOTO O0aHaXxoOBa MPOCTPAHCTBA T'UJILOEPTOBY MPO-
crpaHcTBy (M. H. Kager).

YYEBHHUKHA:

1. A. H. Kosnmoropos, C. B. ®omuH. DjemMeHTH Teopuu GYHKITUHN 1 QYHKI[MOHAIBHOTO aHamu3a. M.: Hayka,
1976.

. Y. PynuH. ®yHKIIMOHANIBHBIN aHanmu3. M.: Mup, 1975.

. A. TlesiunHckuil. JIMHeHBIe 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 JJI1 MJIAQIINUX KYPCOB «U3BPAHHBIE I'JIABBI ,E[PICKPETHOP,I MATEMATH-

KWy

PYKOBOOHUTEJIb: U. B. ApraMKuH

HA3BAHME: U36paHHbIe IJIaBbl IUCKPETHON MaTeMaTUKU

VUYEBHASA HATPY3KA: BeceHHu# cemecTp 2018/19, 1 mapa B HeeJo, 3 KpeAuTa 3a CEMECTP.

OIIMCAHHMUE: Ilog quckpeTHON MaTeMaTHKOI B Halllel cTpaHe OOBIYHO MOHUMAaKT cobpaHue pa3pO3HEHHBIX
MaTeMaTHYeCKUX CIKeTOB, OKa3aBIIMXCs M0JIe3HBIMU B MHGOPMAaTHKe MJIU CMEXHBIX IPUKJIaJHbIX 00JIACTAX.
HekoTopble 13 3TUX CIOXXETOB BXOJAT B 00s13aTesIbHbIE KypPChl MaTeMaTHU4eCKO JIOTUKY U AUCKPETHOI MaTeMa-
THUKHU, YUTaeMble B 6akasaBpuare. Ha Hamem cemuHape o6CyXJal0Tcs He BOIIeAlIre B 3TU KypChl KOHCTPYK-
I[1Y, UMelolIIe, TeM He MeHee, 3aMeTHOe 3HaueHNe Kak B MaTeMaTHKe, TaK U B IPUJIOXKEeHUAX.

IMPEABAPHUTEJIBHAA ITOAT'OTOBKA: HeT.

ITPOTPAMMA:

o BysneBsl ¢pyHkIMu 1 TeopeMa Ilocta o pyHKIMOHATIBHOM NOJTHOTe. DTa TeopeMa AaéT 3 GeKTUBHBIN OT-

BET Ha CJIeqyIOIIUI BOIIPOC: MOXKHO JIK JitoOyIo OyJieBy GyHKIMIO (0T JiI000ro yrcjia nepeMeHHbIX) BhIpa-
3UTh C IIOMOIIBI0 OTlepallli KOMIIO3UIINY Yepe3 3afjaHHbI Habop GyHKINIL. Y JUBUTEIbHO, YTO Ha TaKOH
BOIIPOC HMMeeTCs MIPOCTOU U cofepXKaTeJIbHBIN OTBET, O3BOJIAILINI, HanpuMep, IpUAyMaTh (PyHKI[HIO
OT JABYX MlepeMeHHBIX, Yepe3 KOTOPYI0 MOXXHO BBIPA3UTh JIOOYI0 PYHKIIHIO.

KoHeuHbIe 1OJIA. TGOPEMa O TOM, 4YTO MYJIbTUIIJIMKATWUBHAA I'PYIIIIa KOHEYHOTI'O II0JIA ABJIACTCA MUKJINYE-
CKOﬁ, IMO3BOJIAET CTPOUTH AJIMHHBIC IEPUOJNYECKHE ITIOCTIEA0BATECIIbHOCTHU, IIOBCEMECTHO MCIIOJIb3yEMBIE
B paJnOJIOKallNK1, CUCTEMAX OIMMO3HABAHWA ((CBOﬁ-‘I}OKOIZ» nT.ao.

Teopema ®doppa — @ankepcoHa 0O MaKCMMaJIbHOM MOTOKE B TPAHCIOPTHOU ceTU. Peus maeT o Takou
3afjaue: UMeeTcs HeKOTopas ceTh Aopor (TpyOonpoBOAOB), COeAMHAIUINX MyHKTHL A 1 B. YV kax o 1o-
poru (TpyObI) eCcTh CBOSI MAaKCUMAaJIbHAsA MPOIYCKHAS CIIOCOOHOCTh — HanboJIbIllee YHCIJIO aBTOMOOWITEH
(6appeneii HepTH) KOTOpble MOTYT IPOWUTH MO 3TOU Aopore (Tpybe) 3a yac. TpeGyeTcsa opraHu3oBaTh
ABkeHMe (nepekauky HedTH) TakuMm oOpa3oM, 4YTOOHI 00Ilee YyrcjI0 aBToMobuelt (6appeseit HehTH),
nonajaoiee 3a yac 13 A B B, 66110 MakcrUMaJibHO BO3MOXHBIM. OKa3bIBaeTcsl, MHOTHE BaXXHbIEe pe3yJib-
TaTHl U aJITOPUTMBI Teopuu rpadoB, Kak MpUKJIaJHble, TAaK U YMCTO MaTeMaTuieckue, CBA3aHbl C 3TUM
KpYTOM HJen.

YYEBHHUKHA:

1.

2
3
4,
5
6

@. Xapupu. Teopus rpagos. M.: YPCC, 2003.

B. B. Benos, E. M. BopoOsbes, B. E. Illatanos. Teopus rpados. M.: Beicii. mkosa, 1976.
M. Ceamu, 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 «IIEPECTAHOBKU, HAKPBITUSI, UHTETPUPYEMOCTDb»
PYKOBOOUTEJIBL: M. J. KazapsH, C. K. Jlauno

HA3BAHHME: IlepecTaHOBKH, HAKPHITUA, UHTETPUPYEMOCTH

VYEBHAA HATPY3KA: Spring, 1 mapa B Hefesio, 3 KpeiuTa 3a ceMecTp.

OITMCAHHME: Kypc opreHTHPOBaH Ha CTy1eHTOB 3—4 Kypca OakajiaBpuara, CTyJeHTOB MarucTpaTryphl U aclu-
PaHTOB, a TakXe BCeX MHTEePeCYIINXCsA COBPEMEHHBIMH BONPOCAMU IIOCTPOEHUA pellleHUIl NHTerpupyeMbIX
CHCTEM U UX CBA3bI0 C KOMOMHATOPUKOW I'PYIII IepecTaHOBOK, rpadoB U reoMeTprell IPOCTPAaHCTB MOAYJIer
KOMILJIEKCHBIX KPUBBIX 1 UX 0TOOpakeHWH. Kypc OCHOBBIBaeTCsA Ha COBPEMEHHBIX MCCIeJOBAHUAX, B TOM YHC-
Jie, Ha paboTax JIeKTOpPOB.

IIPEABAPHUTEJIBHASA ITOATOTOBKA: 6a30Bble KypCHl IIEPBHIX JBYX JIET OakajiaBpraTa

ITPOTPAMMA:

o [lepecTaHOBKU U UX pasJjIOKeHU: B IPOU3BeJleHNe TPAHCIO3UIUN U IlepecTaHOBOK JPyroro BUAa.
o IfeHTp rpynmnoBoil ajreOpbl CHUMMTPHUYECKON IPYNIEL U €r0 pa3jdyHbIe pean3aliu.

o Pa3BeTBJIeHHBIE HAKPBHITUA [TIOBEPXHOCTEH, MOHOAPOMUSL.

o MHTerpupyemsie nepapxumu Kagomiiesa — I[lersuamsunu u Kopresera — ne ®pusa.

o B030H-(epMHOHHOE COOTBETCTBHE, IT0JIyOeCKOHEeUHBII rpaccMaHuaH 1 Teopema Carto.

o DBOJIIOLIMOHHOE YpaBHeHUe (ypaBHeHHe CKJIeHKU-pa3pesa).

o Yuncsa I'ypeuna u nponssogamuye GyHKIMN 471 HUX KaK pellleHNs NHTerPUpPyeMBIX NepapXull.

o Pexypcusa TaTTa cTAruBaHusA-yfajenus pebpa, ypaBHeHUs Bupacopo 1 COOTHOIIEHUA TONOJIOTNYeCKON
peKypcum.

o O630p pasIMYHBIX KOMOMHATOPHBIX 33/1a4, IPUBOJANNX K pellleHUsAM UHTerpupyeMbIX nepapxui.

YYEBHUKMU: A. K. 3BoHKUH, C. K. Jlanno. I'padsl Ha MOBEPXHOCTAX U UX Npusioxkenus, M.: MITHMO, 2010 +
CTaThy, aKkTyaJbHble 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

HA3BAHHE: CroKeThl U3 TEOPUHU I'PYINIIBI KOC ¥ TEOPUM KBAHTOBBIX I'PYIIN: IIPOUCXOXIEHUE U IIpUMe-
HeHUe R-Mmatpull.

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

OITMCAHHME: B 5TOM Kypce MBI 06CyX1aeM HECKOJIbKO T€M 13 TEOPUH IPYIIIHI KOC ¥ TEOPUM KBAHTOBBIX I'PYIIIL,
B KOTOPBIX MOABJIAETCA U IPUMEHAETCA OAVH U3 CaMbIX N3BECTHBIX OOBEKTOB COBPEMEHHOU MaTeMaTHU4YeCKOU
¢u3uku — Tak HaspiBaeMasA R-MaTpuija. R-MaTpulja B y3KOM IOHMMaHUU 3TOTO TEPMUHA, C KOTOPHIM MBI, B
OCHOBHOM, U OyzieM UMeTh Aeji0, — 3TO pelleHue (KyOHuecKoro MaTpUyHOro) ypaBHeHus flHra — Bakcrepa,
M3BECTHOI'0 TaKXe KaK COOTHOIIeHne ApTuHA niu ypaBHeHUe koc. Cepsl IprMeHeHUsA R-maTpul] B HaCTOsA-
I1ee BpeMsA O4eHb pa3HOOOPa3HBI — OT TEOPUU TOYHO pellaeMbIX MOfieJiell CTaTUCTUYeCcKOl GU3UKU U TeOpUU
11014 10 Ipo0JieM OCTPOeHNs NHBAPUAHTOB Y3JI0B, CTPYKTYPHOI TeOpHUU U TEOpUU IIPeACTaBIeHNI KBaHTO-
BBIX MaTPUYHBIX ajire6p. YYacTHUKU ceMUHapa 03HAKOMATCA ¢ ajrebpaniecKiMy KOPHAMU IPOUCXOXIeHNA
R-MaTpuI| 1 UX POJIbI0 B TEOPUU MHBAPHUAHTOB y3JIOB U TEOPUY KBAHTOBBIX I'PYMIL.

IIPEABAPHUTEJIbHAS ITIOAT'OTOBKA: [[11 NOHUMAaHUA Kypca TpeOyeTca 3HaHNe JIMHEHHON aaredpsl, Teo-
pUU TPy U TeOPUH NpeACTaBJIeHN B paMKax IIporpaMMbl IEPBBIX 2-X KypcoB OakasiaBpuara. JKesaTesabHO
Takke 3HaKOMCTBO C OCHOBamu Teopuu rpynn Jiu u anrebp JIu, anrebp Xonda. Bnpouem, Bce HeoOXOqMbIE
MOHATHA OyAyT HallOMUHATBCA B IIpoliecce 3aHATHI.

ITPOTPAMMA:

o I'pynma koc, ee reoMeTpruyeckoe 1 anredpanieckoe npeacrassieHnsa. KoHeuHoMepHble (aKTOPHI IPYNIIEI
KOC U ee TPYIIIOBOY ayireOpel: cuMMeTpudeckas rpynma, ajreopa 'ekke. Oneparopsl FOuuca — Méppu u
OaxcTepu30BaHHbIE 3JIEMEHTHI B ajiredpe I'ekke, ee HeNIpUBOAUMEIE NIPeICTaBJIeHNs, CBA3b C TaOJIULAMU
u quarpammamu HOnra.

o R-MaTpuuHBbIe IpeJICTaBJIEeHUA IPYIILI KOC, IpuMepsl R-MaTpull: R-matpuusl GL(m|n) Tuna. IlepBele npu-
JIOXKeHUsA R-maTpull: R-cjieq 1 MHBapUaHTHl Y3JI0B.

o INouaTue 06 anrebpax Xomda. KoymHOXeHMEe, KOEUHUIIA M AaHTUTION C TOYKH 3PEHUS TEOPUM TIpeJICTaB-
JeHuil. [IBoiicTBeHHbIe ajreOphl Xonda.

o KomMyTaTuBHaA anarebpa ¢ MyacCOHOBOI CTPYKTYPOU U ee KBaHTOBaHMe. Ajirebpa GYHKIMI Ha TpyIine
1 ckoOka CKJISHMHA Kak IIpuMep r-MaTpuuyHOM ckoOku Ilyaccona. KBantoBanHas anreOpa QyHKIMI Ha
rpynne: R-MaTpu4HBIN oAaxon (Tak HaseiBaeMasi RTT-asre6pa).

o Anrebpa pyHKIIUI Ha JBOMCTBEHHOM IMPOCTPAHCTBE K ayirebpe JIu gl(n), ckodka ITyaccona-JIu. KBaHTto-
BaHue ckoOku [lyaccoHa-JIu u yHuBepcasnbHasa obeproiBaroman anredpa U(gl(n)). KBagpatnunasa ckobka
Ha anre6pe GyHKIMI Ha gl*(n) 1 €€ corjlacoBaHHOCTH C JIMHEHHOI cKoOKoI [TyaccoHa — JIu (IIyYKOM CKO-
6ok Ilyaccona). KBanToBaHue myuka ckobok ITyaccoHa: anrebpa ypaBHeHUs oTpaxeHuil. CTPyKTypa ee
XapakTepUCTUYeCKOy noaanreOpsl, ClleKTp KBAHTOBOU MaTpHIbl, KBAaHTOBas BepcHsa TeopeMbl ['aMuib-
ToHa — Kosn.

o Teoprsa KOHeUHOMEPHBIX Pa3JIOXKUMBIX IIPeACTaBJIeHU aareOpbl ypaBHEHUA OTpaXXxeHn.

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,Z[EH‘-IECKI/Iﬁ HAYYHBIU CEMUHAP «MATEMATHKA ITPOLIECCOB ITEPEHOCAY
PYKOBOJUTEJIb: K. Il. 3p160uH

HA3BAHHME: MaTeMaTHuKa IIpPOLECCOB IIepeHoca

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

OITMCAHHE: YUacTHUKY CEMHUHAPA MO3HAKOMATCSA C METOJAMU ONHMCAHUS [IPOLECCOB MEPEH0CA B PA3JIMYHBIX
cpemax. ByyT paccMOTpeHbl KaK KJaCCHYeCcKHe BOMPOCH! MOCIeN0BaTEIFHOTO BRIBOAA KUHETHYECKUX YPaB-
HEHUH U3 [erovKy Boroso6oBa a1 OOBIYHBIX Ta30B U IJIA3MBI, TAK U COBPEMEHHbIE METOABI UCCIIeJOBAaHUSA
JUHAMUKHU Pa3JIMYHbIX TOJIEi, TOTPYKEHHBIX B TYpOyJIEHTHBIE My JIbCALIVH.

IMMPEABAPHUTEJIBHAS ITIOATI'OTOBKA: HeoOXOAUMEI MaTeMaTU4eckuil aHaiaus, AuddepeHnuanbHble ypas-
HEHMs; XeJlaTeJbHbl aCUMIITOTUYECKHe MeTOAb! pelleHns AuddepeHInanibHbIX ypaBHEHNN.

IMPOTPAMMA: C ucCnojb30BaHHeM KJIacCUYeCKOll TeXHUKHU BBIBOJA KMHETHYeCKUX ypaBHEHUI IpefroJa-
raeTcs NOJIyYUTb YpaBHEHM:, ONKCHIBAIOIIME YCKOpeHHe KOCMHUYEeCKUX JIydell M HUCCjIefoBaTh UX pelleHHsA.
OTtpesnibHO O6yieT pacCMOTPeH MpeAesl MajbiX JJINH Ipobera 4acTul] U NoJy4yeHO 000CHOBaHMe TMAPOANHAMU-
94eCKOro NpuOJIMKeHUA KaK pe3yJibTaT aCUMIITOTUYECKOro pa3JlokeHUsA KMHEeTUYeCcKoro ypaBHeHNUsA. OCHOBBI-
BasCh Ha aHaJIM3e CTOXaCTUYeCKO! T-3KCIIOHEHTHI NIpeiNojiaraeTcs uccjaeoBaTh KOppeIAlOHHbIe QYHKIUN
IIPUMECHBIX YaCTUI] B Pa3BUTON r'UIPOAMHAMUYECKON TypOyJIeHTHOCTU, OOCYIUTh Ha 3TOM MpHUMepe sIBJIEHHE
nepeMexxaeMOCTH, TUIMYHOE [J1 Pa3JINYHbIX KOPPEeJIANNOHHBIX QYHKINI, ONMCHBAIINUX TypOyJI€HTHOCTD.
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HAYYHBIY CEMUHAP JJIA MJIIAJINKUX KYPCOB «KMATEMATHUKA ®U3HUYECKHUX SBJIEHHUM»
PYKOBOOUTEJIb: II. U. ApceeB

HA3BAHHUE: Marematuka ¢pusmnueckux sBJIeHUN

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

OITMCAHMUE: MsI 00CcyqM CBA3b peabHbIX GU3NUeCKUX ABJIEHUN ¢ MaTeMaTU4eCKMMU MeTOAaMU UX OIuca-
HUsA, BOSHUKHOBEHNE MaTeMaTUYeCKUX CTPYKTYP U3 3aKOHOB (pM3MKU, B IIEPBYIO OYepe/b, B MEeXaHUKe, dJIeK-
TpOCTaTHKe, 3JIeKTpoArHaMuke. Cpeau TeM CBA3b BTOPOIo 3akoHa HeooToHa ¢ JlarpaHxeBsIM (pOpMaii3MoM,
JIBUDKEHME «II0 IIPSAMONM» Ha KPUBOJIMHEMHOU NOBEPXHOCTH, NOBeAeHNe I'MPOCKOINa, SKBUBAJIEHTHOCTh 3aKO-
Ha KysnoHna teopeme I'aycca u 1.11. CeMuHap paccuuTaH, cKopee, Ha CTyAeHTOB 2-3 KypcoB 0OakajaBpuara, HO
[IOATOTOBJIEHHbIE CTYAEeHTHl 1 Kypca He NOJIKHBI BCTPETUTh CePbE3HBIX TPYAHOCTE.

ITPEABAPUTEJIBHAA ITOATOTOBKA! xejiaTeJIbHO 3HaHNE OCHOB MaTeMaTHYeCKOro aHaji3a 1 NIoHuMaHue
npocThix AuddepeHIIMaIbHBIX ypaBHEHUN.

ITPOTPAMMA:

MexaHuKa

o Bropoii 3akoH Hpi0TOHa — OCHOBa ONMcaHUA KJIACCUYeCKOoro ABMKeHUA. [IpuMepbl AUHAMUKA. 3aKOHBI
COXpaHeHNs 13 ypaBHEeHUU ABIXeHUS.

o OT 3ak0HOB HpI0TOHA K JlarpaHxeBoy ¢GopMyJupoBKe. [IpyHINI HauMeHbIIero AencTBUsA. 3aKOHBI CO-
XpaHEHUs ¢ TOYKU 3peHMs JIarpaHXeBoro NoaAXoAa.

o «CBOOOTHOE ABMXEHHE» B KPHUBOJIMHENHOM IpOCTpaHCcTBe. J[BIKeHHUe Mo cdepe U MOBEPXHOCTSAM Bpa-
meHus. OmnvcaHyie ¢ OMOIIbI0 METPUKHU.

o JIBuxeHMe OBICTPO Bpaujamuuxcs Teja. HeTpuBuaabHOCTh UX CBOOOJHOTO ABUKEHUA. «AHTUUHTYUTUB-
HOe» ToBeJ[eH1e TUPOCKOIIA.

DJIeKTpOCTaTHKA

o 3akoH KyJioHa Kak npsamMoe ciiefcTBue s3KcriepruMeHTa. [IoHATHe I0TOKAa BEKTOPHOr'O M0JIA. DKBUBAJICHT-
HOCTb TeopeMsl ['aycca «3KcnepuMeHTaIbHONY (popMyiMpoBKe 3akoHa KysioHa. JluBepreHIius BEKTOP-
HOTO0 noJisg, AudpepenIraibHas GopMyanMpoBKa 3akoHa KysioHa. YpasHeHus Jlamiaca u Ilyaccona.

o PemreHue 3a7a4 3JIEKTPOCTATUKU C IOMOIIBIO TeopeMbl ['aycca. [ToJie 3apskeHHBIX MIJIOCKOCTEHN U CTEPXK-
Hell. [IoHATHE O IBYMEPHON U OJJHOMEPHOMH 3JIEKTPOCTAaTHKe U crerudriecknx «3akoHax Kysonay. 3a-
PAOBI HAJ MTOBEPXHOCTHIO MeTaJLIA.

o DJIEKTPUYECKOE IMoJie B JUIJIEKTPUKax. [IoBepXHOCTHBIE 3apsAbl M TPAHUYHbIE YCIIOBUA IJIS dJIEKTpUYe-
CKOTO TI0JI1 B HEOOHOPOIHOM cucTeMe. MeTop 3apsAoB n3o0paxeHuil — puU3nveckoe peleHue 3aaauu
0 HaXOXJEeHU!U pelieHusA quddepeHIHaTbHOTO YPaBHEHUS C TPAHUYHBIMU YCJIOBUAMU.

DJIeKTPpOAUHAMMKA

o B3auMopeiicTBHe TOKOB. DKCIlepUMeHTaIbHble 3aKOHH DpcTefa 1 Amnepa. Cuia, JelcTByIolas Ha TOK
B MarHuTtHoM IoJie. Cuiia JlopeHna. JIBuxXeHre 4acTULBl B MAarHUTHOM IOJIE.
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o IToHATHE BEKTOPHOro noTeHiuasa. Potop BekTopHOro mnoss, ¢opmysta Crokca. CBoICTBa BEKTOPHOTO
NOTEeHINaJa, CPaBHEHHE CO CKAJIAPHBIM MOTeHIuaiioM. [uddepeHnnansHas GOpMyJIMPOBKa 3aKOHOB
3JIeKTPOMarHeTyu3Ma Ipy YCJIOBUHM CTALIOHAPHOCTH TOKOB. JlarpaHXuaH YacCTHUIBl, B3alMOJIeICTBYIO-
Iieii C 3JIEKTPOMArHUTHBIM OJIEM.

o 3akoH ®apafes, ero uHTerpagbHas u nuddeperHnnanbHas GopmyanpoBku. Cucrema ypaBHeHH Makce-
Besuia. Eife pas ux ¢pusudeckuil cMbIc U MaTeMaTruudeckas GopMyrpoBka. [TosHeil JlarpaHxuaH 3J1eK-
TPOMAarHUTHOI'O I10JIA — BO3MOXHOCTb BBIBOJA YPABHEHNUN 3JIEKTPOJANHAMUKY U3 HOBBIX IIPUHIIUIIOB.

o YpaBHEHUs 3JIEKTPOMarHUTHBIX BOJIH U3 ypaBHeHUil MakcBesia. DJIeKTPOMarHUTHBIE BOJIHBL B Cpefie.
I'paHMYHbIe YCJIOBUA Ha IOBEPXHOCTU paszesa JIBYX Cpef.

o OTpaxeHHe OT IMOBEPXHOCTH pasjesa [IByX cpel. [lBa MeToJja pelieHus 3a4a49u 00 OTpaXeHU! OT ILJIO-
CKOMapaJsiieJIbHOM IJIacTUHbL [I0BEpXHOCTHbIE BOJIHBI

o BOJIHOBOJIBI 11 pe30HATOPHL. JJMCKpeTHbIe YaCTOTHl COOCTBEHHBIX KOJleOaHUl — MyTh K ONKUCAHUIO [T0JIei
Kak Habopa OCLUJIIIATOPOB.

YYEBHHUKNA:

1. ®etinmat P.,JleitToH P., Canac M. deiinmaHoBcKue jeknuu 1o dusuke. M.: Mup, 1967.

2. ApHospa B. . MaTemaTHuueckrie METO/IbI KJIacCUYeCKOl MeXaHUKu. M.: ®uamataut, 1974.

3. Jlanpgay JI. O., Jlupwmwur E. M. Teopetuueckas ¢pusuka. M.: dusmataur, 2004.

4. Tamm U. E. OcHOBH Teopuu 3jieKTpuuecTBa. M.: ['oc. u3f. TEXHUKO-TEOPETUUECKON JUTepaTyphl, 1956.

5. Tuxonos A. H., Camapckuii A. A. YpaBHeHusA MateMatnueckoy ¢pusuku.— M.: Hayka, 1977.
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HAYYHbBIM CEMHUHAP AJIA MJIAOIIUX KYPCOB «K MHOT'OI'PAHHUKH U BBIITYKJIAA TEOMETPH A»
PYKOBOOUTEJIb: A. . OcTtepoB

HA3BAHHE: MHOrorpaHHMKH M BBIIIyKJIasi reoOMeTpus

YYEBHASA HATPY3KA: oceHHHH ceMmecTp 2018/19, 2 mapsl B HeZieJiio, 5 KpeJUTOB 3a ceMecTp.

OITMCAHMUE: MHOrorpaHHUKY U CBOMCTBA BBIIIYKJIOCTH UTPAIOT BaXXHYIO POJIb IIOUYTH BO BCEX pa3fiesiax MarTe-
MaTHKU U e€ MpUJIoKeHN. Mbl N3yunM reomeTpruyeckoe, ajarebpandeckrie, KOMOMHATOPHBIE U aHAJIUTUYeCKHe
ACMEKTHI BHIIYKJION reoOMeTpUuu U YBUAWUM, [I0YeMy MHOTOIPDAaHHUKU U BBIINYKJIbIE Tejia OKa3bIBAIOTCA BaXXHEI
Jlaxe B TaKMX, Ka3ajoch Obl, HEOXUAAHHBIX 00J1acTAX, KakK ajrebpanyeckas reoMeTpus U Teopus uucesi. Uro-
OBl IMETh BO3MOKHOCTh YBUJIETh [TAHOPaMy B LIeJIOM, MBI IOCTapaeMcs He YIIyOJAaThCA B AeTau OTAeJIbHBIX
BAXKHENIINX pa3fesioB, TAaKUX Kak rpynnsl Kokcrepa, Tponuyeckas reoMeTpusA UK JIMHENHOe IpOorpaMMUpO-
BaHNUe — MM Yy Hac Ha ¢axyJbTeTe MOCBAIIEHHl CllelraJbHble Kypchl. MaTepuai Kypca OyfeT JOCTyIleH AJiA
CTYZIeHTOB BCeX KypCOB, BKJII0Uas NMepBOKYPCHUKOB OakajlaBpHaTa M MarucTpaHTOB, KOTOPHIE MapajljlesIbHO
CMOTYT yCIIEIlIHO CJIef0BaTh 0053aTeIbHOU IIporpaMme.

ITPEABAPUTEJIBHAA ITOATOTOBKA: HeT.
ITPOI'PAMMA:
1. BBeneHue B npeaMet (JIEKITHN):

o AdPurHHOE NPOCTPAHCTBO, BHIIYKJIbIE Tejla U 000JI0UKHU.
o KoHyCBl, OIIOpHBIE IIJIOCKOCTU, ABONCTBEHHBIE KOHYCHI.

o JInHeliHbBIe HEpaBeHCTBA, aaroputM dypre — MorkuHa.
o MHOrorpaHHukY, rpaHu, 00bEMEI, CMellaHHbIe 00BEMEL.

2. CroXeTsl 0 BAXXHBIX KJIaccaX MHOTOTPAaHHUKOB (pedieKCUBHbIE, BTOPUYHBIE, pACCIOeHHBIE, [INKJINYeCKHe,
IyCThle, KOBBIITyKJIble, BUPTyaJIbHBIE ...), UX MHBApHUaHTaX (3IJIepoBa XapaKTEPUCTHUKA, f- 1 h-BEKTOPHI,
IOJIMHOM DpXapTa ...), CBA3AX ¢ APYTrMMHU 06J1acTAMY MaTeMaTHKH (ajrebpaniyeckas reoMeTpusi, TEOpUs
qriceI ...), TEKYLIUX UCCIIeJOBAaHUAX M OTKPHITHIX Ipobsemax. [IoMuMo JIeKI[nil 1 CEeMHHApOB, B paMKax
BTOPOI 4acCTH Kypca IJIaHUPYIOTCA AOKJIa/Ibl CIylaTesen.

VUYEBHHKMU: [lepBoe mpeicTaBjeHNe O NMpeAMeTe MOXHO COCTaBUTh MO EMKHM, HO CKATBIM PYCCKOS3BIYHBIM
BBeaeHuAM (1-3). BoJiee JOCTYyITHOE U Pa3BEPHYTOE M3JIOXKEHNE CM. B aHTJIOA3BIYHBIX yueOHUKax (4-7).

1. A. JI. T'opozeHues, «'eomeTpusy, jekuuu 8-9,
http://gorod.bogomolov-lab.ru/ps/stud/geom _ru/1617/list.html

2. B. M. TuxomMupoB, «BBIITyKJIbIF aHAIN3 U €r0 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=7PXxBwAAQBAJ&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 AJITEBPAUYECKASI TEOMETPUA»
PYKOBOOUTEJIU: HU. B. ApramkuH, A. JI. l'opoaenies, A. C. Tuxomupos

HA3BAHHME: [IpoekTHBHasA ajnrebpandeckas reoMeTpus

YYEBHASA HATPY3KA: nBa ceMmectpa 2018/19 yu.r., 1 mapa B HefeJsio, 3 Kpeaura 3a ceMecTp.

OITMUCAHHME: llesb ceMuHapa - pacckasaTh O TeOMeTpUYecKUX NCTOKax ajarebpandeckoi reomerpun. [Tosto-
My CeMHHap pacCyMTaH KakK Ha CTYJAeHTOB-MJIa/IIeKypCHUKOB, NMEIOLHX COBCEM 3JIeMeHTapHbIN HauaIbHBIN
YPOBEHb, TaK 1 Ha CTyA€HTOB CTapIINX KypPCOB, MarCTPAaHTOB 1 aClIPAHTOB, KOTOPHIE YK€ NMEeIOT Cepbe3HYI0
TeXHHUYecKylo 6a3y B ajredpanyeckoii reomeTpuu (0JHAKO, U /I HUX 3HAKOMCTBO C HarJigAHBIMU IreOMeTpu-
4ecKUMH KapTUHKaMU HeCOMHEHHO OyJieT noJsie3Ho). Ha cemuHape npeamnoJiaraercsa o0cyxaeHre pa3JIndyHbIX
KJIacCUYeCKuX ajre6po-reoMeTpruyecknux 06beKTOB ¥ KOHCTPYKIMI B IPOEKTUBHOM IIPOCTPAHCTBE, TAKUX KaK
KoHGurypanuu Jlesapra u Ilackass, NpoeKTHBHBIE KOHUKU U KBaAPUKH, [IOJIAPHL, F'eCCUaHbl, JeTepMUHaHTAaIl,
MHoroo6pasus Cerpe u BepoHese, rpaccMaHUaHBbI, U I1eJIOT0 psAAa APYTUX reOMeTPUYeCKUX CIXKeTOB.

IMPEABAPHUTEJIBHAA ITOAT'OTOBKA: HeT.

ITPOTPAMMA:

=

. 3apmauu, cBsizaHHBIEe ¢ TeopeMamu [Jle3apra, Ilamnmna, [Tackasns, u ap.
. 3agauu eBKJIUA0OBAON U APYTUX TeOMETPUl: pellleHre cpeJCcTBaMU IPOeKTUBHON reOMeTpPUN.
Teopema Be3sy, uHAeKcH niepeceveHus], npaBua LleiiteHa.

[MossApsl, TeccruaHtbl, TPUHLMIT IBONCTBEHHOCTH.

A L

JIvHelHbIe PAbI, JUHEHHbIE CeYeHUs U MPOEKINU, Pa3AyTUs, IKOUHBI, MYyJIbTUCEKAHThI, TPOEKTUBHBIE
KacaTeJbHbIe IIPOCTPAHCTBA K MHOTOOOPA3USIM.

o

[ToBepxHocTH Aeb Ileriio, HOpMMHOTrooOpasus, KBaJJpUKU.
7. JletrepMuHaHTa/IM, MHOTooOpa3us Cerpe, BepoHe3e, nux MHOToo0Opa3us Xopa.

8. I'paccmaHuaHbl, MHOroo6pasus ¢Jiaro, MHAYKIMOHHAA Npolieypa NOCTpOeHus rpacCMaHuaHoB. MHoO-
roMepHble KOHPUTrypauuu npsAMbBIX.

9. 3ameikanus [IoHcese u 3aaun kiaccuduKalUi BEKTOPHBIX PaCcCI0€HUM.

10. HpOCTpaHCTBa «MIOJIHBIX» KBAAPHUK, «IIOJIHBIX» TPE€YTOJIbHUKOB U 3aJa4u WCUMCJIUTEIbHOM reoMeTpumn.

YYEBHHUKH:

1. B. B. IIpacosnos, B. M. Tuxomupos. I'eomerpus. M., MITHMO, 2007.

2. A. JI. Topogenues. Kypc reomerpuu s HMY, 2016/17.
http://gorod.bogomolov-lab.ru/ps/stud/geom ru/1617/list.html.

3. A. JI. TopoaeHneB. ['eomeTpuyeckoe BBeJieHUe B ajrebpandeckyio reoMmerpun. EkatepuHOyprckue Jjiek-
nuu 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 HAYVYHBIM CEMHUHAP «PUMAHOBBI IMOBEPXHOCTH, AJITEBPHI JIU 1 MATEMA-
THUYECKAA ®HU3UKAY»

PYKOBOAUTEJIH: O. B. llIsapuman, C. M. Haran3oH, O. lllefinmaH
HA3BAHME: PuMaHOBHI TOBEPXHOCTH, ajreopsl JIu u MmatemMaTuueckas ¢pusnka
YUYEBHASA HATPY3KA: fnBa cemecrpa 2018/19 yu.r., 1 mapa B Hefesio, 3 Kpequra 3a ceMecTp.

OIIMCAHME: CeMUHap pacCUUTaH Ha MaruCTPaHTOB, aCIMPAHTOB U CTYJAEHTOB, HAUMHAsA C TPEThero Kypca,
a Takxe npodeccuoHaJIbHbIX MaTeMaTukoB. Ha cemumHape o0OcyXOalTcs HOBBIE Pe3yJIbTaThl B aKTyaJIbHBIX
00J1acTAX MaTeMaTHKY, CBA3aHHBIX C MaTeMaTu4yeckor ¢Gpusnkoi. Cpeau AOKJIAAUYMKOB BeAylile poCCUiicKue
1 3apy0OexHble KhCcjieoBaTesd, PacCcKasblBaoIre 0 CBOMX pe3yJibTaTaxX, COTPYAHUKY, a UHOTAA U CTYJICHTEI
Hamero ¢gakyJibTeTa. PykoBoauTe n ceMUHapa OOBIYHO NMPOCAT JOKJIaAUUKOB OOBACHATD BCE MTOHATHUSA, BBIXO-
aAmue 3a paMku 2-3 Kypca 6akasiaBpuara matdaxka.

ITPOTPAMMA: B 3TOM Iroly OXHUAarmTcs, Cpeau IIpovYux, Takue qOKJIadbl:

o B. M. Byxmitabep (MUAH, MI'Y). ®yepeHsl, MHOrorpaHHUKY [ToropesioBa, mpo6JieMa 4eTHIPEX KPacoK
1 TpéxMepHble runepobondecKrue MHOrooopasus.

o U. M. Kpuuesep. Beipoxaenus aud@epeHnnaaoB Ha pUMaHOBBIX [IOBEPXHOCTSX.

(]

C. K. Jlanmo. XpomaTrueckuii MHOTO4YJIeH U MHTerpupyeMble CHCTEMB.

(]

B. Py6uoB. /lekopupoBaHHbIE MHOI00O0Opa3ys XapaKTepoB U MOBEPXHOCTH MOHOJIPOMHBIX TaHHBIX, acCO-
IIUMPOBaHHbIe ¢ ypaBHeHUAMHU [leHsieBe.

(]

I1. Aynun-bapkoBckuii. PackparenHsie nHBapuaHThl XOM®JIU Topryeckux y3J10B U OIlepaTophl Ha Mpo-
CTpaHCTBe [I0JIy0DEeCKOHEYHOI'0 BHEIIHEro pOU3BeJeHN .

o 10. bypman. Yucia I'ypsuna — Cesepu.

o A. OcTepoB. McuncianTenpHas reoMeTpys U TpONNYeCKUe TeOpeMbl COOTBETCTBHUS.

KOMMEHTAPHM: Cemunap paboraeT ¢ 2000 rofa. 3aHATHA poucxoaT B HezaBrcrMom MockoBckoM YHU-
BepcuTeTe Mo naTHunam c¢ 17 go 19 gacos. AHHOTAIMK JOKJIAa[0B Pa3MeIlalTcs Ha
http://ium.mcecme.ru/f17/rsmph.html.
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CTY,[[EH‘—IECKI/Iﬁ HAYYHBIM CEMHMHAP «COBPEMEHHBIE ITPOBJIEMbI MATEMATHYECKOH JIOTH-
KN»

PYKOBOOHUTEJIBL: JI. JI. Beknemuuies, A. B. Kynuuos, ®. H. ITaxomos, [I. C. [llamxaHoB, B. b. lllexTmMaH
HA3BAHME: CoBpeMeHHbIe MPOOJIEMbI MaTeEMaTHYECKOM JIOTUKH
YUYEBHASA HATPY3KA: fnBa cemecrpa 2018/19 yu.r., 1 mapa B Hefesio, 3 Kpequra 3a ceMecTp.

OIIMCAHHME: llesnpio ceMrHapa ABJIsieTCsl 3HAKOMCTBO CJIyIIaTesieil ¢ UHTepeCcHbBIMU pe3yJibTaTaMU U MPOJIBU-
KEHUAMU NOoCJIeJHEro BpeMeH! B MaTeMaTHYeCKO! JIOTUKe. BOJIbIMHCTBO NOKJIaA0B OyayT OO30PHBIMU.

IMPEABAPHUTEJIBHAA ITOAT'OTOBKA: OCHOBBI JIOTKU 1 TEOPUU MHOXECTB.

IIPOTPAMMA: [IOKJIa[IBl Ha ceMUHape OyOyT KacaThCA TaKUX TeM KaK MoJaJibHasd JIOTMKa, TeopusA JoKasa-
TeJIbCTB, A-MCUUCJIeHNe, TeOpUs MHAYKTUBHBIX Ollpe/esieHNli, ceMaHTHKa KOMIbIOTEPHBIX SI3BIKOB U T. II.

YUYEBHUKU: «CripaBovHas KHUTa II0 MaTeMaTHUYeCKOU Jiorukey moj pex. Jx. bapsatica.

KOMMEHTAPHUM: Hay4YHO-UCCJIeOBATEJIbCKUI CEMUHAp pacCUUTaH Ha CTyAeHTOB BTOPOI'O Kypca U CTaplie,
OAHAKO y4yacTHe 0CcOo00 3aMHTepeCOBAHHBIX IEPBOKYPCHUKOB TaKXe He BO30paHsaeTCs.
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CTYI[EH‘-IECKI/II;’I HAYYHBIU CEMUHAP «TEOPHS HPE,Z[CTABJIEHPIfI»

PYKOBOJIUTEJIBI: B. JI. ®etirun, JI. I'. PEIOHHUKOB

HA3BAHME: Teopus npefcTaBjJeHUH

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

OITMCAHMHE: CeMrHap paccuudTaH Ha CTyJIeHTOB 3 Kypca 6akasaBpuara U Bhblllle, MHTePeCYIOIUXCs aaredbpom,
a TakXxe Ha MOMUBUPOBAHHBLIX BTOPOKYPCHUKOB, pe3y/IbmamueHO UHTepecyouxcsa ajarebpoil. Llesb cemuHa-
pa — IPOJIEMOHCTPHUPOBATh OCHOBHBIE METOAB TEOPHUU NPeACTaBJIEHNI Ha MPOCTENIINX IpUMepax, KOTOphle
MOXXHO B IBHOM BHJle pa3o06paTh A0 KOHI[a. [lepBas rpymnmna TeM ceMHUHapa KOHLEHTPHUPYETCs BOKPYT TeOpeMbI
I'abpuasa. ['py6o roBops, 3To yTBEpXKAEHUE O TOM, B KaKUX C/Iy4asx 3afavya kjaccupukanuu Habopa JIMHeNHBIX
0I1epaTopoB MeX]ly BEKTOPHBIMU MPOCTPAHCTBAMU C TOYHOCTBIO 10 M30Mopdu3Ma B IPUHIUIE NMeeT OTBeT.
[lepBas HeTpuBHaJIbHaA KjlaccudUKAIMOHHAA 3afjlaya TaKOro TUMA — KM3BECTHAas 3afjaya O Kjaccudukanuu
TPOEK MOANPOCTPAHCTB B BEKTOPHOM MPOCTPAHCTBE C TOYHOCTHIO JI0 JIMHEMHOr0o n3oMopdusma. Y AUBUTEJIb-
HBIM 00pa3oM, 3/1ech B KaueCTBe OTBETA BO3HUKAIT rpadbl J[BIHKMHA, KJIACCUPUIMPYIOIIHE TaKXe U APyTrue
BaXHbIe U, Ka3aJioch Obl, HUKaK He CBsA3aHHbBIE ajirebpanyeckrie 0ObeKThI: POCThie ajaredpsl JIU U rPYIIIEL OT-
paxkeHUH. MbI moctapaeMcs 0OBACHUTD CBA3M MeXy BCEMHU 3TUMU 00beKTaMu, He THYIIAsACh CAMBIX SBHBIX
BBIYMCJIEHUI B OYeHb KOHKPETHBIX CJIy4asx ¥ TaKuM 00pa3oM pa3dupasach B HUX 0 KOHI[A. J[JIA MOJTHOIIEHHOT'0
OTBeTa Ha BOIPOC, KAaK CBA3aHHBI IPYT C APYroM mosiBjieHusA rpados JIbIHKMHA B Pa3HBIX ajredpanvecKkux 3a-
Jlauax, TpebyeTcs Bech anmnapar COBpeMeHHO! TeopuU Npe/icTaBjieHuil. BmecTe ¢ yuacTHUKaMU ceMUHapa Mbl
noctapaemcs NPOABUHYTHCA B 5TOM HallpaBJIEHUM HACKOJIBKO BO3MOXHO IJyb6oko. MHUIMATHBa yYaCTHUKOB
pasbuparh yTO-IM00 M3 TeM CeMUHapa WM CMEXHBIX TeM C MOCJIeyIOUM AOKJIaJ0M Ha CeMUHape OueHb
IIPUBETCTBYETCH.

IIPEABAPHUTEJIBHAS ITOATOTOBKA: Asnrebpa B o6beMe 1-2 KypcoB H6akajiaBpuara.

ITPOTPAMMA:

[

[TpencrasieHns koa4aHoB. IIpocreiimue npuMepsl Kiiaccudrkanuy HepasaoXXKUMBbIX IpeACTaBJICHUN.
OyHKTOpH oTpaxkeHus. Teopema I'abpuasa. IIpocTeiiniyie npyuMepH BEIYNCIIEHNA Ext!.

CootsetcTtBue MakKes.

Marpuia Kaprana, cBA3aHHas ¢ KOJTYaHOM.

Anre6psl Xosiia, mpocTeimye IpruMepsl.

CeppoBCKIM€e COOTHOIIEHUA U UX g-aHAJIOTH.

Teopema ITyankape — Bupkroga — Butrta u eé 060011eHuUs.

KOHCTPYKI_II/II/I KBAaHTOBBIX I'PYIIIT 1 KX HpeI[CTaBHeHHfI.

¥ ® N o 9 ok~ W N

KOHCTpYKIIMU R-MaTpHIL.

YYEBHHUKN:

1. V. ®ynron, [x. Xappuc. Teopus npeacrasiieHuil. HauanbpHBIN Kypc.

2. Alexander Kirillov Jr. Quiver representations and quiver varieties.

KOMMEHTAPHH: CIMCOK TeM ceMUHapa MOXeT CUJIbHO BapbUPOBAThCA B 3aBICHMOCTH OT COCTaBa U Ipej-
TOYTEHUN €ro y4aCTHUKOB.
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CTY,[[EH‘-IECKI/Iﬁ HAYYHBIM CEMUHAP «TEOPHS CTPYH U KJIACTEPHBIE MHOT'OOBPA3HUI»
PYKOBOAUTEJIb: A. B. Mapuiakos

HA3BAHHME: Teopus cTpyH U KJacTepHble MHOrooopasus

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

OITUCAHHME: VcciieqoBaTesbCKUil ceMUHap, MOCBAMIEHHBIN N30paHHBIM I'JlaBaM TE€OPUM CTPYH, U OJIM3KUM K
HUM BOIPOCAM O CyNepCUMMETPUYHBIX KaJUOPOBOYHBIX TEOPUAX MOJIA, AByMEPHBIX KOHOOPMHBIX TEOPU U
ux nedopmanuii, TeOpum npeacrasyieHni, quddepeHIaIbHEIX U Pa3HOCTHBIX ypaBHEHUI, HHTEIPUPYEeMBIX
CHCTeM Ha KJIaCTepPHBIX MHOI000pasusx.

IIPOTPAMMA: KoHKpeTHas porpaMMma ceMrHapa BO MHOT'OM oOIlpeJiesisgeTcs NHTepecaMy y4acTHUKOB. B Ha-
CTOALIMI MOMEHT B I[eHTpe BHUMaHUA HAXOAUTCA KPYT BOIPOCOB, ONpe/iesiAeMbIX HeTPUBUAJIbHBIMYU CBA3AMU
MeXAy CylepCUMMeTPUYHBIMU 1 KOHPOPMHBIMU TeopusaMU (AI'T-cooTBeTCTBUE), TONOJIOTHUYECKMMU CTpyHa-
MU (topological vertex), mpeacraBieHUAMM JeOpPMHUPOBAHHBIX ajaredbp BUPAacOPOBCKOTO THUIA, a TaKXe HH-
TerpupyeMbIMI CHCTEMaMHN Ha KJIACTePHBIX MHOroo0pasnsaxX, NX CBA3BI0 C reOMeTpHel IIJIOCKUX KPHBBIX U
TPeXMEPHBIX MHOroO0Opa3uil U ux AeaBTOHOMU3anuel, Beayllel K cuctemam tuna Ilersese.
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CTYI[EH‘IECKHI;’I HAYYHBINM CEMUHAP «TOPOUJAJIBHBIE AJITEBPbI, UHTETPUPYEMBIE CUCTEMbI
U YPABHEHHA BETE»

PYKOBOAUTEJIb: B. JI. ®eiirud
HA3BAHHUE: TopouaasbHble ajiredbpsl, MHTerpupyeMble ccTeMbl U ypaBHeHus Berte
YUYEBHASA HATPY3KA: fnBa cemecrpa 2018/19 yu.r., 1 mapa B Hefesio, 3 Kpequra 3a ceMecTp.

OIIMCAHMUE: TopouaibHble ajredpbl — OYeHb BaXXHBII U UHTEPeCHHBIN MaTeMaTHhueckuii 06beKT. CMOTpeTh
Ha Hero MOXHO KaK MUHHMYM TpeMs pa3HbIMU criocobamMu. Bo-niepBhIX, TOpornAaibHble aire0psl — 3TO ecTe-
CTBeHHOe 00001meHne apGUHHBIX KBAaHTOBBIX Irpynin. MHoroe u3 teopuu adp@uHHBIX anredp MMeeT TOpPOU-
JaJjibHbBle aHAJIOTu. BO3MOXKHO, caMasa MHTepecHasA 4acTb OTHOCHUTCA K TEOpPUM UHTErpUpyeMEBIX cucTeM. Bo-
BTOPBIX Takue ajreOpbl MOXXHO NMOHUMAaTh Kak AedopMalyy BepTeKc-olepaTopHBIX ajaredp. A moToMy TOpo-
yaspHble aareOps BO3HUKAIOT NpU M3yyeHUN Aedopmannii KOHOQOPMHBIX (M Jake HEKOH(POPMHBIX) TeOpUi
noJsis. B-TpeThux, TopouaabHbIe anreOphl UCIOJb3YIOTCS B YeTHIPEXMEPHOH (M He TOJIBKO) TOIOJIOTUYeCKOU
Teopuu noJsig. C MaTeMaTU4eCcKON TOYKU 3peHUs TaKue ajre0phl MOABJIAIOTCA MPU 3TOM Kak anreOpsl 'ekke
(nu XoJsuna), AefCcTBYIOIEe COOTBETCTBUAMU Ha 000OIMIEHHBIX KOTOMOJIOTHUAX MPOCTPAHCTB MOAYJIeH pa3jiny-
HBIX MaTeMaTU4eCcKuxXx OOBEKTOB. B Kypce s cobuparch 10 Mepe BO3MOXHOCTU 000 BCEM 3TOM paccKasarh.
JlekIiuy HA4YHYTCA C OCHOBHBIX ONpefesieHWI U TeOpUU NpefcTaBiIeHnH. AHAJIOTMU C Teopuel IpeJcTaBiie-
HUN W -ajre6p oyeHb BaxXHBL. Bce Heob6xoqumoe OyAeT paccka3aHo. 3aTeM MBI TepelIEM K UHTerpUpyeMbIM
crcTeMaM U ypaBHeHUsM bete. 3To Bce 3aliMET OOJIBIIYI0 YacTh FOAOBOrO Kypca. UTO-TO cKkas3aTh PO CBA3U C
TOIIOJIOTUYECKUMHU TeOPHUAMH, KBAHTOBBIMU KOIOMOJIOTUSIMU, TeOpHel Y3JI0B — HaBepHoe 0eryio U HemoJIHo,
B KOHIIe Kypca. [To xony OyayT ynpaXHeHus — 3JIeMeHTapHbIe U He OYeHb.

IMPEABAPHUTEJIBHAA ITOAT'OTOBKA: Bce 3TO IIpeiHa3HavYaeTcsA AJIs1 MarucTpaHTOB, aClIMPaHTOB U IPOABU-
HYTHIX CTYJEHTOB, a TaK Xe JJIA BCceX IIPOYNX.
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CTYI[EH‘IECKHI;’I HAVYHbBIM CEMHUHAP «@YHKL[PIOHAJIBHLIIZ AHAJIN3 1 HEKOMMYTATHUBHAA
TEOMETPHA»

(CEKLIUA OBA3ATEJIbBHOI'O CEMHUHAPA MATHCTPCKOM ITPOTPAMMObBI «MATHEMATICS»)
MAY BE GIVEN IN ENGLISH

PYKOBOOMUTEJIB: A. 0. [IupkoBcKui

HA3BAHUME: OyHKIIMOHAJIbHBIN aHAJIN3 U HEKOMMYTaTHUBHAA reoMeTpus

YYEBHAS HAT'PY3KA: fiBa ceMecTpa, 5 KpeJUTOB 3a ceMecTp, 1 mapa B HeJeJtio.

OITMCAHME: CTyJeHThl-y4aCTHUKU CeMHHapa BBICTYNAKT C AOKJIaJaM{ IO Pa3HOOOpPa3HBIM CHOXKeTaM, Jie-
JKaluM Ha CThIKe (YHKIMOHAJBHOIO aHa/M3a U HEKOMMYTAaTUBHON reoMeTpuu. Takxke IPUBETCTBYIOTCA J10-
KJIaJbl, OTHOCAIINECS TOJIBKO K QYHKIMOHAJIPHOMY aHaIu3y (HO He JIMIIeHHBIe ajredpaniyeckoro apomara)
U, HA00OPOT, TOJIBKO K HEKOMMYTAaTHUBHOU reOMeTpUU B IMIMPOKOM MOHMMAHUM 3TOr0 TepMHHA (B T.4. K
HEKOMMYTaTHUBHOI ajireOpanyeckoil reomeTpun). TeMsl [Jis JOKJIaA0B OepyTcs, KaK IpaBUiIo, U3 HayYHOU
JIUTEepaTyphl; B OTAEJIbHBIX CJIydasdaX CTyJeHTHl U3JiaraloT cOOCTBEHHBIE pe3yJibTaThl. M3peaka ¢ JOKJIa[JOM BBI-
CTyIaeT PyKOBOJUTEb CEMHHapa JIM0OO MpUTJIallieHHbIH TOKIaJunK.

IIPEABAPHUTEJIbHAS ITOAT'OTOBKA: XeJjlaTeJbHO BJafeTh 0a30BBIMU MOHATUAMMN aaredopsl U QyHKIIUO-
HaJIBHOTO aHa/IM3a U JIIOUTh KaKyi-HUOY b pa3HOBUAHOCTh TeOMeTPUHN UJIU TOMOJIOTHU.

ITPOTPAMMA: HeckoJIbKO BO3MOXHBIX (3a9acTyi0 BecbMa OOIIMPHEIX) TeM /I 0OCYXIeHHs, BRIOOp cpeau
KOTOPBIX OyJleT 3aBUCETh OT COCTaBa U MpeANoYTeHU YYaCTHUKOB:

1. KBaHTOBHIe OrpaHUYeHHbIe CUMMeTpUieckue 00J1acTU U HEKOMMYTAaTUBHBIN KOMIIJIEKCHBIN aHaIu3 B -
xe JI. JI. BakcmaHa.

2. Ctporoe gedopmaiioHHoe kBaHToBaHue (M. Pubden u ap.).
3. Hdedopmanuu C*-anre6p (B MIMPOKOM CMBICTIE).

4. HexoMMyTaTUBHas KOMILJIEKCHaA aHaIuTH4eckas reometpus (A. Ioaumyk, A. HIsapi, IT. Cmut, M. Xai-
xanu, JIx. Jlanou u ap.).

5. TeopeTuko-onepaTopHbII NOAX0[ K HEKOMMYTaTUBHOMY KOMILIeKCHOMY aHanu3y (Y. Apsecos, I'. Ilo-
MeCKy U 1Ip.).

6. HekoMMyTaTHBHBIE KOMILJIEKCHBIE CTPYKTYPBl U TOJIOXHUTEbHBIE Kouukjbel Xoxmmiabaa (A. KoHH,
M. Xanxanu, Ix. Jlanou u ap.).

7. HexoMMyTaTUBHOE UHTErpUpOBaHUe, HEKOMMyTaTUBHbIe LP-nipocTpaHcTBa.
8. HexommyTtaTuBHas reomerpus Pl-anre6p (asrebpanyeckas U aHaJIMTAYeCKasd).

9. BuBapuanTHasa K-Teopus 1 OuBapuaHTHbIe IepuoAuveckue Iukandeckue romosiornu (I'. Kacmapos,
W. Kynu, P. Maiiep u np.).

10. C*-cynepasre6psl (I1. BesssBcku u Ap.).
11. DQ-moaynu (M. Kamnsapa, I1. lTanupa).

12. TonomopdHbie (YHKINU HECKOJBKNX CBOOOAHBIX mepeMeHHbIX (/. Taiyiop, B. BUHHMKOB,
J. C. KantoxHbiii-BepOoBelkuii).
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13. «®usnueckue» acrekThl 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. 1. 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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STUDENT RESEARCH SEMINAR «COMBINATORICS OF VASSILIEV INVARIANTS»
ADVISORBI: 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.
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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

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 «<HOMOTOPY 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

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] I. I. Gikhman, A. V. Skorokhod. Introduction to the theory of random processes. Dover 1996 (Pycckuii
opurunHas: U. U. T'nxmas, A. B. CkopoxoA. BBeeHre B TeOPHIO CITyYaiiHBIX 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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