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KYPCBbI HA BBIBOP CTYJJEHTOB

Bce kypchl GopMasibHO AeiATcA Ha «yuyeOHble JUCHUILUIMHBD U «Hay4YHO-UCCIe0BaTeIbCKUe CEMUHAphl). JTO
JlesieHre BhI3BaHO umeromumucsa B HUY BIID orpaHnuyeHUsAMU Ha AOMYCTHMOE YKCJIO YYaCTHUKOB Kypca C
O/IHO¥ CTOPOHBI M1 YMCJIO Y4€OHBIX JUCHUIUIAH' ¢ IPYroii. YTOUHATh OrpaHUYeHUs Ha KOJIMYECTBa AUCIUILIIH
1 CEMUHapOB, KOTOPhE MOTyT OBITh B Bamem yueGHOM ILIaHe, cjefyeT B yueOHOI dacTu. OGpaTuTe BHU-
MaHue, 94To (popMasIbHBIN CTaTyC «OUCLUAIIMHBD UM «CeMUHapa» MOXeT He MMeThb HUKAKOIo OTHOIIEHUA K
CTWJIIO TIpOBefileHN:A 3aHATHI. O peajIbHOM COOTHOIIEHUH JIEKINH, yIpaxXxHeHN! /W JOKJIa[J0B YYaCTHUKOB
Y BKJIQJIE 3TUX BUJIOB JIeSITEJIbHOCTU B UTOTOBYI0 OTMETKY YMTAMTE Ha CTPAHUIIE C OMMCAaHUEM Kypca.

Kypcel, nmetomue GopMasbHbIi CTaTyC «HayYHO-UCCIeN0BaTeIbCKOTO CeMUHAapay, IoMeYeHH! B Tabiunax ad-
6peBuatypoii «HHCy, HaneyaTaHHO! nocjle paMuinm npenojasaresd. Eciu Takoil abopeBuaTypsl HeT, Kype
110 YMOJTYAHHIO ABJIAETCA «y4eGHOM JUCIUIINHOMY. [IoMeTka Tuma «2 +» 03HauaeT, YTo KypC OPHEHTUPOBAH>
Ha CTYZIeHTOB BTOPOr'o rojia o0yueHus U cTapliie. AHTJIMIICKOe Ha3BaHMe Kypca O3HavyaeT, YTO OH YMTaeTcs Ha
AHTJIMACKOM s3bIKe. Y HEKOTOPBIX TaKHUX KypPCOB KpPOMe aHTJIMFICKOTO OIMCAHUA MMeeTcs emlé U pyccKoe, K
KOTOpPOMY BeJIéT OT/JiesibHas runepccbuika. TosreTsiM mpudToM HaGpaHbl «TOJICThIE» KYPCHl C HAarpy3KoH JiBe
mapHl B HeZleJTio U OlleHHBaeMbIe B 6 KPeJUTOB 3a ceMecTp . OCTasIbHbIe, «TOHKUE» KypPChl HAYT OJHY Hapy B
HeJleJsII0 U OIIeHHBAIOTCA B 3 KpeJuTa.

KYPCBhI HAYAJIBHOT'O YPOBHAA

[TpepeKBU3UTH K 3TUM KypcaM He BBIXOAT 32 PAMKU MEPBBIX ABYX JieT 6akajiaBpuaTta. OHU peKOMeHAyIOT-
cs CTYZIleHTaM MJIAJIINX KypcoB* Kak BBefleHHA B Te pasJesibl MaTEeMATHKH, Ije IUIAHUPYeTCs AajbHeHmasn
crenuasnu3anys, a Takxke CTaplleKypCcHUKaM, XeJIallM pacliupyuTh MaTeMaTHYecKUil Kpyro3op B 006JI1acTsAX,
BBIXOJJAIINX 33 PAMKU BRIOPaHHOH cneruanu3anuu. B «ComgepxxaHumy Ha CTp. 2—4 CCBUJIKM HA ONKCAHUA KyPCOB
HavyaJIbHOTO YPOBHA HabpaHbI KypcUBOM.

3AHATHUA, JOCTYIIHBIE ITEPBOKYPCHHUKAM

OCEHb BECHA

o 'eomeTrpusa u rpynnel, O. B. [IIBapuman, HUC, 1 +. o 'eomerpus u rpynnel, O. B. [IIBapuman, HUC, 1 +.

o 'eomeTpusa u AuHamuika, A. B. Kinumenko, I'. Y. Onb-
maHckui, A. C. Ckpunuenko, HUC, 1 +.

o [IpoekTuBHas anredpanyeckas reomerpus, U. B. Ap-
tamkuH,A. C. Tuxomupos, HUC, 1 +.

o [lIkosibHBIE oMMMIUaAHbIe 3agauu, I'. P. YesIHOKOB,
HUCG, 1+.

o OcHOBHEIe MOHATUA MaTeMatuky, 0. M. Bypmas,
C. M. JIsBoBCckuii, HUC, 1 +.

o I'padsl Ha noBepxHOCTAX, H. . AM6ypr, HUC, 1 +.

o Elementary introduction to quantum field theory,
M. B. Skopenkov, HUC, 1+, onucaHne Ha pyCcCKOM.

o 'eomeTpusa u AuHamuika, A. B. Kinumesnko, I'. . Onib-
maHckui, A. C. Ckpunuenko, HUC, 1 +.

o [IpoexTrBHas anrebpandeckas reometpus, U. B. Ap-
tamkuH,A. C. Tuxomupos, HUC, 1 +.

o [lIkosibHBIE ouMMIUAAHbIe 3agauu, I'. P. YUesTHOKOB,
HHUC, 1+.

o BBefjeHHe B Teopulo yuces, B. 3. lllapuy, 1 +.

o HM30paHHBle TJIaBbl [JUCKPETHON MaTeMaTHKH,
U. B. Apramkun, HUC, 1 +.

o Teopus koqupoBaHUsA KaK BBeJeHHe B ajareopy u
apudmetuky, B. A. I'puiieHko, 1+.

o DJieMeHThI PppaKTaibHOI reomeTpun’, B. B. Illu-
xeeBa, HUC, 1+, moayJss 3, 3 kpeaura.

o MaTtemaruka dusndeckux spjeHud, I1. U. Apcees,
HUC, 1 +.

1B nepermo, B cemecTp, B PYIle, B UYIle 1 B MHOXeCTBe APYTHX OyMar 1 KOHTPOJIMPYEMEIX afMUHUCTpaliell YHUBepCUTeTa MoKa-

3aTeJsiel.

2[1o MHeHMI0 OPraHU3aTOPOB U aKaZeMUYeCKOro PyKOBOJICTBA y4eOHbIX IPOrpaMM. TO MHEHHE UMeeT PeKOMEeHaTe IbHEIA XapaK-
Tep U He 03HayaeT HUKaKUX (GOpMaJIbHBIX OrPaHMYEHUI Ha BEIOOP AAaHHOrO Kypca CTyJAeHTaMU MJafIINuX KypCcOB.

3Ecsu «TosCTHIE Kype JUTUTCA MeHbllle ceMecTpa (HampuMep OAUH MOJAYJIb), TO OH AaéT 3 KpeauTa.

B wacTHOCTH, 6OJIBIIMHCTBO 3TUX KYPCOB MOJOHAYT BTOPOKYPCHUKAM B KauecTBe «AHTUMAiHOPOBY.

SKypc unMTaeTcs TOJIBKO B TPETheM MOJyJie (AHBapb—MapT), Harpy3Kka: 2 maphl B HeeJI0, CTOMMOCTb: 3 KpeJIuTa.



3AHATHA, JOCTYITHBIE BTOPOKYPCHUKAM, U K AHTUMAWHOPEI»

OCEHb

o BBemeHue B anre6panuecKkyl TOIIOJIOTHUIO,
M. D. KazapsH, 2 +.

o Introduction to Commutative
A. B. Pavlov, 2 +, onucaHue Ha PyCCKOM.
o Kateropuu u yHuBepcasibHas aarebpa, B. b. Illexr-
maH, HAC, 2 +.

o Symmetric Functions, E. Yu. Smirnov, 2+.

o JIuneliHoe nporpammupoBanue, A. B. KosiecHu-
koB, HUC, 2+.

Algebra,

o Introduction to Functional Analysis, A. Yu. Pir-
kovskii, 2+.
o Markov Chains, A. Dymov, 2+.

BECHA
o Differential Geometry, P. E. Pushkar, 2 +.

o Algebraic Geometry: A First Geometric Look,
V. S. Zhgoon, 2+, onucaHue Ha PyCCKOM.

o JlonmosiHuTeIbHBIE TJIaBbI ajrebpsl, JI. I'. PeIOHU-
KOB, 2 +.

o Galois Theory, C. Brav, 2+.

o Real algebraic and toric geometry, A. I. Esterov, HUC,
2+.

o Introduction to Riemann Surfaces, S. M. Lvovski,
2+, onucaHWe Ha PyCCKOM.

o Tara ¢yHKIUM U MoOAyJIApHbIe (QyHKIHH,
O. B. llIsapiman, HUC, 2 +.

o Calculus of Variations, M. Mariani, HUC, 2+.

o Electrical Varieties, V. G. Gorbounov, HUC, 2 +.

- BBe/leHHe B KBAaHTOBYIO0 Teopuio, B. B. Jlocsakos,
I1. I'. TaBpuyieHko, 1 +.

o Introduction to Frobenius algebras and mirror
symmetry, P. I. Dunin-Barkowski, A. A. Basalaev,
HHUC, 2+, onucaHue Ha pyCCKOM.

CIIELITUAJIBHBIE KYPCbhl U CEMHUHAPBI

OTH 3aHATUA IpeJHAa3Ha4YeHbl AJ1A 60Jiee ri1y0OKOro n3y4eHus TeX pasfiesioB, 10 KOTOPHIM IIJIAHUPYeTCA Aajlb-
Helmas cnenuanusanus. B «CogepxaHun» Ha cTp. 2—4 OHU HaOpaHbl IPAMBIM IPUQGTOM.

I'OAOBLBIE CTYJEHYECKHWE HAYYHBIE CEMHWHAPBI

OCEHb

o Convex and Algebraic Geometry, A. 1. Esterov,
V. A. Kiritchenko, E. Yu. Smirnov, HHUC, 2+.

o I'eoMmeTpuyeckre CTPYKTYpbl Ha MHOIroo6pasusx,
J. B. Kanequn, M. C. Bep6urkuii, B. C. XXryn, HUC,
3+.

o Functional Analysis and Noncommutative Geometry,
A. Yu. Pirkovskii, HUC, 3+.

o Combinatorics of Vassiliev Invariants, M. E. Kazarian,
S. K. Lando, HUC, 3 +.

o Jlunamuveckue cuctemsl, 0. C. Unbsiienko, HUC,
3+.

o Representations and Probability, A. I. Bufetov,
A. Dymov, A. V. Klimenko, M. Mariani, G. I. Olshanski,
HUC, 3+.

o Teopus npencrasienui, b. JI. ®etirus, JI. T'. PeioHUI-
koB, HUC, 3+.

o CoBpeMeHHbIe MTpo6IeMbl MaTeMaTU4eCcKO JIOTUKH,
JI. . beknemuiues, M. C. lllamkaHos, B. b. [llexTmas,
HUC, 2 +.

o 'eomeTpusa n a"Hanu3 auddepeHIuaIbHbIX ypaBHe-
uui, B. A. [To6epexnsriii, Y. B. Berorun, HUC, 3 +.

o Geometric Topology Seminar, S. Melikhov, HUC, 4 +.
o CemuHap no apudmeruieckori reometpuy, C. O. I'op-
yuHckui, B. A. Bosorogckuii, HUC, 3 +.

o Beenenue B aBToMOp(dHbIe popmel, A. ITpuxonsko,
HUC, 3+.

BECHA

o Convex and Algebraic Geometry, A. 1. Esterov,
V. A. Kiritchenko, E. Yu. Smirnov, HHUC, 2 +.

o I'eoMeTpuueckue CTPYKTYpbl Ha MHOroo6pasusx,
A. b. Kanequu, M. C. Bep6uiikuii, B. C. Xryn, HUC,
3+.

o Functional Analysis and Noncommutative Geometry,
A. Yu. Pirkovskii, HUC, 3+.

o Combinatorics of Vassiliev Invariants, M. E. Kazarian,
S. K. Lando, HUC, 3 +.

o Jlunamuueckue cuctemsl, I0. C. Wabamenko, HHUC,
3+.

o Representations and Probability, A. I. Bufetov,
A. Dymov, A. V. Klimenko, M. Mariani, G. I. Olshanski,
HUC, 3+.

o Teopus npefcrasienuit, B. JI. ®eiiruy, JI. I'. PoiOHU-
koB, HUC, 3+.

o CoBpeMeHHbIe MTpo6IeMbl MaTeMaTHUYeCKOU JIOTUKH,
JI. . beknemuiues, M. C. lllamkaHos, B. b. IllexTmaH,
HUC, 2 +.

o 'eomeTpusa n aHanus3 auddepeHIuaIbHbIX ypaBHe-
Hun, B. A. I[lobepexnsiii, U. B. Berorun, HUC, 3 +.

o Geometric Topology Seminar, S. Melikhov, HUC, 4 +.
o CemuHap no apupmerudeckoii reometpuy, C. O. I'op-
yuHckui, B. A. Bosorogckuii, HUC, 3 +.

o BBegenue B aBToMOp@HBEIE GopMbl, A. IIpuxoabko,
HUC, 3+.



CITIELIKYPCBI

OCEHb
o Algebraic Geometry. Language of schemes,
V. A. Vologodsky, 3 +.
o KoMmmiekcHas reomerpusi, A. B. Ilenckoii, 3 +.
o BBe/leHUe B TEOPUI0 KaTeropuii ¥ roMoJiormuye-
cKylo ajareopy, A. JI. F'opoaeHues, 2 +.
o Teopusa nmyukos, H. C. Mapkapsux, HUC, 3 +.

o Smooth structures on manifolds, A. S. Tikhomi-
rov, HUC, 3 +.

o Analytic Number Theory, A. B. Kalmynin, HHC, 3+.
o Lie Groups and Lie Algebras, G. I. Olshanski, 3 +.

o Hyperkaehler manifolds', M. S. Verbitsky, HHC,
3+, Module 1, 3 credits.

o BupanuoHasbHBlE WHBApUAHTHI U3 CUMILIEKTHYE-
ckoti Tonosioruy, JI. Kanapkos, 1. fikosnes, HUC, 3 +.
o MuBapuaHThI JlexxaHpOBbIX y3J10B, U. AKoBJIeB,
HUC, 3 +.

o An introduction to elliptic operators, A. G. Gorinov,
HUC, 3 +.

o Hamiltonian Mechanics, I. M. Krichever, 3 +.

o Discrete integrable equations and their reductions,
A. K. Pogrebkov, HUC, 3+.

o TpuKJIagHbBle MeToabl aHanu3a®, C. M. Xopom-
kuH, X. C. Hupos, 3 +.

o PUMaHOBBI NOBEPXHOCTH U UHTErpupyeMmsble CHU-
crembl, C. M. Haran3oun, HUAC, 3 +.

o Introduction to Ergodic Theory, M. L. Blank, HUC,
2+, omnmicaHVe Ha PyCCKOM.

o Introduction to Mathematical Statistics®, A. S. Skrip-
chenko, 3+, Module 2, 3 credits.

o AITOPUTMBI U MOJiesid BbrunciieHut, [. A. T'omy6eH-
ko, HHUC, 3 +.

- KBaHTOBas Teopus, B. B. Jlocsakos, A. I'. CeMéHOB,
3+.

o Kilaccuyeckas teopus noJid, II. U. Jlyaun-bap-
KOBCKHIi, 3+.

o Quantum integrable systems in formulas and pic-
tures, Kh. S. Nirov, HUC, 3 +.

BECHA

o Algebraic Geometry.
V. A. Vologodsky, 3 +.
o Algebraic Topology, M. V. Finkelberg, HUC, 3 +.

o Muddepennuansuasa teopus l'amya, C. O. I'opuun-
ckuii, HUC, 2+.

o An introduction to stacks, C. Brav, A. G. Gorinov,
HUC, 3+.

o Algebraic Number Theory, M. Z. Rovinsky, HHUC,
3+.

o Analytic Number Theory, A. B. Kalmynin, HUC, 3 +.
- BBezteHue B ajre6panyeckue IpymnIbl U UX HHBA-
puanThl, B. C. XKryH, 3+.

o Ontumusanus ¢opmer®, E. O. Cremanos, HUC,
3+, moayas 4, 3 kpegura.

Language of schemes,

» Functional Analysis (Operator Theory), A. Yu. Pi-
rkovskii, 3+.

o VYpaBHeHHA C YaCTHBIMH TPOU3BOJAHBIMH,
C. B. [llamomrHUKOB, 3 +.

o Constructive Methods of Functional Analysis,
A. K. Pogrebkov, HUC, 3 +.

o Elliptic integrals and elliptic functions, T. Takebe,
HUC, 3+, onncanue Ha pyCCKOM.

o Introduction to complex dynamics and ana-
lytic theory of ordinary differential equations?,
A. A. Glutsyuk, HUC, 3+.

o Modern Dynamical Systems, A. S. Skripchenko,
A. V. Zorich, HUC, 3 +.

o Introduction to the theory of random processes,
M. L. Blank, HUC, 3 +, onucaHue Ha pyCcCKOM.

o MaTemMaTHukKa [jia nparmaTuka, A. B. XoxJsios, 3 +.

° DJIeMeHThI CTOXaCTHYECKOM
A. AnbpuH, HUC, 3 +.

o KBanTOBas teopusa moiia, A. I'. Ceménos, HUC,
3+.

o MaremaTuka NOpOLECCOB B paHHEN BCeJeHHOMU,
K. I1. 3p16uH, HUC, 3 +.

o 'pynma xoc, R-MaTpulbl U KBAaHTOBbIE T'PYIIILI,
I1. A. Cammonos, II. H. IIatoB, HUC, 3 +.

AWHaAMWKH,

1Kypc uuTaercs TobKo B IepBOM MoAyJie (CeHTAOpb—OKTAOPE), Harpy3ka: 2 maphl B HeJleJli0, CTOUMOCTb: 3 KpeJuTa.

2Kypc unTaeTcs TOJIBKO B UeTBEPTOM MOZyJIe (alpesb—HIoHb), Harpy3ka: 2 maphl B HeJ[eJTio, CTOUMOCTh: 3 KpeauTa.

33T0T %e Kypc o HazBaHueM «MaTeMaTHYeCKKe METO/Ibl eCTECTBO3HAHUS» ABJIAETCA 06A3aTe bHBIM A CTYJEHTOB PyCCKOA3bIY-
HOH Marucrepckoy nporpaMmsl «MaTemaTrka 1 MateMaTtndeckas ¢usnka» obydamomuxcs no npoduiao «MaTtemaTrndeckas GU3NKay
1 aBTOMaTHUYeCcKHU BKJIIOYATCA B UX y4ueOHBIN Iu1aH. OcTajibHble CTYyAEHTHI MOTYT IO JKeJIAHWI0 BKJIIOUUTD 3TOT KypC B CBOM y4eOHBII
IIJIaH B KayecTBe Kypca 110 BBIOOpY.

“Kypc unTaeTcs ¢ sHBapA 10 anpesib, HArpy3Ka: 2 Maphl B HeJesl0, CTOUMOCTD: 3 KpeauTa.

SKypc uuTaeTcs TOJIBKO BO BTOPOM MoAyJie (HoA6pb—ekabph), Harpyska: 1 mapa B HeflesIi0, CTOMMOCTbD: 3 KpeJuTa.
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HEMATEMATHYECKHUE KYPCbI, YUTAEMBIE HA ®AKYJIbTETE MATEMATHUKU

OTHU KypCHl YMTAIOTCA COTPYAHUKaMU ApYyTruX (aKyJIbTeTOB U IpefHa3HaueHbl TeM, KTO X04eT U3yUUTh Te UJIU
rHble o0JiacTy 3a npefesaMu mMareMaTuku. Kpome kypcos «IIporpammupoBaHue» (o06a cemectpa), «DKOHO-
MeTpuKa» U «MamHaHoe o0ydeHre», KOTOpEle He YUYUTHIBAIOTCA B OTpaHUYeHNU Ha CyMMapHOe 4KCJI0 HeMa-
TeMaTuueckux Kypcos B U¥Tle, Bce ocTasibHBIE KypChl yUUTHIBAIOTCA B 3TOM OrpaHUYeHN HapaBHe C Kypcamu,
yruTaeMBIMU Ha pyrux ¢akyasTerax BIID.

KYPCbI, YUTAEMBIE ITPEJJCTABUTEJIAMU JPYTHUX ®AKYJIbTETOB
OCEHb BECHA

- BBefleHre B JIMHI'BUCTHUKY, b. JI. lomaun, 1 +.
o dmwinocodus, A. B. MuxaiisoBckui, 1+.

o MammHHOe 00y4yeHue, U. B. Illypos, 3 +.

o OcHOBBI 3kKOHOMeTpuKkHu, U. B. BoCKOOOIHUKOB,
3+.

o MeTozpl cOopa u aHaJIU3a COIMOJIOTUYECKOUN UH-
dbopmanmu, A. C. Mimepiunr, 3 +.

o OCHOBBI IporpamMmMmupoBaHus Ha Python, yacts 2,
B. E. UBaHHUKOBA, 2 +.

o U30paHHbIe IJIaBbl MATEMaTHYE€CKOH 3KOHOMHUKHY,
M. M. JleBun, HUC, 3 +.

KyPCBbI 1J14 TEX, KTO YBJIEKCS IIPUJIOXKXEHUAMU MATEMATHUKH

CTyneHTaM, y KOTOPBIX KypCOBas MJIU BBIYCKHAsA KBaJIW(UKalOoHHas paboTa NocBAlieHa NPUI0KeHUAM Ma-
TeMaTUKU, peKOMeHyeTCs BKJIIOUUTh B cBoi UYII cienyromyie U3 nepeyrcieHHBIX BBIIIE KyPCOB:

KYPCbI, OPUEHTHUPOBAHHDBIE HA ITTPUJIOXKEHUA MATEMATHUKHN

OCEHb

o AJITOPUTMBI U MOJiesIu BbruuciieHud, [. A. I'omy6eH-
ko, HHUC, 3+.

o Introduction to Mathematical Statistics, A. S. Skrip-
chenko, 3+, Module 2, 3 credits.

o JIuHeilHOe mporpaMmMmupoBaHue, A. B. KojsecHu-
KOB, 2 +.

CTATUCTUYECKAA UHO®OPMAIUA O KYPCAX

BECHA
o MaTemMaTHukKa [JjiA nparmaTuka, A. B. XoxJsios, 3 +.
o MammuHHOe 0o0y4yeHue, U. B. Illypos, 3 +.
o OCHOBBI 3KOHOMeTpHuKH, U. B. BOCKOGOMHHUKOB,
3+.

o OCHOBBI IporpaMmupoBaHus Ha Python, gacts 2,
B. E. IBaHHUKOBa, 2 +.

B HACTOSIIIEA MOMEHT B KHUT'E KYPCOB UMEETCSI

OCEHBIO BECHOHU

BCero 50 56

JUCITUILIINH 16 17
HHCos 34 39

TOJICTBIX 20 30

TOHKUX 30 26

Ha pyCCKOM 29 32

Ha aHTJIMICKOM 21 24

W3 HHUX C PYCCKUM ONMCAaHUEM 3 5
JJ1A IEPBOro Kypca 9 10
JIJ1s BTOPOTr'O Kypca 20 24
MPOABUHYTHIX 30 32

HeMaTeMaTHUYeCKHX 3 4



OIIMCAHUA KYPCOB HA PYCCKOM

Kpome KypcoB, YUTaeMbIX MO-PYCCKH, B 3TOM pa3fiejie UMEITCsS PYCCKUE OMUCAHUS HEKOTOPHIX KypCOB, YH-
TaeMBIX IMO-aHTJIMHCKU. DTO OTMeuYaeTcs Cpa3y MHoJ Ha3BaHWEM Kypca, CJIeJIOM 3a yKa3aHHWeM ero craTyca
(«yuebHas auciumuinHay win «HUCy) u 1ejieBoi ay AUTOPUM.

AJITEBPAUMYECKAA TEOMETPHUA C I‘EOMETPPI‘—IECKOﬁ TOYKHU 3PEHUA
ydyeOHas QUCIHUIJIMHA HA aHTJIMHCKOM 3bIKE JUIA CTyJEeHTOB 2-T0 Kypca U cTapiie
(see also the description in English)

JIEKTOP: B. C. XryH.
YVYEBHAA HATPY3KA: BeceHHUII ceMecTp 2019/20 yu.T., ABe maphl B He/ieJI10, 6 KpeUTOB 3a cEMeCTp.

OITMCAHME: AsnrebGpandeckas reoMeTpusa usydaeT (QUryphl, JIOKaJIbHO YCTPOEHHBIE KaK MHOXECTBO pelle-
HUI CUCTeMBbl IOJINHOMUAJIbHBIX ypaBHeHUl B ahPUHHOM npocTpaHcTBe. OCOOEHHOCTBIO 3TOM HAyKU SIBJIA-
€TCA TO, YTO OHA He TOJIbKO IOMOraeT OIKcaTh HEeTpUBHAJIbBHBIE eOMEeTpUYeCcKre KOHCTPYKIMN U T€OpPEMEI
¢ anreOpanveckoil TOYKU 3peHus], HO TaKXe U B3[JIAHYTh Ha «CyXylo» ajare0py ¢ reoMeTpU4ecKOoi TOUYKU 3pe-
HusA. Biarogaps asToMy, ¢ iepBoro B3rjisAAa popMasibHble ajirebpanvecKrie MaHUITYJIALNYA TPHUOOPETAIOT YETKUA
reoMeTpHUYeCKUI CMBICII, a Iepexo/] OT reOMeTPUYEeCKOro K ajarebpaniyecKoMy fA3bIKy U HA000pOT, NO3BOJIAET
Jiydllle IOHATh pa3JIMuYHble MaTeMaTHYecKre KOHCTPYKIIMKU U UX CBOICTBa. AjirebpanyecKkas reoMeTpus 3aHuU-
MaerT LIeHTpaJIbHOe MeCTO B CaMBIX pa3HBIX 00JIaCTAX COBPEMEHHON MaTeMaTHUK/ U MaTeMaTHu4ecKol Gu3nKy,
U siBjsAeTcsA HanboJsiee 3PEOEKTUBHBIM U KPACUBBIM MHCTPYMEHTOM [UJIA yCTAHOBJIEHUA HETPUBUAJIbHBIX CBS-
3el MeXxy KaxyLMMUCA NaJIéKUMU APYT OT Apyra ABJeHuAMU. HacToAmuil Kypc ABJIAETCA eeoMempuieckum
BBeJleHHeM B ITpeIMeT 1 3HAKOMUT cJIylaresei ¢ pyHaaMeHTaJIbHBIMUA reOMeTpru4YecKUMy Gpurypamu 1 KOH-
CTPYKIIMAMY, a TaKxke ¢ ajreOpanyecKuMu CTPYKTypamu, KOTOphIe 3a HUMU CTOAT.

IPEABAPHUTEJIDHASA ITIOATOTOBKA: JuHelHas U MOJIMJIMHENHAsA ajaredpa U HavaJibHbIe IIpeCTaBJIEHMA
0 TOM, YTO TaKkoe MHOTOYJIeHbl, KOMMYTaTHUBHEIE KOJIbIIA U UX W/JleaJibl, TEH30PHbIe Tpoun3BeieHu s, apPrHHbIE
Y TIPOEKTHUBHBIE MPOCTPAHCTBA, TOMOJOTHYECKHE MPOCTPAHCTBA M UX OTKPBITHIE, 3aMKHYThIE I KOMITAKTHBIE
MOAMHOXeCTBa. Bce HeOOX0AMMbIE TEXHUYECKIE MOMEHTHI Oy IyT HAIIOMHUHAThCA.

ITPOI'PAMMA!:

o IIpoekTHBHBIE IPOCTPAHCTBA U IPOEKTUBHBIE KBaApUKU. [IpocTpaHcTBa KBaApuK. [IpsAMble, KOHUKY, KpU-
Bble BepoHese, panoHasibHble KpyBble. [lnockue KyOndeckre KpuBble. CI0XKeHNe TOYeK Ha dJUIUNTHuYe-
CKO KPHUBOI.

o Muoroo6pasus I'paccmana, Beponese u Cerpe. [IpoekTrBHblE MOP)U3MEI, CBA3aHHbBIE C TEH30PHOU aJi-
re6poii. Kitetku llyGepra.

o Iesible 371eMeHTHI B pacIlIMpeHUsX KoJjlell, CTpOeHle KOHEUHO MOPOXAEHHBIX ajreOp HaJ MoJjieM, 6a3uchl
TpaHCLeHAeHTHOCTH, TeopeMbl ['nyibbepTa o HyJIAX U 6a3uce njeasa.

o WHTeprpeTarys MOHATUN KOMMYTaTHUBHOUN ajrebpbl ¢ Touku 3peHns adbGUHHON ajirebpanvyeckoil reo-
MeTpuu. CIeKTpHl, TOMOJIOTUA 3apUCCKOro, reoMeTpruieckre CBONCTBa roMOMOpPGU3MOB areop.

o Anrebpanueckne MHoOrooo6pasmusa. OtaennmocTb. CBONCTBA IMPOEKTUBHBIX MHOrooOpasuii, coOCTBEH-
HOCTb. PanonasnbHble PYHKIMYU 1 paliiOHaJIbHbIE MOP(U3MEL.

o PasyinuHble onpejeeHUs pa3MepHOCTU. Pa3aMepHOCTH MMOAMHOT0o00pasuil U cJI0éB Mopdpu3MoB. Beruric-
JieHre pa3MepHOCTel MPOeKTUBHBIX MHOT000pa3ni.



o JIuHeliHBIe TPOCTPAHCTBA HA KBaApuKax. [IpsAMble Ha KyOnuecKuX oBepxHOCTAX. MHoroo6pasusa Uxoy.

o BekTOpHBIe paccI0eHUsA U MyYKU UX ceueHUl. BeKTopHbIe pacciioeHNs Ha POEKTUBHOM NpsAMOoi. JIuHe-
HbIEe CUCTeMbI, 0OpaTHUMBbIe My4YKW 1 AUBU30PHL, rpynna ITukapa. Mopdusmel onpesesnseMble JUHEHHBIMU
CHUCTEMaMHM.

o KacarenbHble 1 HOpMaJibHBIE IPOCTPAHCTBA U KOHYCHI, TJIAAKOCTh, pasayTue. TouHasa mocjefoBaTesb-
HOCTb JIJiepa Ha MPOeKTHBHBIX IPOCTPAHCTBAX U rpacCMaHUaHax.

YYEBHHUKNA:

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

o A. L. Gorodentsev, Algebraic Geometry Start Up Course, «MITHMO».
http://gorod.bogomolov-lab.ru/ps/stud/projgeom/1718/lec_total.pdf (realise 2017),
http:/gorod.bogomolov-lab.ru/ps/stud/projgeom/tot-2006.ps.gz (realise 2006).

[}

Jx. Xappuc, Anrebpanueckas reomerpus. HauanbHsili Kypce, « MLITHMOp.
o W. P. MlajpapeBuu, OcHOBHI anrebpanueckoii reometpui I, I, «Haykay.
o M.Mamdopa, KpacHasa kaura o MHorooopasusax u cxemax. « MLIMHO», 2007.

o 10.MaHnuH, BeeieHue B TeopHIo cxeM U KBaHTOBBIe Ipynnel. <K MIIMHO», 2014.

IOPAJOK OLIEHUBAHUSL: 1/3Xx(pelieHue 3agay u3 JIMCTKOB) + 2 /3X(UTOTOBBIN YCTHHBIN 3K3aMeH)

KOMMEHTAPHM: YCTHBI 9K3aMeH COCTOUT M3 /IBYX BOIPOCOB M OFHOH 3ajauM, GJIM3KOI MO TeMaTHKe K
3aJayaM U3 JIMCTKOB.
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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/projgeom/1718/lec_total.pdf
http://gorod.bogomolov-lab.ru/ps/stud/projgeom/tot-2006.ps.gz

AJITOPUTMBI U MOJIEJIHU BBIYHMCJIEHUI
HHUC s eryaeHTOB 3-rO Kypca U craplue

PYKOBOOUTEJIB: [I. A. I'osiybeHKO.
VYEBHASA HAT'PY3KA: BeceHHUi cemectp 2019/20 yu.r., oqHa napa B HeZjeJiio, 3 KpequTa 3a ceMecTp.

OITMCAHHE: Teopus aaropuTMOB BO3HUKJIA €CTECTBEHHBIM 00pa30M M3 BBHIUMCIIUTEJIBHBIX 33/1a4 B PA3HBIX
obJiacTAX MaTeMaTUKU U IO cell JIeHb OCTaeTcs XUBOH 06J1acThio, B KOTOPOM HEKOTOphle TPUBHAJIbHbIE Ha
HEPBHI B3TJIAA BOIIPOCH [0 CHX IOP OTKPBITHI — He J0Ka3aHO, HApUMep, CyI[eCTBOBAaHUE MOJIMHOMUAIb-
HOTO aJI'OPUTMa Pas3JIoXKeHUs HaTypasIbHOTO 4YKcja Ha IpocThle MHOXUTe M. OCHOBHBIE 3a/ja4il TEOPUH aJl-
TOPUTMOB — IIOCTPOEHHE AJITOPUTMa, pellallero HeKOTOPYIo 3a/1avy, A0Ka3aTeJIbCTBO ero KOPPeKTHOCTH
1 OIleHKa ero CJIOXKHOCTU 10 BpeMeHHU U pecypcoeMKocTU. Mbl pa3bepéM OCHOBHBIE aJITOPUTMBI Ha YKCJIaX,
rpadax, B BHIYUCJIUTEIBHON ajiredpe U reoMeTpuH, 1ccjielyeM HeKOTOphle UX CBOMCTBA M O3HAKOMHMCSA C UX
IIpUMeHEeHUSAMM.

NMPEABAPHUTEJIbBHAA MMOATIOTOBKA: o6si3aTeslbHbElEe — JUCKpeTHasA MaTeMaTuka, aiarebpa (1 kypc), Jio-

TrYKa; KeJlaTeJbHble! — Teopus cJoXHOCTU (ompefesneHusa kiaaccoB P, NP, PSPACE, cBoauMocTu), Teopus

BEPOATHOCTH.

ITPOTPAMMA:

1. TIpocteiimue aaroput™msel. Hanomunanue (anroputm EBkinaa, anroputm I'aycca). YMHoxeHue Kapairy-
651, yMHOXeHUe IlITpacceHa. AHaJIM3 CJIOXKHOCTU aJITOPUTMOB COPTHUPOBKH.

2. Ywucna. IIpoBepka HaTypaJIbHOTO YMcJia Ha mpocToty (Tect ®epma, Tect PabuHa — Musuiepa). Baby step,
giant step. LLL-anroputM. IIpotokosns Juddu — Xennmana, RSA.

3. I'padsl. AnroputMel 00xoa rpada (B WIKpUHY, B INIyOHMHY) U UX IpuMeHeHUsA. HaxoxaeHre MakcuMaJib-
HOTro TOTOKa B ceTsix (Teopema ®oppa-— dankepcona). Ctpykrypa ganHbeix UNION-FIND. IMTapocouerta-
HUA.

4. Anre6pa. basuce I'pebHepa, anroputMm ByxOeprepa u ero npuMeHeHUsI.

5. bBeicTpoe nipeoOpa3oBaHue dypbe U ero npuMeHeHUs (IIUPKYJIAHTHBIE MaTpullsl, aaroputM Illoxxare —
IlITpaccena, MOMCK MOJCJIOB).

6. BeposarHocTHbIe anroputmel. Jlemma [IBapua — 3unmens. IIpubianxeHHble penleHna JUHEWHBIX ypaBHe-
HHI, IOUCK NTapocovyeTaHuil B rpadax, NpubIMKeHHble aJITOPUTMBI IIOMCKa MaKCUMAaJIbHOI'O pa3pesa.

7. FeomeTpI/m. BreiuniciieHue BBIITYKJIBIX obostouek. JInHeliHOe nporpaMmMHpOBaHHE.

8. Tomosorus. CJIOXHOCTb BJIOXEHHs MOU3ApoB B RE. [IpoBepKa y3/10B Ha TPUBUAJIBHOCTb.

YYEBHHUKNA:

1. D. Kozen «The design and analysis of algorithmsy, Springer, 1991
2. C. lacrynra, K. [Tanagumutpuy, Y. Baszupauu. «Anroputmse», M. MITHMO, 2012
3. M. KuyTt. «MckyceTBo nmporpamMmmupoBsanus», M. Mup, 1971

4. R. Motwani, P. Raghavan «Randomized Algorithms», CUP, 1995

1To, 4To 3HATH XelaTeJbHO, HO He 00A3aTebHO, 1 HATIOMHIO IpY HeoOXOAUMOCTH, HO He 6yAy 3a0CTpATh Ha 3TOM BHUMAHHUe.
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. 1. B. ApxaHues. «basucel ['péOHepa 1 cucTeMsl anrebpandeckux ypaBHeHui», M. MITHMO, 2003

5
6. D. Cox, J. Little, D. O’Shea. «Ideals, varieties and algorithmsy, Springer, 2015
7. D. Jungnickel. «Graphs, Networks and Algorithmsy, Springer, 2013

8

. M. de Berg, O. Cheong, M. van Kreveld, M. Overmars. «Computational geometry: algorithms and
applicationsy, Springer, 2008

IMOPAOK OLTEHUBAHH A: 50% 3a penieHre AoMamHUX 3a7a4 ¥ 50% 3a UTOTOBBIL 5K3aMeH, BCe OKPyTJIeHUA
MIPOMCXOMAAT 10 CTAaHAAPTHBIM ITpaBuiiaM (4o O6sMKailiero 1nejoro, noJjylejsle OKPYTJIAITCS BBEPX).
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BUPAITMUOHAJIBHBIE UHBAPUAHTHI U3 CUMILJIEKTUYECKOM TOIIOJIOTUH
HHUC s eryaeHTOB 3-rO Kypca U cTaplue

PYKOBOAOUTEJIb: JI. Kanapkos, U. AkoBJieB.
YYEBHASA HATPY3KA: oceHHuH ceMmecTp 2019/20 y4.r., oHa apa B HeZieJiio, 3 KpequTa 3a ceMecTp.

OITMCAHMUE: CriymaTesy NO3HAKOMATCA C aaredbpoil KBaHTOBBIX KOTOMOJIOTHI KOMIIAKTHOI'O CUMILIEKTHYe-
CKOr'0 MHOroo0pasus U CBA3aHHBIMM ajre0paniyecKuMM CTPYKTypaMu (B TOM uHcJie ¢ HeKOMMYTAaTHUBHBIMU
cTpykTypaMu Xopaxa). OCHOBHBIM IIpHJIO)KeHHeM OyJieT NOCTpPOeHNe HOBBIX OMpanrOHaIbHEIX WHBAPHUAHTOB
KeJIepOBBIX MHOTO0Opa3uii.

MMPEABAPHUTEJIBHAA IOATI'OTOBKA: BBOAHBIE KypChl CHMIUJIEKTUYECKOW M KOHTAKTHOU TOIOJIOTHU IIO
kauram D. McDuff, D. Salamon, Introduction to Symplectic Topology u Geiges, An introduction to contact
topology.

ITPOI'PAMMA:

1-3 HemesM: KOHCTPYKLMA KBAHTOBBIX KOIOMOJIOTMH U Kateropuyd dykas KOMIIAKTHOIO CHUMILIEKTUYECKOTO
MHOroo6pasusa. OTKpBITO-3aMKHYTOe OTOOpakeHue

4-5 mepenu: Ctpyktypa ®@pobeHnycoBOro MHOrooopasus, HeKOMMYTaTUBHbEIE CTPYKTYPHl X01Ka U nojiybec-
KOHEeYHbIe Bapuanuu cTpykTyp Xomxa (1o bapaHHHUKOBY).

6 HepesiA: [IpuMep KBAHTOBBIX TOMOJIOTHH, ['aMMa rumnoresa.

7 Hepens: [Ipumep romousioruii Xoxmuisaa dg-kateropun. CrieKTpasibHasA MocjeJoBaTeIbHOCTh X0 ka-e Pa-
Ma, TeopeMa Kanenuna.

8-10 nHenesnn: HeBrIpOXOeHHBIE CUMILJIEKTUYECKHEe MHOrooopasusa. OTKPBITO-3aMKHYTOe OTOOpaxxeHue sABJIA-
eTcs1 U30MOPOU3MOM.

11-12 Hemenu: BaliHImITEHOBB MHOTrooOpasusa U CUMILIEKTAYecKoe ToMoJioruu. JuBu3opel JoHaIbIcOHA.
CnekTpasibHas NocJieA0BaTeJIbHOCTh MakJielHa.

13-16 Hemenu: OupanoHaJ bHas UHBAPUAHTHOCTh KBAHTOBBIX KOTOMOJIOTUH AJIA TPeXMEePHBIX MHOT000pa3nuii
Kanabu - fly. KaHoHn4eckasa QuibTpanusa Ha KBAaHTOBBIX KOTOMOJIOTUAX U UCKJIIOUUTE/IbHbIE HAOOPH! B KaTe-
ropun ®ykasa. HoBble GupalioHaabblHe MHBAPUAHTHL.

YYEBHHUKHA:

(]

L. Katzarkov, M. Kontsevich, T. Pantev, Hodge theoretic aspects of mirror symmetry.
o S. Ganatra, Automatically generating Fukaya categories and computing quantum cohomology.
o S. Ganatra, D. Pomerleano, Symplectic cohomology rings of affine varieties in the topological limit.

o M. McLean, A spectral sequence for symplectic homology.

IIOPAOOK OLTEHUBAHM: ITorosas oLjeHKa CKJIaIbIBaeTCA U3 CJIEAYIOLMX KOMIIOHEHT: OL[eHKa 3a JOKJIagbl
Ha ceMHUHape U OlleHKa 3a JUCTKU. TouHasa ¢opmyaa: 0.7x + 0.3y, rage x — cymMMapHas OL[eHKa 3a JOKJIagbl
(ot 0 o 10 6ansoB), a y — cyMmapHas oreHka 3a jiuctku (ot 0 go 10 6asuios).
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BBEJAEHUE B ABTOMOP®HLIE ®OPMBbI
HHUC s eryaeHTOB 3-rO Kypca U craplue

PYKOBOOHUTEJIb: A. IIpuxoasKo.
YYEBHASA HATPY3KA: nBa ceMectpa 2019/20 yu.r., oqHa napa B HeJleJIl0, 3 KpeauTa 3a ceMecTp.

OITMCAHHME: Ilesibi0 ceMrHapa ABJIAETCA 3HAKOMCTBO CO CTPYKTYPHOU Teopuei aBToMOpdHBIX popM U ripeS-
CTaBJIEHUH U UX MPUIOXEHUsAMU B apu(dMeTHKe U TOIOJIOTUH, 0COOEHHO B mporpamMe JIsHTJIeHaca.

NMPEABAPUTEJIbHAS TIOATOTOBKA: craHAapTHBIe BBOAHBIE KypChl ajireOpanyeckoil TeOpUH YucesI
(C. JIanr, «Anrebpanueckas Teopus unces», 9acTb 1) u anrebpandeckoii reomerpun (P. XapTcxopH, «Anire6-
pandeckas reoMeTpusy, rJIaBel 2—3).

ITPOTPAMMA:

[lepBhIli cemecTp:

1-3 HeZlesTU: HATIOMUHAHKUE TEOPUU TMOJIell KJIacCOoB.
4 HenesA: Kjlaccu4eckKre MOAyJIAPHbIE (GOPMBI.

5-6 HefesIn: CTPYKTypHas Teopus peAyKTUBHBIX IPYIII, JBOMHBIE aJie/ibHble (aKTOPhl U TeopeMbl 00 alpoKCH-
Maruu.

7-9 Hepesnn: anreOpsl I'ekke, nzomopdusm Catake, paszioxeHue bepmrelina.
10-12 Heenmu: pAAbl DU3eHIITELHA.

12-15 Henenu: mpoctas popmyia ciega Aprypa—Cenbbepra, cooTBercTBHe Kake—JIoHIJIeH/ica.

BTopoii cemecTp:

1-3 Hepmesnu: cuMMeTpuYeckre obJiacTu 1 MHorooopasus lumypel.

4-5 Heflenu: p-AeMMBble TPYNIB U UX AedopMaiuy, IpocTpaHcTsa JlroouHa-TarTa.

6-7 HeeNN: XKECTKO-aHAJIUTUYEeCKHEe TPOCTPAHCTBA, GYHKTOPH OJIM3KUX U MCUYE3a0[UIN [UKJIIOB.
8-10 Hemesu: Meton JIaurineHaca—Korosuiia.

11-12 Hepenn: jiokanbHOe cooTBeTcTBHE JIsHrnenaca aus GL,,.

13-16 Henenn: p-aauvyeckre aBToMopgHble GOpMEl, popMysia MaTCyIIMMBI.

YYEBHHUKNA:

o Stephen Gelbart, Automorphic Forms on Adele Groups.

[}

Michael Harris, An Introduction to the Stable Trace Formula.

(]

Pierre Deligne, Travaux de Shimura.

L]

Michael Harris, Richard Taylor, The geometry and cohomology of some simple Shimura varieties.

o

Peter Scholze, The local Langlands correspondence for GL,, over p-adic fields.

IMOPAJAOK OLTEHHUBAHMA: nTOroBas OlleHKa CKJIaAbIBAE€TCA 13 CJIEAYIOIINX KOMIIOHEHT: OLIEHKA 3a JOKJIa bl
Ha ceMHUHape U caadyu 3agad JucTkoB. Tounasa ¢opmyia: 0.7x + 0.3y, rae x — cymMMapHas OIleHKa 3a JOKJIagsl
(ot 0 1o 10 6ansoB), a y — cymmapHas oreHka 3a Jimctku (ot 0 go 10 6asuios).
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BBEJJEHUE B AJITEBPAUYECKYIO TOIIOJIOTHIO
y4eOHas AUCHUILINHA [Jis CTyZIEeHTOB 2-TO Kypca U cTapuie

JIEKTOP: M. 3. KazapsH.
YUYEBHAA HAT'PY3KA: oceHHHi ceMecTp 2019/20 yu.r., Be napsl B HefleJI0, 6 KpeIUTOB 3a ceMecTp.

OIMUCAHHME: OpHa u3 HauboJiee APKUX YePT, OTJIMYAIOIINX MaTeMaTUKy XX Beka OT BCell IpefllecTBYIO-
el — MosBJIeHNe U pa3BUTHe ajreOpandyecKoll TONoJIoruu. B HacToslee BpeMsa HCIOJIb30BaHUe aredpo-
TOIOJIOTUYECKOT'0 MHCTPYMEHTapHs CTaJIo HellpeMeHHbIM aTpUOyTOM 3HAaUUTEJIbHOU YacTH MaTeMaTUYeCKuX
rccyenosaHuil. CoyeTaHne reoMeTpryeckux uaei ¢ GopMaan3oBaHHBIMH ajredpanyecKuMU ajropuTMaMu
JULA BBIYKCJIEHUA TOTOJIOTMYECKUX NHBApUAHTOB NpUBeJIU K 3p(deKTUBHOMY CpPe[CTBY U3yUeHNsA MHOTUX Ma-
TeMaTU4eCKUX CTPYKTYp, B TOM YHCJIe, U He CBA3aHHBIX HAMPAMYIO C TONoJIoruei. JTa 06J1acTh MaTeMaTUKU
nopojJiujia, HaupuMep, TaKue HalpaBJieHHs Kak romoJjiorudeckas ajreopa u Teopus anrebp Xomda. B kyp-
ce IIpejJjiaraeTcs 3Ha4MTeJIbHOE KOJIMYEeCTBO 33a4 Ha BBIYMCJIeHNE ajreOpo-TONOJIOTMYeCKUX XapaKTeprUCTUK
Pa3JINYHBIX TOMOJIOTUYECKUX IIPOCTPAHCTB.

NPEABAPHUTEJIBHAA ITOATOTOBKA: nepBbiii ro 6akajaBpuaTa (cTaHgapTHBIE KyPCHl ajireOpsl, aHaIM3a,
reoMeTpny, KOMOMHATOPHUKU 1 TOIOJIOTHUN)

ITPOTPAMMA:

o I'padbl, MTOBEPXHOCTHU, CUMILTULMAIbHBIE KOMIIJIEKCHI, CUMILTALMAIbHbIE OTOOpaXeHUs

o ITyTu, romoTonuu nyTei, GyHAaMeHTaIbHasA IPyIIa, HAKPBITHS, BbIUKCIeHNe PyHIaMeHTaJIbHON IPyII-
TIBI

o llenHble KOMILJIEKCHI BEKTOPHBIX IPOCTPAHCTB, TOMOJIOTHH ¢ K03ddHLrieHTaMu B [10Jie, TOMOJIOTUH CHUM-
IJTALUAJIBHBIX KOMILJIEKCOB, TOMOJIOTUH ¢ ko3dduiineHTaMu B abesieBoil rpyIimne

o Koromosoruu CHMILINITMAJIBHBIX KOMIIJIEKCOB. YMHOXeHHe B KOTOMOJIOTHAX

o KileTouHBIC KOMIIJIEKCH U KJIETOYHEIE roMoJsiorur. MHoroo6pasus. JIBoiicTBeHHOCTh I[lyaHkape. DieMeH-
TBl Teopuu Mopca. HepaseHnctsa Mopca

YYEBHHUKHA:

o BacusbeB B. A. BBegeHue B TonoJjiorun. — M.: ®dazuc, 1997

o

[Tpacosnos B. B. SnemeHTH Teopuu romoJioruii. — M.: MITHMO,2006

o

®owmenko A. T., ®yke [. b. Kypc romoronnueckoyi Tonosoruu. — M.: Hayka, 1989

[}

Hatcher A. Algebraic Topology

IMMOPANOK OLTEHUBAHHA: 50% 3a penieHue AoMamHuX 3a7a4 v 50% 3a UTOTOBBIL 3K3aMeH, BCe OKPYyTJIeHUA
MIPOMCXOMAAT 10 CTAHAAPTHBIM ITpaBuiiaM (4o O6sMkaiiliero 1eJjoro, noJjylejsle OKPYTJIAITCS BBEPX).
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BBE,E[EHI’IE B AJITEBPAUYECKHWE I'PVYIIIIBI U UX UHBAPUAHTBI
y4eOHas1 JUCIHUIUIMHA JIA CTYEHTOB 3-TO Kypca M cTapiie

JIEKTOP: B. C. XryH.
VYEBHAA HATPY3KA: BeceHHUI1 ceMecTp 2019/20 yu. ., ABe maphl B He/1eJI10, 6 KpeUTOB 3a CEMECTP.

OIIMCAHME: ['eoMeTpuyecKas Teopus U Kjlaccudeckas Teoprsa MHBAPUAHTOB ajire0panyecKux rpynn — O4eHb
BaXXHBIN pa3fiesl COBpeMeHHO! MaTeMaTuku. C epBeIMU [TpYMepaMy MHBAapHUAaHTOB JIMHEHHBIX peoOpa3oBa-
HUMH, TAKAMU KaK OnpefieInTelb, CJiell, XapaKTepUCTUYeCKUI MHOTOYJIeH KaXIbIil BCTpeYaeTcs y>xe Ha IepBOM
Kypce nuHelHON anreOpsl. Kiaccuueckas Teopys MHBAPUAHTOB IOCBAIIEHA ONMCAHUIO ajareOpnl WHBapUAH-
TOB KJIaCCUYeCKUX I'PYII, TAKKUX KaK IOJIHaA JMHelHasA rpynna, OpToroHajabHasA U CUMIUJIEKTUYecKas rpymnna.
B cBow ouepenp, reoMeTpruecKas TeopyusA MHBAPUAHTOB, KOTOpas OepeT cBoe Havasio B paborax ['mibbepTa
u Mamdopaa, nocesmieHa MccjaefOBaHUID reOMeTPUUYeCKUX CBOIMCTB MHBAPUAHTOB, HalpuMep, IOCTPOEHUID
Y MCCJIEOBAHUIO T€OMETPUU PA3JIMYHBIX (PaKTOP-NPOCTPAHCTB, U ABJIACTCA OCHOBHBIM MHCTPYMEHTOM [JIA
[IOCTPOEHMs IIPOCTPAHCTB MOAYJIel (KpUBBIX, BEKTOPHBIX PacC/JI0eHUI U Ipod.). B Kypce MHI 3aTpOHEM Kak
KJIACCUYECKYI0 TEOPUI0 MHBAPUAHTOB TAaK Y reOMeTpUYecKyo. Takxxe MBI M3y4YUM 3KBUBAapUAHTHEIE BJIOXKEHUA
OZTHOPO/HBIX IIPOCTPAHCTB.

IIPEABAPHUTEJIbHAS IIOATOTOBKA: TpebyeTcsA 3HaHUe JIMHENHON ajrebphl U TeOPUU NpeicTaBJIeHUH KO-
HeYHBIX rpynin (mmocjiejHee — rJIaBHBIM 00pa3oM [1Jis1 TOT0, YTOOBI CIIOJIb3yeMble KOHCTPYKIIMU He BBI3bIBAJIU
yAWBJIEHN); BecbMa I0JIe3HO 3HaHUe rpynin u aiaredp JIu 1 ocHOB ajnrebpanieckol reoMeTpun.

ITPOTPAMMA:

1. AnreGpandeckue rpynnel 4 ux ajareopsl Jiu.

2. HetictBusa anreOpandeckux rpynn. OpOUTH cTabMUIM3aTOpbl OAHOPOHBIe IpocTpaHcTBa. Teopema Ille-
BaJLIe.

3. Muoroo6pasus ¢Jiaros. JlelicTBUe pa3pelMbIX TPy Ha MOJIHBIX MHOrooopasusx. Teopema Bopess
(JIn —KoJstunHa) 0 HEIIOABMXXHOH TOYKE.

4. ComnpspXeHHOCTb 60pesieBCKUX MOATPYII, MaKCUMaJIbHBIX TOPOB, KAPTAHOBCKUX NOATPYIIIL.
5. CTpyKTypHas Teopus NOJIYNPOCTHIX ajarebpandecKrux rpymn.

6. MleiicTBUe peQyKTHUBHBIX rpymni Ha apPuHHBIX MHOrooopasusax. KoHeuHas nopoxxaeHHOCTb ajareOpsl UH-
BapuaHTOB (Teopema 'misbepra).

7. KareropHsiii paktop. 'eomeTpudeckuii paxtop. CyljecTBOBaHNE KaTeropHoro ¢akropa AJisa AeicTBUA
PeoyKTUBHBIX Ipynn Ha apOUHHBIX MHOTOOOpa3usX.

8. Teopema HéTep o cTemeHAX 00pa3yOIUX ajareOpsl MHBapUAaHTOB.
9. Teopus MHBApPUAHTOB KJIaCCUYECKUX T'PYIIIL.

10. [eiicTBue peAyKTHMBHBIX Ipynmn. JInHeapusauusa obpatumoro myuka. I'pynna G-JuHeapu30BaHHBIX JIH-
HeHNHBIX paccyioeHui Picg (X).

11. TlonyctabusnbHble U cTabuiIbHBIE TOuKU. @akTop Mamdopaa.
12. YucieHHBIN KpUuTepuil cTabMJIbHOCTH.
13. Kpurepuii I'mnpbepra — Mamdopga.

14. Kpurepuii [Tonosa ctabuibHOCTH AelicTBuA Ha abGUHHOM MHOroo0pasuu.
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15.
16.
17.
18.
19.
20.

Teopewma JlyHs! o ciatice. CTpatudukanusa U paspellieHre 0COOeHHOCTel HyJIb-KOHyca.
OTobpaxeHrie MOMEHTOB. 3aMKHYTOCTb opouT, kputepuii Kemnda — Hecc.
Crparuduxanusa XeccesrHKa MHOXeCTBa HECTaOUJIbHBIX TOUYEK.

[TpocTpaHcTBa MOJyJiell KPUBBIX.

Bapuanusa ¢pakropa Mamdopaa npu nsMeHeHnU 0OUJIBHOr0 00paTUMOro IIyuKa.

CporictBa U-mHBapuaHTOB, fedopMalys K opucdepruieckoMy MHOr000Opasuio.

YYEBHHUKNA:

1.

D. Mumford, J. Fogarty and F. Kirwan, Geometric invariant theory, 3rd. edition, Ergebnisse Math. 34,
Springer-Verlag, Berlin, 1994

I. V. Dolgachev, Introduction to Geometric Invariant Theory, Lect. Notes Series, 25, Seoul Nat. Univ.,
1994,

3. B. Bunbepr, B. JI. ITonos, Utoru Hayku u texdH. BAHUTHU, CoBp. npobJi. maT., ®yHJ. HanpasJL., T. 55,
1989, c. 137-3069.

J. E. Humphreys, Linear algebraic groups, Graduate Texts in Math., no. 21, Springer-Verlag, New York—
Heidelberg-Berlin, 1975. (Ilep. Ha pyc. A3.: Xamdpu . JIunelinsle anrebpanyeckue rpynnsl. — M.: Ha-
yka, 1980.)

X. Kpagr, I'eomeTprueckrie MeTOb B TEOPUU MHBapuaHToB, MockBa: Mup, 1987.

F. Knop, H. Kraft, T. Vust, The Picard group of a G-variety. Algebraische Transformationsgruppen und
Invariantentheorie (H. Kraft, P. Slodowy, T. Springer eds.) DMV-Seminar 13, Birkhauser Verlag (Basel-
Boston) (1989), 77-88.

D. A. Timashev, Homogeneous spaces and equivariant embeddings, Invariant Theory and Algebraic
Transformation Groups VIII (R. V. Gamkrelidze, V. L. Popov, eds.), Encyclopadia Math. Sci., vol. 138,
Springer-Verlag, Heidelberg-Dordrecht-London-New York, 2011.

IIOPANOK OLIEHUBAHUA: 1/3X(pemieHure 3afjau U3 JIUCTKOB) + 1 /3X(UTOTOBBIN yCTHBIN 3K3aMeH)

KOMMEHTAPHM: YCTHBIA 5K3aMeH COCTOUT U3 JIBYX BOIPOCOB M OIHOH 3aJauM, 6JIM3KOH MO TeMaTHKe K
3aJlauaM U3 JIMCTKOB.
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BBE,HEHI/IE B KOMMYTATHUBHYIO AJITEBPY
y4yeOHas QUCIHUILUIMHA HA aHTJIMHCKOM 3bIKE JUIA CTyNEeHTOB 2-T0 Kypca U cTrapiie
(see also the description in English)

JIEKTOP: A. B. IlaBJioB.
VYEBHASA HATPY3KA: oceHHH ceMecTp 2019/20 yu.r., ABe apsl B HeJeJl0, 6 KpeUTOB 3a ceEMeCTp.

OIIMCAHME: Kiaccuveckas ajrebpanyeckas reOMeTpUs N3ydaeT TeOMeTPHI0 MHOXXECTBA PeIleHUH MOJIMHO-
MHaJIbHBIX ypaBHeHUN. B mpocreiimell cutyanuu k03d@UIeHTH TOJIMHOMUAJIBHOIO ypaBHeHUs [IpUHaaie-
xaT ajrebpanvecky 3aMKHYTOMY NoJii0. PaccMoTpeHre NOJIMHOMUAJIBHBIX YpaBHEHNH ¢ K03 duIijieHTaMu B
Pa3HBIX KOJIbIAaX, TAKUX KaK, HaIlpuMep, KOJIBLIO IieJIbIX B MOJIAX ajreOpanvyecKkux 4ucesl, IpUBOAUT K BOIPO-
caM U 3aJjayaM COBpeMeHHOM ajirebpanveckoil reoMeTpUd U COBpeMeHHOH ajirebpaniecKkoil TeOpuu 4ucell.
KommyTatuBHas anrebpa ABJsgeTcA yAauyHbIM MHCTPYMEHTOM, IOMOTaloIIUM IIpYU OTBeTaxX Ha IIpocTeine Bo-
IIPOCHI O MHOX€ECTBaX pelleHnld CHCTeMBbl IIOJIJMHOMUAJIbHBIX YPaBHEHNH, TAKUX KaK KOHEYHAas NOPOXAEHHOCTh
CHCTEMEHI, CYIeCTBOBAHNA pelleHNA B MOAXOAAEeM pacllMpeHNY, BEYNCIEHNN Pa3MepHOCTU M KOJIN4YecTBa
HENPUBOJANMBIX KOMIIOHEHT, a TakXe B BOIpOcax IJIagKOCTH.

IIPEABAPHUTEJIBHAS ITOATOTOBKA: O0sa3aTesibHble KypChl IEPBEIX 3 C€MeCTPOB, peaJjaraeMble Ha da-
KyJibTeTe MaTeMaTUKU. B wacTHOCTH, (a) OCHOBHI anreOphl (IpymIbl, KoJiblja, nojA) (6) auHeiiHasa anrebpa
(BKJTIOUAA TTOHATHE TEH30PHOI'O Mpou3BeeHNs) (B) 6a30BHIN KypC reOMeTPUU.

ITPOI'PAMMA:
o Kosbija, anre6psl, ngeasisl, MOAYJ 1. HETepOBH KOJIbIA.
o dakTopuasbHble KoJiblia. Kosblia 1 MOy YaCTHBIX.
o Ilesas 3aBucuMocTs U jieMMma Hétep o HopMaim3sanuu. TeopeMsl O ClIycKe U MoAbEMeE.
o [Ipenessl, KOonpeaebl U TeH30pHOe IpousBeaeHue. [11ockue u MpoeKTUBHbIE MOYJIN.
o TeopeMma ['mnb0OepTa 0 Hy1Ax. CIeKTp KOJIbLIA.
o PasmepHocTh Kpysiia u creneHb TpaHCLeHAEHTHOCTU.
o IIprumapHoOe pa3sjioxeHue.
o KoJsbLla [UCKpEeTHOrO HOPMUPOBaHMUA U AeJeKUHAOBEI 00JIaCTHU.
o Teopus pasMEpPHOCTU HETEPOBHIX KOJIEll.

o dyuknua 'masbepra.

YYEBHHUKU:
o M. Reid, «Undergraduate commutative algebra.» Vol. 29. Cambridge University Press, 1995.
o M. Atpa . MakaoHasnb/. «BBeieHre B KOMMYTaTUBHYI0 anredpy», Mup, Mocksa (1972)
o G.Kemper. «A course in commutative algebra.» Vol. 256. Springer Science & Business Media, 2010.

o D. Eisenbud. «Commutative Algebra: With a View Toward Algebraic Geometry.» New York, NY: Springer-
Verlag, 1999.

IMOPAJOK OLIEHUBAHUMA: UToroBas olieHKa sIBJIsieTCs B3BEIIEHHON CyMMOM
o UTOTOBOTO IMHChMEHHOro 3k3aMeHa (50%),
o MMCbMEHHOU MPOMEXYTOYHOUN KOHTPOJIbHOM (30%),

o HeOOJIBIIINX TECTOB, IPOBOANMBIX Ha ceMuHapax (30%).
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BBEJJEHUE B JIMHI'BUCTUKY
y4eOHas QUCHUMILIMHA [Jis CTyIeHTOB 1-ro Kypca U crapuie

JIEKTOP: b. JI. HloMmaOuH.
YUYEBHAA HAT'PY3KA: oceHHHi ceMecTp 2019/20 yu.r., Be napsl B HefleJI0, 6 KpeIuTOB 3a ceMecTp.

OITMCAHHME: JIMHrBUCTHKA U3y4YaeT YCTPOUCTBO YeJIOBeUecKoro sA3bika. IMeHHO Ha yeJioBeuyeCKOM S3BIKe —
Ha pasHBIX fA3BIKAX — MBI NOJIyyaeM OOJIBLIYI0 YacTh MHpOpMaUU O MUpe, ellé OOJIbIIYI0 4YacTh 3TOM HH-
dopmaru Mbl Ha yeJsioBeueCcKoM fA3bIKe oOpabaThiBaeM, U MPAKTUYeCKU BCE pe3yJIbTaThl 3TON 00pabOTKU MBI
Ha yeJIoBeueCcKoM fA3blKe oOcyxaaeM. [10sToMy oueHb BaXXHO IMOHHWMAaTh, KaK YCTPOEH 4YeJI0BeYeCKUU A3BIK B
I[eJIOM M KOHKpeTHBIe fI3BIKU B yacTHOCTU. llesip Kypca — pacckas o TOM, KaK COBpeMeHHas JIMHTBHCTHKA
npefcTaBisAeT cebe yCTPOUCTBO fA3blKa. Ha jexkuusax nNpuBoAATCA NMpHUMepPH U3 AeCATKOB A3BIKOB MHUpPA, a Ha
ceMHHapax U B JIOMaIHUX 3aaHUAX CTYAeHTHl CaMOCTOATEIbHO aHAJIN3UPYIOT MaTepra TeX A3bIKOB, KOTO-
pBle He 00CyXaaich Ha JIEKIUAX, B OCHOBHOM pelllas caMOJAOCTaTOYHbIe JIMHIBUCTHYeCKHe 3afauu. PemeHue
3THUX 3aJjay He TpeOyeT HUKaKUX IpeABapUTeJIbHbIX 3HAHMUI1, a PaCCIMTAHO HA yMeHUe JIOTUYeCKU MBICIIUTD;
B pe3yJibTaTe Mbl OyJleM y3HaBaTh MHOI'O HOBOTO O TOM, KaK pa3HOOOpa3HbI A3bIKU, U 006CYyX/1aTh, KaK CIPaB-
JIATBCA € 3TUM MHorooopasuem. [ToMrMo JIMHTBUCTUYECKUX 3a/1a4, HEKOTOpble JOMalIHNe 3ajaHUsA CBA3aHBbI
C CaMOCTOATEJIbHBIM aHAJIN30M SI3BIKOBBIX JAHHBIX, I0JTyYeHHBIX B UHTEPHETE.

IMPEABAPHUTEJIBHAA ITOAT'OTOBKA: HeT.

ITPOTPAMMA:

1. BBoaHasA 4acTh: A3BIK KaK CHCTEMA. KOI"}Z[a MOsABUJIACh JIMHTBUCTUKA. UTO n3yvaeT JIMHIBHUCTHKaA. Cun-
XpOHHUA U JNaXpPOHUAI. CemuoTtuka. CBOHCTBA SI3BIKOBBIX 3HAKOB. OMOHUMMSA 1 MHOT'O3HAYHOCTh. MHOTI0-
3HAYHOCTb Ha pa3HbIX YPOBHAX A3bIKA.

2. IIpoucxoxaeHue, yHKINOHUPOBAHUE U Pa3BUTHE €CTECTBEHHBIX A3BIKOB. [IpoucxoxaeHue A3bika. OT
SI3BIKA )KUBOTHBIX K A3BIKY JioJel. M30BITOYHOCTD A3BIKOBOTO 3HaKa. CBOWICTBA eCTECTBEHHOTO S3bIKA.
OyHKIUHU A3bIKa. ColfrasibHble GOPMBEI CYyIlleCTBOBAHUA A3bIKA. JIMaleKTHBIN KOHTUHYYM. OCHOBHBIE TTO-
HATUA JIMHTBUCTUYECKON KOMIapaTUBUCTUKU. PeryisipHble poHeTHYeCKHe COOTBETCTBUA. [ JIOTTOXPOHO-
jorus. A3pikoBasA cucreMaTtuka. ['eHeasiornyeckas KjiaccupuKanusa A3bIKOB.

3. Aspiku Mupa. O630p A3bIKOB MHpa. OCHOBHEIE rpadruecKre CUCTEMEI.

4. T'pamMMaTyKa U JieKcuKa. Jlekcuueckoe U rpaMMaTtuyeckoe 3HaueHue. CBOMCTBA rpaMMAaTUYECKUX 3HAYe-
HuH. ['paMMaTUKaIM3anus U JerpaMmMaTiukaIn3anys. [paMmMmaTiudeckue kateropuu. UHTerpajbHO€e OIH-
caHue f3bIKa.

5. ®oHeTuKa. DOHETHKA: OCHOBHBIE MTOHATUA. APTUKYJIALIMOHHAA KilaccupUuKalya 3BYKOB. AKycTU4YecKas
kjaccupukanus 3BykoB. MoHoI0rNA.

6. Mopdomnorusa. Mopdema u moppemuka. OcHoBHBIe TUIEI addrkcoB. C10BOOOpa3oBaHUE U CJIOBOU3MeE-
HeHue. OcHoBa U (uiekcusa. 'paMMaTHhYecKue CpeACTBa A3bIKA. Tunosiornyeckas Kiaccuukanus sA3bl-
KoB. McTropuueckas Mop@oJiorus.

7. CuHrakcuc. [IpegioxeHue u BoicKkaszbiBaHWe. CHUHTaKCUYeCKHe CTPYKTYPhl. HEIIOCPEACTBEHHO COCTaBJIA-
Iole. AepeBbs 3aBUCHMOCTEN. THOPUHBIE CTPYKTYPHL. TUIIB CMHTAaKCUYeCKUX OTHOIIEHWI B MO
«Cwmbica<>TekcT». CuHTaKcudecku pasMedeHHbIN kopiyc SynTagRus. CBolicTBa cCMHTaKCUYeCKUX OTHO-
meHui. CBOKMCTBA CMHTAKCUYECKUX CTPYKTyp. CHHTaKcHuuyecKre IpusHaky. ['unoresa riryOUHEL

8. Jlexcuueckas cemaHTuka. Mcropus cemaHTuku. Uaen coBpeMeHHON ceMaHTUKU. OMOHUMUSA U CUHOHU-
musa. OMOHUMUA U noJiceMus. Tunsl nojgvceMuu. MulljieHre U A3BIK. f3bIKOBasA KapTUHA MUpa.

19



9. Jlekcukorpadus. Ucropusa jsexkcukorpaduu. TosikoBsle cioBapu. IIpUHIUIBI CUCTEMHON JIEKCUKOIpa-
¢duun. EcrecTBeHHbBle MeTaA3bKU. Natural Semantic Metalanguage. MockoBcKkas ceMaHTHYeCcKas IIKOJIa.

10. KopmnycHas JIMHIBUCTUKA. JIMHIBUCTUKA B JOKOMIIBIOTEPHYIO 3II0XY. «PeBoJIoLuA B JIMHIBUCTUKEe». Kop-
IIyC TEKCTOB.

YYEBHHUKHA:

1. C. A. Bypaak, C. A. CrapoctuH. CpaBHUTEJIbHO-UCTOPUYECKOe sA3bIKO3HaHue. M., 2005.
. M. A. Kpounrays. Cemantuka. M., 2005.
. M. Komores. BeejieHrie B KOPIIyCHYIO JIMHIBACTUKY. DJIEKTPOHHOe n3aaHue . Ilpara, 2014.

. Jx. JlaiioH3. fI3bIk 1 JUHTBUCTUKA: BBOoAHEIN Kypc. M., 2004.

. A.T. Tectesneln. Beenenue B obmui cuHarakcuc. M., 2001.

2
3
4
5. B. A. [Inynrax. O6masa mopdosorusa: BeeaeHnue B npodaematuky. M., 2012.
6
7. A. {. IlTaiikeBu4. BBegeHue B JIUHIBUCTUKY. M., 2010.

8

. A. Akmajian, R. A. Demers, A. K. Farmer, R. M. Harnish. Linguistics. An Introduction to Language and
Communication. MIT Press, 2010.

IIOPAJOK OLIEHMBAHMS: UTOroBas OLIEHKA CTAaBUTCA IO pe3yJibTaTaM BHIIIOJIHEHUA TPEX JOMAIIHUX 3a-
JaHum.
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BBE,HEHI/IE B PUMAHOBBI IIOBEPXHOCTH
y4yeOHas QUCIHUILUIMHA HA aHTJIMHCKOM 3bIKE JUIA CTyNEeHTOB 2-T0 Kypca U cTrapiie
(see also the description in English)

JIEKTOP: C. M. JIbBOBCKHIA.
YYEBHASA HATPY3KA: BeceHHUII ceMecTp 2019/20 yu.T., ABe mapsl B HeJleJI10, 6 KpeUTOB 3a cCEMeCTp.

OIIMCAHME: llenb Kypca — NPOAEMOHCTPUPOBTh, KaK paboTalOT HEKOTOPBble OCHOBHEIE Uen ajarebpande-
CKOI reOMeTpHH, He IIprberas K «TAaxXeJIon» TeXHUKe.

NMPEABAPHUTEJIBHAS ITIOATOTOBKA: Teopusa @pyHKIMI KOMILUIEKCHOTO II€pEeMEHHOr0, Tonosiorus-1, asa-
JI3 Ha MHOT000pa3usax (OCHOBBI).

ITPOTPAMMA:

1. Ompepnenenusa. KomnakTHasa puMaHOBa MOBEPXHOCTb, aCCOIMUPOBAaHAaHA ¢ anrebpanyeckuM ypaBHeHU-
eM.

2. JTuddepeHIaibl, BEIYETH, JUBU30PHL. PO/ KOMIIaKTHOW PUMAaHOBON IMOBEPXHOCTH.

w

KomMnakTHasA pyuMaHOBa MOBEPXHOCTh, aCCOIIMMPOBAHHAA € TJIAAKON WA HONAJbHOM MJIOCKON KPHBOM.
Brryer IlyaHkape.

Teopema PumaHa o cymiectBoBaHuu (6e3 qoka3aTeabcTBa). Teopema Pumana — Poxa.
JIuHeliHBIE CUCTEMBI 1 JIMHENHbIE pacCJI0eHu .
Kanonuueckune kpusble. Teopema KacrtenbHyoBo u Jle @paHkuca.

AxobueBo mHOroodOpasue. Teopembl AGena u fAkobu.

® N o 0 >

Tara-gususop. Teopema Topesuin.

YYEBHHUKN:

1. R.C.Gunning. Lectures on Riemann Surfaces.

2. Ph.Griffiths, J.Harris. Proinciples of Algebraic Geometry, Chapter 2.

IMOPsAAJOK OLIEHUBAHUA: 0.4 (pe3ysibTaT KOHTPOJIbHOI) + 0.6 (pe3ysbTaT sk3amMeHa). OKpyTJjieHue BBepX.
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BBE,E[EHI/IE B TEOPUIO KATETOPHUU U TOMOJIOT'MYECKYIO AJITEBPY
y4eOHas1 JUCIHUIUIMHA JIA CTYEHTOB 2-TO Kypca M cTapiie

JIEKTOP: A. JI. TopoaeHueB.
YUYEBHAA HAT'PY3KA: oceHHHi ceMecTp 2019/20 yu.r., Be napsl B HefleJI0, 6 KpeIUTOB 3a ceMecTp.

OITUCAHHME: fI3bIK KaTeropuil 1 GyHKTOPOB ABJIAETCA YHHUBEPCAJIbHBIM CPeJICTBOM BBIpaXKeHUs ajrebpanye-
CKHUX CBOMCTB OOBEKTOB U OTOOpaXXeHUU MeXAy HMMHU B TOU WJIM WHOU Teopuu, K Kakou Obl obyiacTu maTe-
MaTHK{ OHA He OTHOCUJIaCh. YMeHUe AyMaTh Ha 3TOM fA3bIKe M03BOJIAET HaXOAUTD MPOCThIe KOHIIENTYyasIbHbIe
OTBETHI Ha MHOTHE KaXXyII1ecs TPYAHbBIMU BOIIPOCHL U YTaJbIBaTh IPABUJIbHBIE IOCTAHOBKY HOBBIX MHTEPECHBIX
3agad. Llesbio Kypca ABJIAeTCsA OBJIafileHne KaTerOPHBIMUA KOHCTPYKIIUAMM Ha €CTeCTBEHHBIX COepKaTeJIbHbIX
npuMepax U nprobpeTeHrie HaBBIKOB pabOTHI C OCHOBHBIM [iJI abeJieBbIX KaTeropuil BBIYUCIUTEIbHBIM HUH-
CTPYMEHTOM — KOMILJIEKCAaMH 1 UX T'OMOJIOTHUAMHU.

MMPEABAPHUTEJIBHAA ITOATOTOBKA: nepBbiii ro 6akajaBpuaTa (cTaHJapTHBIE KyPCHl ajreOpsl, aHaIM3a,
reoMeTpuy, KOMOMHATOPUKU 1 TOIOJIOTUR).

ITPOTPAMMA:

o Karteropuu, GyHKTOPBI, TpeAmyYku. [IpuMepsl: CUMILIUIMAIbHBIE MHOXECTBA, TPEAIYYKHU Ha TOMOJIOTH-
yecKuX MpocTpaHcTBax. Kateropus ¢yHKTOPOB, JiemMa MoHebl, IIpe/icTaBuMble QYHKTOPHI M 3afJaH1E
00BbEKTOB yHUBepcabHbBIMU cBoticTBamu. ([GM], [G], [M])

o Conpsoxé€HHble QyHKTOPHL. IIpuMeps: ® u Hom, reomerpuyeckas peajusalys U CUHTYJIAPHBIE CUM-
miekcel. [Ipenessl quarpamMm. @uibTpylomuecs kateropuu. [IpumMepsr: Q/Z, HeapxyUMeA0BO IIOIIOJIHEHME
KOJIbIIa Z, JIOKaJIn3alusa U HeKoMMyTaTuBHBIe Apobu Ope. ([GM], [G], [M])

o AIAUTUBHBIE, TOYHbIE U abeJieBbl KaTeropuu. JlmarpaMMHBIA ITOMCK, JIEMMBI O TMOCJIeJOBaTEIbHOCTSX.
[IpsiMble CyMMBI U IpOM3BeieHNA. UTHbeKTUBHBIE, TPOEKTUBHEIE, (KO)IOPOXIAOIIe M KOMIIAKTHBIE 00b-
eKThl. XapakTepu3alyis KaTeropuil MoayJiel, SKBUBaJieHTHOCTh MopuTsl. Ecjii Mo3BOJINT BpeMs: Teope-
Mma o BjoxeHuu. ([GM], [G], [M], [W])

o KaTeropuu KOMILJIEKCOB, TOMOTOIIHUY 1 TOMOJIOTUH. [IprMephl: KOMILJIEKC Ielel CUMILIUIIAIbHOTO MHO-
KeCcTBa, CBOOOJHasA pe30JIbBEHTa MOIYJIsA, Pe30JIbBEHTH MOHOMUAJIbHBIX M/1easI0B. JJIMHHASA TOYHASA I10-
cJiefoBaTesIbHOCTh TomoJioruii. Konyc moppusma. ([GM], [W])

o CHeKTpaﬂbeIe I10CJIEA0BATEJIbHOCTHU TOYHOM Iaph.l, q)I/IJIprOBaHHOl"O KOMIIJIEKCAa 1 CBépTKI/I OMKOMILJIEK-
ca. ([GM], [W])

o IHbeKTUBHBIE U TIPOEKTUBHbIE PE30JIbBEHTHI, GyHKTOPH Ext 1 Tor (Ha kaTeropuu MoAyJiei). Y MHOXeHUs
u cBépTku. Kommiekcsl Komysis, Teopema I'mnbbepra o cusurusax. ([B], [W])

o Bap-pe3osibBeHTa. Koromosioruu asnreop u rpyii. Kitaccudunupyiomue mnpoctpasctsa. ([B], [W])

o EcJii m0o3BOJIUT BpeMs: TPUAHTYJIMPOBAHHbIE KaTeropuu M NMPOMU3BOAHAsA KaTeropus oT abeseBol KaTe-
ropuu. ([GM])

YYEBHHUKNA:

[B] H. bypbaku, «['omosioruueckas anrebpa» (Anredpa X).

[GM] C. U. l'enbdang, 10. U. ManuH, «MeToibl TOMOJIOTUYECKOU aarebphi», yacTs 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.

IOPAJOK OLIEHUBAHMA: uUTOroBas OTMeTKa Bhiuucsiercs mo Gopmyse min(150,H + E) /15, tne H u E
CyThb IIPOILIEHTHBIE [JOJIM PElIEHHBIX AOMAIIHUX U dK3aMeHallMOHHBIX 3a4a4 OT o0lero uucja 3afaHHBIX 005-
3aTeJIbHBIX 3a/a4, BbluncJieHHble o ¢dopMmysie 100-[unciio Becex (BKJIIOYasA HeobOs3aTesIbHBIE) PENIEHHBIX 3a-
aad]:[uncio 3aiaHHBIX 00sA3aTesIbHBIX 3afad]. OkpyrjieHre Npu BEYMCIIEHUU UTOTOBOU OLIEKH MPOHUCXOOUT
10 CTaHJAPTHBIM IpaBuUjIaM: A0 OJMKallero 1eyoro, MoJiylesble Yrcjia OKPyTJIATCA BBEpX.

KOMMEHTAPHH: kypc GyeT 6JIM30K K IPOYMTaHHOMY oceHbio 2018 ropa:
http://gorod.bogomolov-lab.ru/ps/stud/homalg/1819/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/homalg/1819/list.html

BBE,Z[EHI/IE B KBAHTOBYIO TEOPHUIO
y4eOHas1 QUCIHUIUIMHA JIA CTyEeHTOB 1-ro Kypca u crapiie

JIEKTOP: B. B. Jlocsakos, II. I'. 'aBpuiieHko.
VYEBHAA HAT'PY3KA: BeceHHHI1 ceMecTp 2019/20 yu. r., ABe maphl B HeeJII0, 6 KpeUTOB 3a CEMECTP.

OIIMCAHHME: ... Y Hac HeT JIy4llero cCpeACcTBa AJiA ONMUCAHUA 3JIEeMEHTAPHBIX 4acTull, YeM KBAaHTOBas TEOpUs
nosisa. KBaHTOBOEe moJjie — 3TO aHcam0JIb 0€CKOHEYHOro 4Kcjia B3auMOAENCTBYIOUUX eAPMOHUYECKUX OCYLUT-
JIAMopos. Bo30yxXaeHNA 3TUX OCHUJLIATOPOB OTOXAECTBJIAITCA ¢ yacTuiaMu. Ocobas pojib rapMOHUYECKUX
OCLIJIJIATOPOB CBsA3aHa C aAAUTUBHOCTLIO UX cniekTpa. Eciu E; u E, — 3Heprerudeckue yposHu, 1o £ +E, —
TOXe dHEPreTUYeCKUI YPOBEeHb. B TOUHOCTH TaKWX CBOMCTB MBI M OXH/JaeM OT 3JIeMeHTapHbIX 4acTull... Bcé
3TO oueHb B Ayxe XIX crosieTus, KOrja JIIOAW MBITAJIUCh CTPOUTH MeXaHUYeckue MOJeJ U BCeX ABJIeHUM. A
He BUKY B 5TOM HHUYEro IJIOXOro, MOCKOJIbKY JiI00asA HeTpuBHAJIbHAA UAes B ONpeJeIEHHOM CMEICJIE BepHa.
Mycop MpOILIOTro 4YacTO OKa3bIBaeTcsA COKpPOBUIIEM HacTosAmero (u Haoboport). I1o 3Toi npuyrHe MBI 6ygeM
cMesio mpuberaTh K pa3jIdYHBIM aHAJIOTUAM NIPpU 00CYXAE€HUU HAIIUX OCHOBHBIX IIPOOJIEM.

Astexcandp Iosiskos

IMPEABAPHUTEJIBHAA ITOAT'OTOBKA: HeT.

ITPOTPAMMA:

1. Krnaccuyeckas Teopus Ha IpUMepe 3J1eKTPOMAarHUTHO!N BOJIHBL DJIEKTPOMarHUTHas BoJIHa — Habop rap-
MOHHMYECKUX OCHUJLIATOPOB. [aMUJIbTOHOB MOAXO.

2. Gedanken skcnepuMeHTHI CO CBETOM — IIPOXOXAEHUE Yepe3 MnosisapusaTop U Gotodaddext. BriBo: Hall
MUp He kjaccnyeckuid. COOTHOLIEHNUA HEONIpeIeIeHHOCTHU.

3. CocrosiHusa du3nyeckol cucTeMbl B KBaHTOBOM Teopuun. CoOGCTBeHHbIe cOCTOsIHMA. [IpUHIUN cyTnepro-
3ulun. BepoATHOCTD Mepexojia U3 OJHOr0 COCTOSIHUA B pyroe (aMiumTyaa nepexopa). [IpocrpaHcTso
COCTOSIHUI — TUJIbOEPTOBO IIPOCTPAHCTBO.

4. Hab6sroqaemMbie B KBAHTOBOM TEOPUU — OIEPaTOPhl Ha TMJIb0OEPTOBOM MPOCTPaHCTBe. J[eficTBUE omepa-
TOpa Ha COOCTBEHHbIE COCTOSIHUA. TpeboBaHME CaMOCONPI)XKEHHOCTH onepaTopa. MiamepeHne HabJr01a-
eMOH KakK 3ajjauya Ha co6CTBeHHbIe 3HaueHusA. Omnpe/iesieHre cpe/IHEro 3HaYeHUs 1 JJuciepcruy HabJro1a-
€MO.

5. CooTHoIIIeHNe HeolpeaeIeHHOCTU M OJHOBPpEMEHHAas U3MEPHUMOCTh GU3NYecKrx BeJimunH. KaHoHuYe-
CKHe KOMMYTAILIOHHBIE COOTHOIIEeHNs. KaHOHNYeCKoe KBaHTOBAaHNE B KBAHTOBOU Teopuu. I10JTHBIN Ha-
00p HaOJII0JaeMBbIX.

6. Junamuka B KBaHTOBOU Teopun. YpasHeHue lllpenunrepa. 'aMuibTOHMAH Kak HabogaeMas, onpese-
JIAIAA AUHAMUKY B KBAHTOBOM TeopyM. 3afjaya Ha COOCTBEHHbIEe 3HaUYeHUA U COOCTBEHHBIE COCTOSAHUSA
ramMuiIbTOHMaHa Kak 3a[ava, pelamlias BOIPOC O AUHAMUKE MPOU3BOJIBHOIO COCTOSHUA B KBAHTOBOU
MeXaHUKe.

7. KBaHTOBaHUe rapMOHNYECKOI0 OCIMUIATOpa. OnepaTopsl poXaeHNs U YHUUTOXeHNs. DHepreTHyecKui
CIEKTP U COOCTBEHHBIE COCTOAHUA.

8. KorepeHTHbIe cocTosAHUA. KorepeHTHBIE COCTOAHUA KaK MUHUMU3UPYIOLIe COOTHOIIeHNe Heolpe/ieJleH-
HOCTHU. [IlMHaMNKa KOTepeHTHOr0 COCTOAHMA. Pa3yioxkeHne eMHULBI 1)1 KOT€PeHTHBIX cocToAHUN. [Tpe-
JIeJIbHBIN Tlepexo[ K KJIaCCU4ecKOol TeopHuu.
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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.

IIOPAJOK OLIEHUBAHMA: OLleHKa CTaBUTCA IO Pe3yJbTaTy TPEX MUCBMEHHBIX KOHTPOJIBHBEIX paboT U OfI-
HOr'0 KOJLJIOKBUyMa.

25



BBE,I[EHI/IE B TEOPHIO CJIVUAMHBIX ITPOIIECCOB
y4uyeOHas QUCIHUIUIMHA HA aHTJIMHUCKOM 3bIKE JUIA CTyNEeHTOB 3-TO Kypca U cTapiie
(see also the description in English)

JIEKTOP: M. JI. biaaHk.
YYEBHASA HATPY3KA: BeceHHUII ceMecTp 2019/20 yu.T., ABe mapsl B HeJleJI10, 6 KpeUTOB 3a cCEMeCTp.

OIIMCAHMUE: Kypc sABjiseTca MpogoIXeHUeEM CTAaHJAPTHOTO Kypca M0 TEOPUU BepOsATHOCTEN (CBA3aHHOTO B
OCHOBHOM € KOMOMHAaTOPHUKOI) U IIpeJHa3HAa4€eH [JIs IEpBOHAYAIbHOI0 O3HAKOMJIEHHUS C TeOpHel CIydaiHbIX
IpolieccoB. YaesseTcsa oco00e BHUMaHuUe CBA3M 3TON TeoprU ¢ QYHKIMOHAIbHBIM aHAJIM30M U 00111eil Teopuei
Mephel. Kypc opueHTHpoBaH Ha 6akaiaBpoB 2—4 Kypca, MaruCTpaHTOB U acCIPaHTOB.

NPEABAPHUTEJIBHAA ITOATOTOBKA: KypChl aHAJIU3a U TEOPUU BEPOATHOCTEN

ITPOTPAMMA:

o [ToHATHe ciTydaliHOTO Ipoljecca.

o DJIeMeHTHI CJIyYyaliHOro aHaJiu3za.

o KoppenAnuoHHas Teopus CIyYailHBIX IPOIEeCCOB.

o MapKoBcKue MPOLeCCH ¢ UCKPETHHIM 1 HeNPEPBIBHBIM BpeMeHeM.

o BuHepOBCKUIi U MyacCOHOBCKUI IPOLIECCHL.

o CroxacTuieckuii uurerpai. ®opmysna Hro.

o (Cy06/cymnep)MapTHUHTaJIHI.

o MHOUHNTEe3NMAaIbHBIN ONlepaTop MOJIYTPYIIIbL.

o CToXacTUYecKas yCTOMYUBOCTh JUHAMWYECKUX CHCTEM.

o DoJipllivie yKJIOHEHNs B MapKOBCKUX IPoLleccax U XaoTUYeCcKol JUHaMUKe.

o HesmHeliHbIe MapKOBCKHE IPOIIECCHI.

YYEBHHUKN:

(]

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

o A. JI. Benrnesnb. Kypc Teopuu ciiydaiiHbix npoleccos. M.: Hayka. ®usmatiaut, 1996
o N. V. Krylov. Introduction to the theory of random processes. AMS. V.43, 2002.

o B. Okcenpgasb. Ctoxactuueckre auddepeHnaibHele ypasHenus, Mocksa, 2003.

o A. H. Mlupsies. BeposaTHocTs, 2 T. MITHMO, 2007.

IMOPANOK OLIEHUBAHUA: 0.4 (HakomieHHas oijeHka) + 0.6 (3k3aMeH), HaKOIlJIeHHAas OIleHKa ompefesis-
eTCsA KOHTPOJIbHBIMU, cavuel JINCTKOB 1 pab0TOM Ha JIeKIUAX U ceMrHapax. OKpyrJieHre B 00JIBIIYI0 CTOPOHY.
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BBEJJEHUE B ®POBEHUYCOBBI AJITEBPBI U 3EPKAJIbHYIO CUMMETPHIO
HUC Ha aHIJIMIICKOM A3BIKe IJiA CTYA€HTOB 2-T0 Kypca U cTapiie
(see also the description in English)

PYKOBOOUTEJIb: II. U. [lyHun-BapkoBckuii, A. A. Bacayiaes.
YYEBHASA HATPY3KA: BeceHHUII ceMecTp 2019/20 yu.T., ABe mapsl B HeJleJI10, 6 KpeUTOB 3a cCEMeCTp.

OIIMCAHMUE: @DpobeHLycosbl ateebpbl — 3TO accollaTUBHBIE ajireOphl ¢ e AUHUIEH, OCHAIIEHHbBIE ONpeesIeH-
HBIM 00pa30M COTJIaCOBAHHOM C Mpou3BeJeHreM OMIMHelHoM popMoii. HecMOTps Ha ITPOCTOTY olpee ieHs,
OHU UTpaloT BaXXHYIO POJIb BO MHOTUX MHTEPECHBIX 3a/lauaxX 13 pa3HbIx obsacteit Hayku. OJHOU U3 TaKuX 00-
JlacTell AIBJISeTCS U3ydeHne ocOOeHHOCTel Bpojie ocTpus Kpuboi y2 = x3 B Touke (0, 0) (cp. ¢ 0COGEHHOCTHIO
kpuBoii y2 = x3 + x2 B Toi %e Touke). Kypc HauHETCA ¢ onpeaesneHnsa GpoOGeHNyCOBBIX arebp, 06CyXIeHnsa
X CBOICTB W NPUMEPOB. 3aTeM MBI 00CyJUM OCHOBBI TeOpUM OCOOEHHOCTeH U CBA3b (HpOOEeHNyCOBHIX ajl-
re0Op C 3TOH Teopuel, a Takxe MosABJieHUe GpoOeHUYCOBIX ajiredbp B pu3uke (B 4aCTHOCTH, T.H. «IIBYMepPHBIE
TOIOJIOTUYeCKre KBaHTOBBIE TEOPUM TOJIsA», KOTOPBIE AAJIeKO He TaK CTPAIIHBL, KaK UX Ha3BaHue). B KoHIle
Kypca 6yayT ynoMAHYTH (ppoOeHnyCcOBb MHOTroo0pasusi, /i 3Toro OyyT AaHBI Bce HeOOXOAuMble 6a30Bbie
CBeleHV.

IIPEABAPUTEJIbBHAS ITIOAT'OTOBKA: ajreOpa U reoMeTpus AJis IEpBOro Kypca 6akajiaBpuara.

ITPOTPAMMA:

1. AnreGpsl co criapuBaHueM, ppoOeHNyCOBH ajre0psl. DKBUBaJIeHTHbIE (POPMYJIIPOBKU, €IMHCTBEHHOCTh
CrlapyMBaHUsA, OTpaHUYEeHNUs, BRITEKAI1e U3 yca0BUs GpoOeHNnyCOBOCTH.

2. IIpumepsl He-PPOOEHUYCOBBIX aCCOIMATUBHBIX KOMMYTATUBHBIX ajrebp. dopmasibHoe omnvcaHue ¢po-
OeHNyCOBBIX ajre6p B TepMHHAX eAUHUIIBI, KOeAUHULBI U TeH30pa npousBedeHus. OnucaHue cOOTBeT-
CTByIOIUX IpadoB U KOOOPAU3MOB.

3. ®pobeHnyCcOBHI aareOphl, TPUXOAIINE U3 TEOPUN 0COOeHHOCTE: nmpuMepH 4, D, E.

»

Kopuesrle cuctemsl TUNOB 4, D, E, rpynmnsl Kokerepa, cTpykTypa ppobeHnycoBoii ajreOpbl Ha IpOCTpaH-
CTBe MHBapHUAHTHBIX MHOTOUJIEHOB.

®pobeHnyCOBHl aIre0pHl, IPOUCXOAIINE U3 KOrOMOJIOruil MHOroo6pasuii. Ilpumep: CP™.
AxcyMBl ATbU ABYMEPHBIX TONOJIOTMYECKUX KBAHTOBBIX TeopHil noJisA. CBA3b ¢ GU3NKOMI.
3epkayibHasA CUMMeTpUA Kak nzoMopdusm ¢GpoObeHnyCOBBIX anredp, HEKOTOPhIE IIPOCThIE IIPUMEPHL.

MHoroo6pa3sus ¢ npousBeieHneM. AccoliaTHBHBIE 1 KOMMYTaTHBHBIE cJly4au, F-MHOroo6pasus.

© ©® N o o

F-mHOroo6pasusi, cBA3aHHBIe ¢ AedopMalireii ocobeHHOCTel: mpuMeps A, D, E.

YYEBHHUKH:

o J.Kock, «Frobenius Algebras and 2d Topological Quantum Field Theories», Cambridge University Press,
Cambridge, 2004.

o C.Hertling, «Frobenius Manifolds and Moduli Spaces for Singularities», Cambridge University Press,
Cambridge, 2002.

o C.M.Haran3oHs, «'eoMmeTpusa NByMepHBIX TOIOJIOTMYecKuX Teopuii noyay, MITHMO, Mocksa, 1998.
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o B.M.ApHosba, B.A. Bacunses, B.B. I'optoHOB, O.B. JIamko, «OcobenHoctu. 1. JIokanpHaa u riobajipbHasg
teopusi», BUHUTHU, Mocksa, 1988.

IIOPAJOK OLIEHUBAHUJI: utorosas olleHka paBHa min(10, [S+ C + T + E]), roe

[

[...] 03HaYaeT OKpyTJieHre BBEPX

o

S €[0,4] — oueHka 3a cgady JIMCTKOB

C € [0,4] — oueHKa 3a camoCTOATeJIbHbIe pabOTHl Ha ceMUHapax (IIpoBOJAMMEIEe pa3 B HECKOJIBKO 3aHsA-
TUIN)

o

o T € [0, 3] — omenka 3a 30-MUHYTHBII JOKJIa[] Ha OJJHOM M3 CEMHHapOB

o F €[0,5] — olleHKa 3a YCTHHIN 3K3aMeH.

Ecyii HakaHyHe 5k3aMeHa BhInoJiHAeTcs yesoBue min(10, [S+C+T1]) > 8, To 3Ta oljeHKa IpU XeJIaHUU CTyIeHTa
MoO>XeT OBITh BHICTaBJIeHA B KauecTBe UTOrOBOU 6e3 sK3aMeHa.

28



BBEJJEHUE B TEOPUIO YHCEJI
y4eOHas QUCHUMILIMHA [Jis CTyIeHTOB 1-ro Kypca U crapuie

JIEKTOP: B. 3. lllapuu.

VYEBHAA HATPY3KA: BeceHHUI ceMecTp 2019/20 yu.T., ABe maphl B He1eJII0, 6 KpeUTOB 3a CEMECTP.

OIIMCAHME: Teopus 4ncesl COCTOMT U3 MHOXeCTBAa Pa3HOOOPa3HBIX BONMPOCOB U METOJIOB UX UCCJIeJOBAHMA.
Kypc comepxur ase yactu. IlepBas 4acTh NOCBsALleHa NOAPOOHOMY M3YYEHUIO 3JIEMEHTAPHOU TEOpUU 4uCel
C UCMOJIb30BAaHMEM MHCTPYMEHTOB BHICIIENl MaTeMaTHUKU. BTopas 4acTb JacT ciymaTesiaM NpeAcTaBjieHne o
BO3MO>KHBIX HallpaBJIeHUAX yIrIyOJeHUA U OCHOBHBIX pe3yJibTaTax B paMKax 3TUX HallpaBJIeHUI.

IIPEABAPHUTEJIbHASA ITOATOTOBKA: nepBhili roJy 6akajaBpuaTta (CTaHJapTHBIE KYPCH ajareOpsl, aHaI13a,
reoMeTpuu, KOMOMHATOPUKU 1 TOIIOJIOTHUM)

ITPOTPAMMA:

10.

. JesmuMocTs M mpocThie unciia. EBkinaoBs kosbna Z u Z[i]. AnroputMm EBkyinaa. JIuHeliHOe peicTaB-

snenne HOJl. OcHoBHasA TeopeMa apudMeTUKH. p-liokasaresn. Jlemma 06 yrouHeHuu creneHu. [locrysar
beprpana.

KoJibna BeryeToB 1o MoAyJiio. O6paTumMele BeIYeThl. Teopema BusbcoHa. dyHkusA Dilepa u eé CBOU-
cTtBa. Teopema Oiiiepa. Kutatickaa Teopema 06 ocrarkax. Teopema IlleBasiie. [IpUMUTUBHBIE BBIUETHI.
KBagpatuuHbie BbiueThl (KpuUTepuil Jitjiepa, KBaApaTU4HBIN 3aKOH B3auMHOCTHU ['aycca).

Ilennbie (HenpepbiBHBIE) ApoOH. CBoMicTBA IenHbIX Apobell. [IpubikeHre HppalloHAJIbHbBIX YKcesT
pannoHasnbHbIMU. [{enHble ApoOY KBaApaTUYHBIX MPPal[IOHAIbHOCTEN.

3amauu Ha pemérkax. ®opmya [Muka. Teopema bamxdensaa. Jlemma MunkoBckoro. Teopema Kpore-
kepa. PaBHOMepHO pacnpefesiéHHble ocjieqoBaTebHOCTU. Teopema BaH-nep-BapaeHa.

MHorouwieHbl Haf Z. HenpuBogumele MHorouwieHHbl. Jlemma l'aycca. IlpusHak DiizeHmiTeliHa. [Ipu3Hak
Joma.

JMuodaHToBBI ypaBHeHUA. JInHeliHbIe UODAHTOBH ypaBHeHUs. MeTOoAb! pellleHnsa HeJIMHEMHBIX IHO-
(aHTOBBIX YpaBHEHUII: METO[l OCTAaTKOB, METO/ pa3JIoXKeHUI, MeTO[ OLleHOK, MeTo[ ciycka. [Tudaropo-
BB TpOViKU. YpaBHeHus [lesuia. CymMMBel AByX KBaapaToB. CyMMBI YeTHIPEX KBaJPaTOB.

OcHOBBI aJireOpanueckoi Teopuu uncesi. KoneuHsle pacmmpenus Q. JleMMa o IpoCcTOM paclIvpeHU .
Kouseito 1iesinix. TTosie anrebpandeckux uncen A. Anrebpandeckas 3aMKHyToCcTh A. Teopema JInyBuiis.
Teopema Jlungemana (6/4). TpaHCIleHIEHTHOCTD T U €.

OCHOBBI aHAJIUTUYECKOM Teopum yuces. 'amma-pynkuus dityiepa. [i3eta-pyHkiusa Pumana. Paasr [lu-
puxie, TeopeMa [Jupuxie o6 apudpmerndeckux nporpeccusx (6/a). Teopema YeOniéBa o pacnpenese-
HUU MPOCTBIX YHCEJL.

OcCHOBBI KOMOMHATOPHOM Teopuu yucesi. Teopema Komu — [IoBennopra. Teopema ILiioHHeKe — Pyxa.
Teopema Cemepenu (6/1). Teopema I'puna — Tao (6/1).

p-aaudeckue umncja. Heapxumenossl HOpMel B Q 1 nonoyiHeHusa Q no HuM. KoJibLo Z, n ero CBOICTBA.
JlemMma I'enzeis.

YYEBHHUKHA:

[D] T. aBeHnopT, «BBegeHue B TEOPUIO YHCETDY.
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[B] A. Byxmita0, «Teopusa dncen».

[H] T. Xacce, «Jlekiuy 1o TEOPUU YUCEIIY.

[V] U. M. BuHorpajzioB, «OCHOBBI TEOPUU YHCET).

[U] B. B. BaBusos, A. B. YcTuHOB « MHOTOyTrOJIbBHUKY Ha PEIIETKAX».
[W] T. Beiinb, «BBegeHue B ajreOpanyecKyio TEOPUIO YHCey.

[N] M. HataHcoH, «O0paTHBIe 3aJa4il TEOPUHN YKUCEI».

[K] C. b. KaTok, «p-aguueckuii aHaJii3 B CpPaBHEHUM C BellleCTBEHHBIMY.

[P] B. B. IIpacosioB, «MHOTOYJIEHbI».

MOPAAOK OLIEHUBAHMA: ntorosas onenka pasHa 0,1 K;+0,1K,+0,1K;+0,3 C+0,4 E, rae K; , — OLIEHKHU
3a KOHTpPOJIbHBIE, K, — CcpeNHAA M3 TPEX JIyUYIINX OLIEHOK 3a TeopeTHYecKre KOHTPOJIbHBIE, YTO OYyAyT Ha

JleknusAx, C — oIleHKa 3a KOJUIOKBUYM B cepeJiHe Kypca, £ — olleHKa 3a 5Kk3aMeH B KoHIle Kypca. OkpyryieHue
J10 6IMXKanIIero 1eJioro, noJjyresble Yrcjia OKPYTJIAI0TCA BBEpX.
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BBEJJEHUE B DPI'O/IUYECKYIO TEOPUIO
HUC Ha aHIJIMIICKOM A3BIKe IJiA CTYA€HTOB 2-T0 Kypca U cTapiie
(see also the description in English)

PYKOBOAOUTEJIb: M. JI. biiaHK.
VYEBHAA HATPY3KA: oceHHUH ceMecTp 2019/20 y4.r., oqHa mapa B HeZleJIo, 3 KpeauTa 3a ceMecTp.

OIIMCAHHE: MOXHO Ji OTJIUYUTH JeTEPMUHUPOBAHHYI0 XaOTHUYECKYI0 JUHAMUKY OT YMCTO CIIYIaliHON U
MMeeT JIM 3TOT BOIPOC CMBICJI? Binser i HeoOpaTUMOCTh JMHAMUKU Ha KadeCTBEHHBIE XapaKTepUCTHUKU
mpolecca? Dproaudeckass Teopusa M3ydaeT 5TU U Apyrye CTaTHCTUYeCKue CBOMCTBA JUHAMMYECKHX CUCTEM.
HHTepec K 3TON nmpobjeMaTUKe CBA3aH C TeM, YTO «TUIMYHEIE» eTepMHUHHPOBAHHEIE AUHAMUYecKue CHCTe-
MBI (Hannpumep, auddepeHnnaIbHbe ypaBHEHNs) JeMOHCTPUPYIOT XaoTHYeCKoe IoBefeHre: UX TPaeKTOpun
BBITJIAMAT KaK peajunsaliu CIydyanHbIX npoueccoB. MBIl HaUHeM c KjlacchuecKnx pe3ysbraTos IlyaHkape, Bupk-
roda, XuHurnHa, KosiMoroposa u JoieM A0 COBpeMeHHBIX IOCTAHOBOK (B TOM 4lCJIe Y HepellleHHBIX) 3aJay.
Kypc sABisAeTca BBOOHBIM M OPHEHTHUPOBaH Ha 6akayiaBpoB 2 -4 Kypca, MaruCTpaHToB U acnupaHTos. Ecrte-
CTBEHHBIM ero IpoAoJiKeHUeM SBJIAeTCS CKOJIKOBCKUH Kypc «[JuHaMuKa U sproguieckas Teopusy. Ilpeasapu-
TeJIbHBIX 3HAaHUI KpoMe Kypca MaT. aHajn3a He TpebyeTcs (XOTA OHU U XKeJlaTesIbHBI).

IMPEABAPUTEJIBHAA ITOAT'OTOBKA: Kypc aHaJ13a.

ITPOTPAMMA:

1. JluHaMHnYeckre CUCTEMBL: TPAeKTOPUU, MTHBAPUAHTHBIE MHOXECTBA, IPOCThbIe U CTPAHHbIe aTTPaKTOPHI U
UX KJIaccuuKaius, XaOTUYHOCTb.

2. Tonosiornveckue CBOMCTBA N3MepPUMON AUHAMUKHU.

3. MelicTBUe B IPOCTPAHCTBe Mep, NMOHATHE TpaHcdep-onepaTopa, MHBapHUaHTHble Mepbl. CpaBHeHHE CO
CJIy4aliHBIMM MapKOBCKHMM IIpoLieccaMu.

4. DproauvyHOCTh, Teopema bupkroga, nepememmusanue, LITT. Mepsl Cunas-bBoysHa-Proasna u ecre-
CTBEHHbIe/HalJIIoJaeMble MephI.

5. OcHOBHBIE 3proguyeckre KOHCTPYKI[UU: IIPsAAMBIe U KOChle IIPOX3Be/iIeHNs], IPOM3BOAHOE U NHTerpajbHOe
oToOpaxeHus, ecTeCTBEHHOe pacuiipeHue 1 rpobjieMa HeoOGpaTUMOCTH.

6. Dproauyeckuil NOAXO[ K 3ajadaM TeOpUM UlcCel.
7. DHTpONUA: METPUYECKUI U TOMOJIOTNMYECKUN TTOAXOIBI.

8. OmepaTopHbili opmanuaM. CrekTpajbHas TeOpHs AUHAMHYECKHX CHCTeM. baHaxoBBI IPOCTpPAHCTBA
Mep, cJiy4yariHble BO3MYIIeHUs.

9. MHOIOKOMIIOHEHTHBIE CHCTEMBI: CHMHXPpOHM3alusa 1n (l)aBOBbIe rnepexonasl.

10. MaTemMaTH4ecKre OCHOBaHUA YKUCJIEHHOTO MOOeIMpOBaHUA Xa0TUYeCKOU AVHaAMUJKH.

YYEBHHUKHA:

1. M. BnaHk. «YCTOMYHUBOCTh U JIOKAJIM3aIMA B XaoTudeckon quHamukey, MITHMO, Mocksa, 2001.
2. W. I1. Kopudenba, A. I'. Cunaii, C. B. ®omuH. «3proguieckas Teopus», Hayka, Mocksa, 1980.

3. A. Katok, B. Hasselblatt. «Introduction to the modern theory of dynamical systemsy, 1995.

IOPAJOK OLIEHUBAHHUA: 0.4 (HakomeHHas ouieHka) + 0.6 (Ox3ameH). HakorieHHas olieHKa Ornpeesisa-
€TCs KOHTPOJIBHBIMU, CAavYel JINCTKOB 1 pab0TON Ha JIEKIIUAX U ceMrHapax. OKpyrJieHue B 60JIbIIYI0 CTOPOHY.
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I'EOMETPUYECKHUE CTPYKTYPbI HA MHOT'OOBPA3UIX
HHUC s eryaeHTOB 3-rO Kypca U cTaplue

PYKOBOAUTEJIN: A. b. Kanenun, M. C. Bepounkuii, B. C. XKryH.
YUYEBHASA HAT'PY3KA: aBa ceMmectpa 2019/20 yu.r., ABe napsl B HeJeJ0, 6 KpeAUTOB 3a ceMecTp.

OITUCAHHE: CeMUHap OPMEHTHPOBaH Ha CTY[EHTOB U aCIMPAHTOB, MHTEPECYIOIINXCsA reoMeTprell B caMOM
mMUpoKoM cMmeiciie. Kpome snkbe3a, He06X0AMMOro AJiA 3aHATHA COBPEMEHHOIN MaTeMaTHUKOU U MOHWMaHUA
TeKyllel JIUTepaTypsl, YYUaCTHUKYU CEMUHapa MbIOT Yall U AesalT JOKJIabl [T0 Pa3HBIM CTAThAM, OT KJIACCUKU
1 10 HeJaBHO ONyOJINKOBAHHBIX MPENPUHTOB.

IIPEABAPHUTEJIbHAS ITIOAT'OTOBKA: MHorooOpasus, rpymmnsl JIu, anarebpa ge Pama, BEeKTOpHBIE pacciioe-
HUA.

ITPOTPAMMA:

1. JIuk6e3 1o MUPOKOMY CIIEKTPY reOMeTPUYECKUX AUCIUIUINH, B OCHOBHOM ajirebpanieckoil reoMeTpuu.
2. CoOcTBeHHBIE pabOTHl CTYAEHTOB U BBDKMMKU U3 TEKYIlel JINTepaTyphl.

3. Yaii ¢ mmomkaMy, 6apaHKy, IPAHUKY, MapMeJsiaj.

YYEBHHUKMHA:

1. Sylvestre Gallot, Dominique Hulin, Jacques Lafontaine. Riemannian Geometry.
XK.-II. Cepp. Anrebpsl JIu u rpynmsl JIn.

Jx. Munsop, [JJx. Ctamed. XapakTepucThuecKre KJI1accChl.

A. C. MuieHko. BekTopHBIe paccjioeHUsA U UX IpUMeHeHUA.

Jean-Pierre Demailly. Complex analytic and differential geometry.

S B I

C. U. Tensdang, }0. . ManuH. MeToibl roMoJiorudeckoi aared6pel. Tom 1. BBegeH1e B KOTOMOJIOTHU U
[IPOU3BOJHBIE KATETOPUU.

IMMOPANOK OLIEHUBAHUA: VTorosas olieHKa 3aBUCUT OT aKTUBHOCTU y4dyacTtuAa CTyJ€EHTA B CEMMHAPE.
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I'EOMETPUA U AHAJIN3 TUO®DPEPEHIIUAJIbBHBIX YPABHEHHUH
HHUC s eryaeHTOB 3-rO Kypca U cTaplue

PYKOBOOUTEJIb: U. B. Beiorus, B. A. [To6GepeXHBbIi.
YUYEBHASA HAT'PY3KA: aBa ceMmecTpa 2019/20 yu.r., oqHa nmapa B HejeJio, 3 KpeauTa 3a ceMecTp.

OITUCAHMHE: OCHOBHBIMU IpeJ]METaMH Halllero Kypca OyayT aHajuTudeckas Teopus AuddepeHIaIbHBIX
ypaBHeHUii, oOpaTHble 3aJa4ll MOHOAPOMUU 1 BONPOCH MHTErpHUPyeMOCTU. BC€ 3TO TeCHO CBA3aHO C KOM-
IIJIEKCHBIM aHAJIN30M U reoMeTpuel, MpakTUuecku He MepeceKasch ¢ Teoprell 0ObIKHOBEHHBIX quddepeHIu-
aJIbHBIX YpaBHeHUH. Mcnosb3ylomuyecs KOHCTPYKIMU U IOAXOAB!, KaK IIpaBUjIo, UMEIOT BUAUMBIN reOMeTpu-
YeCKUI CMBICTI, a pe3yJIbTaThl UMeIOT MHOTOUYMCJIeHHbIe TPUJIOKEeHNA B COBpEMEHHON MaTeMaTHKe U TeOpeTu-
4yeckol (u3uKe, B IepBYI0 ouepe/ib, IpX UCCIeJOBaHUN UHTEIPUPYEMBIX CUCTEM.

IIPEABAPHUTEJIBHASA IMTOATOTOBKA: rjaakue MHoroo0pasus, auddepeniiuaibHbie ypaBHeHUs, TOKIIL.
ITPOI'PAMMA:

1. KommiekcHole auddepeHnnaibHble ypaBHEHUA
Oco0ble TOUKHU

HWHBapuaHTHI

MoHnoapomusa

o > Wb

PaCHpe/:[eJ'IeHI/IH, CUMMETPHU U NHTETPpUPYEMOCTD

YYEBHHUKHA:

1. TomyGeB B. B. Jlekuuu no aHajauTudeckoil Teopuu auddepeHnnaabHbIX ypaBHeHU. ['ocTexTepusaar,
1941.

2. boiubpyx A. A. OGpaTHEIe 3ajaui aHAJIUTHUYeCKOl Teopuu AuddepeHnranbHbIX ypasHeHuil. MITHMO,
2009.

3. Lychagin Lectures on geometry of differential equations I,II. Roma, 1992.

IOPAOK OLIEHUBAHMA: HaKkoIlIeHHas olleHKa (paboTa Ha ceMHHape, JIMCTKA) OKpyTJisfeTcs [0 OJvkaii-
IIero 11eJIOro, NoJIylLiesible 3Ha4eHUA OKPYIJIAITCA BBEpX.
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I'EOMETPUS U I'PYIIIBI
HHUC s eryaeHTOB 1-rO0 Kypca ¥ crapiue

PYKOBOAUTEJIb: O. B. IlIBapumMaH.
YUYEBHASA HAT'PY3KA: aBa cemectpa 2019/20 yu.r., oqHa nmapa B HeeJio, 3 Kpeaura 3a ceMecTp.

OITMCAHHME: cHauasa mpejroJjaraeTcsi OCHOBaTeJIbHO M3Y4YUTh IIJIaHMMeTpuio JlobaueBckoro, a 3aTeM 3a-
HATHCA U3y4YeHNeM CUMMeTPHUYHBIX 3aMOIIeHN JIOCKOCTU JIo0aueBCKOro U UX NpUJIOKEHUH B TEOPHUU YnceJl,
aHajmn3e U KOMOMHaTOPUKe.

NPEABAPHUTEJIBHAS ITOATI'OTOBKA: TBEpAOE 3HAHNE €BKJINAOBON IJIAHUMETPHUH.

ITPOTPAMMA:

1. ITnmanumetpus JlobaueBckoro (B MoJiesiv BepXHell MOJIYIJIOCKOCTH): UTO B Hell Tak, Kak B eBKJIMIOBOMH, a
YTO He TaK.

2. ToyuuTesnbHBIE TPHUMEPH 3aMOIIeHUH 1I0cKocT JlobaueBckoro, o6sagaroliie 60JIbIION IPYyIIoN CUM-
MeTpuu (reHeTHUYecKoe BBeJleHle B TeOPHI0 (PYKCOBBIX I'PYIIIL).

3. IlpunoxeHus.
YYEBHHUKU:
1. B. B. IIpaconos. I'eometpus Jlo6auesckoro. MIIMHO, 2016.

2. Mamdopg, Paiit, Cupuc. Oxepesbe Uuapsl. MIITMHO, 2011.

IMOPAJOK OLIEHUBAHMA: uTorosas olieHka 3a nosgyroaue pasHa 0.5 N+0.5 E, rae E — oljeHKa 3a UTOTOBHBIIA
ok3aMeH, a N = min(10,0.15 + 0.9K), rge S — 4ucJIO cCeMMHApPOB, KOTOphIe Bul mocetuin, a K — olieHKa 3a
KOHTPOJIbHYI0. Bce OKpyTJieHUs MPOUCXOAAT A0 Gimxkaliiiero 1ejoro ymca.
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I'EOMETPUS U TUHAMHUKA
HHUC s eryaeHTOB 1-rO0 Kypca ¥ crapiue

PYKOBOJMUTEJIH: A. B. KiilmmeHko, I'. U. Ospmmadnckuii, A. C. CKpUITYEHKO.
YUYEBHASA HAT'PY3KA: aBa ceMmecTpa 2019/20 yu.r., oqHa nmapa B HejeJio, 3 KpeauTa 3a ceMecTp.

OITUCAHHE: CeMuHap paccuuTaH Ha CTyJeHTOB 1-2 kypca 6akanaBpuaTta. Mbl mpefnojaraeM pacckasarb
CJTyIIATEsIAM O IOHATUSAX, METOIaX U Pe3yJIbTaTaxX U3 Pa3INYHBIX Pa3fesioB reOMEeTPUH, TUHAMUKHI U CMEXHBIX
o6Gsacreii. [Ipu 3ToM HepeZiko coobpaxeHHUs U3 OJJHOM 00J1acTu Oy Ay T UCIOJIb30BaThCA B paboTe ¢ 0ObeKTaMU
JIpyToi MpUpOIbl. B TeueHre AByX JieT pa3brpaeMsble CIOXKETHI TOUTU HE MOBTOPSIOTCA.

IMTPEABAPUTEJIBHAA ITOAT'OTOBKA: HeT

IMPOTPAMMA: HUC cocTouT 13 NOYTHU HE3aBUCUMBIX OJIOKOB B 1-3 3aHATHA. BOT HEKOTOpPHIE U3 TeM, 3alljia-
HUpOBaHHEIE HA 3TOT 'OJ:

o Teopus IlyaHkape — BeHUKCOHa: ToYeMy OOJIBIIMHCTBO CUCTEM, COCTOSIHHE KOTOPBIX 33Aa€TCA TOYKOMN
Ha IJIOCKOCTHU, JTUOO CTaOUIU3UPYIOTCA, JIMOO BHIXOAAT B PEXUM MepUOANYecKUX KojJeOaHuN? 4TO U3-
MEHUTCA B 0oJiee BEICOKOU pa3MepHOCTU?

o MapKOBCKHe C/IBUT'H: BCe caMble IJIaBHble CBOIMCTBA JUHAMHYECKHUX CHCTeM, OT TPAaH3UTUBHOCTHU [0 Ie-
peMelIMBaHusl, B TEpMUHAX JINHEIHOW ajireOphl.

o SHTPONMA AUHAMHUUYECKON CHCTEMBI: KaK U3MepUTh «CJIyYaliHOCTb» IOBeJIeHUs CUCTeMBl II0UeMy 3HTPO-
s U3MepseT CJI0XKHOCTh?

o auddeomMopPrU3Mbl OKPYKHOCTHU: KiacchudUKanusa C TOYHOCTHIO A0 CONPSXEHWs, MHBADHUAHT KJIacCu-
¢ukanuy (4ucsio BpalleHus), JOCTaTOYHOCTD ero 1A kiaccudukalnuy, NoBeJieHre 4ncia BpalleHus B
ceMelcTBax

o XaoTu4ecKas JUHAMHKA: 9TO O0LIero y kota ApHOJIb/a, OTOOpakeHue reKaps 1 Ouibsapaa ByHumoBuya?
o I[eMHble APOOU: KaK AUHAMUKA IOMOTaeT TEOPUH YHMCEJT U IIPUYEM TYT Teojie3nuecKue?
o (bpakTasbl: KaKk KOMIUIEKCHAsA UHAMUKA CITyXUT GU3UKe, OMOJIOTUH U COI[UAIbHBIM HayKaM?

o TeOMeTpHs IPOCTPAHCTB (J1aros

YYEBHHUKHA:

o A. b. KaTok, b. Xaccen6saT. BBegeHue B TeOpUio0 AUHAMUYECKUX CHCTEM C 0030pOM NOCJIEJHUX JOCTHU-
xeHunit. M.:MLTHMO,2005.

o C. Tabaunukos. 'eoMmeTpus u 6usLTHapabl. Bubanoreka xypHasa «PeanbHad U XaoTUUeCKasd JUHAMUKAY,
M.-NxeBck, 2011.

o Y. ®ynaToH. Tabnunel IOHra u ux NpujIoXeHUsA K TeOpUU IpefcTaBjaeHu U reomeTpun. Mocksa, MITH-
MO, 2006.
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IOPANOK OLIEHMBAHMUA: B koHIle cemecTpa MPOBOAUTCA 3K3aMeH, COCTOAMUIN B YCTHOM OOCYXIOeHUU
pellleHNI1 BBIAJAHHBIX 3apaHee AJIA JOMAIIHero pelleHuA 3afjay, MOKPHIBAIOMMX OOJIBIIYI0 YacTh MaTepuasia
cemecTpa (okoJio 5 3az1a4, oijeHKa «10» BrICcTaBJIAeTCA 3a pelieHUe npuMepHO 80% u3 Hux). [Ipu s3TOM paboTa
B TeUeHNe ceMecTpa yUUThIBaeTcA CJIeJyoIUM o0pa3oM.

1) CTyneHT, yclielllHO BBHICTYNMBIINI Ha ceMUHape ¢ JOKJIaZoM, MoJjiydaeT oleHKY «10» (BhICTymJIeHue ¢ Jo-
KJIaJoM — HeoOXoAuMoe yCJIOBHE JIOIlyCKa CTyJEeHTOB CTapIInX KypcoB K BKIdeHH:o 3Toro HHCa B cBoi
NVII).

2) B TeueHue cemecTpa INPOBOJUTCA HECKOJIbKO (2—4) HeOOJIbIINX MHCbMEHHBIX IPOBepOYHBIX pabort. ITo pe-
3yJIbTaTaM IPOBepOYHOIN pabOTHl CTyAEHTY MOTYT OBITh aBTOMAaTH4YeCcKH 3auTeHbl ([T0JIHOCTBIO MJIM YaCTUYHO)
3ala4yM Ha Ty Xe TeMy U3 UTOrOBOro 9K3aMeHa.

KOMMEHTAPHMI: BeceHHMII ceMecTp MOXHO, XOTS 1 He peKOMeH/yeTcs1, 6paTh 6e3 oceHHero. B ciyuae, ec-
Ju 3T1oT HUC yxe ObUI B3AT OOWH pa3 B IIPOILJIOM roAy, pa3pemaercs B3ATb ero BO BTOpou pa3. CTyZieHThI
cTapmux KypcosB (3—-4 Kypc ¥ MarucTpaHThl) MOT'yT BKJIl0YaTh 3TOT HUC B cBoit UYII ToJIBKO MO npef-
BapUTeJbHON JOTOBOPEHHOCTU C PyKOBOJUTEJIAMU cEMUHapa.

36



I'PA®BI HA TIOBEPXHOCTAX
HHUC s eryaeHTOB 1-rO0 Kypca ¥ crapiue

PYKOBOOUTEJIb: H. A. AMOypr.
VYEBHAA HATPY3KA: oceHHMH ceMecTp 2019/20 y4.r., oJHa mapa B HeZleJo, 3 KpeauTa 3a ceMecTp.

OITMCAHME: AnekcaHzip ['POTeHUK 06Pa3HO U TIO3TUYHO Ha3kIBAJI 0emCKUMLU PUCYHKAaMU® rpadbl, HauepueH-
Hble 6e3 OTphIBa KapaHjalla Ha JByMEpHO! [MOBEPXHOCTU TakK, YTO UX péOpa He IepeKacloTcsA HUTAe, KpoMe
TeX BepIINH, B KOTOPBIX UM I0JIOXEHO IlepeceKaTbCs. 3aHATHUA AeTCKUMU PUCyHKaMu He TpeOyHT HHUKaKOU
crelyaabHON MOATOTOBKY U MO3BOJIAIOT UTPAI0YM OBJIAAETh TaKUMHU GyHAaAMEeHTaJIbHBIMU TOIOJIOTMYeCKUMU
MHBapuaHTaMu rpa¢oB U IOBEPXHOCTEeN, KaKk poJ U 3iyiepoBa xapakTepucTuka. C Opyroil CTpOHHI, usyue-
HUe JeTCKUX PUCYHKOB JOBOJIbHO OBICTPO IIPHUBOAUT K HETPHMBUAJIBHBEIM 3aadyaM U KOHIEMNIYAM, JieXalluM B
caMoM cep/ille anrebpanyeckol reoMeTpun, TEOpUH Yrcesl U MaTeMaTruieckoy pusnky. MeHHO B uccienoBa-
HUM NOHATHBIX KaXI0MY IIKOJIbHUKY 00OBbEKTOB, BpOJe AeTCKUX PUCYHKOB, 'poTeHAMK BUAesI criocob Ipeoso-
JIEHUA CJIOXKUBIIErocsA B IocjieHee BpeMs Oapbepa Ype3MepHOI CJI0KHOCTU 1 TEXHUYHOCTH, OTIIYyTUBAOIIEro
CIIOCOGHBIX MOJIOZBIX JIOJell OT 3aHATUA COBPEMEHHOH MaTeMaTUKOMi2. B 3TOM Kypce MBI HAUHHEM C a30B Ma-
JIOMEPHOU KOMOMHATOPHOW TOMOJIOTHU U C Pa3HBIX TOUEK 3peHNs 00Cy UM HECKOJIbKO KPACUBBIX U HaTJIAJHBIX
3a/1a4, HaXOOALIUXCA B I[eHTpe HanboJiee MPHUCTAJIbHOIO BHUMAHWSA CerOqHANIHNX MaTeMaTHUKOB U QU3NKOB.

IMTPEABAPUTEJIBHAA ITOAT'OTOBKA: HeT.

ITPOTPAMMA:

1. Krnaccudukauusa AByMepHBIX KOMIAKTHBIX CBSI3HBIX MIOBEPXHOCTel 6e3 Kpasi.

Hetckue pucyHku I'porenauka. @opmysa Dilepa.

I'pynna BpameHus pebep. ABTOMOp®U3MBI A€TCKOTO PUCYHKA.

MaTtemaTtuueckue OuabApAbl. HaMoTku Topa.

PumanoBh oBepxHocTu. [Tapa Benoro. Matematuueckuiil Ousibsap Kak PUMaHOBa OBEPXHOCTE.
MaTpuuHble MOJieJId U JIeHTOYHbIe rpadsl. IIponsBoasAmne GyHKIUN 414 rpadoB Ha OBEPXHOCTAX.

. Ckueliku 2n-yroJyibHUKa U ¢popMyJia Xapepa—Llarupa.

YYEBHHUKHA:

1. Mumenko A. C., ®omenko A. T., KpaTkuii kypc auddepeHnaIbHON reOMeTPUN U TOTIOJIOT UM,
2. 3BoHKUH A. K., JIanpo C. K., I'padsl Ha NOBEPXHOCTAX U UX PUJIOXEHUA.

3. TambnepuH I'. A., 3emnsaxkos A. H., MaTtemaTuieckre OMIbAPABL.

MMOPAJOK OLIEHUBAHUA: O1leHKa 3a KypC BBHUMCJAETCA U3 OOIIero yucia 3ajay, pell€HHBIX B TeueHue
cemecTpa, o ¢popmye:

: <10 10CYMM3PH06 YHCJIO PellléHHBIX 3a/1ay, BKJI0Yas Heo6ﬂ3aTeﬂbe1e>
min ,

CyMMapHO€ 4H1CJIO 00s13aTeIbHBIX 3ajga4

! Dessins d’enfant.
2Cm. Grothendieck A., Esquisse d’un programme, rjie HAMeYeHO HeCKOJIbKO MapIIpPyTOB, CIIOCOOHBIX COKPATUTh MyTh OT IPOCTOTO
K CJIOXHOMY.
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I'PYIIIIA KOC, R-MATPHUILIBI 1 KBAHTOBBIE I'PYIIIIbI
HHUC s eryaeHTOB 3-rO Kypca U cTaplue

PYKOBOAUTEJIb: I1. A. CantoHOB, I1. H. IIaTos..
YUYEBHAA HATPY3KA: BeceHHUI cemecTp 2019/20 yu.r., BEe mapsl B HeeJII0, 6 KpeUTOB 3a ceMecCTp.

OITMCAHHME: B 53TOM Kypce MBI 06CcyXgaeM HeCKOJIbKO TeM U3 TEOPHUHU I'PYIIIBI KOC ¥ TEOPUX KBAaHTOBBIX I'PYIIIL,
B KOTOPBIX MOABJIAETCA U IIPUMEHAETCA OAVH U3 CaMbIX N3BECTHBIX OOBEKTOB COBPEMEHHON MaTeMaTHhYeCKOou
(pu3nKy — Tak HaspiBaeMasA R-maTpula. R-MaTpulia B y3KOM IIOHUMAaHUM 3TOTO TepMHHA, C KOTOPHIM MBI, B
OCHOBHOM, U OyJeM HMMeTh [ieJlo, — 3TO pellleHHe (KyOHM4ecKoro MaTpU4yHOro) ypaBHeHus fIHra-bBakcrepa,
M3BECTHOr'0 TaKXe KaK COOTHOIIeHWe ApTHHa uin ypaBHeHUe Koc. Cepsl IpuMeHeHNs R-MaTpull B HaCTOA-
1ee BpeMsA O4eHb pa3HOOOpa3HBI — OT TeOPHU TOYHO pellaeMbIX Mofesiell CTaTUCTUYeCKOoN GU3NKU U TeOpun
I0J1a 0 Ipo6jieM NOCTPOeHUA UHBAPUAHTOB y3JI0B, CTPYKTYPHOI T€OPUU M TEOPUHU IPefCTaBIeHUI KBAHTO-
BBIX MaTPUYHBIX ajredp. B Kypce Mbl 3HaKOMUM cJIyHiaTesie ¢ aarebpandyeckKiMu KOPHAMU IIPOUCXOXAEHUA
R-MaTpuubl U ee POJIbI0 B TEOPMU MHBAPHUAHTOB Y3JIOB M TEOPUM KBAHTOBBIX I'PYII (CM. IIporpaMmy Kypca).
OueHb BaXkHbIE 71 COBPEMEHHOU TeopeTruieckoil GU3NKU NpUIoXKeH!s R-MaTpul] B TEOPUU UHTEIPUPYEMBIX
Mofeel obcyxaaTca B MaTGu3nieckoM crenkypce «AH3sal] berey.

MPEABAPHUTEJIPHAA ITOATIOTOBKA: jnHeliHasA anrebpa, Teopus I'PyNIl U TeOpus NpeJCcTaBJIeHui B IIpe-
JleJlax TepBhIX ABYX KypcoB mardaka. JKesaTeslbHO 3HAKOMCTBO C OCHOBaMH TeOpUHU rpymnn u auredp JIu u
anre6p Xomnda. Bnpouyem, Bce HeOGXOqUMBbIE TIOHATHUA OYAyT HAIOMUHATBHCSA B MPOLiecce 3aHATHIA.

ITPOTPAMMA:

o I'pymma koc, ee reoMeTpudeckoe U aaredpanyeckoe npecTaByieHuA. KoHeuHOMepHBIe (PaKTOPHI TPYIIIEI
KOC U ee TPYIINOBON ajirebpel: cCMMMeTpUieckas Irpymnmna, ajrebpsl Baxopu — 'ekke u BupmaH — Mypaka-
MU — BeHiis.

o Knaccudukanusa HenmpuBOAUMBIX IpefcTaBsieHuil anreOp WBaxopu -T'ekke: nogxon B Ayxe Bepimka —
OKyHBKOBA.

o R-mMaTpuuHble IIpe/cTaBjieHus Irpynnsl Koc. Ilpumepsr: R-matpunsl GL(m|n), O(n) u Sp(n) TUNOB.

o MapxkoBckuil cyiefy Ha anreOpe MBaxopu —I'ekke. R-ciieq 1 R-MaTpruuHas TeXxHukKa. [IpusioxeHus B TeOpun
MHBApHAHTOB 3allellJIeHNH U B KBAHTOBHIX CIITHOBHIX LIeNOYKaX.

o Ilonsarue 06 anrebpax Xonda. KoymHoXeHNe, KOeJUHUI[A U aHTUIIO C TOYKU 3pEeHUA TeOpuH IIpeiCTaB-
neHull. J[poticTBeHHbIe anre6psl Xonda.

o KomMmyTaTtuBHas airebpa ¢ myacCOHOBOI CTPYKTYPOU U ee KBaHTOBaHUE.

o Asnrebpa QyHKLMI Ha rpymnine U ckoOka CKJISHUHA Kak NMpuMep r-mMaTpuyHoi ckooku Ilyaccona. Kean-
TOBaHHas ajiredbpa GyHKLUUI Ha rpynne: R-MaTpuUuHbI noaxo (Tak Ha3eiBaemasi RTT-anrebpa).

o Anrebpa ¢QyHKUMI Ha JBOMCTBEHHOM MPOCTpPaHCTBe K ajirebpe JIlu gl(n), kBaHTOBaHUeE Iy4Ka CKOOOK
[TyaccoHa, anrebpa ypaBHeHUsA oTpaxkeHn ¢ R-martpunen GL(n) tuna.

o CTpyKTypa ajreOpsl ypaBHeHUs oTpaxeHuil GL(n) Tuna, xapakrepucTtuieckas nofajrebpa, KBaHTOBas
Bepcus TeopeMbl 'amuibToHa — KoJm, ClIeKTp KBAaHTOBOI MaTpPHIIBL.

o Teoprsa KOHeYHOMEPHBIX Pa3JIOKUMBIX IPe/ICTaBJIeHNI ajrebpbl ypaBHEeHUA OTpaxeHuil GL(n) Tuma.
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YYEBHHUKNA:

1. O. Ogievetsky, P. Pyatov, «Lecture on Hecke algebrasy. Preprint CPT-2000/P.4076

2. J. S. Birman and T. E. Brendle, «Braids: a Survey», arXiv:math/0409205 [math.RT]. In: «<Handbook of
Knot Theory», edited by: W. Menasco and M. Thistlethwaite, Elsevier B. V. 2005

3. Kaccess K., «KKBaHTOBBIE I'pynms», ®asuc, 1999.

4. A. Klimyk, K. Schmuedgen, «Quantum groups and their representationsy, Springer, 1997.

IIOPAMOK OLIEHUBAHMA: 3a BHIIOJHEHHbIE 3aJaHHUi U3 JIMCTKOB cTtaBuTcA oreHka 0 < N < 10. Eciu
N > 8, To utoroBas oreHka paBHa N. Eciu N < 8, To cmaérca mUCbMEHHBIN dK3aMeH, U UTOTroBas OlleHKa
paBHa (E + N)/2, rge 0 < E < 10 — olleHKa 3a 3Kk3aMeH, U OKpyIJleHHe IPOUCXOAUT MO0 OOBIYHBIM IIpaBUJIaM.

39



JIMHAMUWUYECKHE CUCTEMBI
HHUC s eryaeHTOB 3-rO Kypca U craplue

PYKOBOAUTEJIb: 10. C. UibsAieHKO.
YUYEBHASA HATPY3KA: aBa cemectpa 2019/20 yu.r., oqHa nmapa B HejeJio, 3 Kpeaura 3a ceMecTp.

OITUCAHHE: CeMuHap NOCBAIIEH TEOPUU JUHAMUYECKHX CHCTEM B ee pa3HBIX acleKTax: MHOIOMepHbIe qu-
HaMHYecKre CHCTEMBI M Xa0C, TEOPHs aTTPAKTOpPOB, nuddepeHLnalbHble YpaBHEeHNA Ha IJIOCKOCTU, KOM-
mJlekcHele quddepeHIraabHble ypaBHeHUs, Teopus oudypkanuii. CeMuHap npecjieiyeT ABe IeJIi: HayYnuTh
MJIaIINX YYaCTHUKOB a3aM Iepevyrc/eHHBIX Teopull; BOBJIeUb BCEX YUACTHUKOB B COBpeMeHHbIe KCCIieloBa-
HUSL.

MMPEABAPHUTEJIbHAA ITOAT'OTOBKA: MaremaTuveckuii aHau3 u guddepeHiiyaibHble YpaBHEHU .
IMPOTPAMMA: Mo3auka U3 NepeurcjIeHHbIX BEIIIE TeOpUN

YYEBHHUKMU: I'ykenxenmep [x., Xoamc I1. HennHeliHble Ko1ebaHuA, JUHaAMHAYECKHe CUCTeMBbl 1 Oudypranuu
BEKTOPHBIX NoJ1eli; ApHOJibA B. [lonotHUTe NIbHEIE TJ1aBh Teopuu AuddepeHIinaibHbIX ypaBHeHU; UbsAIIeHKO
0., JIu Beury, HenokanbHble 6udypkanuy; Unpamenko 0., Akosenko C., AHamTH4yeckas Teopus nubdepeH-

[[MaJIbHBIX YpaBHEHUM.

IIOPAAOK OLTEHUBAHMS: 40% 3a nocewjenue, 20% 3a aktuBHOCTh, 40% 3a oquH OOKJIa4 B TOAY.
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JAUDOOEPEHLIMAJIBHAA TEOPHUA 'AJTIVA
HHUC s eTyAeHTOB 2-r0 Kypca U cTapiue

PYKOBOOUTEJIb: C. O. 'opunHCKUI.

YVUYEBHAA HATPY3KA: BeceHHHUI cemectp 2019/20 yu.r., oqHa napa B HefjeJIl0, 3 KpeuTa 3a ceMecTp.

OIIMCAHHE: Kiaccuueckaa teopusa l'ajmya uzydaeT CUMMETPUN MHOXECTBA pellleHUM MOJIMHOMUAIBHBIX
ypaBHEHUI, COOTBETCTBRYIOIINME TPYIIBl CUMMETPUI SABJIAIOTCA KOHeYHBIMU rpynnamu. JuddepeHiiuaibHas
Teopus 'aslya n3y4yaeT cUMMeTpUM IPOCTPAHCTBA pellleHNi OOBIKHOBEHHEBIX AU depeHIaIbHbEIX ypaBHEHUN.
[Tpu 3TOM I'pyIIbl CHMMETPUI OKa3bIBaIOTCA aaredbpandyeckuMu rpynnamu. JuddepenianbHyio Teopuio ['a-
JIya MOXXHO BOCIIpMHHMATh KaK ajre0po-reoMeTprueckrii noaxon K uccaegosanuno OY. JlaHHasa Teopus BO3-
HUKJIa ellfe B paboTax BeJIMKUX kjiaccukoB XIX Beka, 0oTOM Oblj1a cTpOro obocHoBaHa J. KosTuMHBEIM B IepBOi
nosiopuHe XX BeKa, U MpOJoJIKaeT aKTUBHO PasBUBATbCA M B HAIIW JHU, UMes MHOXECTBO NPUJIOXKEHUU B
aHaJjm3e, reOMeTpUM, FraMUJIbTOHOBOY MeXaHUKe U apudMeTuKe.

NMPEABAPHUTEJIBHASA IIOATOTOBKA: OT ciymaTesien noTpedyeTcsa 3HaHKe KJIacChueckon Teopuu I'asnya,
OCHOBHBIX MOHATUH ajreOpsl (IPymIibl, KOJIbLA, Measlbl), 3HAKOMCTBO C OCHOBHBIMU MOHATUAMU adPUHHOU
anrebpanyeckoil reoMeTpum (COOTBETCTBHE MeXAy KoJibaMu 1 ap@UHHBIMU cXeMaMM, HEeNPUBOAVMOCTb,
Pa3MepHOCTh, IJ1afKOCTh adpPUHHBIX CXeM), 3HaHWE OCHOB KOMILJIEKCHOTO aHaiun3a (rojsoMop@Hele QyHKINH,
PHIMaHOBHI [TIOBEPXHOCTH), BjIafieHre OOIKUMHU NOHATUAMU reoMeTpun (MHOrooopasus, paccjioeHus, MydKkn),
a TakXxe 3JIeMeHTapHoe 3HaKoMcTBO ¢ OJ[Y. OnbIT UCIOIb30BaHNA A3bIKA TeOpUU KaTteropuil (mpeAcTaBUMbIe
(yHKTOpHI, abejieBbl KaTerop1uu) Takxe IoJjie3eH, HO CTPOro 00s3aTesIbHBIM He SIBJIseTCH.

ITPOI'PAMMA:

JAuddepeHumnanbHbe KOJIbLA, 0J1A, MOAYJIN

JIuHeiiHble anreOpanyeckyre rpymisl, aareopsl Xomnda

Teopus Ilukapa — Beccro, paspemmnmocts OZ1Y B JIMyBUJLJIEBBIX QYHKIIMAX

Kateropuu TaHHaKH, COOTBETCTBYIOIAsA UHTepIIpeTalya auddepeHnmraabHol Teopun 'anya
OY nap nosem psagos JlopaHa

[Tpo6sema Pumana — I'mnsbepra, MoHOApOMUA U AuddepeHIiraibHble rpynmnsl 'agya
®denomeH Crokca, MaTtpullel CTokca

O6parnasn 3agava quddepeHiraapbHol Teopyuu I'amya

¥ ® N o 0o~ W=

ObGEeKTH B OJIOKUTEJIBHOU XapaKTepUCTUKE

YYEBHHUKMHA:

1. M. van der Put and M. F. Singer, Differential Galois Theory,
https://singer.math.ncsu.edu/papers/dbook.ps

2. W. Karanckuii, BBegenue B quddepeHnaabHylo anredpy, M.: «MHOcTpaHHasA JuTepaTtypa», 1959.

3. E. R. Kolchin, Differential algebra and algebraic groups, Pure and Applied Mathematics, Vol. 54.
Academic Press, New York-London, 1973.

IIOPAJJOK OLIEHUBAHMUA: B TeueHre ceMecTpa CIyliaTeaAaM OyAyT JaBaThCsA 3a/1a4v Ha JIOM, pellleHHe KO-
TOPBIX MOXHO OyeT c/laBaTh B MMCbMeHHON (opMe. B KoHIle cemecTpa OyeT YCTHHIN 3K3aMeH, BKJIIOUAIOITHi
TeopeTuyecKue BOMPOCH U 3afauu. [Ipu BEICTaBJIEHUU UTOTOBOU OLIEHKU OYAYT yUUTHIBAThCA PElIEHHBIE 3a4a-
Yy B TeUEHUE ceMecTpa U OlleHKa 3a 3k3aMeH (IIpU 3TOM MOXET 0Ka3aThCs, UTO PEIIEHHBIX B TEUEHME ceMecTpa
3a/1a¥ yXe JIOCTAaTOYHO JJIs TOJTy4YeHH s BhICIIero 6asia).
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I[OHOJIHI/ITEJIBHLIE T'JIABBI AJITEBPbBI
y4eOHas OUCHUMILIMHA [Jis CTyIEHTOB 2-TO Kypca U cTapuie
JIEKTOP: JI. I'. PbIOHUKOB.
YYEBHASA HATPY3KA: BeceHHUII ceMecTp 2019/20 yu.T., ABe maphl B HeJieJI0, 6 KpeUTOB 3a cEMeCTp.

OIIMCAHHME: Kypc 3aymMaH Kak NMpoAoJkKeHre CTaHJapTHOTO TPEXCEMECTPOBOTO Kypca aiareOphl, YUTaeMo-
ro Ha (pakyybTeTe MaTeMaTuku. OH BKJIIOYaeT B cebs 3JieMeHTapHOe BBeJeHNe B KOMMYTAaTUBHYIO ajaredopy
(Bmw1oth Ao TeopeM I'mnpbepTa o Oasuce, 06 MHBApHUAHTAaX U O HYJIX) U 3JIeMeHTapHOe BBeJeHUe B HEKOM-
MYyTaTUBHYIO anrebpy (B OCHOBHOM TeOpeMy IJIOTHOCTH U ee CJIE[ACTBUA B TEOPUH TpeICTaBJIeHNN KOHEUHBIX
rpynm). dopmar: jekua + ceMuHap KaxAyl HeJeslo.

NPEABAPHUTEJIBHAA IIOATOTOBKA: cTaHAApTHBIN Kypc ajreOphl.
ITPOI'PAMMA!:

o Kosbia riaBHBIX npeasioB. dakTtopualibHble KoJiblia. [Tose yacTHbix. Jlemma T'aycca. [IpusHak Oii3eH-
HITelHa.

o Pe3ysbTaHT U AUCKPUMUHAHT. TeopeMa be3y 1A KpUBBIX.

o Moaynu Haf KoJbLlaMu: onpefesieHre U npuMepsl. Teopemsl XKopaaHa — 'enpaepa u Kpysia — muara.
Teopema 0 MOAyJIAX HaJ KOJIbIIaMU TJIABHBIX WIEAJIOB U ee MPUJIOKEeHUS.

o Ilesple pacmnpenus kosiel. Lleno3aMkHyTOCTh. Kosiblia IiesibIX ajreOpandeckux pacmypeHui. Llesbie
anrebpanyeckue yuca.

o HertepoBnl koJibila. Teopema I'misbepra o 6asuce.

o Teopema I'mnb6epta 00 MHBapraHTax (AJ1A KOHEYHOU rpynmnsl). TeopemMa 0 CUMMeTpHUYeCKHUX MHOTo4J1e-
Hax.

o Teopema I'mnpbepta 0 HyJIAX
o AnreOphl Hag nojieM U MoAyiiu Haa HumuU. [Ipumepsl. Jlemma Ilypa.

o TTosynpoctele anre6psl. Teopema IJIOTHOCTU U ee ciefcTBHA. CTPYKTypa MOJIYIPOCTON airebpsl HaL
HOJIEM.

o [IpencraBiieHnsa KOHeUHBIX rpymil. Teopema Maiike. OpTOroHaJbHOCTb XapaKTEPOB.
o UHayiupoBaHHbIe nipeficTaBiieHus. [IBolicTBeHHOCTh @pobeHuyca

o [IpefcraByieHUA cUMMeTpUYeCKOoU rpymnmnsl. J[BoricTBeHHOCTH [llypa — Betina.

YYEBHHUKNA:

1. C. Jlenr, «Anre6pa»

2. B. JI. Ban-gep-BapjeH, «AnreGpay.

IIOPAJJOK OLIEHUBAHWSI: uTOroBas OIleHKa CKJIaJiblBaeTcA U3 cpeqHero 6asuia 3a MucbMeHHble KOHTPOJIb-
Hble paboTsl (c BecoM 0.2), mrucbMeHHbIe JoMalTHue 3a/jaHuA (¢ BecoM 0.2), KOJIJIOKBUyMa B KOHIIE 3-TO MOAYJIsA
(c Becom 0.2) u ycTHOTO 3K3aMeHa B KoHIle ceMecTpa (¢ Becom 0.4). AbTepHaTUBHBIM CIIOCOOOM MOJIyYEeHUA
UTOTOBOI o1leHKH 10 6as1jI0B ABJIAETCA c/laua BcexX 3ajiau U3 JINCTKA MOBHIIIIEHHOMN CJIOXKHOCTH (3a4aun caloTCs
YCTHO JIEKTOPY).

KOMMEHTAPHH: Kypc unrascs BecHoit 2019 roga, MaTepuassl CM. Ha
https://math.hse.ru/add_chapt algebral819
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HN3BPAHHBIE I'JIABBI ,Z[I/ICKPETHOfI MATEMATHUKH
HHUC s eryaeHTOB 1-rO0 Kypca ¥ crapiue

PYKOBOJUTEJIb: U. B. ApraMKuH.

YYEBHASA HAT'PY3KA: BeceHHHuI ceMmectp 2019/20 yu.r., oqHa napa B HefieJIio, 3 KpequTa 3a ceMecTp.

OITMCAHHME: Ilon qUCKpeTHON MaTeMaTUKOU B Halllel cTpaHe OOBIYHO MOHMMAKT coOpaHue pa3pO3HEHHBIX
MaTeMaTHYeCKHX CI0KeTOB, OKa3aBILINXCA MOJIE3HBIMU B MH(pOPMAaTHKe WA CMEeXHBIX IPUKJIaAHbIX 00J1aCTAX.
HekoTopsle 13 3THX CI0XKETOB BXOJAT B 00s3aTesIbHbIe KypChl MaTeMaTHUYeCKO! JIOTUKU 1 AUCKPEeTHON MaTeMa-
TUKY, yuTaeMble B 6akasiaBpuarte. Ha Hamem ceMuHape o0CyXJal0TcA He BOIIeAIIe B 3T KypChl KOHCTPYK-
I[1Y, MMeolIe, TeM He MeHee, 3aMeTHOe 3HaueHHe Kak B MaTeMaTHKe, TaK U B IPUJIOXKEeHUAX.

IMTPEABAPHUTEJIBHAA ITOAT'OTOBKA: HeT.

ITPOTPAMMA:

o BysneBwl ¢pyHkIMU 1 TeopeMa Ilocta o PyHKIMOHATIBHOM NOJIHOTe. DTa TeopeMa AaéT 3(hGeKTUBHBIN OT-

BeT Ha CJIeqyIOIINI BOIIPOC: MOXKHO JIK JitoOyo O6yJieBy GyHKIMIO (0T JiI000r0 Yrcjia nepeMeHHBIX) BhIpa-
3UTh C IOMOIIBIO OTlepalli KOMIIO3UIINY Yepe3 3afjaHHbI Habop GyHKIUIL. Y JUBUTEIBHO, YTO Ha TAaKOH
BOIIPOC HMMeeTCs MIPOCTOU U cofepXaTeJIbHBIN OTBET, O3BOJIAILINI, HanpuMep, IpUAyMaTh (PyHKI[HIO
OT ABYX IlepeMeHHBIX, Yepe3 KOTOPYI0 MOXHO BBIPA3UTh JII00YI0 PYHKIMIO.

KoHeuHsle moJis. TeopeMa O TOM, UYTO MYJIbTUIIJIMKATWUBHAA I'PYIIIIa KOHEYHOT'O II0JIA ABJIACTCA MUKJINYE-
CKOﬁ, IMMO3BOJIAET CTPOUTH AJIMHHBIC IEPUOJNYECKNE ITIOCTIEA0BATEIIbHOCTHU, [IOBCEMECTHO MCIIOJIb3yEMBIE
B paanOJIOKallNH, CUCTEMAX OINO3HABAHWA ((CBOfI-HY)KOIjI)) nT.O.

Teopema ®opaa — dasikepcoHa 0 MaKCMMaJIbHOM NOTOKe B TPAHCIOPTHOH ceTu. Peub ujetr o Takoi
3ajjaue: MMeeTCs HEKOTOpas ceTh Aopor (TpyOoINpoBOgOB), COeAUHAIINX NYHKTH A U b. Y kax o go-
poru (TpyObl) ecTh CBOSI MaKCHMaJbHasA MPOIYCKHAasA CIOCOOHOCTh — HauboJiblliee YMCJIO aBTOMOOMIIEH
(6appenieii He(pTH) KOTOpBle MOTYT IIPOMTH MO 3TOU mopore (Tpybe) 3a uyac. TpebyeTcsa opraHn3oBaTh
nBukeHue (mepekauky HedTu) TakuM oO6pa3oM, 4TOOH! oblilee YKCIIo aBToMobOumIelt (bappeseit HedpTH),
nonajaroiee 3a yac u3 A B b, Ob710 MakCMMaJIbHO BO3MOXHBEIM. OKa3blBaeTCs, MHOT'ME Ba)KHbIE pe3yJib-
TaThl U aJITOPUTMBI TeOpuu rpadoB, Kak MpUKJIagHbIE, TAK U YMCTO MaTeMaTHuyeckue, CB3aHbl C 3TUM
KpyTroM uJen.

YYEBHHUKH:

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

B. B. benos, E. M. Bopo6res, B. E. Illatanos. Teopus rpados. M.: Beicii. mkosa, 1976.
M. Ceamu, K. Txynanupamad. I'padsl, cetu u aaroputmMmsl. M: Mup, 1984.

A. . KoctpukuH. OCHOBBHI anreOpHl.

baptn, bupkrod. CoBpemeHnHas npukjiagHasn aaredpa. M. 1976.

A. W. Cupora, 10. 1. Xynak. OcHOBH quckpeTHOl maTemaTuku. Y. 1. M. 2010.

IIOPAJJOK OLIEHHUBAHUA: MTorosas oljeHKa COBHaJaeT C HaKOIJIeHHONW. OCHOBY HAKOIJIEHHOU OLIeHKU
COCTaBJIsAeT UHAUBUAYyAJIbHOE MUCbMEHHOE OOMalllHee 3aJaHue, olleHrnBaeMoe oT 0 Ao 7; oueHka 6 wuau 7
3a BOBpeMsA CaHHOe 3aJlaHKe MOXeT OBITh MOBHIIIEHA 3a CYeT JOIMOJIHUTEJIbHBIX 0ajijioB, HAUHUCJIAEMBIX 3a
pacckas pelleHUH 3a/1a4 Ha cemuHape (ot 0,5 10 1 6asiia 3a 3a7jauy B 3aBUCHUMOCTU OT ee CJIOXKHOCTH) U 3a
ayJUTOPHYIO0 KOHTPOJIbHYIO paboTy.
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U3BPAHHBIE I'JIABBI MATEMATHYECKOM DKOHOMMKH
HHUC s eryaeHTOB 3-rO Kypca U cTaplue

PYKOBOOUTEJIb: M. H. JleBUH.
YUYEBHAA HAT'PY3KA: oceHHHi ceMecTp 2019/20 yu.r., Be napsl B HefleJI0, 6 KpeIUTOB 3a ceMecTp.

OITMCAHHME: Kypc opueHTHPOBaH Ha CTyAeHTOB 3 —4 Kypca 6akajaBpuara, CTyIeHTOB MarucTparyphsl U ac-
IIMPAHTOB, a TaKXe BCeX MHTEPeCyIINXCs COBpeMeHHbIMH TpobJjieMaMi 3KOHOMUYeCKOl Teopuu U Npume-
HeHUeM MaTeMaTHU4ecKux MojeJsiell AjiA uccaeoBaHusA COlMaIbHO-39KOHOMMYeCcKuX cucTteM. Ilpeanosaraercsa
O03HAaKOMMUTb CTYA€HTOB C OCHOBHBIMHU KOHIIENINAMHN COBPEMEHHON 5KOHOMUYECKOU TeOpUU U OOCYIUTh aKTy-
aJIbHBIEe BOIIPOCHI KOHCTPYUPOBAHUA U HUCIIOJIb30BaHUA MaTeMaTUYeCKUX MoJieJiell AJiA MPUHATHA S5KOHOMUYe-
CKHUX U MOJIMTUYECKUX, NHANBUAYAIbHBIX 1 KOJUIEKTUBHBIX PelleHUll B yCJIOBUAX OrPpaHU4YeHHON palloHaIb-
HOCTH, aCUMMeTpuu nuHdOopMaIuu U peHTOOpHeHTHPOBAHHOT 0 NIoBefleHUA. Hapsaay ¢ TeopeTuueckMu MoJe-
J1AMU OyyT pacCMOTpeHBI IPUKJIaJHble COLMAIbHO-DKOHOMUYECKNe MOAEsIN 1 3JIeMeHThl IOBeJeHUYeCKON U
1 poBoil 5koHOMUK. OHA U3 3aJjau Kypca — HAy4YUTh I0JIb30BAThCA MaTeMaTH4eCKUM UHCTPYMeHTapueM
JUUIA pa3paboTKU U UCCJIeJOBAaHUA COLMAIbHO-9KOHOMMYECKUX U NMOJIMTIKOHOMUYECKUX sABJIeHUH. Kypc ocHo-
BbIBaeTCs HAa COBpeMeHHBIX HCCJIe[JOBaHUAX, B TOM 4HcJle, Ha paboTax JIeKTopa.

IIPEABAPHUTEJIbHAS ITOATOTOBKA: 6a30Bble KypChl IIEPBBIX JIBYX JieT 6akajiaBpuara.

ITPOTPAMMA:

o BBefeHUe B HAyKy 95KOHOMUKY. «DKOHOMHKA — 3TO MHTepecHO!». IIpuMepsl 5KOHOMUYECKUX «IapajoK-
COBY, WJUTIO3UI U OIIMOOYHBIX pelleHUH.

o Momesn 3KOHOMUYECKOTO pPaBHOBeCHs M HepaBHOBecU:A. DKOHOMUKA Aeduiinra, ouepeneil U npuBuie-
U,

o DJIEMEHTHI TeOpUHU Urp. AccuMMeTpruyYHas U HenoJiHasA nHGopManus.

o HeomnpeneseHHOCTb U puck. PaBHOBecre Ha (PMIHAHCOBBIX PHIHKAX.

o DKOHOMUKA O0IL[eCTBEHHOTO CEKTOPa, CEMbHU U «CEKTY.

o TeHeBBle PHIHKH, (9KOHOMUKA JKYHIJIey», MOAEeNIN aAAUKTUBHOIO IIOBeIeHN .

o MaTremaTnueckne MOJe/JIM SKOHOMUKY KOPPYNLIUU U OOpbOHI 3a PEHTY.

o DKOHOMUKA MHCTUTYTOB. HOpMBI, TpaauIuu 1 MOpaJib.

o Mogenu MexXayHapoJHON TOProBJIM U MeXAyHapOAHOMN MOJUTUKMU.

o DBOJIIOIIMOHHAsA d3KOHOMUKA. Juddy3usa MHHOBAIIUN U «CO3UaTe/IbHOE pa3pylieHuey.
o Moaenn 5KOHOMHUYEeCKOro pocTa U pa3sBUTHUA.

o DKOHOMUKA 3HAHUI1 U UHTEPHET-3KOHOMUKA.

YYEBHHUKHA:

1. A. Mac-Kounesut, M. Yuncros, JJx. I'pun. MukposkoHoMuueckas teopus. M.: Jlesio, 2016.

2. A. Xuimas. I'ocy1apCTBO Y 9KOHOMUNUYECKAA MOJIMTHKA. BO3MOXHOCTU U OrpaHU4YeHus ynpasjeHusa. M.:
Uzpn. lom I'Y BIIIDS, 2009.
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3. M. H. JleBuH, B.JI. Makapos, A. M. Py6uroB. MaTemaTtuyeckre MOAeJI1 SKOHOMHUYECKOTO B3auMOAei-
ctBuA. M.: ®usmataur, 1993.

A Takxe CTaTbHU, aKTyaJIbHbI€ HA MOMEHT YTE€HHUA CIIEKYypCa.

IMOPsIOK OLIEHHMBAHMUSI: popma KOHTposia — pedepar, oneHuBawmuiics no 10-6anpHoN mKaae U 10
niKajie «IJI0X0, YAOBJIeTBOPUTEIbHO, XOPOILIO, OTJIMYHON.
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HMHBAPHUAHTHI JIEXKAHZIPOBBIX Y3JIOB
HHUC s eryaeHTOB 3-rO Kypca U craplue

PYKOBOOUTEJIb: U. AkoBJjieB.
YUYEBHAA HAT'PY3KA: oceHHHi ceMecTp 2019/20 yu.r., Be napsl B HefleJI0, 6 KpeIuTOB 3a ceMecTp.

OIIMCAHHME: CiymaTesu M03HAaKOMATCA ¢ KOHCTPyKIyel YekaHoBa — Dnuambepra nHBapraHTa JlexaHpo-
BBIX MIOAMHOr000pa3uil B KOHTAKTHBIX MHOT000Pa3UsAX U ee MPUJIOKEHUSAMH B KOHTAKTHOIN U CUMILJIEKTHYe-
CKOH TOIOJIOTHH, a TAK)Xe B 3€PKAJIBHON CUMMETPUH.

MPEABAPHUTEJIBHAS ITOATI'OTOBKA: BBOAHBIE KYpPChl CUMIUIEKTUYECKOW M KOHTAKTHOU TOIIOJIOTHU IIO
kauram D. McDuff, D. Salamon, Introduction to Symplectic Topology u Geiges, An introduction to contact
topology.

ITPOI'PAMMA:

1-3 Hepmenu: 0030p Kypca 1 HallOMHUHAHUA U3 KOHTaKTHOU TOIIOJIOTWU.

4-5 Heflesn: KJlaccuuyecKUi MHBapUaHTH JlexxaHPOBBIX y3JI0B, HepaBeHCTBO TepcToHa-beHHekeHa.

6-7 Hepnenu: anrebpa YekaHoBa —dyuanibepra 1 (koMOMHATOpHOE olpejiesieHre, TPUMepPHl BEIYMCJIEHNA).

8-10 Henenu: anrebpa YekaHoBa—Dnauaiibepra 2 (ompefesieHrie yepe3 rojioMop@Hble KpUBbIe, CBA3b MEXAY
ayrMeHTalUsAMU U 3aTI0JTHEHUSIMM).

11-12 Hegenu: noteHnuan Jlangay —'mas0ypra ¢ koadpdunreHtamu B anrebpe YekaHoBa — Duamnidepra, 3K-
30THUYeCKHe TOPHI B UeThIpeXMePHBIX MHOTO00Pa3usiX.

13-16 Hepenu: Teopusa dioepa Ha JIuyBUJLIEBBIX o6JacTAx, ¢popMmysa BEE, ckpydeHHas kateropusa dykas
JINyBUJLJIEBBIX CEKOPOB

YYEBHHUKHA:

[

Etnyre, Legendrian and Transversal Knots

[

Etnyre, Ng Legendrian contact homology in R3

o

Ekholm, Ng Legendrian contact homology in the boundary of a subcritical Weinstein 4-manifold

o Ekholm, Lekili Duality between Lagrangian and Legendrian invariants

[}

Rizell, Ekholm, TonkonogRefined disk potentials for immersed Lagrangian surfaces

ITIOPSAAOK OLITEHUBAHMI: ITorosas oLjeHKa CKJIaIbIBA€TCA U3 CJIEAYIOLNX KOMIIOHEHT: OL[eHKa 3a JOKJIaJbl
Ha ceMUrHape U OlleHKa 3a JIMCTKU. TouHasa gopmyna: 0.7x + 0.3y, rage x — cymMMapHas OL[eHKa 3a JOKJIaJbl
(ot 0 o 10 GansoB), a y — cyMMapHas oreHka 3a Jjiuctku (ot 0 go 10 6asios).
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KATErOPHUH U YHUBEPCAJIbHAS AJITEBPA
HHUC s eTyAeHTOB 2-r0 Kypca U cTapiue

PYKOBOAUTEJIb: B. b. lllexTmaH.
YYEBHASA HATPY3KA: oceHHuH ceMmecTp 2019/20 y4.r., oHa apa B HeZieJiio, 3 KpequTa 3a ceMecTp.

OIIMCAHMUE: byJeTr gaHO KOPOTKOe BBeJeHUeE B [iBe OOLIMpHBIe 00J1acTH Ha IpaHUlle MaTeMaTHu4yecKoH Jio-
ruku ¢ nHbopMaTukoil. Teopus KaTeropuil NposBJsAeTcs BO Bcex 00J1acTAX COBpeMeHHON MaTeMaTHUKU; OHa
JTA€T NPOCTOM A3BIK [JIs ONMCAHNSA CXOHBIX ABJIECHUI. YHHUBepcabHas ajrebpa U3ydaeT KaTeropuu abCcTpaKT-
HBIX ajre6p 1 MopGU3MOB; OHU BO3HUKAIOT KAaK B IPUBBIYHOM MaTeMaTHU4eCKOM KOHTeKCTe (TpyIibl, KOJIbIa,
MOJAYJIM), TaK U B Jioruke (peméTky, OyJsieBbl aareOpbl) U nHpopMaTHKe (TUIMBI JaHHBIX, ajareOpsl TEPMOB).
3aHaTuA OyayT IpoxoAuTh B GopMe criernkypca.

MMPEABAPUTEJIBHAA IMOATOTOBKA: 6a3oBble Kypchl IIEPBOTO rojia 6akasiaBpuara: ajrebpa, aHaIu3, TO-
MI0JIOT M, JIOTHKA.

ITPOTPAMMA:

[

Karteropuu u ¢yHkTOpbl. CyMMBI, IPOU3BeIeHNs, Ipe/iesibl. DKBUBAaJIEHTHOCTb KaTeropui.
o Mopdusm ¢pyHkTopOoB. [IpencraBumMocTs, jemMma MoHensl. ConpskéHHble QyHKTOPHI.

o AnreOpbl ¥ KOHI'PYSHIWU.

[}

Muoroo6pa3sus 1 5KBaloOHaJIbHBIe Teopun. Teopema Bupkroda o MHOroo6pasusx.
o [lepenuceiBaHye TepMOB. YHUPUKALHSA.

o PemeTku u GyJieBBl ajreopsl.

YYEBHHUKHA:

o C. MakuietiH. KaTeropuu i paboTatomero Mmarematuka. M., 2004.
o II. KoH. YHuBepcasbHasa aiaredpa. M., 1968.
o S. Burris, H. Sankappanavar. A course in universal algebra. Millenium edition, 2012.

o W. Wechler. Universal algebra for computer scientists. Springer, 1992.

IMOPANOK OLIEHHMBAHMUA: HakorsieHHas oljeHKa = (YUCJIO peméHHbIX 3a7a4) X 10 /12. Ecnu 3Ta oneHka
He MeHee 8, OHA paBHA MTOTOBOM. FIHaue: NTOroBas orjeHKa = (YMCJI0 peméHHBIX 3a71a4) X 0.75 + olleHKa 3a
sk3ameH X 0.5. OkpyrjeHue o 6jrKaIero 1esoro.
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KBAHTOBASA TEOPUSI
y4eOHas1 AUCIHUIUIMHA JIA CTYEHTOB 3-TO Kypca U cTapiie

JIEKTOP: B. B. Jlocsakos, A. I'. CeMéHOB.

YUYEBHAA HAT'PY3KA: oceHHHi ceMecTp 2019/20 yu.r., Be napsl B HefleJI0, 6 KpeIuTOB 3a ceMecTp.
OIIMCAHHME: 3TO NpoAoJDKeHre Kypca «BBefjeHrie B KBAHTOBYI0 TEOPUIO.

IIPEABAPHUTEJIBHASA ITOATOTOBKA: Kypc «BBefileH1e€ B KBAHTOBYI0 TEOPUIOY.

ITPOTPAMMA:

=

. CynepcuMMeTpUYHasA KBaHTOBas MeXaHUKa.
KBaHTOBaHMe 3JIEKTPOMarHUTHOTO IOJIA € KJIaCCUYeCKUM BHEIIHUM UCTOYHUKOM.
Mopesns Kangetipel — JlererTa.

30HHasA CTPYKTypa OAHOMEPHBIX CHCTEM.

AR S

KBaHnTOBas nupopmaruka.

YYEBHHUKNA:

1. G. Junker, Supersymmetric Methods in Quantum and Statistical Physics, Springer-Verlag, Berlin, 1996
2. A. A. CnaBHoOB, JI. []. ®angees, BeegeHrie B KBaHTOBYIO TeOpUI0 KaJrOpoOBOYHbIX noJsieti, M.Hayka,1988

3. Weiss, Quantum Dissipative Systems (1992), World Scientific.

IOPSITOK OLIEHUBAHMS: olieHKa BBICTaBJIAETCA IO pe3ysbTaTaM TPEX MHCbMEHHBIX KOHTPOJIBHBIX paboT
Y1 OJHOI'0 KOJJIOKBHUyMa.
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KBAHTOBASA TEOPUA ITOJIA
HHUC s eryaeHTOB 3-rO Kypca U craplue

PYKOBOOUTEJID: A. I'. CeMéHOB.
YYEBHAS HAT'PY3KA: BeceHHMII ceMecTp 2019/20 yu.T., ABe mapsl B HeJieJIi0, 6 KpeUTOB 3a cEMeCTp.

OITMCAHHME: B HacToslllee BpeMsi KBAaHTOBas TEOPHUs I0JIA ABJIAETCA OCHOBHBIM CPEJICTBOM ONMCAHUA ABJle-
HUM MPOUCXOJALIMX B MUKPOMUpeE: B3aUMOJENCTBUA 3JIeMEHTAPHBIX YACTHI], CTPOEHHe aJpOHOB U T.II. Eé
MeTOJbl INPOKO MCIOJIb3YIOTCA U B APYrux 006JacTAX TeopeTUu4ecKor (GU3NKN: KOHJEHCUPOBAaHHOE COCTOS-
HUe Bell[eCTBa, cTaTUCTUYecKas MeXaHUKa, Teopys TypOyJieHTHOCTU U Ap. [IoMrnmo 3TOro, KBaHTOBas Teopus
IIOJIA CJIyXKUT BaXHEHNINMM CTHUMYJIOM AJIA Pa3BUTHA MHOXECTBAa COBPEMEHHBIX MaTeMaTHUYeCKNUX UCCIIeIoBa-
Hui. Kypc MOCBAIMIEH M3yUeHNI0 OCHOBHBIX Hiell 1 MeTOAOB KBAaHTOBOM TeOpUM I0JIA, a Takxke 00CyXAEHUI0
IIprUMeHeHUs e€ MOAXO0A0B K pa3InuyHbIM 00J1aCTAM COBpeMeHHO! TeoOpeTHYeCKol 1 MaTeMaTu4ecKon GU3NKHU.
Byner pacckazaHO O KBAaHTOBaHUU CKaJIAPHBIX U KaJIMOPOBOYHBIN Teopuil, MeTofie (pyHKIIMOHAIBHOTO NHTe-
IrpUpPOBaHUsA, IOCTPOEHUHN TEOpHUU BO3MYIleHUH U auarpaMmMax ®deiiamMana, (1 + 1)-MepHBIX TOYHO pelllaeMbIX
Teopusx, a Tak ke 0 IPUMeHEeHNH 3TUX OAXOAO0B B Pa3JIMYHBIX 00JIaCTAX COBPEMEHHON HayKU.

INPEABAPUTEJIBHAS ITOATOTOBKA: 'aMUJIbTOHOBA MEXaHUKA, Y PaBHEHUA ¢ YaCTHBIMU IPOU3BOAHBIMU,
I'pynne! u anre6prl JIin, Kinaccnueckasa teopus nosiA, KBantoBas MexaHuka.

ITPOI'PAMMA:
o Teopus nosdA, cuMMeTpuy, GusndecKre peajiusannm.
o CKaJIApHOE T0JIe 1 ero KBaHTOBaHUe (OlepaTopHBIN MOAX0).
o HabGmogaemsele u S-maTpuriia.
o MeTto pyHKIIMOHAJIBHOTO UHTEIPUPOBaHUA.
o Papn Teopum Bo3MylleHNI U nocTpoeHrne MefHMaHOBCKUX JUarpaMM.
o KanubpoBouHble NoJid 1 0cCOOEHHOCTU UX KBaHTOBAHMA.
o AGesieBHl 1 HeabeJieBB TeopuH, TpoK danaeesa — [lonosa.
o MepMHOHHI B KBAHTOBOU TEOPUH MOJIA.
o BeckoHe4YHOCTH B KBAHTOBOI TEOPHUHU II0JIA U METObl PabOTHl C HUMHU.
o dusnueckue 3¢dextol B KO/l 1 MOeJIbHEIX cCUCTEMAaX.
o (1 + 1)-MepHBIe CUCTEMEIL.
o [IpumeHeHUe MEeTO0B KBAaHTOBOM TEOPUH MOJISA B CMEXHBIX 00JIaCTsX.

o I/IHTepeCHbIe HeHepTYPGaTI/IBHbIe ABJIEHUA B MO/JI€JIbHBIX CHCTEeMax (HpI/I HaJIMYNU BpeMEHI/I).

YYEBHUKH:
1. M. [leckun, M. llIpenep. BeegeHue B KBaHTOBYI0 Teoputo noysA. Mxesck: PX/I, 2001.
2. K. Huang. Quantum Field Theory. WILLEY-VCH, 2010.
3. A. M. Tsvelik. Quantum Filed Theory in Condensed Matter Physics. CUP, 2003.

KOMMEHTAPHM: JeTtasnibHoe cofjepXaHuie Kypca OyJeT BapbUpOBaThCA OT COCTaBa U YPOBH:A CJIyHIaTeJIel.

IIOPAOOK OLIEHUBAHWA: oueHka pasHa 0.4 H + 0.6 E, rne H — cpelHsAA OLiEHKa [0 BCeM JOMAallHUM
KOHTPOJIbHBIM B CEMECTPE, a E — orjeHKa 3a s5k3aMeH. OKpyrJjieHHe B MeHbIIYI0 CTOPOHY, HO Ha 3K3aMeHe eCTh
BO3MOXHOCTb JIJI MOBBIIIEHUA OLIEHKU MTyTEM OOCYXIOEeHUA U pelleHuA 3aad.
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KJIACCUYECKAA TEOPHUA I10JIA
y4eOHas OUCHUMILINHA [Jis CTyZIeHTOB 3-ro Kypca U crapuie

JIEKTOP: II. U. lynnH-bapkoBcKuil.
YUYEBHAA HAT'PY3KA: oceHHHi ceMecTp 2019/20 yu.r., Be napsl B HefleJI0, 6 KpeIuTOB 3a ceMecTp.

OIIMCAHMUE: Kiaccuueckas Teopus I0JiA ABJAETCA OJHUM U3 KpaeyroJibHbIX KaMHel TeopeTruieckoil Gpusu-
KU, U [IpY 3TOM BKJII04aeT B ce0s MHOTME MHTEpeCHbIe MaTeMaThuiecKkue uaen. Bee noTeHnuaabHeIe CylmarTesin
yKe U TaK B TOW WJIA MHOU CTelleHU 3HaKOMBI C OJHUM U3 IPUMePOB TEOPUU M10JIs — TeOpUel 3JIeKTPOMarHuT-
Horo 1noJisA (koTopas u OyeT OCHOBHOI LeJIblo 00CyXOeHuii B paMKax JaHHOTo Kypca). Teopus moJisi usyvaer
crCcTeMBI ¢ 6eCKOHeYHEIM (YCJIOBHO TOBOPs, KOHTUHYaJIbHBIM) YMCJIOM CTeleHel cBOOOMBL: Y [0JIA eCcTh AVHA-
MMYeCKy MeHslleecs 3HaueHre B KaX A0 TOUKe IPOCTPaHCTBa.

B maHHOM Kypce OyayT HalmOMHEHBI MaTeMaThdeckre (HhOpPMYJIMPOBKHM OCHOBHBIX HEOOXOOUMBIX (u3uye-
CKUX MPUHIMIIOB; OyIeT JaHO KpaTKoe BBeAEHUE B CIIENUAJIbHYIO TEOPHI0 OTHOCUTEIBHOCTH (OMMCHIBAIOIIYTO
MIPOCTPAHCTBO-BPEMsI, B KOTOPOM XHBET 3JIEKTPOMArHuTHoe 1oJie). []es1bio Kypca, B YaCTHOCTHU, ABJIAETCSA 00-
CyXXIEeHUe TOro, KaK IMOJIyYyaTh B IBHOM BHJle KOHKPETHbBIE YPAaBHEHU:, MMO3BOJIAIOIIIE ONMKCHBATH pPeasibHbIe
ABJIEHUA B GU3NYECKOM MUPE, CBA3aHHBIE C MTOBE/IEHNEM 3JIEKTPOMArHUTHOTO TOJIS.

[Tpu sTOM Takxe OyAyT 0OCyXAaTbCA MHTEPECHBIE aOCTpAaKTHBIE MaTeMaTHuyecKue KOHCTpyKuuu. Hanpruwmep,
Oynet obcyxaaTbes Teopus fIHra — Musica, 4aCTHBIM CJIy4aeM KOTOPOM ABJIAETCSA TeOpHs 3JIeKTPOMarHuTHOIO
nosiA. Teopus fAHra-Mwusica GopMyspyeTcs B TepMUHaX CBA3HOCTEH HA IJIaBHBIX paccjioeHusx (rpy6o ro-
BOp#, paccJIOeHUsAX, Ha KOTOPHIX JeHCTBYIOT Irpynmnsl JIn). [Ipy 3ToM 2jieKTpoAHaMKKa COOTBETCTBYeT I'pyIIIe
U(1) (To ecTs, rpyIiiie MIOBOPOTOB OKPYyXHOCTH). K CJIOBY, 10JIs, COOTBETCTBYIOIINE ABYM U3 TPEX OCTABLINXCSA
(pyHOaMeHTaJIbHBIX B3aMMOJAENCTBUA B NpupoAde (CHJIbHOMY U cj1aboMy) TOXe ONKCHIBAIOTCA TeopusaMu AH-
ra—MmuJuica, TOJIbKO AJiA Apyrux rpynn Jlu (nmpasaa, Ha o0CyXAeHre CUJIbHOTO U ¢J1ab0ro B3auMOAeNCTBUI B
paMKax AaHHOIO Kypca yXe He XBaTUT BpeMeHM). B pamkax kypca OyayT HallOMHeHH Bce Heo0XoqrMble 6a30-
BBI€ CBeJleHUA PO rpynnsl JIu U rjiaBHbIe pacCyIOeHUs, XKeJlaTeJIbHO TOJIBKO ofliee 3HaKOMCTBO C IJIaJKUMU
MHOT000pa3uAMU.

Kypc HacTosATesIbHO peKOMeH/1yeTcs TeM, KTO YUUTCA WU IJIAHUPYeT YUUThCA N0 HanpasJiieHuo «MaTeMaTika
1 MaTeMaTuueckas Qu3rKay, HO Takke PeKOMEeHAYeTCsA 1 BCeM OCTaJIbHBIM, KOTO MHTEPEeCy0T YIOMAHYThIE
BhIlIE (2 TakXXe HUXe B IporpaMMe Kypca) MaTeMaThuieckue 1 pusnueckrie BOIPOCHL.

MPEJABAPHUTEJIBHAS ITOAT'OTOBKA: ceMeCTPOBBIU Kypc «MexaHukay 1A 2-ro roga 6akanaBpuara, Kypc
«MHuoroo0pasus» 2-ro roga 6akajaspuara, Kypc «IuddepenipnanspHele ypaBHeHUsA» 2-ro roAa 6akajaBpuara.
Takke xeJlaTesJIbHO 3HAKOMCTBO C OCHOBAMHU Teopuu rpynn u anredp Jlu u ux npenacrasjieHuil. Ha seknuax
OyzeT JaHO KpaTKoe HallOMUHaHUe HyXHBIX GaKTOB.

ITPOTPAMMA:

1. JlarpanxeBa GpopMyJIMpPOBKA KjlacCHYeCcKOU MeXaHUKU (HaloOMHHaHUe): IPUHIUN HauMeHbIIero aeu-
CTBUS, IlepBas TeopeMa HéTtep, 3aKOHBI cOXpaHeHUsA U I'PyNIBl CUMMETPUN MeXaHUYeCKON CUCTEMBI.

2. OCHOBHI CIlellaJIbHOM TEOPUU OTHOCUTEJIBHOCTU: IPUHIMII OTHOCUTEJIbHOCTU DUHINTEeHA, IpOCTpaH-
¢TBO MuHKOBCKOro, rpynnel u anreOpsl Jlopenna u Ilyankape. CBoOoaHAA peATUBUCTCKAA 4acTULA.
JeiicTBue U CUMMETPUU PeJIATUBUCTCKOU CTPYHEI.

3. [IpenenpHBIN Iepexof OT MeXaHUYEeCKOU K I0JIeBOH cucTteMe. CKaJIpHOe BelllecTBeHHoe moJsie. Obmmee
penieHue ypaBHeHUs KiteliHa-T'opaoHa.

4. TIpyHIUI HaUMeHBIEro JIEHCTBUA B TOJIEBBIX MOJIEJIAX, epBas TeopemMa HéTep, coXpaHAMIIUECA TOKU
1 3apsanabl. TeH30p 3HEPTrUU-UMITYJIbCAa CKAJIIPHOT'O TIOJIA.
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5. O6mas Teopusa Axra— Mwusuica, CBA3HOCTh B IJIABHOM PacCJIOEHUMHN, KPUBH3HA CBA3HOCTU.

6. CBOOOOHOE 3JIEKTPOMAarHUTHOE MoJle Kak npuMep abeyieBoi Teopuu fHra—Muiica. 4-BeKTOp MOTEHIU-
aJjia ¥ TeH30p HaNpsKEHHOCTH, ypaBHeHNA Makcpesia. KajnnbpoBouHasa nHBapraHTHOCTh. KyoHOBcKas
kanoOpoBka. I1jockre BOJIHBL

7. PejIATUBUCTCKAA YacCTUlla BO BHEIITHEM SJIEKTPOMArHrTHOM I10JIE€. YPaBHEHUA ABUXEHNA, CH1JIa JIopeHua.
YPaBHeHI/IH ABHXKEHUA 3JIEKTPOMArHuTHOI'O I10JIA B IIPUCYTCTBHH 3apAA0B 11 TOKOB.

8. 3aKoH coxpaHeHMsA dHepruu B dJIeKTpoAuHaMUKe. [IJTOTHOCTh 3Hepruy U NJIOTHOCTU MOTOKA 3HEpPruu
3JIEKTPOMarHUTHOro 1oJid, BekTop IloliHTrHra. TeH30p SHepruu-uMIyJibca 3JeKTPOMarHuTHOrO MOJIA.

9. 3anasgpiBaromias QpyHKIMA ['pyHa BOJIHOBOI'O ypaBHeHUs, IToTeHIMass JlneHapa-—Bruxepra TouedyHOro
3apsJa U COOTBETCTBYIOIIME HANPSOKEHHOCTH NOJIeN. DJIeKTpUYecKoe AUIIOJIbHOE U3JlyuYeHue, YIJI0Boe U
4acTOTHOE pacnpefesieHre ero MHTeHCUBHOCTH.

YYEBHHUKNA:

[}

JI. 1. JJanpay, E. M. JInpmun, «Kypc Teopetndeckoii dpusuku. Teopus nosisay, T.2, Mocksa, Hayka, 1988.
o JIx. IxekcoH, «Kiaccuyeckas siekTpoanHaMmukay, Mocksa, Mup, 1965.

o P. ®efinman, P. JletitoH, M. Canjc, «JJekTpoauHaMmuka. MefiHMaHOBCKUE JIEKIWU MO (GU3NKey, T.6,
Mocksa, Mup, 1977.

o G. Giachetta, Luigi Mangiarotti, G. Sardanashvily «Advanced classical field theory», Singapore, World
Scientific Publishing, 2009.

o

B.C. Bragumupos, «O6o0meHbe QyHKIIMKU B MaTeMaThuueckor ¢usukey, Mocksa, Hayka, 1979.

[}

B.C. BiaguMmupos, «YpaBHeHUs MaTeMaTuieckoil pusuxku», Mocksa, Hayka, 1981.

ITOPANOK OLIEHUBAHUSI: OneHnBaHNe OCHOBBIBAETCA Ha CIEeAYIOIUX YeThIpeX OIleHKaX:

o § €[0,5] — onleHka 3a cgavy JIMCTKOB, BeleCTBeHHOe YncyIo Mexay 0 u 5,

o C € [0, 5] - olieHka 3a caMocCTOsITe/IbHble pa0OTHl Ha ceMUHapax (IpoBOAMMbIE pa3 B HECKOJIBKO 3aHATHI),
BellleCTBeHHOe yrcjIo Mexay 0 u 5,

o E € [0,5] — olleHKa 3a yCTHHIH 3K3aMeH, BelllecTBeHHOe urcyio Mexay 0 u 5.

[TosHAsA oLleHKa BBHIYMCJAETCA MO cjaeayoleil popmye:

min(10, [S+ C + E),
rae [| cooTBeTCTBYyeT OKPYTJIEHUIO BBepX. Eciin Aj1d Kakoro-To cTyfeHTa [0 pUHAJIBHOTO 3K3aMeHa BBIIOJIHA-
ercs ycioBue min(10, [S + €| > 8, To JaHHBIN CTyJeHT MOXeT MOJIYYUTh 3TY OL[eHKY aBTOMaTOM U He UATU Ha

JK3aMeEH.

KOMMEHTAPHM: Hukakux crenyanbHbIX 3HAHUI 110 ¢usuke ot ciaymaTesiell Kypca He moTpedyeTcs.
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KOMIIJIEKCHASI TEOMETPHUA
y4eOHas OUCHUMILINHA [Jis CTyZIeHTOB 3-ro Kypca U crapuie
JIEKTOP: A. B. ITeHCKOIi.
VYEBHAA HATPY3KA: oceHHHH ceMecTp 2019/20 yu.r., ABe apsl B HeJeJl0, 6 KpeIUTOB 3a cEMeCTP.

OIIMCAHMUE: KoMIllekcHas reOMeTpUsl — BecbMa aKTyaJsIbHBIN 1 aKTUBHO Pa3BUBAIOLIUIICA pa3fiesl reoMeT-
pUM, N3y4arnnuii KOMIUJIEKCHO aHaJIUTH4YecKre MHOrooopasus U rojoMopdHble BeKTOPHbBIE pacCI0eHUA Ha
HUX. Byqyun TecHO cBA3aHHOU ¢ auddepeHIMaTIbHON U ajredpanyeckoll reoMmeTpuen, ajrebpanieckom To-
[I0JIorMey, reoMeTpU4eCKUM aHaIM30M 1 COBPEMEHHOM MaTeMaTh4ecKoi (pr3NKOol, KOMILJIEKCHAsA reoMeTpus
ABJIsIeTCS KpacUBOU U MpUBJIeKaTeJIbHOU 00J1aCcThi0 B CaMOM LleHTpe cOBpeMeHHOU MaTeMaTuku. IIpensarae-
MBII KypPC NOCTYXUT PYHAAMEHTOM 1A JaJIbHENIIero CaMOCTOATEIbBHOIO N3yUYeHUs IIpeiMeTa 0 IIpeJiara-
eMol1 JIuTeparype.

IIPEABAPHUTEJIbHAS ITOATOTOBKA: Tpu rojaa 6akajiaBpuarta (riagkrue MHoroobpasus, auddepeHnumab-
Has reoMeTpus, KOMILJIEKCHBIN aHaJIM3 OJHOU NepeMeHHOMH, ajrebpandecKas TOMOJIOTHS)

ITPOTPAMMA:

o OCHOBHI Teopuu QYHKIMH HECKOJIBKUX KOMIJIEKCHBIX ITepeMeHHBIX
o [Iy4ky ¥ NX KOTOMOJIOTUHU
o Ob6usactu B C"*: nuddepennmanbabie GOpMBI, KOMILJIEKCHBIE I 9PMUTOBBI CTPYKTYPHL.

o KomriekcHble MHOroo6pasus, roJioMopdHble BeKTOPHbIE paccjoeHus, JIMHelHble PacCcJI0eHUs U JUBU-
30pHl, pa3ayTus, 3J1eMeHTH AuddepeHIaabHON reOMeTpUH.

o KanepoBel MHOrOOOpasus, Teopusa Xomaxa, TeopeMs! Jlepena.

o IuddepeHnuranpbHas reoMeTpUA: SPMUTOBEL BEKTOPHBIE PacC/IOEHNUs, ABONCTBEHHOCTh Ceppa, CBA3HO-
CTU, KpUBU3HA, KJIacChl YxxeHsd, TOJIOHOMUS.

o TeopeMsl XupleOpyxa—Pumana—Poxa u Kogaupsr.
o Jlebopmanyuy KOMIUJIEKCHBIX CTPYKTYD.
YYEBHHUKH:

o D. Huybrechts, Complex Geometry — An Introduction

(]

I1. 'pudpdure, Jx. Xappuc, [IpuHiiune! aarebpanieckoil reoMeTpUm, B 2-X TOMax.

[}

K. Byasen, Teopus Xoaxa 1 KOMIUIEKCHas ajrebpanyeckas reoMeTpus, B 2-X TOMax.

o

A. Becce, MHoroo6pa3sus DUHIITENHA, B 2-X TOMax.

o P. ¥Yase, JubdepenipanbHoe NCUKCIeHNE Ha KOMIJIEKCHBIX MHOTO00pa3usax.

IMOPsIIOK OLIEHMBAHMUSI: uTOoropas OIeHKa paBHa cpeaHeMy apudMeTHYeCcKOMy HaKOIJIEHHOHN OLieH-
KU U OLIeHKHU 3a dK3aMmeH. HakonsieHHas olLieHKa BelumncisgeTcsa no gopmysie 0,4 (pabota Ha ceMuHapax) +
0, 6 (camocToATEIbHOE pellleHNe 3a7ay U3 JIMCTKOB). Bce oKpyrJieHns Npou3BOAATCA N0 CTAaHAAPTHHIM IIpaBU-
JiaM.

KOMMEHTAPHM: B kauecTBe OCHOBHOTO yueOHMKA ITAHUPYeTCs KHUra Xei6pexrTca, ABJIAIOMAAC PaCIIH-
PEeHHBIM U3JI0’)KeHHEeM T'OJOBOTO Kypca JIeKIM, TPOYMTAHHOTO MM B YHuBepcuteTe KénpHa. Mbl HageeMcs
MU3yYUTh €€ 32 OJVH CeMeCTp NpU ABYX 3aHATUAX B HeJeJsIl0, IpeJIoKMUB YacTh MaTepuasa B Bue 33a4 AJ1A
CaMOCTOATEJIBHOTO PEIIeHMUS.
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JIMHEMHOE ITPOTPAMMMPOBAHUE
HHUC s eTyAeHTOB 2-r0 Kypca U cTapiue

PYKOBOJUTEJIb: A. B. KojieCHHUKOB.
YUYEBHAA HAT'PY3KA: oceHHHi ceMecTp 2019/20 yu.r., Be napsl B HefleJI0, 6 KpeIUTOB 3a ceMecTp.

OITUCAHHME: JluHeliHOe NporpaMMHpOBaHNe — pa3fel TEOPUN ONTUMU3ALUM, U3yYAUUX CIelaIbHbINI
KJIacc 3a7ja4 — HaXO0X/IeHHe SKCTPeMyMOB JIMHEHbBIX GYHKIMI Ha BHITYKJIBIX MHOXeCTBaX (Kak KOHEYHOMED-
HBIX, TaK 1 0eCKOHEYHOMEePHBIX). JInHeliHOe MporpaMMIpOBaHNe 3apOANJIOCh KaK NMPUKJIaAHAs AUCIUTLINHA,
C MpUJIOXKXEHUAMU (B MepBYI0 oyepe/ib) K 9KOHOMUKe, HO OHO MMeeT IJIyOOKHe CBA3M CO MHOTUMU 33/lauaMu
aHasi3a, reoMeTpuy, JUCKPETHON MaTeMaTHKH, a TakKe YHMCJIeHHbBIMU MeToJjamMu U ajroputMamu. Hacros-
M Kypc IpeficTaBjseT co00l BBeJeHUe B JIMHENHOe NMPOrpaMMUPOBAaHUE U CTAaBUT CBOEN I[eJibI0 OCBETUTh
MHoroo0pasue cBsi3ell U NpUJI0XKeHUH JIMHEMHOr0 IporpaMMUpPOBaHNA.

NMPEABAPHUTEJIbHAA IOJAIOTOBKA: MaTeMaTHYeCKUI aHAIWU3 U JiIMHelHas ajrebpa B oObéMe MepBOTo
Kypca

ITPOTPAMMA:

1. JIuneliHoe nporpamMMupoBaHue. [locTaHoBKa 3aaun ¥ 6a30Bble CBOMCTBA.

Knaccuueckue 3ajauy JIMHEMHOr0 IporpaMMUpOBaHus (3afgava o guere, TPAHCIIOPTHAA 3afava U Ap.).
DJIEMEHTHI BHINYKJIOro aHaausa. TeopeMma Kapareonopu, Teopema 06 OTAE€JIMMOCTH.

Brinykiible MHOrorpaHHuku. KpaiiHue Touku. Teopema Bupxroda o 6ucToxacTuueckux MaTpuLax.
Teopema 0 MUHUMAaKCe.

JIBOICTBEHHOCTD B JINHEMHOM IMPOrPaMMHUPOBAHUN.

N o 0~ w b

Jpyrue npuiioxeHus MUHUMakca. JIByosibHble rpadsl (TeopeMsl Kénura, Xosia). Urpel ¢ HyJieBoi cyM-
MOI¥I.

8. CumMiiekc-MeTon.

9. Jpyrue anroputMmsl (0630pHO).
10. TpaHcnopTHEIE IOTOKU B ceTAX. Teopema dopaa— DaspkepcoHa.
11. LlenounciieHHOe JUHENHOe IporpaMMUpPOBaHue.
12. O6wmas TeopeMa 0 MUHUMakKce™.

13. HenpepsbiBHas TpaHcnopTHasA 3ajada*. Merpuka Kantoposuya — PyOuHiTeiiHa*.

YYEBHHUKHU: OCHOBHbIE YUeOHUKMU:

1. Evar D. Nering and Albert W. Tucker!. Linear Programs and Related Problems. (1993).
2. Robert J. Vanderbei. Linear Programming. Foundations and Extensions. (2001).

3. ManagumuTtpoy X., Craiirnun K., KomOruHaTopHas onTuMusanus. AJITOPUTMEL U CJIOXKHOCTh. 1982.

Thttps://en.wikipedia.org/wiki/Albert W. Tucker
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JlonosiHMUTEeJIbHOE YTeHHEe

1. Lovasz L., Plummer M., Matching theory. (1985)
2. Villani C., Topics in optimal transportation (2003).

3. Lurnep I'., BeimykJiisle MHOrorpaHHuku. MITHMO (2014).

KOMMEHTAPHM: JI1A noHMMaHUs HeKOTOPHIX (HEMHOI'MX) CIOXKETOB Kypca XkeJiaTeJIbHO (HO Heo0A3aTeIbHO)
3HAKOMCTBO ¢ (PYHKI[OHAJIBHBIM aHAJIU30M.

IIOPAOOK OLTEHUBAHMUMA: B TeueHne ceMecTpa CTyJeHTaM IpeajiaraeTcA peliaTh 3aJa4y U3 YeTolpex JIMCT-
KOB. DK3aMeH COCTOMT M3 ABYyX4YaCOBOI KOHTPOJIBHOU paboTH € IATHIO 3ajadamu (mmo 2 6ajuia 3a Kaxnayio).
OkoHuaTeJIbHasA OlleHKa BBIUUCIIAETCA Mo cienyiomieii opmye E - 0.4 + H - 0.06, rine E — olleHKa 3a MHCh-
MeHHBI 5k3aMeH (1o 10-6assibHOM 1IKasie), a H — MpOoLeHT IPaBUJIbHO PEllIéHHBIX 3a7jay B TeUEHUe ceMecTpa
(oxpyryieHHBI B CTOPOHY yBeJIMUeHUs 10 Yucia, fgejdanierocs Ha 10). [j1d cTyOeHTOB, NOCeMaBIInX JIEKIINN
B TeueHMe CeMecTpa, OKpyTJieHre UTOTOBOM OlLleHKM MPOU3BOAUTCA B GOJIBIIYIO CTOPOHY, AJIA MOCETHUBIINX
MeHee IIOJIOBUHBI JIeKIIUil — B MEeHbIIYIO.
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MATEMATHKA JJIA [TIPATMATHUKA
y4eOHas OUCHUMILINHA [Jis CTyZIeHTOB 3-ro Kypca U crapuie

JIEKTOP: A. B. XoxJ10B.
YUYEBHAA HATPY3KA: BeceHHuI cemectp 2019/20 yu.r., Be mapsl B HeAeJII0, 6 KpeJUTOB 3a ceMecCTp.

OITMCAHHME: «B GBITOBOM CMBEICJIE TTpAarMaTUK — 3TO YeJIOBEK, KOTOPBII BBICTPANBaEeT CBOIO CHICTEMY

B3IJIA0B HA XKM3Hb B acleKTe TOJTyYeHUs MPAKTUIECKN MTOJIE3HBIX PEe3YJIbTaTOBY
(u3 Buxuneduu)

[TpakTHyeckoe MCIOJIb30BaHUE MaTeMaTUYecKUX KOHCTPYKLUUI Hen30eXHO CBA3aHO C KOHEYHOCTBI0 U JUC-
KPEeTHOCTbIO, B TO BpeMs Kak u3ydeHne MaTemMaTUKd BO MHOI'OM OIIMPAETCsA Ha ONMCAaHNA HelIPEPBIBHBIX 00beK-
TOB; [10JIE3HO 3HaTh, KAK UMEHHO peaIn3yI0TCs HEKOTOphle HellpephlBHBIE KOHCTPYKI[MU Ha MpakTuke. Hanpu-
Mep, NosIBJIeHNe U POBLIX CTAaHJAPTOB IIPHBEJIO K TOMY, YTO 06pab0oTKa HelIpepPHIBHEIX BO BpeMeH! CUT'HAJIOB
cTaJia TUIOBOM 3a/jaueli Aj1A IPOrpaMMUCTOB. B Kypce OyyT pacCMOTpeHbl IPUMepPH! paclpoOCTPAaHEHHBIX Ma-
TeMaTH4YeCKUX MoJeJsiell B X AUCKPETHHIX 1 HeNPEePBIBHBIX BAPHAHTAX, COOTBETCTBHE (GOPMYJI U B3aNMOCBA3b
3¢ deKToB, XapaKTEPHBIX AJIA KaXxJA0ro BapuaHTa. [Ipumepsl OyayT o6beJTHEHBI B HECKOJIBKO OT/IeJIbHBIX CIO-
XKeTOB, [IPeAIoJiaraeTcs, YTo i OOJIBIINHCTBA IPUMEPOB OyIyT MPOCUYUTAHBI BU3yasIbHbIE NHTEPIPETAIUH.

IMPEABAPUTEJIBHAA ITOATOTOBKA: 1nipearnosiaraeTcsa 3HaKOMCTBO CO CTaHAAapPTHHIMU BBOAHBIMU KypcaMU
aHasu3a, aJreOpsl, TeOpUN BEPOATHOCTEN M OOBIKHOBEHHBIX AuddepeHI[rna bHbIX YpaBHEHUI; XeJaTeIbHbI

3JIeMeHTapHble HaBBIKU paboTHl ¢ python nian Matlab (111 HHBIM HHTepIipeTaTopoM GopMyI).

ITPOTPAMMA:

CIOXKET MEPBBIN: quddepeHnnnpoBaHmue

o

Lludposas perucrparusa, UMIYJIbCHBIN 6a31C 1 ONMCAHUA B HEM MCKaXXeHUI CHUTHAJIA B CJIOMCTHIX
cpenax (akycTuueckoe 30HUPOBaHUE).

o OmepaTop cABUra U ero KOHeYHOMepHas MoJeJib, [uddepeHIpoBaHe B AUCKPETHOM BpeMeH! U
KpyTroBBI€ YaCTOTHL.

o (opMyJia 3aMeHbl KOOPAMHAT OT YaCTOTHOr0 0a3uca K UMIyJIbCHOMY U npeoOpa3oBanue Oypse.
o [IpemgenpHBIEe IepexXObl, aIbACUHT U CBA3b C MPUBBIYHBIMU U3 aHau3a ¢opmysiamu Dypee.

o YacToTHble PUIBTPH M UX MPAKTUYECKOE TIOCTpOeHHe (Ha ypOBHE TPOrPAaMMHOT0 KO/1a).

o Teopema otcuetoB KoTresbHukoBa — llleHHOHA.

o HekxoTopsie 00001ieHNs: qBOMCTBEHHOCTh [IOHTpATMHA, ciiyyall JIMHEWHBIX auddepeHIMaIbHbIX
OIlepaToOpPOB U IIPUMEPH 13 YpaBHEHNI MaTeMaTuieCKoi (pU3nKu.

o BricTpoe npeobpaszoBanre dypbe U ero Bepcuu AJis pa3jIUYHBIX IPOCTHIX AesuTesiell. HekoTopsie
naeun AjiA HEKOMMYTATUBHBIX TPy U POJIb CUMMETPUIA.

o (Eciu Oynet Bpemsa u nHTepec) Curtasi u niym, npobseMa oThejieHusA noMmex u teopema lllenHona.
Tomorpagus, npeobpazoBaHue PagoHa u ¢BsA3b ¢ npeobOpaszoBanHueM dypoe. Ctatha TepeHca Tao,
[oJIy4uBIIas 0oJiee, YyeM 4eThIPHAALATh THICAY UUTUPOBAaHUMN, U €€ CMBICIL.

CIOXKET BTOPOM: MHTErprpoBaHue

o YcpeJHeHHe 10 MHOXeCTBaM CUTHAJIOB U MHTErpHpOBaHNe [0 MHOXECTBY HellpephIBHBIX QYHKIUHI
Ha oTpe3ke. Mepa BuHepa u ee HocuUTeIN.

o IIpakTHYecKre MOJEJN eCTeCTBO3HAHUA, MPUBOAAIINE K NHTETPUPOBAHUIO MO (PYHKIIMOHATIBHBIM
IPOCTPAHCTBAM.
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o CBolicTBa OPOYHOBCKUX TPAeKTOPUI U IPHMePH! ABHBIX aHAJINTUYECKNX BBIUKMCJIEHUI NHTErpajioB

110 6POYHOBCKUM TpaeKTopuAM. CBA3b UHTErpaja 1o 6poyHOBCKUM TpaeKTopusaM U nHTerpasa deri-
HMaHa.

o (Ecsiu Oymet BpeMs u nHTepec) TpaeKkTopun cjydaiiHoOro 6JIy>XJaHus Mo pelleTkaM pa3MepHOCTeln

2, 3 u Gosbllle, KJII0OYEBBIe OTJINYMA OT OJJHOMEpHOro ciydas. CBA3b ¢ ypaBHEeHUsAMU MaTeMaTruue-
CKOU (pU3UKU.

CIOXET TPETUM: CTOXaCTUYECKUA MUP

o (mpu HeobxoaUMOCTH) O0G30p HEKOTOPHIX METOIOB BHIUKUCJIEHUN B TEOPUU BEPOATHOCTEH — MOMEH-

TBI, ACUMIITOTHUKH, CBOMCTBA CMecCeH U T. II.

[IpakTrvecKre BHIYMCIJIEHUA B CTOXAaCTUYECKOM MHPE U YTO COOCTBEHHO MOXHO ITPOBEPUTDH CTATU-
CTUKOM?

Mopenu kJjiacchuueckoll MexXxaHUKH U MapKoOBCKHe MoJeju. BuHepoBckuil mpolecc U (pusndeckoe
OpPOYHOBCKOE JBUXEHUE.

CroxacTrueckue ypaBHeHUs, ypaBHeHUe UTo 1 1eMMa UTo. BeluncieHNA KOMIIbIOTEPHBIE U aHAJIU-
TUYeCKUe.

IupokoynoTpeOrMBle CTOXacTUYeCcKHe MOJAesU U NpeAcTaBlieHre ux pemieHUd. Juddy3ruoHHbIe
ypaBHeHus. [Topoxpaatoruii mporecc BuHepa.

CroxacTruecKye MHTerpaJjsl 1 OTJIMYNTeIbHaA crienuduka GopMyJl CTOXacTUYeCKOro Mupa ot ¢gop-
MyJI MaTeMaTHU4eCcKOro aHajausa.

YUYEBHUKMU: [IprMepsl 3aMCTBOBaHBI U3 MHOXECTBA IIpeJMeTHO-CIIeIaJIN3upPOBaHHbIX KHUT, CTaTell U MO-
Horpaduii — MpouTeHNe JI0O0ro U3 UCTOUHUKOB BOBce He TpebyeTcs. OCHOBHBIE UAeU M3JI0OXKEeHUI B3ATH U3

1. W. Press, S. Teukolsky, W. Vetterlink, B. Flannery. «Numerical Recipes: The Art of Scientific Computing»

2. P. BienixyT. «BeICTpBIE aropUTMBI HU(POBOI 00pabOTKU CUTHATIOBY

3. A. Oppenheim, R. Shaefer. «Discrete-Time Signal Processing»

4. G. Johnson, M. Lapidus. «The Feynman Integral and Feynman’s Operational Calculus»

5. C. CrenaHoB. «CTOXacTUYECKUN MUPY, https://www.twirpx.com/file/2483780/

IIOPAJOK OLIEHUBAHUS: 50% 3a pelieHre JoMamHUX 3a4a4 U 50% 3a UTOTOBBIN 5K3aMeH, BCe OKPYTJIEHUA
MIPOUCXOMAT IO CTaHAAPTHBIM IIpaBusiaM (710 OJiXKaiIiero 1[eJioro, MoJyliejble OKPYTJIAIOTCA BBEPX).

KOMMEHTAPHUM: Kypc 3agymaH [Jia pacmmpeHHs Kpyrosopa B 00J1acTAX IPHMEHEHUA MaTeMaTHYeCKUX

MoJeJieH.
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MATEMATHKA ITPOILIECCOB B PAHHEM BCEJIEHHOM
HHUC s eryaeHTOB 3-rO Kypca U cTaplue

PYKOBOAUTEJIb: K. Il. 3p10uH.
YUYEBHAA HATPY3KA: BeceHHU# cemecTp 2019/20 yu.r., 0IHA Mapa B HeJieJo, 3 KpeauTa 3a ceMecTp.

OITMCAHHE: B Kypce npefnoJiaraercs U3ja0XUTh COBpeMeHHOe COCTOsIHMe 3HaHui o BcesieHHoi1. Byner 06-
CyXIaThCsA: JUHAMUKA «TEMHOU MaTepUN», IPUBOAANAS K BOSHUKHOBEHUIO HEJIMHEHHBIX CTPYKTYD, OyeT u3-
JIoXeHa Teopus MHQJIALMYN BCeJIEHHOW, pacCMOTpeHAa Teopus reHepalyy ClieKTpa epBUYHBIX (QIIyKTyaluil.

NMPEABAPHUTEJIBHASA ITIOATOTOBKA: MaTeMaTU4eCcKuil aHanus, audpdepeHunanbabie ypasHeHusa, TOKII.

ITPOTPAMMA:

1. OpHOpoAHasA M U30TPONHAsA BCeJIeHHas

l'opsiuas BcesieHHas, KpaTKas TelioBas UCTOPUA.

[Tponieccel 06pa3oBaHusA IEPBUYHOIO COCTaBa XMMHUYECKUX 3JIeMEHTOB
HeonHOpoaHOCTH BO BCEJIEHHOU, TeOpUA IPaBUTALIOHHON HEYyCTOMYNBOCTH

Teopusa uHGAIUN

AL S i

Bo3HUKHOBeHNe NepBUYHBIX QIyKTyanun

YYEBHUKH:
V. Mukhanov. Physical Foundations of Cosmology. Cambridge, http:/www.cambridge.org/9780521563987.

IMOPANOK OLIEHUBAHHUA: 0.5 (qokian+ pabora Ha cemuHape) + 0.5 (3k3aMeH), OKpyTrJiseTcs A0 OJvxaii-
IIeT0 IeJIOT0, TIOJIyIlesibie 3HaUYeHNs OKPYTJIAIOTCS BBEPX.
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MATEMATHKA ®U3WYECKUX SIBJIEHUU
HHUC s eryaeHTOB 1-rO0 Kypca ¥ crapiue

PYKOBOOUTEJIb: II. U. Apcees.
YUYEBHAA HATPY3KA: BeceHHU# cemecTp 2019/20 yu.r., 0IHA Mapa B HeJieJo, 3 KpeauTa 3a ceMecTp.

OITUCAHHME: Kypc 0 cBA3U peasibHBIX GU3NUEeCKUX ABJIEHUI U MaTeMaTU4eCKUX MeTO/I0B X ONKICAHUA, O BO3-
HUKHOBEHUU OIIpefleJIeHHBIX MaTeMaTU4eCKUX CTPYKTYp M3 3aKOHOB (pM3MKH, B IEPBYI0 O4epeb B MeXaHUKe,
3JIeKTpOCTaTHKe, 3JIeKTpOAHaMIKe. B Kypce o6cyxaalTcsa Takye Belly, Kak CBA3b BTOPOro 3akoHa HeioTo-
Ha ¢ JlarpaHxeBbiM GOpMaIn3MOM, ABHXEHHE «II0 IPsAMOI» 10 KPUBOJIMHENHOU NOBEPXHOCTH, NOBe/eHne
rMpOCKoONa, 5KBUBAJIEHTHOCTh 3aKkoHa KysioHa Teopeme I'aycca u 1.1

IIPEABAPHUTEJIbBHAS ITIOAT'OTOBKA: xefaTeJIbHO 3HaHWE OCHOB MaTaHaIM3a U NIOHUMaHu1e MPOCTHIX AUd-
(pepeHIATBPHBIX YpaBHEHUU. 3aHATUA pacCUMTaHbl CKOpee Ha CTYAeHTOB 2-—3 KypcoB OakajiaBpuaTa, HO U
IIOATOTOBJIEHHBIE IEPBOKYPCHUKU He JJOJDKHBI BCTPETUTh CePhE3HBIX TPYAHOCTEM.

ITPOTPAMMA:

1. MexaHuka

o BTOpOIjI 3aKOH HbIOTOHA — OCHOBA OIKMCAaHUA KJIaCCUYECKOro ABUXEHMUS. HPI/IMepr AVMHaAMHWKHN. 3a-
KOHBI COXpaHEHUA N3 ypaBHeHI/Iﬁ JABHMXEHUA.

o OT 3aK0HOB Hbl0oTOHA K J1arpaHxeBoi GpopMysiupoBKe. [IpuHINMIT HaUMeHbIIero JeicTBUsA. 3aKOHBI
COXpaHeHNs C TOYKU 3peHUA JlarpaHXXeBoro noaxona.

o «CBOOOIHOE» ABIKEHNE B KPHBOJIMHETHOM MPOCTpaHCTBe. J[BrkeHHe No cdepe M MOBEPXHOCTAM
BpaleHusa. OnucaHue ¢ IOMOIIBI0 METPUKU.

o JIBrKeHHe ObICTPO Bpamamoumuxca Tesl. HeTpuBruaabHOCTh UX CBOOOAHOTO ABMXXEHUA. KAHTUHUHTY-
WTUBHOE) NIOBeJleHNe TPOCKoIa.

2. JJIeKTpoCTaTuKa

o 3akoH KyJsioHa kak npsAMoe ciaecTBUe 3KcnepuMeHTa. [IoHATHe N0TOKa BeKTOPHOTO NoJiA. DKBUBAa-
JIEHTHOCTb TeopeMsI ['aycca «dKkcnepruMeHTaIbHON» GOopMyJiHpoBKe 3aKkoHa KynoHa. /[uBepreHmnus
BEKTOpPHOro noJsA , auddepeHnuanbHasa GopmynarpoBka 3akoHa KynoHa. YpaBHeHusa Jlansaca u
IIyaccoHa.

o PemreHue 3ajjau 5J1eKTPOCTATUKU C MOMOIIbI0 TeopeMsl I'aycca. Ilosie 3apsxeHHBIX IJIOCKOCTeN U
crepxHell. [loHATHe 0 AByMepHOI 1 OAHOMEPHO 3JIeKTpOCTaTUKe U cneluduieckux «3akoHax Ky-
JIoHay». 3apAAbl HaJ NOBEPXHOCTHIO MeTaJla.

o DJIEKTpUYECKOe TI0JIe B AU3JIEKTPUKaX. [IoBEpXHOCTHBIE 3apsAbl U TPAaHUYHBIE YCIJIOBUA AJIA DJIEeK-
TPUYECKOTO TI0JIs1 B HEOOHOPOIHOMH cucTeMe. MeTop 3apsAIoB n3o0paxeHuil — pusnveckoe perie-
HIe 33J]JaY¥l O HAaXOXIeHNH peleHus quddepeHIaabHOr0 ypaBHEHNA ¢ TPAHNYHBIMU YCJIOBUAMU.

3. DJyieKTpoAnHaMUKa
o B3aumoperlicTBue TOKOB. DKCIleprMeHTaIbHble 3aKOHBI DpcTesia u Amnepa. Cuiia, JelicTByomias Ha

TOK B MarHUTHOM 1oJie. Cuiia HopeHua. I[BI/I)KCHI/IC YaCTHUIbl B MAarHnTHOM IIOJIE.

o IToHATHE BEKTOPHOTO MOTeHI[aa. POTOp BeKTOpHOro moJis, popmysa Ctokca. CBOIICTBA BEKTOP-
HOT'0 TIOTEHI[1aJIa, CPAaBHEHHE CO CKaJIIPHBIM NoTeHIraaoM. JquddepeHnuanbHas GopMyIMpoBKa
3aKOHOB 3JIEKTPOMAarHeTu3Ma IpH YCJIOBUU CTAIIIOHAPHOCTH TOKOB.

o )IarpachI/IaH YaCTHIIbI, BBaHMOI[efICTBYIOH_[eﬁ C 3JIEKTPOMArHUTHBIM ITIOJIEM.
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o 3akoH ®apapes, ero uHTerpajbHaa u AuddepeHnnanbHan GopmyanpoBku. CrucreMa ypaBHEHUHN
Makcsesuia. Eme pa3 nx ¢usndeckuii CMbICJI U MaTeMaTtudeckas ¢GopMyirpoBka. [TosHbil Jlarpas-
’KMaH 3JIEKTPOMAarHUTHOTO N0JI1 — BO3MOXXHOCTb BBIBOJA YPABHEHUI 3JIeKTPOAMHAMHUKU 13 HOBBIX
[IPUHINIIOB.

o YpaBHEHU: 3JIEKTPOMAarHUTHHIX BOJIH U3 ypaBHeHUI MakcBesiia. DJieKTpOMarHUTHbIE BOJIHHI B Cpe-
Je. 'paHnyHbBIe yCI0BUA Ha NOBEPXHOCTU pasfesia ABYX Cpef.

o OTpaxxeHHe OT MOBEPXHOCTU pasfesa ABYX cpel. [IBa MeToda pelleHUsA 3aaui 06 OTPaXXeHUH OT
IJIOCKOIIAPAJUIeIbHOM IUTACTUHBI. II0BEpPXHOCTHBIE BOJTHBI

o BOJIHOBOJIBI Y PE€30HATOPHI. J[UCKPETHBIE YAaCTOTHl COOCTBEHHBIX KOJIEOAHUI — MYTh K OMHCAHUIO
noJiell Kak Habopa OCIUJLIATOPOB.

YYEBHHUKNA:

1. @etinmat P., Jleiiton P., Cangc M. deiinmaHoBckue jekiuu mo pusuxke — M.: Mup, 1967

2. ApHospa B. . MaTemaTruueckrie METOIbI KJIaCCUYeCKON MeXaHUKu — M.: ®uamataur, 1974

3. Jlanpay JI. O., Jlugpmur E. M. Teopetnueckas ¢pusuka — M.: dusmataut, 2004

4. Tamm HU. E. OcHOBHI Teopuu 3jiekTpudecTBa — M.: ['oC. U3/1. TEXHUKO-TEOPETUYECKOH JIuTepatypsl, 1956

5. Tuxonos A. H., Camapckuii A. A. YpaBHeHusa mateMatudeckou ¢pusuku. — M.: Hayka, 1977

KOMMEHTAPH:

MOPAAOK OLIEHUBAHMS: CTyeHTH CIAAIOT 3aJa4M IO ABYM CIIMCKaM M OTBEYAalOT Ha JIOMOJIHUTEJIbHbIE
Bompockl. HauncieHre 6asjIoB ciieaylonee:

o N4, ot O mo 10, 3a caqaHHBIE B TPeTheM MOAYJIE 3a4a4u

o Q1, 0T 0 10 5, 32 OTBETHI HA JIOMOJHUTEJIBHBIE BOIIPOCHI B TPETHhEM MOJIyJIE

o

N,, ot 0 no 10, 3a cmgaHHBIE B YeTBEPTOM MOAYJIe 3a/1auu
o @5, oT 0 0 5, 3a OTBETH HA JOIMOJIHUTEIbHBIE BOIIPOCH B YeTBEPTOM MOLYJIE

o W, ot 0 no 5, 3a paboTy Ha 3aHATUAX.

Hrorosas oneHka S = (N1 + N, + Q1 + Q, + W) /3. Okpyrjenue no cTaHgapTHHIM IIpaBUjIaM.
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MAIIMHHOE OBYUYEHUWE
y4eOHas1 AUCIHUIUIMHA JIA CTYEHTOB 3-TO Kypca U cTapiie

JIEKTOP: H. B. Illypos.
VYEBHAA HATPY3KA: BeceHHUI1 ceMecTp 2019/20 yu.T., ABe maphl B He/leJI10, 6 KpeUTOB 3a CEMeCTP.

OIIMCAHMUE: B 2019 rogy HaligéTcsa MaJlo Jioiel, KOTopble Obl He CJIBIIIAIU O MAlIMHHOM O0y4YeHUU, HO TeX,
KTO MOHMMAET, YTO 3TO TaKoe, ropa3fo MeHblle. MamumHHOe o0y4ueHNre HMCIOJIb3YeTCA B TeX cydasaX, Korjga
BaM HYXHO HAyUUThCA pellaTh KaKoH-TO Kjacc 3afad, AJis KOTOPOro TPyJHO HamlucaTh SIBHBIA aJrOPUTM pe-
IeHs, HO MPU 3TOM MOXHO HalTH MHOXeCTBO IPHUMEPOB C MPaBUJIbHEIMU OTBeTaMU. Tak, HEBO3MOXHO HpeJi-
CTaBUTH cebe HAIMMCAHHBIN BPYYHYI0 aJITOPUTM, KOTOPBIH OBLJI ObI ClIOCOO6EH OTJINYUTD (POTOrpaduio KOMKYU OT
doTorpadun cobaky, HO eciau y BaC €CTb JOCTAaTOYHOE KondecTBO poTtorpaduil Tex U APyrux, Bbl MOXeTe
KICITIOJIb30BaTh MaIIMHHOE 00yYeHMe, YTOOBI IOCTPOUTH TaKO! aJITOPUTM aBTOMaTHUUYECKU.

NPEABAPHUTEJIbHAA ITOATI'OTOBKA: JuHeliHas ajarebpa, MareMaTU4eCcKUi aHaau3 (OJHOMEpPHBI U MHO-
TOMEpHEBIIT), TeOpHs BepOATHOCTEN — cilyliaTesiell He JOJDKHBI yraTh CJI0BA «TUIEPILIIOCKOCTbY, «IPaIUeHTy,
«IIJIOTHOCTD BEPOATHOCTW» U «KOBapUallMOHHAA MaTpunia». Mul Taxke OyieM IIporpaMMUPOBaTh — OCHOBHBIM
AI3BIKOM Ha Kypce OyzeT Python 3, xejiaTeJIbHO 3HaTh OMOJIMOTEKH numpy U pandas.

IMPOTPAMMA: B kypce Mbl OyAeM o0Cy>XAaTh pa3Hble MEeTOAbl MAIlIMHHOIO O0yYeHUs — HauMHasA ¢ JIMHeHbBIX
perpeccuil 1 lepeBbeB pelleHn U 3aKaHYNBas COBPEMEHHBIMY HelPOCETEeBBIMU apXUTEeKTypamMu. Mbl HAaUHEM
C TEOpPeTUYeCKOM OCHOBBI KaXXJOr0 MeTO[a, MOCMOTPUM, Kak OH paboTaeT Ha IPOCTHIX IIpUMepax, a 3aTeM
nepeniéM K MpakTUieckoil paboTe ¢ peaJbHBIMUA JaHHBIMU.

1. O630p 3agauy MamuHHOTrO 06y4eHusA. [ToctaHOBKa 3a7jauu «00y4yeHus ¢ yuuresaeMy (supervised learning).
Metop k 6mmxanmux cocefeid. IIpobsema nepeobydenus. [IpokiATre pa3MepHOCTH.

Perpeccun u kinaccudukatopsl. JInHeliHble Mofenu. Peryssapusanus.

MeTtoar! onTuMu3anuu. I'paflueHTHBIN CIIyCK U ero MoAuduKanuu.

Pemaromue gepesbs. BytcTpan u 63rrunr. CiyyaliHele jieca. ['paguieHTHBIN OyCTHHT.
MeToA OIOPHBEIX BEKTOPOB.

HetipoHHble ceTu U riiyobokoe oOyueHue.

N o ok~ w N

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

8. Jpyrue 3agauu MallMHHOTO O0y4YeHUs.

YYEBHUKH:
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.

IIOPAOOK OLIEHUBAHUWA: MTorosas OLieHKa BHIUMCIIAETCA KaK CPEHEB3BEIIEHHOE OT OLIEHKU 3a TEeKYIIYI0
paboty (40%), oleHKU 3a KOHTPOJIbHYI0 paboty (30%) u oieHku 3a 3k3ameH (30%). OneHka 3a TeKyIL[yIo
paboTy ¢opMuUpyeTcsa Kak cpefHee OIeHOK 3a JOMAallHue 3afaHuA U Jpyrue GOpMBI TeKyIlero KOHTPOJIA.
B uyuciio gomarrHux 3afaHuil MOTYT OBITh BKJIIOUEHBI COPEBHOBaHMsA M0 MallMHHOMY o6yueHui0. MiTtoropas
OLIEHKa OKPyTrJiAeTcA apupMeTUYeCKU, OCTaJIbHbIE OL[EHKU He OKPYTJIAITCA.

KOMMEHTAPHM: Bbl MoXeTe IOCMOTpPeTh Ha CTpaHMIly Kypca 2018-19 yueGHoro rofa:
http://wiki.cs.hse.ru/?curid=15880\protect\char”007D\relax.
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METO/IbI CEOPA U AHAJIU3A COI.II/IOJIOI‘I/I'—IECKOfI HMHOOPMAIINU
y4eOHas AUCHUMILINHA [Jis CTyIeHTOB 3-ro Kypca U crapuie

JIEKTOP: []. C. lliImepJsiuHTr.
YUYEBHAA HATPY3KA: BeceHHUI cemecTp 2019/20 yu.r., BEe mapsl B HeeJII0, 6 KpeUTOB 3a ceMecCTp.

OITMCAHHME: IlpeyiaraeMas yuyeOHas JUCLMIUIMHA IpeAHa3HauYeHa [J1 O3HaKOMJIeHUs 6aKaaBpOB C OCHOB-
HBIMU HUJIeIMU U IOHATHUAMHU COLIMOJIOTUH, IIPU 3TOM JiejlaeTcs aklleHT Ha [IpYMeHeHNe B COLMOJIOTUY 3HAaHUN
10 crnenuaabHOCTH «MaTeMaTHKay, BEICTPAUBAIOTCA CBA3U MeXAY ABYMA JUCLUIUIMHAMU U IeMOHCTPUPYIOTCA
aKTyaJibHbIe COIIMOJIOTYeCcKe 3ajaut, pellaeMble KOMILJIEKCHBIMU MeXAUCIUIIMHApHBIMY MeTogamMu. OcBo-
eHHe MaTepuasa Kypca obecreynBaeT cTraTucTudeckyio noarotoBky Kk RD (Research and Development) B 06-
JIaCTH COL[MAJIbHBIX Y TYMAaHUTAPHBIX HAyK U UX IPUJIOXKEHUN. BBITyCKHUKHY, CIOCOOHBIE FPaMOTHO CcOOMpaTh
1 o0pabaTeIBaTh «JaHHbIe COLMAIbHBIX U TYMaHUTAPHBIX HCCIIeJOBaHMI», OTBEYAlOT 3arpocaM HauboJiee mpe-
CTHXXHBIX paboToAaTesiel, a coueTaHUe COLMAIbHBIX U MaTeMaTUKO-CTaTUCTUYECKUX 3HaHUI 1 HaBBIKOB o0ec-
neyrBaeT UM OBICTPHIN NpOodeCcCUOHATIbHBIN 1 KapbepHBIN POCT.

NPEABAPHUTEJIBHAA ITIOATOTOBKA: 0CHOBHI 0011leCcTBO3HaHUs, McTopus, pusiocodusi, TuHelHas aaredpa
Y aHaJIMTHU4YecKas reoMeTpusa, MaTeMaTH4eCKUI aHaInu3, TeOpUs BepOATHOCTEN 1 MaTeMaThyecKas CTaTUCTH-
Ka, JUCKpeTHAasA MaTeMaTHKa

ITPOTPAMMA:

1. MaTremaTu4eckasi CTaTHCTHKA B COIIMOJIOTHM: 3JIEMEHTBI MC u UO u MoAe/IMpoBaHuA B BUAE, YJZ[O6HOM
JAJIA IPpUMEHEHNA B COMUAJIbHBIX HayKax.

OCHOBHbIE TIOHATHUA U T€OpeTNYECKHE pa3aeJibl B COOMUOJIOTUN.
Knaccuueckue 3agauyn MaTeMaTHUYeCcKO! CTaTUCTUKU B IMPUJIOXKEHNU K COIMAJIbHBIM HayKaM.

[Tpo6ieMa movcka BUIa pacipeesieHus.

CBoOoAHBIE OT pacnpejesieHUs MeToAbl — HellapaMeTpuKa.
PacnpocTpaHeHHbIe 3aa4M ¥ METOABI UX pelleHus.

DKCIepTHhIE OLIEHKU: MaTeMaTU4ecKre MeTO/bI.

JlvckpeTHble METOABI B MaTeMaTHUUYEeCKON CTaTHUCTUKE U SKCIEePTHHIX OIleHKaX.

O6paboTka JAaHHBIX IKCIIEPTHBIX OIEHOK.

© v ® N o U kW N

—

KadecTBeHHBIE METOBI B COIMOJIOT L.

YYEBHHUKNA:

1. Twopun I0.H., Makapos A.A., CumoHoBa I'.I1. Teopusa BepoaTHOcTel, YueOHoe nocobue, M.: MIIMHO,
2009.

2. Bospmies JI.H., CmupHoB H.B. TaGnuiis MaTeMaTudeckoi cratuctuku. M.: Hayka, 1983. Mcnosb3ytoTcs
HeoOXOoqMMbIe TaOJINIIBI.

3. UBuenko I'.U., Mensenes I0.1. Beegenue B MaTeMaTuieckyio ctatTuctuky. M.: JIKH, 2010.

4. Xanpg A. MaTemMaTuueckas CTaTUCTHKA C TEXHUYECKUMU IpuiioxeHusaMHU. Ilep. ¢ anria. M.: U1, 1956.
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5. Twopun 10.H., Makapos A.A. AHain3 JaHHBIX HA KoMmIbioTepe, - M.: MITHMO, 2016.
6. Xomnennep M., Bynd . Henapametrpuueckre METOABI CTAaTUCTUKU. — M.: @UHAHCH U CTaTUCTUKA, 1983.

7. T'odpman A.B. Cemb Jiekiuii o uctopuu coruoioruu. M., 2008. BeibopoyHO o yKa3zaHUI0 penojaBare-
JiA.

8. ApoH P. Dransl pazBuTtus coruosiorudeckoii meicau. M.: [Tporpecc YHuepc, 1993. BeibopouHO mo yka-
3aHUIO NIpernojaBaTeJsis.

9. IMmepaunr JI.C. u gp. dKcnepTHbIe olleHKU. MeTosl u npuMeHeHue. (0630p) — B kH.: CTaTrcTUvecKue
MeTOAbl aHAJIM3a 3KCIEePTHHIX OLIEHOK. YUeHble 3al1CKU 10 cTaTucTuke, T. 29. Hayu. pea. F0.H. Twopus,
A.A. ®penkens — M.: «Hayka», 1977 — c. 290-382.

10. Bepx K. Teopus rpadoB u eé npumeHeHus. M.: 3gaTeibcTBO MHOCTPAaHHOU JuTepatypsl, 1962 r. Oc-
HOBHBIE IOHATHUA U ONlpe/ieJIeHNs.

11. Hdxeccen P. Metons! ctatucTudeckux oocsenosanuii / [lep. ¢ anri.; nox pex. u ¢ npeauci. E.M. Yetwip-
KHHa. M.: ®1UHaHCH U cCTaTHUCTHKA, 1985.

12. Hwopkreiim 3. Coumosiorus. Ee mpeaMeTt, MeTo/I, TpegHasHaueHue. M., 1995. 3-e uza. — M., 2008. IIpe-
JUCJIOBUS KO BTOPOMY U NepBOMY U3daHusAM, Beenenue, I'1aBa 1.

13. buken I1., JokcyMm K. MaTemarudeckas craTucTuka. Bein. 1. M.: ®uUHAHCH U cTaTUCTUKA, 1983.
14. Cebep [x. JInHeHHBIN perpecCUOHHBIN aHanus. - M.: Mup, 1980.

15. Caaru T., Kepuc K. Ananutnueckoe miaHuposanue. Opranusanusa cucreM: Ilep. ¢ anri. — M.: Paguo n
CBs3b, 1991.

16. YeboTapes I1.F0. MeToan! JialljlacOBCKOM Teopuu OoprpadoB B CTPYKTYPHOM aHaJIU3e CUCTEM: IOKT. JHC.
¢-M. H. 110 cienuanbHOocTH 05.13.01 UITY PAH. — M., 2008.

17. Apos B.A. Crpateruu u MeToAsl KaueCTBEHHOr0 aHanu3a AaHHbX. Conuosorusa: 4M, 1991, Nel, c. 14—
31.

IMOPAJOK OLIEHHUBAHMA: uTorosas oTMETKa paBHa
0.2 (momarmHee 3aganue + cemuHaphl) + 0.3 (acce) + 0.5 (oTBeT Ha 3auete),

OKpYyTJIeHle BBepX.
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OIITUMU3AIIUA ®OPMBbI
HHUC s eryaeHTOB 3-rO Kypca U craplue

PYKOBOAUTEJIb: E. O. CtenaHOB.

VYEBHAA HATPY3KA: 4-ii MoayJis 2019/20 yu.r., ABa 3aHATUA B HeJeJI0, 3 KpeauTa.

OIIMCAHHME: 3ajjaua Kypca — MMO3HAaKOMUTH CJIyInaresiell ¢ HauboJiee XxapaKTepHBIMU ONTUMM3alMOHHBIMU
3ajlayaM¥, B KOTOPBIX HEM3BECTHHIM SIBJIAETCS MHOXECTBO He 3a[JaHHOM a priori CTPYKTYPHI, a TakXe ¢ MeTo-
JaMu, puMeHsAeMBIMU JIJIA UCCieJOBaHUA uX pemeHuii. K Takum 3ajadyaM OTHOCATCA, HalpuMmep, 3ajilavya o
MHHMMAaJIbHOUM MOBEPXHOCTH, adpoJuHaMuueckas 3agavua HeioToHa, 3amava IllTeliHepa, 3a/1auil TOCTPOEHUA
ONTUMAaJIbHBIX TPAHCHOPTHHBIX CeTel.

NPEABAPHUTEJIBHAA ITOATOTOBKA: MareMaTU4ecKuil v GYHKIMOHAIBHBIHN aHam3, AuddepeHnraipHasn
reoMeTpHs U TOIOJIOTUA B 00beMe NMEPBBIX JBYX-TPEX JIeT OakajiaBpuara.

ITPOTPAMMA:

L.

II.

III.

IV.

VI

VIL

3aayu ONTHMAJIBHOIO pasMelleHus pecypcoB. [locTaHOBKY 3afay 00 ONTUMAJIbBHOM pa3MelleHNH pe-
cypcos (optimal location problems), k-center problem, k-median problem, 3ajaun onTUMaIbHOM yIIAKOB-
KU U T. II. 'ekcaronasibpHas sppuctuka. O6mas teopus ['-cxogqumoctu. [Ipumep BoluncyieHus ['-npeaesib-
HOU 3ajjauu [J1 OOHOU M3 3aJad ONTHUMAJIbHOTO pasMelleHusa pecypcoB, NpefesibHOe pacipefesieHre
pecypcoB. JluHaMu4eckoe pa3MellleHus pecypcoB (KpaTKOCPOUHOe IJIJaHMPOBaHUe), CpaBHeHUe ¢ 3a/a-
yell KakyTaHu fejieHUsa OTPe3KOB.

3apmauva Ilreiinepa. Mepwl Xaycnopda. Jiunmunessl ¢yHknuu. CrnpamiifeMble MHOXeCTBa. DOPMYyJIbI
Iomaau u Komomaau. Teopema Biamke, Teopema I'ostaba n nx moaudukanuu. CyliecTBOBaHHe pe-
meHun 3agauu llreiiHepa. OCHOBHI TOIIOJIOTMY KPUBHIX. TOIOJIOrMYeCcKre U reoMeTpruiYecKrue CBOMCTBA
mTeliHepoBCcKUX ceTell. HekoTopble ABHbIE IPHMEPHL.

3afayu ONTHMMH3aLUU OOHOMEPHBIX O0BEeKTOB (KpHBBHIX). DYHKIMOHAJ CpeJHEr0o U MaKCHMaJIbHOI'O
paccrosHuii. 3agaya Monxa—KaHTopoBuua 06 onTuMasibHOM IlepeHoce Macchl. 3ajaya 06 onTuMu3a-
[ TPAHCIOPTHOM ceTu. 3agavya 06 ONTUMaJIbHOM ra3onpoBoje HauMeHblel ArHEL. CylecTBOBaHNUE,
TOIIOJIOTUYECKHE 1 reOMeTpUYecKre CBOYICTBA pelleHn.

3amaua HeioToHa 0 Tesle HAUMeHbIIero CONpPOTUBJIeHNA. Boimykisle GyHkimu. CyiiecTBOBaHNe B Kjacce
BRIYKJIBIX popM. HeBbimykJibie popmbl. Bu BHITYKJIOTO Tejia HAaMeHbIIero COpOTHUBIIEHN .

3ajava 0 MUHMMAaJIbHOM NoBepxXHOCTU. DyHKIMM orpaHu4YeHHON Bapualuu. [lepumerp. MHoxecTBa Ka-
yyonmnosyu. Teopema o koMnakTHOcTU. CylijecTBOBaHHE MHOXeCTBa MUHMMAJIbHOTO IlepuMeTpa. Ypas-
HeHle MUHUMAaJIbHOU ITOBEPXHOCTH.

3agauu 06 onTuMuU3aIuM cobcTBeHHBIX yncesi. Co6CcTBeHHBIE UKcJla Janjacuada (i 3agauu Jupuxiie
u 1A 3agaur Hefimana). 3agaun o0 ontuMu3anuu GyHKLUOHAJIOB, 3aBUCAIMINX OT COOCTBEHHBIX UU-
ces1. CyiiecTBOBaHUe pellleHUH B CliellMajIbHBIX KjlaccaXx MHOXecTB. Pestakcarusa. CxoauMocTs o Mosco
pyHKUMOHATBHBIX PocTpaHCTB. CylllecTBOBaHKE pellleHul ocjiabJieHHON 3aJavuu.

3amauya 0 MakCHMMaJIbHOM XKECTKOCTU ITacTUHHL. CyllecTBoBaHUe pelleHUil. @opMysia MOHOTOHHOCTU.
PerynapHocTs pemenuii. Knaccuguxkaiiysa ocoObIX TOUEK.

Tewmsr [IV]-[VII] npensaratorcsa Ha BEIOOD ciiymiaTeseii (6yieT BeiOpaHa ofHA WJINA JIBE)
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YYEBHHUKNA:

1. 3. Ixyctu. MUHMUMaJsIbHble IOBEPXHOCTU U GYHKIMHU OrpaHUYeHHON Bapuanuu. M., Mup, 1989.

2. F. Santambrogio. Optimal Transport for Applied Mathematicians. Calculus of Variations, PDEs, and
Modeling. Birkhduser, 2015.

3. G. Allaire. Shape optimization by the homogenization method. Applied Mathematical Sciences 146,
Springer Verlag, 2002.

4. M.C. Delfour, J.-P. Zolesio. Shapes and Geometries - Analysis, Differential Calculus, and Optimization.
SIAM, 2001.

5. G. Dal Maso. An Introduction to I'-convergence. Birkhduser, 1993.

6. A. ApyTioHOB, I'. Marapui-Uibses, B. Tuxomupos. [Ipunnun makcumyma IoHTpAarnHa. JlokazaTesabCTBO
u npuioxenus. M., YPCC, 2006.

ITOPAAOK OITEHHUBAHMA: olLleHKa BBICTABJISAETCA II0 pe3yJjibTaTaM yCTHOI'O DK3aMeHa.
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OCHOBHBIE ITIOHATUA MATEMATHUKHA
HHUC s eryaeHTOB 1-rO0 Kypca ¥ crapiue

PYKOBOJUTEJIU: 0. M. Bypmas, C. M. JIbBOBCKHI.
YYEBHASA HATPY3KA: oceHHuH ceMmecTp 2019/20 y4.r., oHa apa B HeZieJiio, 3 KpequTa 3a ceMecTp.

OITMCAHMUE: JDTO ceMUHap [Jis NepBOKYPCHUKOB, MOCBAMEHHBIN TOMY, KaK «paboTaeT» MaTeMartuka. Mul Oy-
JieM o6CyXaaTh TeMBI M3 CaMbIX pa3HbIX o0JlacTell — aHaIM3a, TeOMeTpPHUU, anrebpel, KOMOMHATOPUKH, TEOPUU
quces U T.1. JJOKJIag 10 TeMe JJIMTCA OJHO 3aHATHe, B PeAKUX CJIydasx — ABa. HekoTopble JOKJIaAb! AeJIal0T
PYKOBOAUTEJIN CeMUHapa, HEKOTOpble — CJIyIIaTesiy, HeKOTOpble — IpUIJIallléHHble JOKJIaauuku. CeMuHap
IIO3BOJIUT CJIyLIATESIAM el pa3 OLIyTUTbh KPacoTy U pasHooOpasue MaTeMaTHUKU; OH TaKXke MOXeT IIOMOYb B
BBIOOpE TeMBbl U PYKOBOJUTEJISI KypPCOBOM paboTHI.

ITPEABAPUTEJIBHAA ITOAT'OTOBKA: HeT.

ITPOTPAMMA: HekoTopbie TeMBbl, 00CyX/JaeMble Ha ceMruHape (3TO 3aBeIOMO He TIOJTHBIN CIMCOK, OH MOXeT
BapbUpOBaThCA OT rofja K ToAy):

o Pa3pe3aHue 4eThIpeXMEPHOro Kyba TpexMepHOH MUJIOH: YTO MOJIyYUTCA B CEYeHUM?
o KBazpaTu4HBIN 3aKOH B3aUMHOCTHU: KBaJpaTHble KOPHU 110 MOJYJII0 IPOCTOr0 YHCJIa.
o Kak pemats Kkybuueckre ypaBHeHUs U IOYeMy 3TOr0 HUKOT1a He Jies1aioT.

o ITapagokc Banaxa—Tapckoro: pa3pe3aHue Imapa Ha KOHEYHOE YHCJIO KYCKOB, M3 KOTOPBIX MOXHO CJIO-
XUTh YETHIPE IIapa TaKOTr'o e pajguyca.

o Teopema Jppoy o AuUKTaTope (HEBO3MOXHOCTh UeaJIbHOU CUCTEMEBI I'0JIOCOBAaHUA MO HECKOJIBKUM KaH-
ouaaTtypaM) U HeCcTaHIapTHBIM aHau3 (B KOTOPOM eCTh O€CKOHEYHO MaJible 4KcJia).

o TleHTaroHaJbHOE TOXIECTBO Diljlepa.

o Tpu B3aMMOCBSI3aHHBIX TEOPEMBI M3 TOMOJIOTMH: TeopeMa Bpayspa O HEmoJBMXXHOU TOYKE, OCHOBHAs
TeopeMa anrebpsl U TeOpeMa O MPUYECBIBAHUU €Xa.

YYEBHHUKMU: P. Kypanr, I'. Po66uHc, «UTo Takoe MaTemMaTukay, M., MITHMO, 2000, http://ilib.mccme.ru/pdf/
kurant.pdf. Takxe 1o KaxxJou U3 TeM eCTb CBOA JIUTeparypa.

IMOPAAOK OIIEHUBAHMA: 3aBUCUT OT TOrO, AeJjiajl JIM yYaCTHUK CEMHHapa JOKJIa[ M OT pe3yJibTaTa 3a-
KJIIOUUTEIbHON KOHTPOJIbHOM paboThl. Ec/iM yyacTHUK ceMuUHapa cAeJiaj yCHelTHbN JOKJIad, TO OH HoJydaeT
UTOTOBYI0 OlleHKy 10 6aJIJIoB 1 He JOJIKEH MUCATh 3aKJII0YUTEIbHYI0 KOHTPOJIbHYI0. EC/IM y4YacTHUK ceMrHapa
JOKJIaia He cAeJiajl Ui Jokja[ ObLI OUeHb HeyJauHbIM, TO UTOrOBasA OI[eHKa 3a CeMHHap paBHA OIleHKe 3a
3aKJIIYUTEJIbHYI0 KOHTPOJIBHYIO.
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OCHOBBI I[IPOI'PAMMMUPOBAHUSA HA PYTHON, YACTbH 2
y4eOHas1 JUCIHUIUIMHA JIA CTYEHTOB 2-TO Kypca M cTapiie

JIEKTOP: B. E. UBaHHUKOBA.
YUYEBHAA HATPY3KA: BeceHHUI cemecTp 2019/20 yu.r., BEe mapsl B HeeJII0, 6 KpeUTOB 3a ceMecCTp.

OITMCAHHME: Kypc nocBsAIIEH paKkTHKe MporpaMMupoBaHus Ha A3bike Python. Mbl HayunMcs ocHOBaM pas-
paboTKM B HECKOJIBKUX 006J1acTAX, monpobyeM COBpeMeHHble MHCTPYMEHTHl aHaJIUTHKa U pa3paboTuuka. [Ipu
pellleHny 3a/1a4 U3y4YrM HeKOTOPBIH MPOABUHYTHIN cHTaKcuc Python (Moaysiu u makeTsl, JeKOpaToOpkl, reHe-
paTopsl U T. A.). HekoTtopslie TeMbl Kypca: 6ubanoreku pandas, numpy, WEB, HTTP u gpyrue.

ITPOTPAMMA: unuTe Ha CcTpaHuUlie Kypca.

MMPEABAPHUTEJIBHAA IIOAT'OTOBKA: 6a3oBoe 3HaHue Python (ycsioBus, iukiisl, GyHKINM, KJIacChI), TOTOB-
HOCTb paboTaTh B TEPMUHAJIE U IIPEO0JIeBaTh TPYIHOCTHU.

YYEBHHUKHA:

1. H. A. Bopoxuos, A. B. Bunokypos. IIpakTtuka u Teopus nporpamMmuposanusa. ®@usmarkaura 2008.
2. okymenTtanus s3bika Python https://docs.python.org/3/.

3. b. V. Kepnuran, P. [Taiik. [IpakTuka nporpammMmupoBaHus. Busnbsamc, 2017.

4. Micha Gorelick, Ian Ozsvald, High Performance Python, 2014.

5. Jlyyano Pamasnso. Python. K Bepmmnam macrepcrBa. 2016.

KOMMEHTAPHHM: ctpanuna kypca 2019 roga: http:/wiki.cs.hse.ru/OCHOBBEI IPOTPAMMUPOBAHUSI
Ha Python BecHa 2019 Mardax.
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OCHOBBI DJKOHOMETPHUKHU
y4eOHas AUCHUMILINHA [Jis CTyIeHTOB 3-ro Kypca U crapuie

JIEKTOP: U. B. BOCKOGOMHHMKOB.
YUYEBHAA HATPY3KA: BeceHHUI cemecTp 2019/20 yu.r., BEe mapsl B HeeJII0, 6 KpeUTOB 3a ceMecCTp.

OITUCAHHME: llesib Kypca — paciivpeHue IpeACTaBJIeHN CTyJeHTa-MaTeMaTHUKa O POJI MaTeMaTUYECKOTO
anmapara Teopuy BepOsiTHOCTEH, MaTeMaTU4ecKOl CTaTUCTUKY, MaTeMaTUYeCKO SKOHOMUKH U pAAa CMexX-
HBIX pa3eJIoB MaTEMATHUKU B COBPEMEHHBIX SKOHOMUYECKUX MCCJIeJOBAHUAX. [[JIs 3TOT0 B Kypce OyAyT mpea-
cTaBJieHbl 6a30Bble IOHATUA TEOPUH BEePOATHOCTEN 1 5)KOHOMUYECKO CTaTUCTUKY, HeoOX0[MMBble [JIA annapa-
Ta SKOHOMEeTPUKM; U3JIokeHa 6a30Bas TeopusA SKOHOMeTpPHUYeCKUX MeTo/I0B. IIpeanonaraercsa ocBoeHHe Moji-
XOJIOB K peIlleHUI0 TUITOBBIX SKOHOMETPHYECKHX 3a7jay, a TakXke BEIPAOOTKA MPAKTUYeCKUX HABBIKOB PabOTHI €
KOHOMUYECKMMU JAHHBIMU U MHTEPIPETAIU Pe3yJIbTaTOB.

NPEABAPHUTEJIBHAA ITOATOTOBKA: 3HaHNIEe OCHOB TEOPUU BEPOSATHOCTEN U MaTeMaTU4eCKON CTaTHUCTH-
KM, a TaKXe MaTeMaTUYeCcKoro aHajn3a U JUHEHHO! anreOpsl

IIPOTPAMMA: B kypce OyAyT INpeAcTaBjieHbl MOJeJIM KJIacCUueckol JIMHEHON perpeccuu, pa3jinyHble Me-
TOZBI OLIEHKU [TapaMeTpPOB 1 UX CTaTHUCTUYECKHe CBOICTBA, TPOBEepPKa CTaTUCTUUYECKUX I'UIIOTe3 U JI0BepUTEJIb-
HBIX NHTEPBaJIOB I NapaMeTpoB perpeccuri. Kypc Takxe coiepXXUT KpaTKoe BBefleHre B aHAJIN3 BpeMEeHHBIX
PAZIOB U MaHeJIbHBIX JaHHBIX, MOXeJIHM ¢ JUCKPETHBIMHU U CMeNIaHHBIMU 3aBHCUMBIMU IlepeMEeHHBIMMU.

VYEBHHKMU: Hill, R. Carter, W. E Griffiths, u G. C. Lim. Principles of Econometrics. 5-e u3zg. John Wiley &
Sons, 2018.

IOPANOK OLIEHUBAHUA: OueHka ckjiaJibiBaeTcs 13 6aj1oB, HaOpaHHBIX 3a TpoMexXyTouHyo (15%) u uto-
roByio (50%) KOHTpoJIbHBIE PabOTHI, SMOMPUYeCKol foMaliHel paboTel (30%), a Takxke Tekyliel pabOTH Ha
ceMHHapax C BBINOJIHEHHEM HeOOoJIbIINX JoMaltHuXx 3agaHuil (5%). Kaxasiil Bug paboThl OlleHUBAETCs KOJIU-
yecTBOM 6asio oT 0 1o 100. MiTorosas orjeHKa nojy4aercsa Kak cpeJHee B3BellleHHOe C BeCaMU, YKa3aHHBIMU B
ckobkax. i'Torosas olieHKa OKpyTIJiseTcs A0 Osukaliiero HauboJibliero ejioro uriciia. Hanpumep, UTOrOBBIN
6amn 5,01 okpyradercsa o 6.

KOMMEHTAPHM: Kypc npejnoiaraeT ocBoeHre 0CHOB paboThl ¢ 5KOHOMEeTpU4eckuM nakeToMm STATA.
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HPI/IKJIA,HHI)IE METOAbI AHAJIU3A
y4eOHas1 JUCIHUIUIMHA JIA CTYEHTOB 3-TO Kypca M cTapiie

JIEKTOP: C. M. XopomkuH, X. C. Hupos.
YUYEBHAA HAT'PY3KA: oceHHHI ceMecTp 2019/20 yu.r., Be napsl B HefleJI0, 6 KpeIUTOB 3a ceMecTp.

OITUCAHHE: AHaniuTHyecKre MeTOAbl, UCI0JIb3yeMbIe B pellleHNH IPUXOJANMX U3 MaTeMaTH4ecKol GU3NKU
3aja4, BOUpAIoT B ce0s Kak TPAAUILMOHHYI0 TEXHUKY YHUBEPCUTETCKUX KypCOB aHaIu3a, ajareOpel u audpde-
peHLMaJIbHbIX ypaBHEeHU!, Tak U Oojiee abcTpakTHBIe MpreMbl QyHKLIMOHAJIBHOIO aHaim3a. Llenp kypca —
O03HAKOMMUTbD C UAEe0JIoTHel NprMeHeHNs annapara 06001eHHbIX GYHKINI, UHTerpajbHbIX TpeoOpa3oBaHui,
dyHmaMeHTaNbHBIX pelleHni], aCHMITOTUYECKUX OLleHOK U Ap. dopma 3aHATHUI B 3HAUMUTEIbHOHN 4acTU OC-
HOBaHa Ha CaMOCTOATEJIbHOM pellleHUM 3aJjay CTyJeHTaMu. DTOT e Kypc MoJ| Ha3BaHueM «MartemaTuueckue
MeTO/ibl €CTeCTBO3HAHUA» ABJIAeTCA 0053aTeJIbHBIM AJIA CTYIeHTOB PYyCCKOA3BIYHOIN MarrucTepckoi nporpam-
MbI «MaTeMaTHKa U MaTeMaTuuyeckasa pusnkay odyyawonmxcs no npoduio «MaremaTtudeckas GU3NKay.

IIPEABAPHUTEJIbHAS IMIOATOTOBKA: MaTeMaTHuyeCcKUN aHau3 U OOBIKHOBeHHBIE AuddepeHIaibHbIe
ypaBHeHUsA B o6beMe 1-2 Kypca.

ITPOTPAMMA:

1. ®ynkuuu I'puHa KpaeBoii 3afauu 1 3agaur Ko o6bIkHOBeHHBIX ArddepeHLnalbHBIX ypaBHEHUHN.
JuddepeniuanbHele ypaBHeHUs ¢ KOMILIEKCHBIM BpeMeHeM. IIpeoOpa3oBaHue Jlamaca.
O600meHHble QYyHKIUN.

[TpeobpazoBanuie dypbe 0000111eHHBIX OYHKIUIN.

@ > W N

dyHIaMeHTaJIbHbBIE pellleHNs KJIACCUYeCKUX OIlepaTopoB BTOPOro nopsaka. [IpusoxeHus K 3agayaM Ma-
TeMaTUu4ecKor QU3UKU.

6. AcuMnTOTUYECKHE OI[eHKU U aCUMITOTUYECKHE PA3JI0XKEHUA.

YYEBHHUKNA:

1. Bnagumupos B. C., YpaBHeHUs MaTeMaTHu4ecKol (pU3UKU
lenpdang U. M, [Munos I'. E., O606meHHble QYHKIIUU U JeHCTBUA HAJ HUMU
Opaeiin A., ACUMIITOTAYECKHEe Pa3JIoXKeHUs

[Torpe6koB A. K. 3anucu Jjekiui https:/math.hse.ru/mathmethods2016

o > W N

Jlocsxop B. B. 3anucu Jjieknmi
https://math.hse.ru/data/2018/01/15/1160394242/MathminThPh.pdf
IIOPAJOK OLIEHUBAHMWSI: UTOroBas OLleHKa BBIYUCIIAETCA N0 (popMyJie
(0.4x2 + 0.6y% + 0.4z + 0.2u?) /10,

rle X — CpeHsAA OlleHKa 3a KOPOTKHe KOHTPOJIbHbIe pabophl Ha ceMHUHapax, Y — CpefHAs OlleHKa 3a TpU
JIOMaIllHUX KOHTPOJIBHBIX pabOThl, Z — OILleHKa 3a UTOrOBBIN dK3aMeH, u — OOHYC 3a aKTHBHYI0 paboTy Ha
3aHATUAX.
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ITPOEKTUBHAS AJITEBPAUYECKAS TEOMETPHUA
HHUC s eryaeHTOB 1-rO0 Kypca ¥ crapiue

PYKOBOAUWTEJIb: U. B. ApramkuH, A. C. TUXOMHPOB.
YYEBHASA HATPY3KA: nBa ceMmectpa 2019/20 yu.r., oqHa napa B HeJjeJIl0, 3 KpeJuTa 3a ceMecTp.

OITMCAHHME: B TeueHue nocjeqHUX MOJIyBeKa ajaredpandeckas reoMeTpusa okasasach B GOKyce Bcell CoBpe-
MeHHOI MaTeMaTUKH, U 3a 3TO BpeMs pa3BUJIMCh MOIIHelIIe TeXHUYecKe MeTo/ibl, obecrevyrBIine KoJoc-
CcaJbHOE IPOABMXEHME ajreObpanyeckol reomMeTpun. OTo OypHOe pas3BUTHE MMeJIO U OOOPOTHYI0 CTOPOHY,
IIOCKOJIBKY COBpeMeHHEBIe abCTpakTHble MEeTOAbl B 3HAUUTEIbHON Mepe BEITeCHUJIN U3 N0JIA 3peHus npo3pay-
Hble reoMeTprYecKre OCHOBAHUA 3TOM HayKU. DT OCHOBAHUSA MO-MIPeXHEMY OCTaI0TCS OCHOBHBIM O00BEKTOM
HccaeJoBaHNA, NCTOYHUKOM BCeX MHTYULIUH B aarebpanyeckol reoMeTpuy, U IOTOMY OYeHb BaXHBL. 3ajava
ceMMHapa — paccKasaTh O reoOMeTpUYecKUX HMCTOKax ajarebpandeckoil reomerpuu. [TosTomy cemuHap pac-
CUMTAaH KaK Ha CTyAeHTOB-MJIQIIEKyPCHUKOB, UMEII[UX COBCEM 3JIeMeHTapHEIN HauyaIbHEIN YPOBEHb, TaK U
Ha CTYJEHTOB CTapILIMX KypCOB, MaruCTpaHTOB U aCIMPAaHTOB, KOTOPBIE YK€ UMEIOT Cepbe3HYI0 TeXHUYECKYI0
0a3y B asjrebpanueckoi reomeTpun (0OQHAKO, U AJ1A HUX 3HAKOMCTBO C HarJIAAHBIMU FeOMeTpHUYeCKNMU Kap-
TUHKaM{ HECOMHEHHO OyZeT M0JIe3HO).

IMPEABAPUTEJIBHASA ITOAT'OTOBKA: HeT
IIPOTPAMMA:
1. 3apmauuy, cBa3aHHBIE ¢ TeopeMaMmu Jlesapra, [lanmna, [Tackasna, u gp.
3agauu eBKJIMA0BAON U APYTUX T€OMETPU: pellleHNre cpeicTBaMU TPOeKTUBHON reOMeTpUN.

Teopema Be3y, nHaeKCH niepeceueHys, npapuia LleiiTeHa.

HOJ'IHpr, recCraHbl, MIPUHIINUII ﬂBOﬁCTBeHHOCTH.

o > W N

JIuHeliHbIe PALIBI, JIMHEHHBIE CEYEHUsA U MPOEKINH, Pa3AyTUs, JKONHBI, MyJIbTUCEKAHTHI, TPOEKTHBHbIE
KacaTeJIbHbIe TPOCTPAHCTBA K MHOT00Opa3usM.

[MoBepxHoCTU Aesib [lero, HOpMMHOT006pa3ws, KBaJ[PUKH.
JerepmuHanTamu, MHoroobpasus Cerpe, BepoHese, X MHOTooOpa3us XOp/I.
I'paccmaHMaHbl, MHOT0OOpasus (hJjiaroB, MHAYKIIMOHHAs IIpoIielypa MOCTPOeH s I'PacCMaHUAHOB.

MHoromepHble KOHQUTYpaLuu MPsAMBIX.

© v »® N o

3ambikaHus [ToHce e ¥ 3agaun KJ'IaCCI/I(l)I/IKaLII/II/I BE€KTOPHBIX paccnoeHmZ.

11. TIpocTpaHCTBa «IOJHBIX» KBAJIpUK, «IIOJHBIX» TPEYTOJIbHUKOB U 3a[jauyll UCUNCIUTEJIbBHOU reOMeTpHUU.

YYEBHHUKHA:

1. 1. V. Dolgachev. Classical algebraic geometry: a modern view. Cambridge, 2011.

2. M. Beltrametti et al. Lectures on Curves, Surfaces and Projective Varieties: A Classical View of Algebraic
Geometry. European Math. Soc., Zuerich, 2009.

3. J. G.Semple, J. T. Kneebone. Algebraic projective geometry. Oxford, 1963.

4. J. G. Semple, L. Roth. Introduction to algebraic geometry. Oxford, 1949.
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5. H. A. T'narones. IIpoexkTuBHas reometpus, M., Beicimas mkomna, 1963.

6. X. C. M. Kokcrep. [eiicTBuTebHasA MPOEKTUBHAA IJIOCKOCTh. M., ®usmarrus, 1959.

IOPAOK OLIEHUBAHUA: 50% 3a peliieHue JoMamHUX 3aga4 v 50% 3a UTOroBbIN 3K3aMeH, BCe OKPYTJIEHUS
MPOUCXOAAT IO CTAHJAPTHBIM MpaBmJIaM (710 6JIMKaMIIero 1ejoro, MoJiyllesible OKPYTJISIOTCA BBEPX).
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PUMAHOBBI [IOBEPXHOCTU U UHTETPUPYEMBbBIE CUCTEMBbBI
HHUC s eryaeHTOB 3-rO Kypca U cTaplue

PYKOBOAUTEJIb: C. M. HaTaH30H.
YUYEBHAA HAT'PY3KA: oceHHHi ceMecTp 2019/20 yu.r., Be napsl B HefleJI0, 6 KpeIUTOB 3a ceMecTp.

OIIMCAHHME: PUMaHOBBIMYU MOBEPXHOCTSAMU Ha3BIBAIOTCS OJHOMEPHHBIE KOMILIEKCHbIe MHOrooopasus. Oco-
OGEHHO Ba)XHbI KOMITAKTHBIE PUMaHOBBI [IOBEPXHOCTH, KOTOPHIM U OyIeT OCBSAIIeHa 3HAYUTETbHAS YacTh Kypca.
Hx kateropus n3oMop¢Ha KaTeropuu KOMILJIEKCHBIX ajire0pandyeckux KpuBbiX. C MOMEHTa CBOEro MOSIBJIEHUA
B cepequHe 19 Beka U 110 cell JeHb PUMAHOBBI IIOBEPXHOCTHY UTPAIOT ONPENESIAIONIYI0O POJIb B PA3BUTUM PA3JINY-
HBIX pa3/leJIOB MaTEMAaTHKH, a MOCcJieHUE AeCATUJIETUS U MaTeMaTnyeckol ¢Gusnku. C puMaHOBBIX ITOBEPX-
HOCTel HaYMHAETCA anredpanyeckas reoMeTpus, TEOPUs KOMILIEKCHBIX MHOTO00Opa3uii, TEOPUS MTPOCTPAHCTB
MMOCTOAHHOW KpUBU3HBL. OHU OPOX/IAIOT BaXXHBIE PEIIeHUsA NHTETPUPYEMBIX cicTeM. M3ydyeHre MpoCTpaHCTBa
MOJyJIell pMaHOBHIX TIOBEPXHOCTEH SBJIAETCA OJHMM M3 TJIAaBHBIX HallpaBJIeHUI COBpeMeHHOU MaTeMaTHKU.
BaXHOCTh PMMaHOBHBIX ITOBEPXHOCTEN MOATBEPXeHa TaKXe 3HAUMTEbHBIM YKUCIIOM (PUIIICOBCKUX MeqaJien,
TOJIyUYeHHBIX 3a JOCTUKEHUE B 3TOU 00J1acTu.

INPEABAPHUTEJIDHASA ITOATOTOBKA: KypcC AOCTYIIEH CTy[eHTaM 3 Kypca U cTaplie.

ITPOTPAMMA:

1. Yaudopmuszaiys u MOAYJIM PUMaHOBBIX TOBEPXHOCTEL.

2. AnreGpamnveckue KpuBbie, OUJIMHEIHbIE COOTHOIIeHUs PuMmaHa. Teopema Pumana — Poxa, Touku Betierip-
mTpacca.

3. AGeneBH TOpH, TaTa-PpyHKIUHU, Teopema Abesid, 3agada obpaieHus Akoou.

4. Uepapxus Kagomuesa - [lersuamsuyuin (KII), dyukiuu belikepa— Axuesepa, ajre0po-reoMeTudecKkye
pemeHus nepapxum KII.

YYEBHHUKMHA:

1. @. I'puddurc, Jx. Xappuc, [Ipunnuns anredbpandeckou reomerpuu, M.: «Mwupy, 1982.
2. Ix. Cnpurep, BeefjeHre B TeOpHI0 pYMaHOBIX TIOBEPXHOCTEM.

3. KommiekcHbIN aHaIM3, pUMaHOBbI IOBEPXHOCTU U UHTerpupyemsoie cucremsl, M.: MITHMO, 2018

IIOPAJOK OLIEHUBAHMHMA: OrieHKa CKJIaAblBaeTCsa U3 OLIEHKHW pabOThl B Te€UeHMHE ceMeCTpa U OLIEHKU 3a
ak3ameH ¢ Becamu 0,7 1 0,3 COOTBETCTBEHHO; OKPYIJIEHUE B I0JIb3Y CTYAEHTA.
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CEMMHAP 11O APUOMETHYECKOM 'EOMETPUH
HHUC s eryaeHTOB 3-rO Kypca U craplue

PYKOBOOMUTEJIB: C. O. T'opuuHckuii, B. A. Bosioroackuii.
YUYEBHASA HAT'PY3KA: aBa cemectpa 2019/20 yu.r., oqHa nmapa B HeeJio, 3 Kpeaura 3a ceMecTp.

OITMCAHHME: Ha cemuHape OyAyT pa3bupaThcs pa3jIuHble TEMbI 13 apupMeTHIeCKON reoMeTpuH, Kak CoBpe-
MeHHbIe, TaK U yXe CcTaBIIMe Kjiaccukoi. [Ipeanosaraercs, 4To yYaCTHUKY, B OCHOBHOM CTYAE€HTHI U aCUpaH-
ThI, Oy Iy T 110 OYepe Iy JieJiaTh cepuu JOKJIaAoB. [Ipu aToM MBI 6yzieM cTapaThes pa3bupaTh CJI0XKHbIE TOHATUA
Ha MPOCTHIX NpHUMepax, a Takke M3yyaTb MeXaHU3Mbl JJOKa3aTeJIbCTB PA3/IMUHBIX NHTEPECHBIX pe3yJIbTaToB.
Joksaapl JOJDKHB! OBITh JOCTYIIHBI IMIMPOKOMY PANY CJIyliaTesiell, 3HAaKOMBIX ¢ OCHOBaMU ajirebpanyeckoi
reoMeTpruu U ajaredGpanieckoy TeOpuU Yrcel.

NMPEABAPHUTEJIBHASA ITOATI'OTOBKA: 0CHOBH ajirebpanyeckoil reoMeTpuu U aiarebpanyeckoil TeOpruu 4u-
cen

ITPOTPAMMA: TouHas nnporpaMmma ¢popMupyeTcs B Ipoljecce paboThl cemuHapa. B 2019-2020 yue6HOM roay
cpeay MpoYMux TeM IJIaHHpYyeTcs pa3obpaTh HOBOE p-aAuvecKoe JoKa3aTesIbCTBO runoressl Mopaesuia, noJy-
yeHHOe BeHkaTtemoM u JIoypeHCOM U TEOPHIO IPU3MaTUYeCKUX KOrOMOJIOTH.

YYEBHUKW: TouyHbIE CCHUIKU Ha JIMTEPATYPy BHIAAIOTCA CTYAEHTaM [0 Mepe MOCTYILJIEHUs TEM.

IIOPAOOK OLIEHUBAHUMSA: yyacTHKaM, CAEJIaBIINM B TeueHHE ceMecTpa OOKJa[, CTaBUTCA oTMeTka 10,
y4acTHUKaM, He cJeJiaBIyM JokJjiaga — orMeTka 0.

72



COBPEMEHHABIE ITPOBJIEMbBI MATEMATHUYECKOM JIOTUKH
HHUC s eryaeHTOB 3-rO Kypca U cTaplue

PYKOBOOUTEJIN: JI. [l. beknemuiues, B. b. lllexTman, J]. C. llamkaHoB, A. B. KyauHos, 10. B. CaBaTtees.
YUYEBHASA HAT'PY3KA: aBa ceMmecTpa 2019/20 yu.r., oqHa nmapa B HejeJio, 3 KpeauTa 3a ceMecTp.

OITMCAHHME: llesnbio ceMrHapa ABJiseTCs 3HAKOMCTBO CJIylIaTesieil ¢ ”HTepeCcHbIMHU pe3yJibTaTaMU U IPOJIBU-
XEeHUAMH NOoCJIeJHEr0 BpeMeH! B MaTeMaTH4eCKo JIOTUKe. BoJIbIIMHCTBO JOKJIai0B OyAyT 0630pHBIMH.

IMPEABAPUTEJIBHAA ITOAT'OTOBKA: OCHOBBI JIOTMKU Y TEOPUU MHOXECTB.

IIPOTPAMMA: [lokjaAsl Ha ceMUHape OyOyT KacaTbCA TaKUX TeM KakK MoJajbHas JIOTHKA, TeOpHUA JOKa-
3aTeJIbCTB, JIAMOda-MCUUCIIeHe, TeOprs UHAYKTUBHBIX OINpejle/IeHNH, ceMaHTUKa KOMIBIOTEPHBIX SA3BIKOB U
T.IL.

YUYEBHUKMU: CripaBovHas KHUTA 10 MaTeMaTU4ecKor Jioruke. Pex. J[x. Bapsaric.

IIOPAOOK OLIEHUBAHMUSI: Eciu CTyZleHT chesiasl AOKJIad Ha ceMuHape, TO OH noJsiydaeT 10. B npoTtuBHOM
cJlyuyae UTOroBas OIleHKa COBIAJaeT C OLIEHKOU 3a dK3aMeH.

KOMMEHTAPHﬁ: Hay‘-IHO-I/ICC.HeI[OBaTe.TIbCKI/Iﬁ CEMHHAp paCCYUTAaH Ha CTyJ€HTOB BTOPOI'O KypcCa U CTapiie,
HO B HEM TaKXe€ MOT'YT IPUHATh y4aCTUA ocob60 3aHTEPECOBAHHbIC IIEPBOKYPCHUKM.
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TEOPHUA KOJJUPOBAHUA KAK BBEJIEHUE B AJITEBPY U APUOMETUKY
y4eOHas QUCHUMILIMHA [Jis CTyIeHTOB 1-ro Kypca U crapuie

JIEKTOP: B. A. I'punieHKO.
YUYEBHAA HAT'PY3KA: oceHHHi ceMecTp 2019/20 yu.r., Be napsl B HefleJI0, 6 KpeIUTOB 3a ceMecTp.

OIIMCAHHMUE: JIuHeliHas ajrebpa 1 Teopus MHOI'OWIEHOB Ha IOJIEM U3 [ABYX 3JIeMeHTOB HeMeAJIeHHO MpH-
BOJAT HAC K TAKUM MaTeMaTU4eCcKuM OObeKTaM, KaKk KOHeuHas IJI0CKOCTh DaHo, rpaccMaHuaH KOHEYHOMep-
HOT'0 IPOCTPAHCTBA, JIaHI'paHXHaH (OpToroHajbHEIE ceOe MOANPOCTPAHCTBO), pacuinpenue nojs F,, npocras
auHelHas rpynna GL;(F,) u3 168 syiemeHTOB. B fTaHHOM criellkypce Mbl IPOJOJIKKM 3TY JIMHUIO U3YYeHUs COo-
BpeMeHHO! anreOpsl U aprudMeTUKU Ha IpruMepax 0a30BbIX BOIIPOCOB TEOPUU KOAVUPOBAHUA. DTa NIpUKJIaqHAaA
Teopus CBsi3aHa C Teopueli ['ajlya KOHeYHBIX M0JIell, Teopuell XxapaKTepoB, KJIacCUUeCKUMU JIMHEHHBIMU U CIIO-
pagnuyecKruMu NpoCcTHIMU rpynnamMu. CiaymaTesny I03HaKOMUMCA TakKe ¢ CCTeMaMy KOpHel U UX rpynnamMu
Beiina, pemerkamu Humeliepa u JInua, AucKpeTHBHIM npeobpa3oBaHueM Dypbe, ynciaamu Kasu, MaTpuiiamu
Anamapa. LlesieBas ayquTopus Clielikypca — CTYAEHTBI BTOPOI'O Kypca U MOTUBUPOBaHHBIE CTYAEHTHI [1EPBOI'O

Kypca.

NPEABAPHUTEJIBHAS ITOATI'OTOBKA: Ba3oBrle 3HaHue 10 ajrebpe: KOHEYHOMEPHOE JIMHEIHOe [IPOCTpaH-
CTBO, KOJIbLIO MHOI'O4JIEHOB, GaKTOPrpyIina, GakToOpKOJIbLIO, KBaJpaTUuHaA ¢popMa.

ITPOTPAMMA:

1. JIuHeliHBIe KOABl U U WX AyaJibHble KOJBI KaK OOBEKTHl JIMHENHOU ajreOpbl HaJ KOHEYHBIMU IOJIAMHU.
Metpuka XsMmMuHra. COOTHOIIEHUS OPTOTOHAJIbHOCTH.

2. KoHeuHas MpoeKTHUBHAasA IJIOCKOCTh DaHO 1 coBepllieHHBIN kKo XaMMuHTa. I'pynna aBToMopdr3MoB Kojia
X>MMUHTA.

3. LlesnouucnenHsle pemeTku A, u D, 1 Ux cucrtemMsl KopHeil. I'pynna Beiiis cucremsl kopHeii. Kog XaMm-
MMHIa U YeTHas YHUMOAYJIApHasA pelieTka Eg.

4. IlesournciieHHbIE pellleTKN 1 UX KOHEYHBIE AUCKPUMMHAHTHBIE IPYIIbl. PaclinpeHnsa 4eTHBIX LeJIOYNC-
JIEHHBIX pelleTOK. YHUMOYJIApHbIE pelleTKy paHra 16 u 24 (pemetku Humeliepa).

5. TL1oTHBIE yIaKOBKM €BKJIUA0OBA MPOCTPAHCTBA IIapaMHM.
6. Koa TI'osuies n pemertka JIlnua. CoBepiieHHEIE KOOBI.

7. KoHeuHble 11014 ¥ HEIPUBOAVIMbBIE MHOT'OYJIEHBl HA KOHEUHBIMU I0JIAMU. BBeeHue B Teoputo 'asiya ko-
HeYHhIX ToJiel, aBToMopdu3M dpobenuyca. HempuBoiuMble MHOTO4JIeHB HaJ, KOHEYHBIM ToJieM. Mpe-
aJIbl U IUKJINYeCcKHe KOJIbI.

8. Ilpeo6pa3oBanue dypoe Ha eAUMHUYHOM KyOe. Kol 1 Teopus NHBApUaHTOB.

YYEBHHUKN:

1. W. Ebeling, Lattice and Codes. Vieweg 1994.
2. G. Nebe, E. M. Rains and N. J. A. Sloane, Self-dual codes and invariant theory. Springer-Verlag (2006).

3. J. H. van Lint, Introduction to coding theory, Graduate Texts in Mathematics, Vol.86, Springer-Verlag,
New York etc., 1982; second edition 1992.
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4. F.J. MacWilliams, N. J. Sloane, The Theory of Error-Correcting Codes. Amsterdam: North-Holland, 1977,
(Mak-Buiapamc @. Ix., CiosH H. [Ix. A., Teopus KoJI0B HcIpaBJiAlonux omuodku. M.: CBa3s, 1979.)

5. J. H. Conway and N. J. A. Sloane, Sphere Packings, Lattices and Groups. New York, NY, USA: Springer-
Verlag, 1999. (Konseii [Ix., C10oH H. YnakoBku 1mapos, pemnieTku u rpymnmsl. Mup, Tom 1, 2, 1990.)

MOPANOK OLIEHUBAHMUAA: cpefHee apuMeTHYECKOe OLIeHOK 3a pab0Ty Ha ceMUHape U 3a TeOpeTUYeCKUn
Kypc. OneHka 3a ceMyHap CKJIafblBaeTcA U3 0ajIoB, MOJIyYEHHBIX 3a BO3MOXKHEIN YCTHBIN JOKJIa, BBHIIOJIHE-
HUe UHOUBUAYaJIbHOU pabOThl, WU NMCbMEHHOTO pellleHns o0s3aTe/bHbIX 3aa4. OueHka 3a Kypc dopmupy-
eTcsa 13 6aJIJI0B M0 PellleHNI0 TeOPeTUYeCKUX 3a/1ad UM U3 OL[eHKH 3a YCTHHIHM KOJUJIOKBUYM B KOHIle Kypca.

KOMMEHTAPHH: Kypc sBiseTcs HOBbIM. CeMHUHAp 6yeT MOCBAIIEH pelleHuIo 3a4ay U CTyeHYeCKUM JI0-
KJIaJaM, CBA3aHHBIM C TeMaMU Kypca. [IprMepHble TeMbl JOKJIa0B: IJIOCKOCTh DaHo u anredbpa OKTaB, COOTHO-
[eHre OPTOrOHAJIBHOCTHU U XapaKTepHl, 3aKOH B3aMHOCTH 1 aBToMopdu3M dpobeHnyca, KOAbl HaJl KOJIbLOM
Z [ 4Z, matpuisl Anamapa, rpynmnsl Matbe u kof I'oJutesi, KoHeuHOe Tipeobpa3oBanue dypre u T. 1. HekoTo-
pble TeMbl MOT'YT OBITh pacIIpPeHbI O KypPCOBBIX paboT. TeMbl, CBA3aHHEIE, HAIpUMep, C MaTepruajoM KHUTU
Ebeling’a, MOryT cTaTh OCHOBOM [JIA HayaJia HAyYHO-MCCJIEI0BATEIbCKON PabOTHI.
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TEOPUA HPE,E[CTABJIEHI/IfI
HHUC s eryaeHTOB 3-rO Kypca U cTaplue

PYKOBOJUTEJIb: B. JI. ®eiirud, JI. I'. PRBICGHUKOB.
YUYEBHASA HAT'PY3KA: aBa cemectpa 2019/20 yu.r., oqHa nmapa B HeeJio, 3 Kpeaura 3a ceMecTp.

OIIMCAHHE: CeMuHap IOCBAIIeH pa300py pa3HBIX CIOXKETOB M3 TeOMETPUYECKON Teopuu IpeAcTaBJIeHU
KBAHTOBBIX I'PYII U POACTBEHHBIX UM ajireOp. B uncie npoyero, miaHupyeTca 00CyJUTh TEOPETUKO-TIPeACTaB-
JIeHYeCKHe CTPYKTYPHl Ha MPOCTPAHCTBAaX MOMyJiel My4YKOB Ha ajirebpanueckoil moBepxHocTU. [IpocTeiimmm
MIpUMepPOM TaKoOl CTPYKTYPHI sIBJIssleTcsl CTPYKTypa npocTtpaHcTBa Moka Ha KOroMoJiorusax cxembl ['inbepTa
Touek Ha ahPUHHON III0CKOCTH. O0001I[eHreM 3TOM KOHCTPYKLIUU ABJIAIOTCA KOJT9aHHBle MHOrooOpasusa Haka-
JxuMbl. Takxke nytaHupyeTca 00CyauTh, HACKOJBKO BO3MOXKHO, HeJlaBHUE pe3ysibTaTel Mayanka u OKyHbKOBA
0 KBAaHTOBBIX KOTOMOJIOTUAX KOJTYaHHBIX MHOTO00Opa3nii U UX CBA3BIO C aH3alleM BeTe B MAarHUTHBIX LIEMTOYKaX.
[Tpenmnosiaraercs, 4YTO KaXXblll y4aCTHUK ceMHHapa KaKylo-TO YacTh POrpaMMbl pa3bepeT caMOCTOSTEIbHO U
pacckaxeT Ha ceMUuHape.

IIPEABAPHUTEJIBHAS ITOATOTOBKA: cTaHAapTHBIE KypCHl ajnreOpsl, rpymn U aaredp JIu, u Tonojaoruu

ITPOTPAMMA:

1. DxBHBapHaHTHBIE KOTOMOJIOTMU 1 3KBUBAapHaHTHasA -TeopuA. TeopeMa JioKaIn3anuu
Cxema I'mibbepTa u anrebpa I'eiizeH6epra.

BepTekcHble ajreOphl.

Cxema I'm3ekepa u W-anre6pa.

KostuanHble MHOTO0Opasusa U X KOrOMOJIOTUHN

CrabunbpHble 000y10uky 1 RTT-nipe3eHTanyis KBAHTOBBIX I'PYIIII

N o 9 » W N

OcTajibHOE 3aBHUCUT OT BO3MOXHOCTEH Y4aCTHHKOB.

YYEBHHUKHA:

1. Hiraku Nakajima, «Lectures on Hilbert schemes»

2. Davesh Maulik and Andrei Okounkov, «Quantum groups and Quantum cohomology»

IMOPANOK OLIEHUBAHHA: 0.8 (yuactue) + 0.2 (mokiam)
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TEOPUA ITYUYKOB
HHUC s eryaeHTOB 3-rO Kypca U cTaplue

PYKOBOOUTEJIb: H. C. MapkapsH.

YYEBHASA HATPY3KA: oceHHuH ceMmecTp 2019/20 y4.r., oHa apa B HeZieJiio, 3 KpequTa 3a ceMecTp.

OIIMCAHME: Teopus MyYKOB SBJISETCS CTAHAAPTHBIM MHCTPYMEHTOM M3YyUY€eHUs JIOKAJIbHBIX 00BEKTOB Ha pas-
JIMTYHBIX MHOTO00Pa3uAX U MOJyYEeHUA C UX MOMOIIBI0 IJT00aIbHBIX MHBAPUAHTOB PacCMaTPUBAEMBIX MHOTO-
o6pasutii. OHa ABJIAeTCA XOpOoIllell MOTHUBalMel J1A U3y4eHrsA rOMOJIOTU4YecKoi ajiredpsl. Mbl MO3HAKOMUMCS
C OCHOBHBIMHU MOHATUAMYU TEOPUU ITyYKOB M MX KOTOMOJIOTUH, U IIOCTAapPaeMCsl BBIyUYHUTh BCE HEOOXOOMBIE IJIA
3TOTO omnpejesieHUsA U TeOPeMBI U3 TOMOJIOTUYECKOH aireOpsl.

IIPEABAPHUTEJIbBHAS IIOATI'OTOBKA: TpU ceMecTpa CTaHAapTHHIX KypCOB ajreOphl, aHa/In3a, reOMeTpuy,
TOIOJIOTMU U clielkypc «BBeJieHre B TEOPUIO KaTeropruil U TOMOJIOTUYECKYI0 anrebpyy.

ITPOTPAMMA:

[Tyuku Ha TONOJIOTMYECKUX IpocTpaHcTBax. CjIou, 3TaJIbHOE IPOCTPAHCTBO MIPEANyYKa, ONyYKOBEIBAHNE.
[TpsaMoii u oOpaTHEI 06pa3. AGesieBhl Iy UK.

Komruiekcsl u romosiornu. [JWHHaA TOYHas IOCJIeJOBaTeJIbHOCTh U CIeKTpajibHas IocjieJoBaTeJlb-
HOCTb. AGeJieBbl KaTeropuu.

I'nmobasnbHBIE cedyeHUs, BAJbIE YK, pe3oJibBeHTa ['ogeMana. Koromosiornu my4ykoB M ruIliepKOroMosio-
Iy KOMILJIEKCOB I1y4ykoB. Koromosioruu Yexa.

ToHkue n maArkue nydyku. Ilydok auddepenumnanbaeix ¢GopM Ha riaakoM MHorooOpasuu: jemma [lyaH-
Kape u Teopema Jle Pama.

Briciine npsMele 00passl IyYKOB, ClieKTpaJibHas ocjieJoBaTesIbHOCTh Jlepe.

CeueHMA U KOTOMOJIOTUY C KOMIIAKTHBIMU HOCUTEJISIMU.

KorepeHTHbIe ITyYkH B ajrebpandeckoi reOMeTpUM U UX reoMeTpuieckre NpuIoXeHus.
Kareropuu, pyHKTOPHI, IpeJIIyYKH Ha KaTeropuu, jeMma FoHe bl, CONPsXEHHOCTH U (KO) MpeJiesibl.

Tomnosioruu I'porenanKa, Myyku Ha caliTaxX, TeOpHUs CIIycKa.

YYEBHHUKMHA:

[

o

(]

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

C. A. Weibel, An Introduction to Homological Algebra.

IMOPAOK OLTEHUBAHH A: 50% 3a penieHre AoMalHUX 3a7a4 ¥ 50% 3a UTOrOBBIL 5K3aMeH, BCe OKpPyTJIeHUA
MPOUCXOAAT IO CTAHJAPTHBIM MpaBmJIaM ([0 6JIMKaMIIero 1ejoro, MoJiylleJible OKPYTJISIOTCA BBEPX).
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T3TA ®YHKIIUU U MOAYJIAPHLIE ®YHKIIUU
HHUC s eTyAeHTOB 2-r0 Kypca U cTapiue

PYKOBOAUTEJIb: O. B. IlIBapumMaH.
YUYEBHAA HATPY3KA: BeceHHUI cemecTp 2019/20 yu.r., BEe mapsl B HeeJII0, 6 KpeUTOB 3a ceMecCTp.

OIIMCAHMUE: DneMeHTapHOe BBefleHHe CpeJicTBaM{ aHajui3a B TeOpUI0 T3Ta-PYHKIUU — 3aMevaTesIbHBIN
KJIaCCUYeCKUH anmapar A1 u3ydyeHusA Teopun QyHKIUI Ha PUMAHOBBIX IOBEPXHOCTAX (B YaCTHOCTU, JLUIUII-
Tudeckux ¢yHKIu). Ero rnasHas neiap — o6CcyAUTh Ha IpUMepax, B 4€M IPUYMHBI MHTepeca K T3Ta-QyHKIUAM
CO CTOPOHBI ajirebpanvyecKkoil reoMeTpun, TeOpUr MOIYJIAPHBIX QYHKIMUI U GopM, TeOpun uucesi, KoOMOMHa-
TOPUKHU.

NPEABAPHUTEJIbHAA IIOATOTOBKA: ynTaemMble Ha MaTdake Kypchl aHaJii3a U reoMeTpUn, BBOOHBIN KypC
tonoJsioruu 1 TOKII.

ITPOTPAMMA:

[

. AHanuTH4YecKas Teopus: HyJU T3Ta-QyHKIUU, GOPMYJIH cJIoXeHus, popMyasl AkoOu.
Pasnoxenus B OeCKOHEUHEIE TPOM3BEACHUA.

dJutunTrudeckrue QyHKIUU U TITa-PyHKIUN.

> W N

l'eomeTpuueckas Teopus: TITA-QYHKIMU KaK ceUeHUs JIMHEMHBIX PacCIOeHUH Ha 3JUIMNTAYECKOU KpU-
BOW, MOJIyJIsIpPHBbIE CBOMCTBA TATA-PYHKIUA.

5. INpunoxeHus: MoayJsApHble GOpPMBI, KOMOMHATOPHBIE TOXAECTBA.

YYEBHHUKN:

1. Yurrekep, Batcon. Kypc coBpemeHHoro aHanusa (Tom 2, rjiass 20, 21)

2. Mamdopga. Jlekiuu o TeTa-QyHKIUAX

IOPAOK OLIEHUBAHUSI: UTorosas olleHka 3a nosyroaue pasHa 0.5 N+0.5 E, rie E — olleHKa 3a UTOTOBBI
ak3aMmeH, a N = min(10; 0.1S5 + 0.9K), rae S — 4ucji0 ceMUHapoOB, KOTOphIe Brl moceTtuiy, a K — OLjeHKa 3a
KOHTPOJIbHYI0. Bce OKpyTjIeHUs MPOUCXOOAT [0 OJIMXKaIero 1ejioro yucsa.
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YPABHEHHA C YACTHBIMU ITPOU3BOJHBIMUA
y4eOHas AUCHUMILINHA [Jis CTyIeHTOB 3-ro Kypca U crapuie

JIEKTOP: C. B. llannontHHUKOB.

VYEBHAA HATPY3KA: BeceHHUII ceMecTp 2019/20 yu.T., ABe maphl B HeieJII0, 6 KpeUTOB 3a CEMECTP.

OITMCAHHME: OrpoMHOe 4ucjIo GU3NYECKUX, FTeOMEeTPUYECKUX, BEPOATHOCTHBIX 3a4a4 IPUBOLAT K IIOCTpOe-
HUIO U MCCJIEJOBAHUIO pellleHNil ypaBHEHUN C YaCTHBIMU IIPOM3BOAHBIMH, [IPUYeM BaXXHEUIIYI0 pOJIb B TaKUX
HCCJIeOBAHUAX UrPAIOT UAeN U MeToAbl QYHKIIMOHAJIBHOIO aHaIn3a. B HacTosAmeM Kypce Mbl He TOJIBKO I10-
3HAaKOMUMMCA € TUIIMYHBIMU IpUMepaMu YpaBHEHUN U MeTOoJaMM UX pelleHUll, HO U 00CyAuM MpOCTpaHCTBa
CoboseBa U TeOpUIO MOJIYTPYIII OIEPaTOPOB.

IIPEABAPHUTEJIbHAS ITIOATOTOBKA: 1uHeliHad ajrebpa U MaTeMaTU4YeCKHil aHaJIu3

ITPOTPAMMA:

10.

. ypaBHeHI/IH C YaCTHBIMM ITPOM3BOAHBIMI B (I)I/IBI/I‘IGCKI/IX, reOMETPUYECKUX 1 BEPOATHOCTHBIX 3aZavax.

BostHOBOe ypaBHeHue. @opmyJinl JJamambepa, Ilyaccona u Kupxroga. PacnpocTpaHeHrie BOJIH.

O600meHHbIe GyHKIIMNU 1 00001[eHHbBIe Tpou3BOAHEIE. [IpeobpasoBanne dypre. DyHmaMeHTaIbBHOE pe-
lIeHre oneparopa Jlamiaca, onepatopa TelIoNnpoBOJHOCTH, oneparopa Jlajsambepa.

[TpocTtpancTtBa CobosieBa. HepaBeHcTBa CoboJieBa ¥ TEOPEMBI BJIOXKEHUS.

Teopemnl Prcca u Jlakca—Mwusibrpama, alipyuopHbIe OLIEHKU U IIPOAOJDKEHME 10 IapaMmeTpy. Paspemu-
MOCTB KpaeBBIX 3a[ja4 AJ1A SJUINNTUYECKNX 1 TapaboIniyecKuX ypaBHEeHN.

[TpuHIMI MakcuMyMa AJiA KJIACCUYeCKUX U cO00JIeBCKUX pellleHui. AnbTepHaTuBa ®@pearosbma.

KauecTBeHHbIE CBOICTBA PELIEHNI JUTUITHYECKUX U TapaboJIMuecKUX ypaBHEHUI: TEOPEMBI O CPEAHEM,
HEpaBEHCTBO XapHaKa, TéJIbJePOBOCTb COO0JIEBCKUX PEIIEHNI, TIOBEIEHIE PELIeHNI Ha 6ECKOHEYHOCTH.

HeorpaHnuuyeHnHsle onepaTopsl. 3agayva llItypma — JInyBusuia. Pacimpenue no @puapuxcy oneparopa Jla-
mwtaca. Teopema 'mib6epra —[lIMuara u o6ocHoBaHKMe MeTona dypse.

[Monyrpynnel. Teopema Xusiie — Mocuasl. CBOMCTBa TENJIOBOM MOJIYTPYIIIB U NOJIYTpynnel OpHIITeHA —
YeHbexa.

HenuHeliHble ypaBHeHMs. TeopeMbl 0 HeNOABWXKHOU Touke. MOHOTOHHBIE onepaTopsl. BapualiuoHHbie
MeToJbl. Pa3pyiieHue penieHusi.

YYEBHHUKHA:

. Krylov N. V. Lectures on Elliptic and Parabolic Equations in Sobolev Spaces. Graduate Series in

Mathematics, vol. 96. American Mathematical Society, 2008.

Evans L.C. Partial Differential Equations: second edition. Graduate Series in Mathematics, vol. 19.R.
American Mathematical Society, 2010.

Onetinuk O. A. Jlekuuu 06 ypaBHEHUAX € YaCTHBIMU ITPOM3BOAHBIMU. 2-€ U3[JaHue, UCIPABJI. 1 IOMOJIH.
M.: BUHOM. JlabopaTopus 3Hanuii, 2005.

Muxaiinos B. I1. lubdepeHiinanbHble ypaBHEeHNs B YaCTHBIX IPOU3BOAHBIX. [J1aBHaA peaakius GU3UKO-
MaTeMaTUuecKoU JuTepaTypsl usg-sa «Haykay, 1976.
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IMOPANOK OLIEHUBAHUA: OueHKa 3a Kypc CKJIaJbIBaeTcs M3 HakomsieHHON oueHu (H) u oreHKu 3a 3k-
3ameH (3) mo popmyse: 0.6 (H) + 0.4 (3). HakormeHHasA OlleHKa CKJIaJbIBaeTCA M3 OIEHOK 3a JIBe KOHTPOJIb-
Hble U KOJUIOKBUYM 10 popmysie: 0.2 (kpl +kp2) + 0.6 (koJuIoKBUYyM). DK3aMeH MPOXOJUT B YCTHOU (popme,
JK3aMeHAIMOHHBIN O6UJIeT COCTOUT U3 TEOPETUYECKOro BOMpoca  3aj1aun. UToroBas oneHka, olleHKa 3a K3a-
MeH, HaKOIJIEHHAs OLIeHKA U OL[eHKU 3a KOHTPOJIbHBIE U KOJUIOKBUYM BBICTABJIAIOTCA M0 10-0ayIbHOM IIKaJIe.
OKpyTrJieH’s TPOM3BOJIATCSA MO CTAHJAPTHOMY apu(pMeTHYEeCKOMY MPABUITY.

80



duilocoouda
y4eOHas OUCHUMILINHA [Jis CTyIEHTOB 2-TO Kypca U cTapuie

JIEKTOP: A. B. MuxaijIOBCKMH.
YUYEBHAA HAT'PY3KA: oceHHHi ceMecTp 2019/20 yu.r., Be napsl B HefleJI0, 6 KpeIUTOB 3a ceMecTp.

OITUCAHHME: Kypc npeqHa3HaueH Ui BCeX, KTO MHTEPeCYeTCs UCTOpUell HOBOBPEMEHHOH eBPOIeiCKOI MBbIC-
JI1 U ee KyJIbTYPHBIM KOHTeKCTOM. Llesib 1 3a1aun Kypca — O3HaKOMJIEHHE CTYE€HTOB C KJII0UeBBIMU MOMEH-
TaMy B pa3BUTHU eBporelickoil ¢uocodpuu 3noxu BospoxaeHus u HoBoro BpeMeHU U UX KYJIbTYPHBIM U
UAelHBIM OATEKCTOM, U3yUeHUe IJIaBHBIX HalpaBJeHUN 1 yUeHUN 3anajHoeBponerickoii duiocodpuu 3Toro
nepuojia B ee CBA3M C Pa3BUTHEM MaTeMaTH4eCKOro eCTeCTBO3HAHUs, pACCMOTpeHHe OCHOBHBIX ITPOOJIEMHBIX
1oJiell 1 MeTOA0JIOTMYeCKUX MOAXO00B. B 1leHTpe BHUMaHUA — He TOJIbKO MeTadu3nKa U Teopus MO3HaHUA
I'o66ca, Jlokka, Jlekapra, Jleiitbnuia, CnuHo3kl, ['eressa, HO U 3TUKO-IOJIMTUYecKas npobiieMaTuka — oT «I'o-
cynaps» MakuaBeJUid U NMpoeKToB yronuil Mopa u Kamnasnesisl Ao yuyeHuit 06 obiiecTBEHHOM AOrOBOpe U
KOHIIeNIINM «KaTeropuyeckoro nMmepartrusay Kanra. OCHOBHOe BHHMaHNe B paMKaxX CEMHUHApCKUX 3aHATUN
yAesseTcsA aHaIu3y KJacCMYeCKHX TEeKCTOB BEeJIMKUX 3amaAHbix ¢uiocodos snoxu Bospoxaenus u Hosoro
BpEMeHU.

IMPEABAPUTEJIbBHAA ITOATOTOBKA: HeT.

ITPOTPAMMA:

Paznen 1. ®dunocodus snoxu Bo3poxaeHnus

Tema 1. MeTogojiorniueckoe BBeJeHUeE.
Tema 2. KysnbTrypHO-duiocodpckue 0co6eHHOCTH 3110XU Bo3poxaeHus.

Tema 3. AHTpomnoliieHTpu3M B ¢pusiocodpun 3moxu Bospoxaenusa. TekcTH ajA 00CyXKAeHNA Ha ceMUHa-
pe: Hukonait Kysanckuii. O6 yueHoM He3HaHuu (dparmeHThi). [Tuko gesisa Mupanmgosa. Peub o
JOCTOMHCTBE YeJIOBEKA.

Tema 4. Tloautuyeckasa u coluagbHaA ¢unocodpusa snoxu BozpoxaeHnd. TekcTsl A1A 00CyXAeHNA Ha
cemuHape: Makuapesutu H. T'ocynapp (pparments). Mop T. 3oJioTast KHUTa, CTOJIb Xe ITOJIE3HAs,
Kak 3abaBHasA, 0 HAWJTy4IleM YCTPOMCTBE TOCy/lapcTBa U HOBOM OCTpOBe YTonus ((pparMeHTH).

Tema 5. ®dunocodckoe 3HaueHue Pepopmanun n Koutppedopmsl. TeKCTH 471 06CyXAeHUA Ha CeMUHa-
pe: dpa3m Portepmamckuii. JJuatpuba, ujim paccyxiaeHue o cBobdojie Bosu (pparmMeHTh). MapTuH
JIrotep. Pa6cTBO Bosu (pparMeHTHl).

Paspneun II. Hayunas pesosttorisa XVI-XVII BekoB. TekcT 1 o06cyxaeHus Ha ceMuHape: MoHTeHb M. Amnosio-
rus Paiimynga CaOyHACKOTO.

Tema 6. Pa3BuTHe 3KCHEpUMEHTAJIBHOTO U MaTeMaTHU4eCKOro eCTeCTBO3HaHMA. TeKCTh AJiA o0cyxae-
HUsA Ha ceMuHape: BakoH. HoBrift OpraHoH (pparmenTsl). I'anmuseii. PaccyXmeHus 0 ABYX HOBBIX
Haykax (¢pparmeHTHI).

Tema 7. Panuonanusm u smnupusMm XVII-XVIII Bekos

Tema 8. dunocodpusa Pene Hekapta. TekcTsl Ajd obCcyxaeHUA Ha ceMuHape: [lekapT. PaccyxaeHue o
metofe (bparMmeHTsl). JlekapT. Pa3MmellieHus o nepBoil pustocodpun (GparMeHTEL).

Tema 9. Paumonasmam XVII Beka (CriuHo3a, JletiOHuI). TeKcThl 1A 00cyXAeHus Ha ceMuHape: CIIUHO-
3a. Otuka (pparmenrtsr). Jleiiouur. Monanosorus [epenucka Jletionuna u Kiapka. (pparmeHTs).

Tema 10. ®usuka u meradpusuka Mcaaka HeioToHa. TekcT aia obcyxaeHnsa Ha cemuHape: [lepenncka
Jletibnuna u Kiapka. (parmeHThI).
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Tema 11. Teopus nosHaHusA B yueHuu JIokka, bepxiu n IOma. TekcThl i1 00CYKOeHNs Ha CeMUHape:
Jx. JIokk. OnbIT 0 yestoBeyeckoM pazymeHuu. Kaura 2. I'nasel 1-3 u 5-9. JIx. bepknu. Tpakrar o
IPUHLUINAX YesioBeyeckoro 3HaHus. Yactsp I, 8§ 1-33 u 67-72. JI. FOm. HcciieqoBaHus O YeioBeve-
CKOM IIO3HaHuU. I'1aBel 2-5.

Pazpesn III. [Tomutuueckasa puaocodpusa XVII-XVIII Bekos. TekcTsl AjiA oOcyxaeHnsa Ha cemuHape: T. ['o66c¢.
JleBuadan. I'maswu XIII, XIV (uactuuno), XVII, XVIII Ix. JIokk. [[Ba TpakTaTa o mpasjeHuu. Kuura 2.
I'masel I-1V, VII (vacTHU4YHO)

Paznesn IV. ®unocodus snoxu [TpocsemeHns

Tema 12. ®dunocodus ¢pannysckoro IIpocelienus. TekcTol OJiA oOcyXkAaeHUs Ha cemuHape: I1.-A.
T'onmp6ax. Cucrema npuponsl (pparmentsi) HI.-JI. MonTeckbe. O nyxe 3akoHOB (hparmenTsr) XK.—
XK. Pycco. O6 obiiectBeHHOM foroBope. KH. 1-2

Tema 13. ®unocodpus Hemelkoro [Ipocsemenusa. Ummanyusa Kant. TekcTsl AJis 0OCyXOeHUs HA CeMU-
Hape: Kant. Kputuka uncroro pasyma. Beenenue Kaut. OCHOBOIIOJIOXKEHNA MeTapU3UKN HPAaBOB
(dbparmeHTsI)

VYEBHHUKMU: OCHOBHAsA JINTEpaTypa:

1. T. B. I'puHenko. UcTopusa punocodpun: yueOHUK A1 6akaaaBpoB, 4-e usf., nepepad. u gomn., M.: IOpaiir,
2015, https://www.biblio-online.ru/book/istoriya-filosofii-378223.

2. [. U. Tpaposoii. Uctopus dusocodpuu: yueOHUK A1 CTyIeHTOB By30B. CpenHue Beka. Bo3poxaeHue.
Hosoe Bpems. M.: IOHUTHU-TAHA, 2015. https://znanium.com/catalog/product/872770.

3. Xpecromatusa no ¢punocopuun: yued. nocodbue nox pexn. A. H. Uymakosa. M.: FOparit, 2016.
https://www.biblio-online.ru/book/hrestomatiya-po-filosofii-3889073.

JlomoTHUTE IbHASA JIUTEepaTypa:

1. HUcropusa punocopun: yued. nocobue 1A By30B nof peld. B. B. BacuiwseBa, A. A. KpoTosa, [I. B. Byras.
U3p. 2-e, uctp. u gon. M.: Akagemuueckuii [Tpoekr, 2008.
https://opac.hse.ru/absopac/index.php?url=/notices/index/161887/default.

2. JI. A. Tlerpyumenko. ®unocodus Jleitbnuna Ha pone snoxu. M.: Anbda-M, 2009.
https://znanium.com/catalog/product/157905.

3. ®dunocodsl HoBoro BpeMeHM: XU3Hb U ujeu, yueb. nocodue, cocT.: A. B. KonmecHukosa, B. B. Kysukos,
M. A. Hazaposa, C. C. Ceprees, M. b. Copuenko, C. . Yepnnix. HoBocubupck: U3a-so HI'AY, 2013.
https://znanium.com/catalog/product/515969.

ITIOPAAOK OLIEHUBAHMA: utorosas oieHka pasHa 0,6 C + 0,4 E, rae C u E cyTh HaKOIIEHHAas OLleHKa U
OIleHKa 3a dk3aMeH o 10-tu 6aipHOM mKaie. HakomienHas ouenka C = S+0,1 (Hy+H,+Hz+H,) CKJTagbIBaeT-
csA 13 OI[eHKU S 3a moceleHre U paboTy Ha ceMHHapax U olleHoK H; 3a momamiHue padboTsl. Kpurepuu onieHKU
paboTHl Ha ceMUHapax yCTaHABJIMBAKTCA MpenofaBaTeseM, BeAyLUM CeMUHapCKUe 3aHATUSA, U O0bABJIAIOT-
CA Ha MEepPBOM CeMHHapCKOM 3aHATHM. CyMMapHBIU BKJIaJl OIIeHKU 3a ayJAUTOPHYI0 paboTy B HAKOILJIEHHYIO
OL[eHKY He MOJXeT IIpeBhIaTh 6 0asioB.
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IIKOJIbHBIE OJIMMITUAJTHBIE 3AJTIAYHA
HHUC s eryaeHTOB 1-rO0 Kypca ¥ crapiue

PYKOBOOUTEJIb: I'. P. YeJIHOKOB.
YUYEBHASA HAT'PY3KA: aBa cemectpa 2019/20 yu.r., oqHa nmapa B HeeJio, 3 Kpeaura 3a ceMecTp.

OIIMCAHME: HecMOTps Ha TO, YTO TEPMUH «OJIUMITUAIHAA 3a/ja4ay He UMeeT OOIIEeNPUHATOrO ONpe/ieIeHuA,
OOJIBIIIMHCTBO MaTeMaTHUKOB MPUMEPHO OJIMHAKOBO IMMOHMMAaET, YTO eCTh OJTUMIHafHaA 3a7ada. Kypc paccuu-
TaH Ha CTYJIEHTOB U acClPaHTOB, UMEOIUX OMBIT PelleH!s OJIMMITNAIHbBIX 3a/4a4. TaKol OMbIT 06ecreyrnBaeT
90% yMeHuUi, HEO6XOAUMBIX YTOOBI CAMOMY 3aHMMAaThCS OJIMMIMNAAHBIM MpernofaBaHueM: COCTABJIATh OJIMM-
MUaJIbl, MOA0MPATh Y POBOAUTD KYPCH 2JIEMEHTaPHBIX 3a/1a4, MTO3BOJIAIIINX Ha IIKOJIbHOM YPOBHE 3arJIAHy Th
B «O0JIBIIIYIO» MaTeMaTHUKy U MHoOTroe Apyroe. Pazsuruio octasmuxcs 10% yMeHUI 1 OCBAIIEH 3TOT CEMUHAP.

IIPEABAPHUTEJIbHAS ITIOATOTOBKA: OIBIT pelieHuA OJIMMINAIHBIX 3a/Jay, BRICOKUE JOCTUXXKEeHUA He 005-
3aTeJIbHEIL.

ITPOTPAMMA!:

o PeyeH3uposaHue ostumnuadHvix 3aday. Mel Bo3bMeM KOPIIyC 3afad U NpeJcTaBUM cebe, 4TO COCTaBJIsIeM
OJIMMIINAJTy BBICOKOTO YPOBHs, Ky/Ja 3T 3aJjauy NPHCJIAHbI B KayecTBe KaHAUAaToB. Hareil riepio Oy-
JIeT COCTaBUTh MHeHUe O 3afjayax (B3ATb/OTKJIOHUTh/TIPOBAPbHPOBATh, MPUOIM3UTEIIBHAA CJI0KHOCTH),
B MJleajie CONPOBOXJaeMoe 00beKTUBHOU apryMeHTanue:.

o Momueupytowuti 6800HbIL YUKJT 0TUMNUAOHBIX 3aday. JIOIyCTHM, YTO eCTh HEKOTOPHIN KypC, YNTAIOINII-
¢ U3 rofila B roJ U BBI3BIBAIOLINN CJIOXKHOCTHU y cilymaresei. Kak nogobpats Habop 3amady, popenias
KOTOpBIe 0 Havasla Kypca CjIyllaTesu CylecTBeHHO obJieryatr cebe ero ycBoeHue?

o Kak geimawjums otuMnuadHyo 3a0aiy u3 HayyHol cmamol.

YUYEBHHUKM: yBH, X He CyllecTByeT. Bo3aM0XHO, epBEIl IOABUTCA B pe3yJsibTaTe AeATeIbHOCTH Halllero ce-
MUHapa. B kauecTBe OTKpPBITOrO NCTOYHMKA KOpITyca 3a/1ay, HA KOTOPOM MOXHO OTpabaThBaTh peljeH31upoBa-
HUe, IOAXOAUT, HannpuMep, hitps://artofproblemsolving.com/community/cl3 contest collections.

IOPAZOK OLIEHMBAHHA: oneska pasHa min(10; 2 min(3,X) + 3min(3,Y)), rae X — 4mcsI0 MpUIyMaHHBIX
3aia4, IPUTOAHBIX JJI OJIMMIIMAJ BHICOKOTO YPOBHS, Y — YHCJIO OTPelieH3MPOBAaHHbIX IaKeTOB 3a/a4.
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DJIEMEHTAPHOE BBEJEHHUE B KBAHTOBYIO TEOPHUIO I10JIA
HUC Ha aHIJIMiiCKOM A3BIKe IJiA CTyAeHTOB 1-ro Kypca u crapiie
(see also the description in English)

PYKOBOAUTEJIb: M. b. CKOIIeHKOB.
VYEBHASA HATPY3KA: oceHHHH ceMecTp 2019/20 y4.r., oHa mapa B HeZeJo, 3 KpeauTa 3a ceMecTp.

OITUCAHHE: Oxa3sbiBaeTcs, pajly’kHble pa3BOAbl HA MBUIbHBIX IY3BIPAX U JlaXke CIIEKTP aToMa MOXHO 00b-
SICHUTH C TIOMOIIbI0 OJHON OYeHb He3aTellJIMBON MoAesiku. DTO WUrpa, B KOTOPOH MO MPOCTHIM IIpaBmJiaM IO
KJIeTYaTOM JOCKe JIBIKeTCs LIAallKa, a MBI cJieiuM 3a ee moBoporamMu. JTu «Illamky deitHMaHay, ¢ HEKOTOPHI-
MU Cepbe3HBIMU OIOBOPKaMHM, MOTYT OIKCATh BCe Ha CBeTe sABJIeHNA, KpoMe aTOMHOIO s/ipa U IrpaBUTAIUU.

Hukakux npegBapuTesibHBIX 3HAHUIN GU3UKN He MOTpebyeTcs; JOCTaTOYHO BjiaJieHusA MIKOJIbHON MaTeMaTu-
KO. B yacTHOCTH, Kypc AOCTYIIeH NepBOKypcHUKaM. Mbl OyieM pelaTs 3a4ayu 10 MaTeMaTHKe U 00CyKAaTh
nx GU3NYeCcKuii CMBICII. A B pe3yJibTaTe MO3HAKOMHUMCS ¢ 6a30BbIMU UAEAMH KBAHTOBOU TEOPUY IMOJIA.

IMPEABAPHUTEJIBHAA ITOAT'OTOBKA: HeT

ITPOTPAMMA:

1. Mlamku deifiHMaHa - mpocTeHiaa Mojesb ajekTpoHa. CrnuH. 3apsan. Macca. YpaBHeHue [upaka Ha
penieTke*. DKCIEepUMeHT Ha [BYX LiesiAx. YacTuyHoe oTpaxeHue cBera. CBob6oaHasA yactuua®. CekTp
atoma®*. CxoauMocTs maniek deifiHMaHa K Teopuu J[upaka®.

2. Mamku ®eliHMaHa ¢ MarHUTHBIM NToJieM. TyHHebHBIN o dekT”. [Juarpammel deliHMaHa™.

3. Urpyueynas Mofesb KaJIMOPOBOYHOI T€OPUM HA pelleTKe: 0OOMeH ToBapaMu Mexay ropoaamMu. CsA3b
¢ MarHUTHBIM mNoJieM. KBaHTOBaHuUe: ciydyaiiHble Kypchl oOMeHa ToBapaMu. TouHoe pelieHue 1- u 2-
MepHOU KaInuOpOBOYHOU TeOpHM Ha pelleTke”. YaepxaHue KBapkos*. MexaHnusm Xurrca®.

YYEBHHUKN:

1. ®eiirMman P. KO/I. CTpaHHas Teopus cBeTa U BemecTsa. Cep. «bubanoreuka «kKBanTy» BoiI. 66. M.: Hayka,
I'n. pen. ¢us.-mat. uT-phl, 144c.

2. 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.

IOPAZOK OLIEHMBAHMA: Onenka 3a HUC pasna min(10, [L/15]), rae sarpaHxiuaH L COCTOUT U3 CJIEAYO-
1ero.

1. Dx3ameH MO Kypcy IpOXOAUT (IJisi OOHOTO CTyAeHTa) He Oojiee F MUHYT U OlleHUBaeTcs U3 E OYKOB.
3nech E = 80.

2. KouTpospHada Ha N MUHYT oIlleHHBaeTcA U3 N/2 04KOB. 3a HEMOJIHOE pelleHNre CTaBUTCA HeoTpUIlaTesib-
Has J10J1 oJIHOTO. Beero 6yieT 2-4 KOHTPOJIbHBIX.

3. WpeanpHOE MUCbMEHHOE pellleHre OIleHUBAaeTCs U3 8 0UKOB. 3a HEMOJIHOE pellleHre CTaBUTCA, KakK Ipa-
BWIO, 0 OYKOB, B OTHEJIBHBIX CJIy4yasAaX — 7 OYKOB. Ecjii MMCbMEHHOE pelleHre OLleHeHO MeHee, YeM B 7
OYKOB, TO [OCJIEe OJIyYeHUs OLIEHKU C 3aMe4YaHUsIMU PEKOMEHIyeTCA HalMCaTh HOBYIO BEPCUIO pelleHus,
1oKa ouepeqHas Bepcus He OyZeT olleHeHa B 7 Wiu 8 0ukoB. [IncbMeHHbIe peleHUs IPOBEPAIOTCA 00HO
8 0ge Helestu (y OOHOTO CTyJZleHTa). PeKkoMeHJaIuy 1Mo HanMCaHUI WAeaJIbHbIX MTHUCbMEHHBIX PelleHNH:
http://www.mccme.ru/circles/oim/home/pism.pdf.
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. YcrHas 3agaya, cjaHHas Ha 3aHATUU — OT 1 40 3 04KOB (B 3aBUCHMOCTHU OT CJIOXKHOCTH).

. Ecnu cTydeHT craBUT cebe IUTIOCUK 3a JOMAIIHIO 3aJavy (He cJaHHYIO0 YCTHO Ha IPOILIOM 3aHATUN),
TO 3TO 1 0uKo. Ecyin 3TO pelieHne npoBepsieTcs (y IOCKU WM HA MecTe), TO «1» 3aMeHseTcsA Ha YUCIIO OT
—4 10 +4 B 3aBUCHUMOCTHU OT TOT'0, HACKOJIBKO CJIOXHA 3a/aua, HaCKOJIbKO Cepbe3HBl OINOKU B pelleHun
Y WICTIPABJIEHBI JIM OHM B MpoIiecce 00CyXIeHU.

. HaxoxneHue He oOHapyXeHHOI paHee OMIUOKU B 3aJaYHUKE 1O Kypcy — 1 OUKo.
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DJIEMEHTbBI CTOXACTHYECKOM AUHAMHKHA
HHUC s eryaeHTOB 3-rO Kypca U cTaplue

PYKOBOOHUTEJIb: A. UibuH.
VYEBHASA HATPY3KA: BeceHHHI ceMecTp 2019/20 yu. r., ABE maphl B HeAeJI0, 6 KPeUTOB 3a CEMECTP.

OITMCAHME: CroxacTuuyeckue AUHaAMHUYECKHe CHCTEMBI BO3HUKAIOT B CAMBIX Pa3HBIX 00JIaCTAX — OT Teope-
TU4eckoy GU3MKU U acTpodU3UKU [0 3KOHOMHMKHU U PUHAHCOBOU MaTeMaTuku. Ciymaresd NO3HAKOMATCA
C OCHOBHBIMU HJIesIMU U MOHATUAMM 3TOM HAyKH, a TaKKe OCBOAT MHUHUMAJIbHBIN HA0OP MHCTPYMEHTOB AJIA
pellleHNs KOHKPeTHBIX 3afad. M3noxeHne OyAeT BeCTUCh HA OTHOCUTEIBbHO 3JIeMEeHTapHOM s3bIKe KOppeJid-
I[MOHHBIX PYHKIHUHI 1 UX NPOU3BOAAMIMX (YHKLIMOHAJIOB, YTO IO3BOJIUT B JajIbHENIIeM IJIaBHO IepeiTU K
HM3y4eHUI0 TEXHUYEeCKH 60Jiee CIIOXKHBIX KOHCTPYKIIMU KBaHTOBOM TEOPUHU MOJIA, CTaTUCTUYeCcKon Gpusnku, Gu-
HaHCOBOU MaTeMaTHKU U TIp.

MbI HAUMHEM ¢ OOCYXXAEHUS HENMPEPHIBHBIX CJIYYAWHBIX BEJIMYUH, TJIOTHOCTH BEPOSTHOCTU, CTATUCTUYECKUX
MOMEHTOB, XapaKTepUCTUUYECKUX QYHKITUH U CBA3HBIX MOMEHTOB (KyMMYJISHTOB) CJIYYalHBIX BEKTOPOB, KOTO-
pHBI€ MTO3BOJIAIOT JIETKO U U3SANHO U3JIOKUTH 3aKOH 001bux urices, LIIT v npuHIUITEL 60IBIINX OTKJIOHEHUH,
a Takxe OYJIyT WCIOJIB30BATHCA B JAaJbHEHIIEM Ha Kypcax KBaHTOBOW TEOPHWU TMOJIA U CTATUCTHYECKOH (u-
3uku. CiyuaiiHasa ¢QyHKIUA (c/IyvyaiiHbIi mpoljecc, ciyvaliHoe IoJie) BBOJUTCS KaK ecTeCTBeHHOe 000011ieHre
CJIy4aliHOTO BEKTOpa Ha OeCKOHEeUYHOMEPHBIH ciTyvaii. M3J10kKeHre TakXe BeJeTCA Ha S3BIKe KOPPEANNOHHBIX
GyHKIOUME 1 KyMMYJIAHTOB. MBI 00Cy UM KOPPEJIAIMOHHOE BpeMs, KOPPEJIAIMOHHBIA MacIiTad, JesbTa-mpo-
1fecchl, [TyaccoHoBckuii u ['ayCcCOBCKUI CJTydYaliHbIe MPOIECCH], TeopeMy Brika, TpUHITUIIBI pacileryieHus Kop-
peJIAIN, 3aKOH 00IbImuX yrices u LITIT aysA cTy4ailHBIX TPOIeCCOB ¢ KOHEYHBIM KOPPEIAIMOHHBIM BpeMeHeM.
Majiee paccMaTpUBalOTCA MPOCTENIINE JIMHENHbBIE cTOXacThueckre AuddepeHMaibHble YPaBHEHUA € au-
TUBHBIM IIyMoM (b dy3usa) U MyIbTUILTUKATUBHBIM IIIYMOM (CHCTEMBI C TlepeMeXxaeMocThio). Takue ypas-
HEHUs BCTPEYAITCA BO MHOTHX 00JIACTAX TEOPETUYECKON (GU3UKU, IKOHOMUKU U PUHAHCOBOM MaTeMaTUKU, U
COCTABJIAIOT 6a3y /1A UHTYUTHUBHOTO MMOHUMAHUSA MPOIeCCOB B 60Jiee CITIOKHBIX HEJIMHEHHBIX CTOXaCTUYECKUX
cructemax. B kauecTBe MHTEpeCHOTO MpuMepa, 06CyXaeTcs mapajoKcajJbHOe MOBeAeHNEe CTaTUCTUYECKUX MO-
MEHTOB B CHCTEMAaX C MYJIbTUIUIMKATUBHBIM NIYMOM M TOSICHSETCS 3HAUeHUE PeIKUX «KaTacTpo(pruecKrux»
COOBITHH JIJIs )KU3HU TaKUX CUCTeM. B 3aK/II0ueHUM Kypca pacCcMaTpUBaeTCs TEXHUYECKU TOBOJIBHO CJIOXKHAA,
HO Ype3BBIYANHO KpacuBasi TEOPUS KOHTHHYAJIbHBIX TPOM3BEAEHUN CITyYalHBIX MATPUIl. DTU MPON3BeAeHNA
ecTecTBEHHBIM 06pa30M BO3HHUKAIOT IPH pellleHNY JIMHEMHBIX MaTPUYHBIX CTOXaCTUYECKUX YPABHEHUH C MYJIb-
TUTUJTMKATABHBIM IITYMOM U VICTIOJIb3YIOTCSA B TEOPUU TYypOyJIEHTHOT'O TPAaHCIIOPTAa, TUIPOIMHAMUKE, SKOHOMMU-
Ke U pa3HbIX JPYTUX 00JIacTAX.

NMPEABAPHUTEJIbBHAA IIOATOTOBKA: yinHeliHasA anrebpa u AuddepeHyiaibHble YypaBHEHUS; XKeJlaTeJIbHO
3HAKOMCTBO C OCHOBAMH TEOPUH BEPOATHOCTEM, OMHAKO BCe HyXXHbIe (PaKThl OyAyT KPaTKO HAIOMUHATHCA HA
JIEKIIUSIX.

ITPOI'PAMMA!:

1. Cny4aliHble BeKTOPbI, MOMEHTHI, KYMMYJIAHTHI, IPOU3BOANIe QYyHKINN.

. TayccoBel ciryqaliHble BEKTOPBHI.

2
3. 3akoH 6OJIBIIUX YHCEJI, [IeHTpaJIbHas MpefejibHas TeopeMa, IPUHITUI OOJIBIINX OTKJIOHEHUM.
4. HerayccoBbl cJIy4aiiHbie BEKTOPHI, TeopeMa MapIMHKeBHUYa.

5

. Ciyyatinsle npotiecchl U noJsisd, Koppenaiuonnsie GyHkun, CeasHble Koppessanuonnsle dyHkimy, [Ipo-
usBofAlIe GYHKIMOHAIBL.

6. OpHOTOUEYHAA U JIByXTOUeYyHas CTAaTUCTUKA, KOppesAloHHoe BpeMsA. JlesbTa nporecchl. [TyaccoHoB-
CKHI TIpo1Liecc.
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7. T'ayccoBbl ciiyvaliHble ITPOLeCcCH U NoJisA, Teopema Buka.

8. 3akoH 0oJIbIINX 4KCeJI, l[eHTpajbHasA IpefiesibHas TeopeMa, IPUHLIUI OOJIBIINX OTKJIOHEHUM OJIA CIIy-
YaifHBIX TTPOIECCOB.

9. Croxactuueckue auddepeHanbabie ypaBHeHNUA. My IbTUIIMKATUBHEIN U aiAUTUBHEIN yM. Juddy-
3us. IlepemexaemMocTs. YpaBHeHUe JlaHkeBeHa.

10. JluckpeTHble M KOHTHMHYyaJIbHBlE [IPOM3BEJeHUA CJIydaliHbIX MaTpull. UHaekcs JlanyHoBa. MatpuuHble
CTOXacTU4ecKre YpaBHEHUSA ¢ MyJIbTUILIMKATUBHBIM IIyMOM.

YYEBHHUKN:

o B.M. KimankuH. CTaTUCTHUYeCKUil aHaJIu3 KOTe€PeHTHHIX fABJIEHUN B CTOXaCTUYEeCKUX AUHAMUYECKUX CH-
cremax. M. Kpacanp. 2015.

o A.H. ManaxoB. KyMyJIAHTHBII aHaIU3 CJIy4allHBIX HErayCCOBBIX MPOLIECCOB M UX npeobpa3zoBaHuii. M.
CoBetckoepanuo. 1978.

o I'. Kpamep. MaTtemaTtnueckuemerofsicTaTucTiku. M. Mup. 1975.

o

B.C. Bragumupos, «O6o0meHse QyHKIIMKU B MaTeMaThuieckor ¢usuke», Mocksa, Hayka, 1979.

IIOPAAOK OLITEHUBAHMSI: VToroBas OLieHMKA YYUTHIBAET BELIECTBEHHBIE YK CIIa

o § €[0,5] — onleHka 3a cgavy JIMCTKOB
o C €[0,5] — orieHKa 3a caMOCTOATeJIbHbIE pabOThl, IPOBOANMEBIE HA CeMUHapax

o FE €[0,5] — orjeHKa 3a yCTHHBII 3K3aMeH

U Berumcsisiercs no gpopmysie min(10, [S+C +E]), rae [ = | o3HavaeT okpyrjeHue Beepx. Ecjiu nepe UTOroBBIM
9K3aMeHOM BHINIOJIHAeTCA ycyoBue min(10, [S + C] > 8, To 3Ta oTMeTKa IO XKeJJaHUI CTyJeHTa MOXeT OBITh
IIOCTaBJIeHa B KaueCcTBe UTOroBoi 6e3 sK3ameHa.

KOMMEHTAPHM: Hukakux crenuaabHBIX 3HAHUI 110 GU3MKe OT cJIylIaTesieil Kypca He HoTpeOyeTcs.
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DJIEMEHTbI ®PAKTAJIbHOM TEOMETPUH
HHUC s eryaeHTOB 1-rO0 Kypca ¥ crapiue

PYKOBOOHUTEJIb: B. B. llluxeeBa.
VYEBHAA HATPY3KA: 3-ii MoayJis 2019/20 yu. r., ABa 3aHATUA B HeJeJ0, 3 KpeauTa.

OIIMCAHMUE: Kypc npeaHasHaueH JJis CTyAeHTOB MJIAQAIIMX KypCOB U HM3jlaraeT HadajlbHble 3HAHUA, MO3-
BOJIAIOIINE B JaJibHEHNIIeM HMCIIOJIb30BaTh anmapaT GpakTaJbHON reOMeTPUM [Jis pelleHus MPUKJIagHbIX 3a-
Jad. ByayT paccMoOTpeHbI IpUMepHl KJIacCUYeCKUX AeTepMUHUPOBAaHHBIX (QpaKTayioB, BBeAeHbl IOHATHUS CHU-
creMbl utTepupoBaHHbix GyHKUu (CUD), nerepMuHUpoBaHHOrO ¢ppakTaja Kak arrpakropa CUD, kogoBoro
npocTtpaHcTBa CU® 1 ppakTanpbHOU pa3MepHOCTH KOMIIAKTHOTO MHOXeCTBA. ByayT mccieoBaHEBI CBOICTBA
JVHAMHUYeCcKUX CCTeM Ha aTTpaKTope 1 Ha KoJgoBoM npoctpaHcTBe CUD, paccMOTpeHH AeTepMUHUPOBaHEIE U
CTOXacTU4ecKre MeTObl TOCTPOeHs (PpaKTasioB U METOABI BEIUKCIIeHNUA (ppaKTaJIbHBIX pasMepHocTel. ByayT
paccMOTpeHbl MyJIbTHU(PAKTaJIbI, CIIEKTP 0000IMIEHHBIX pasMepHOCTel PeHbl 1 IpUBeeHbl IPUMEPHI IpUMe-
HeHUsA annaparta GpakTajabHON reoMeTpUM B MPUKJIAAHBIX 3aa4ax.

IMPEABAPHUTEJIBHAA ITIOATOTOBKA: OCHOBHBIE IOHATUA OOIIel TOMOJIOTMY, Havajia JMHENHOU aireOpsl

ITPOTPAMMA:

o Kitaccuueckue netrepMuHHpOBaHHBIE (ppakTanbl. KaHTOPOBO MHOXKeCTBO, TPeyrojibHUK CepInnHCKOro,
kpuBas Koxa.

o MHoxecTtBa XKiojua Kak KjaccuuecKuil arTpakTop. MHoXecTBO MaHpepbpoTa Kak 61bJiioTeka MHO-
xecTB JXXroua.

o KoMmakTHbIe MHOXeCTBa U MeTpuKa Xaycaopda. Cxumaromye npeodpa3oBaHusa U TeopeMa 0 HEeITOABUXK-
HOU TOUKe.

o CucrteMsl uTepupoBaHHbIX QyHKIM (CUD) u feTepMUHUpPOBaHHBIe GpaKTassl — aTTpakTopsl CUD.
o CHCTeMBI UTEPUPOBAHHBIX QYHKIIMH CO Cr'yIIEHUEM.

o Kosnmax-teopeMa Kak anmnapar AJi reHepanuu ¢GpakTaaoB.

o KomoBoe npoctpaHctBo CUD. AxnpecHasa QyHKIUA.

o DKBUBaJIEHTHOCTh KaHTOpOBa MHOXecTBa U atTpakTtopa CUD.

o JIuHamMunyeckas cuctema casura Ha arTpakrope CU®D.

o JluHaMHnueckas cucreMa Ha KogoBoM IpoctpaHcTBe. [loauaTaa CU® u guHaMuKa NOOHATON CHUCTEMBI.
o [ToHATHE XaOTUYHOW AMHAMHYECKOUN chUCTeMbl. XaOTUYHOCTh JMHAMUYECKOM CUCTEMEBI CABUTA.

o Peanuzaius ¢ppakrasa c 1MCIOJIb30BaHUEM reHepaTopa CJIy4yaiiHbIX YHcCesl.

o @dpakTajibHas pasMepHOCTb. TeopeMa 0 ¢ppaKTasbHOI pa3MepHOCTU aTTpakTopa CU® ¢ nogobusamu.
o DKCIIepMMeHTaJIbHOe BHIUKCIIEHNEe pasMepPHOCTU (pakTasia.

o MynbTHdpaKTaabHBIN CIEKTP U CIeKTp 0000IMEHHBIX pasMepHOCTel PeHbu.

o IIpuMephl UCNOJIB30BAHUA MYJIbTU(PAKTAIBHOrO CIEKTPa B IPUKJIAIHBIX 3a/auax.

88



YYEBHHUKNA:

1. P. KpoHosep ®@pakTaJsibl U XaoC B IUHAMUYECKUX CUCTEeMax
2. M. Barnsley, Fractals everywhere
3. E. ®enep, Opakrassl

4. B. Boxokus, [. ITapmuH, ®@paxrtasnsl 1 MyabTUudpakTaisl, yuebHoe mocodbue, xesck, 2001

IOPAOK OLIEHUBAHUIA: 0,5 pabora Ha cemuHapax + 0,5 sk3ameH
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DJIJIMIITUYECKHUE UHTETPAJIbI U DJIJIMIITUYECKHUE ®YHKI[UA
HUC Ha aHIJIMIICKOM A3BIKe IJiA CTYAeHTOB 3-T0 Kypca U cTapliie
(see also the description in English)

PYKOBOJHUTEJIb: T. Takebe.
YYEBHASA HAT'PY3KA: BeceHHHU# cemectp 2019/20 yu.r., oqHa napa B HefjeJiio, 3 KpequTa 3a ceMecTp.

OITMCAHME: Diummnrudeckas ¢yHKIUA onpefesisaeTcsa Kak ABosKolepuoanyeckass MepoMopdHasa QyHKLINUA
Ha KOMILIEKCHOU MJI0CKOCTU. Teopud 3JUTUOTUYECKUX UHTErpaaoB, Hauatasa @aHbAHO, diiepoM, JlexaHapoM,
l'ayccom u ap. B XVIII Beke, ObLia MpeBpalljeHa B Teopuio sjutnnTrudeckux @ysknuii B XIX sexke A6eseM u fAko-
6u. 3atem Puman, BeliepmTpacc u JInyBULIb pasBUjid TEOPUIO Oajiblle, WCIOJIb3ys KOMIIJIEKCHBIN aHAJIN3.
OcHoBaHHas TakUM O0Opa30M Teopus dJUIUNTHYeCKUX (QYHKIMI sABJAeTCA IPOTOTUIIOM COBpEMEeHHOM areod-
panuecKoy reoMeTpuu. DJUMNTHYecKre PYHKIMU U 3JUIMNTUYECKUe MHTEerpasibl MOABJIAIOTCA B Pa3INYHBIX
3ajJjayax MaTeMaTuKy, a Takxe B pusnke. [IpyumMepsr: AjIMHA 3JIMIICa, apUGMETHUKO-TeOMeTpHUUECKOe CcpeJiHee,
pemieHys GU3NYeCKUX cricTeM (MasgTHUK, BOJTYOK, CKakajika, ypaBHeHne Knd), peleHue ypaBHEHUI MATOU
CcTelleHu U Ap. B 3ToM Kypce MBI pacCMOTpHUM, MpeXe BCEero, aHaJIUTUYeCKHe acleKThl U IIPUJIoXKeHNs.

IIPEABAPHUTEJIBHAS ITOATOTOBKA: Kypchl aHanu3a u TOKIL.

ITPOTPAMMA:

=

. BBeneHue

BemecTBeHHbIE 3JIMNTUYECKNE NHTETPaJIbl U AJIMHBL AYT KPUBBIX
Kraccupukanys sjmnnTUYecKux NHTerpaios

[TpunoxeHUA 3JTANTUYECKUX UHTErPaJiOB

BemectBeHHbIe smunTudeckre GyHkuuu Axodu

PumMaHOBEH TOBEPXHOCTU ajireOpanuecknx QyHKIUN
DJIIUNTAYeCKle KpUBhIe

KoMiILiekcHble 3JIJIMIITUYECKHe HWHTErpaJibl

© ® N o 0~ W DN

Teopema AbGensa— Akobu

—
e

O6bwas Teopus >JUTUNTUYECKNUX QYHKINN
11. g-dyuxkuusa BeliepmTpacca
12. Tarta-¢pyHkumu srummntudeckre GyHknmuu Axodum

13. KomiLiekcHbie

YUYEBHUKU: Mul He OyaeM cjieJoBaTh KAKOMY-TO KOHKPETHOMY y4eOHUKY, OQHAKO, CIeAYIoL[e KHUTU MOTYT
OBITH MOJIE3HBI AJIA IOHUMAaHNS IPONCXOAAIIEro:

1. N. L. Akhiezer, Elements of the Theory of Elliptic Functions, Moscow (1970).
2. E. T. Whittaker and G. N. Watson, A course of modern analysis, Cambridge University Press (1952).
3. A. Hurwitz, R. Courant, Vorlesungen iiber allgemeine Funktsionentheorie und elliptische Funktionen,

Springer, Berlin (1964).
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4. M. Toda, Introduction to Elliptic Functions, Nihon-Hyoron-sha, Tokyo (2001).

5. H. Umemura, Theory of Elliptic Functions — analysis on elliptic curves, University of Tokyo Press, Tokyo
(2000).

IIOPAJJOK OLIEHUBAHUA: min(10, olleHKU 3a JoMatrHue paboThl). Kakaas BeIMOJIHEHHAA JoMalIHAA pabo-
Ta oneHuBaeTcs B 1 mau 2 6asia.

KOMMEHTAPHH: Ec/u 4icII0 3aperucTpUpoBaHHbIX 0 MioHA 2019 I. cTyIeHToB oKaxkeTcsa MeHbie 10, HUC
OyJleT OTMEeHEH.
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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). All these courses will be equipped with printed matter in English.

ALGEBRAIC GEOMETRY: A FIRST GEOMETRIC LOOK
a course for 2™ year students and higher
(y aTOro Kypca UMeeTcsi ONMMCaHUE Ha PYCCKOM)

LECTURER: V. S. Zhgoon.
LEARNING LOAD: Spring term of 2019/20 A. Y., two classes per week, 6 credits per semester.

DESCRIPTION: Algebraic geometry studies geometric loci looking locally as a solution set for a system of
polynomial equations on an affine space. The main feature of this subject, that it provides an algebraic expla-
nation to various geometric properties of the figures and it the same time it give geometric intuition to purely
algebraic contructions. 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 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, and 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.

o 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.
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TEXTBOOKS:

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

o A. L. Gorodentsev, Algebraic Geometry Start Up Course, MCCME:
http:/gorod.bogomolov-lab.ru/ps/stud/projgeom/1718/1ec_total.pdf (realise 2017),
http://gorod.bogomolov-lab.ru/ps/stud/projgeom/tot-2006.ps.gz (realise 2006).

o J. Harris, Algebraic Geometry. A First Course, Springer.

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

GRADING RULES: 1/3x(solution of the problems from the task sheet) + 2 /3x(final exam)

COMMENTS: The final exam consists of two questions on theory and one problem, similar to the problems
from the sheets.
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ALGEBRAIC GEOMETRY. LANGUAGE OF SCHEMES
a course for 3'! year students and higher

LECTURER: V. A. Vologodsky.
LEARNING LOAD: two semesters of 2019/20 A. Y., two classes per week, 6 credits per semester.

DESCRIPTION: The course will cover most of «Algebraic Geometry» by Hartshorne. Additional topics may
include: general Riemann-Roch Theorem, the Hilbert scheme and its application to the existence theorems,
a proof the Weil conjectures for curves over finite fields, rational curves on Fano varieties («bend-and-break
trick»).

PREREQUISITES: Commutative algebra: it is expected that students have studied the material from the book
«Introduction To Commutative Algebra» by Atiyah and MacDonald, though some of the results will be reviewed
and even reproved. Homological Algebra and sheaf theory. Cohomology of sheaves. I recommend the book
«Methods of homological algebra» by Gelfand and Manin though it has more material then we will actually
use. If you can reproduce a proof that the cohomology of the constant sheaf R on a smooth manifold can be
computed by the de Rham complex you should not worry.

SYLLABUS:

o Review of commutative algebra

o Schemes, fiber products

o Proper morphisms, valuation criteria
o Coherent sheaves

o Divisors, the Picard group

o The case of curves

o Differentials, smooth morphisms

o Cohomology of coherent sheaves

o Serre duality

o Riemann-Roch theorem

o Applications to counting points over finite field

o Introduction to the deformation theory with applications to rational curves on Fano varieties

TEXTBOOKS: Algebraic Geometry by R. Hartshorne; Algebraic varieties by G. Kempf; Foundations of Algebraic
Geometry by R. Vakil (http:/math.stanford.edu/$\sim$vakil/216blog/FOAGaugl610public.pdf).

GRADING RULES: course grade = 0.5 x (homework grade) + 0.5 x (final exam grade) rounded to the nearest
integer (and, for an integer n, the number n + 0.5 is rounded to n + 1).
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ALGEBRAIC NUMBER THEORY
a seminar for 3" year students and higher

ADVISOR: M. Z. Rovinsky.
LEARNING LOAD: Spring term of 2019/20 A. Y., two classes per week, 6 credits per semester.

DESCRIPTION: The goal of the course is to introduce some basic notions and results of related to the algebraic
extensions of the field of rational numbers. One of the objectives will be a relatively explicit construction of
abelian extensions of p-adic fields using formal groups (Lubin-Tate theory). If time permits, the Galois groups
of abelian extensions of number fields (Global class field theory) and related Artin reciprocity law (generalizing
Gauld’ quadratic reciprocity) will also be discussed.

PREREQUISITES: the Galois theory and standard courses of the 1st year bachalor program: algebra, calculus,
topology.

SYLLABUS:

o

Global (e.g., number) fields, their invariants and topologies on them

(]

Local fields (e.g., p-adic numbers), ramification theory, their multiplicative structure

(]

Relations between local and global properties (Hasse principle), Minkowski—Hasse theorem
o Commutative algebra of Dedekind domains; finiteness theorems for units and class groups

o Hilbert symbol and quadratic forms over p-adic fields

o

Formal groups and local class field theory

[}

Tate cohomology, norm residue symbol and «abstract» class field theory

(]

Simple algebras and Brauer groups; Brauer groups of local fields; Brauer groups of global fields

[

Global class field theory; reciprocity laws

TEXTBOOKS:

[

E. Artin, J. Tate, Class field theory. Benjamin, 1968.

[

Algebraic Number Theory. Ed. by J. W. S. Cassels, A. Frolich. Thompson, 1967.
o K. Iwasawa, Local Class Field Theory. OUP, 1986.

o J.-P. Serre, Corps locaux. 3éme édition, 1968.

GRADING RULES: the final grade equals
min[10, 20/3((ratio of solved problem of the problem sets) + (ratio of solved problem of the final exam))] .

The final exam is written, at the end of the term. A half-integer grade is rounded to the bigger nearest integer,
another fractional grade is rounded to the nearest integer.
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ALGEBRAIC TOPOLOGY
a seminar for 3'! year students and higher

ADVISOR: M. V. Finkelberg.
LEARNING LOAD: Spring term of 2019/20 A. Y., one class per week, 3 credits per semester.

DESCRIPTION: Everybody knows that the UN declared 2019 the year of the periodic table of elements. Math-
ematics without Algebraic Topology is like Chemistry without the Periodic Table.

PREREQUISITES: 1st year Topology; 1st year Algebra; 1st year Analysis; 1st year Geometry; Linear Algebra

SYLLABUS:

1. Topological spaces: examples, properties, operations.

2. The notion of homotopy. Fibrations and cofibrations. Cone and homotopy fibre. Suspension and loop
spaces. Eckmann-Hilton duality.

Homotopy groups. Exact sequence of a fibration. Coverings and the fundamental group.
Axiomatics of cohomology theories. Uniqueness theorem. Construction of singular cohomology.
Homology and cohomology of CW-complexes. Hurevich theorem.

K(m,n) spaces. Postnikov tower.

Leray spectral sequence of a fibration.

® N o 9~ W

Characteristic classes of vector bundles: Stiefel - Whitney, Chern, Pontriagin.

TEXTBOOKS: «Algebraic Topology» by Allen Hatcher.

GRADING RULES: [ 1 /10 of the total percent of the correctly solved home assignments 1
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ELEMENTARY INTRODUCTION TO QUANTUM FIELD THEORY
a seminar for 1%t year students and higher
(y 3TOrO Kypca MMeeTcs ONMCcaHUe Ha PyCCKOM)

ADVISOR: M. B. Skopenkov.

LEARNING LOAD: Fall term of 2019/20 A. Y., one class per week, 3 credits per semester.

DESCRIPTION: It turns out that raibow patterns on soapbubbles and even atomic spectrum can be explained
by means of one simple-minded model. It is game, in which a checker moves on a checkerboard by certain
simple rules, and we count the turnings. This ‘Feynmann checkerboard’ can explain all phenomena in the world
(with a serious proviso) except atomic nuclea and gravitation.

No prerequisites in physics are assumed; knowledge of school-level mathematics is sufficient. In particular,
the course is accessible for 1st year students. We are going to solve mathematical problems and discuss their
physical meaning. As a result, we are going to learn basic ideas of quantum field theory.

PREREQUISITES: no

SYLLABUS:

1.

Feynman’s checkerboard: the simplest model of an electron. Spin. Charge. Mass. Lattice Dirac’s equa-
tion. Double-slit experiment. Partial reflection of light. Free particle’. Atomic spetrum’. Convergence of
Feynman’s checkerboard to Dirac’s theory.

Feynman’s checkerboard with a magnetic field. Tunnelling’. Feynmann diadrams".

Toy model of lattice gauge theory: exchange of goods between cities. Relation to magnetic field. Quanti-
zation: random exchange rates. Exact solution of 1- and 2-dimensional lattice gauge theory". Confinement
of quarks’. Higgs mechanism".

TEXTBOOKS:

1.

2.

Feynman, Richard (2006). QED: The strange theory of light and matter. Princeton University Press. ISBN
0-691-12575-9. ®entnman P. K3/1. CrpanHasa Teopus cBeTa u BemlecTtBa. Cep. «bubauoreuka “KBaHT”»
BBIN. 66. M.: Hayka, I's1. pen. ¢us.-mat. qut-pel, 144c.

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

GRADING RULES: the final grade equals min(10, [L/15]), where the Lagrangian L consists of the following.

1.
2.

Exam contributes up to 80 points.
Test of N minutes contributes up to N /2 points. There are going to be 2—4 tests.

An ideal written solution contributes 8 points. Incomplete solution usually contributes O points, in special
cases — 7 points. Written solutions are accepted at most one per two weeks (per student). Recommenda-
tions for ideal written solutions: http:/www.mceme.ru/circles/oim/home/pism.pdf

Aural solution contributes 1-3 points depending on the problem complexity.

A homework problem added by a student to the conduit contributes 1 point. If the solution is checked,
then «1» is replaced by a number from —4 to +4 depending on the problem complexity and how serious
the gaps are.

Finding a bug not found before contributes 1 point.
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AN INTRODUCTION TO ELLIPTIC OPERATORS
a seminar for 3" year students and higher

ADVISOR: A. G. Gorinov.
LEARNING LOAD: Fall term of 2019/20 A. Y., one class per week, 3 credits per semester.

DESCRIPTION: In this seminar we will cover the basics of the theory of elliptic operators, examples of which
include the de Rham and Dolbeault operators, as well as their generalisations such as the Dirac operator.
We will explain how several seemingly unrelated results in geometry and topology (e.g. the Hirzebruch and
Rokhlin signature theorems and the Riemann-Roch theorem) all follow from the general index formula by
M. Atiyah and I. Singer, and sketch a proof of the latter.

PREREQUISITES: The main prerequisites are smooth manifolds and singular cohomology as covered e.g. in
Algebraic Topology by A. Hatcher, chapters 2 and 3. An introductory course on topological vector spaces would
be very helpful. We will recall some or all of the prerequisites if necessary.

SYLLABUS:
o Vector bundles and characteristic classes: a summary of results.
o Differential operators: the definition and first examples.
o Elliptic operators: the definition and basic properties.
o Riemannian metrics on manifolds and the de Rham operator.
o The signature operator.
o Complex manifolds and the Dolbeault operator.
o Clifford algebras and their representations.
o Reduction of the structure group of a vector bundle. Spin structures on vector bundles.
o Dirac operators. Constructing Dirac operators using Spin structures.
o Elliptic regularity and related results about elliptic operators on compact manifolds.
o First applications: the de Rham and Hodge decomposition theorems; the Serre duality.
o The Atiyah-Singer index formula.

o Applications of the index formula: the Riemann-Roch theorem, the Hirzebruch signature theorem,
V. Rokhlin’s signature theorem.

TEXTBOOKS:

o Algebraic Topology by A. Hatcher, freely available online at http://www.math.cornell.edu/~hatcher/AT/
ATpage.html.

o Spin geometry by H. B. Lawson and M.-L. Michelsohn.

o Seminar on the Atiyah-Singer index theorem by R. S. Palais et al.

[

Characteristic classes by J. Milnor and J. Stasheff.

o The Atiyah-Singer index theorem by P. Shanahan.

(]

Differential analysis on complex manifolds by R. O. Wells.
Occasionally we’ll use other sources as well.

GRADING RULES: 100% home exam
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AN INTRODUCTION TO STACKS
a seminar for 3'! year students and higher

ADVISORS: C. Brav, A. G. Gorinov.
LEARNING LOAD: Spring term of 2019/20 A. Y., two classes per week, 6 credits per semester.

DESCRIPTION: Both in topology and in algebraic geometry quotients are often badly behaved, if they exist
at all, which leads to problems when one wishes to construct moduli spaces, i.e. spaces whose points naturally
correspond to isomorphism classes of objects of some type, such as vector bundles or algebraic curves. Stack
theory offers a way around this problem: one enlarges the category of spaces to include more objects (stacks).
They are more complicated than usual spaces or algebraic varieties, but behave essentially in the same way:
most constructions that work for spaces (e.g. sheaves or fibrations) have stacky analogues. As the name sug-
gests, this seminar is an introduction to stacks. We will start with examples and explain the motivation behind
the definition of a stack. Then we will take time to digest this definition and see that several familiar construc-
tions (e.g. homotopy quotients in algebraic topology or moduli spaces of curves in algebraic geometry) are in
fact stacks in disguise. If time allows, we will cover other examples such as Artin stacks and/or stable curves.

PREREQUISITES: basic algebraic topology (e.g. as covered in Algebraic topology by A. Hatcher), basic al-
gebraic geometry (e.g. Basic algebraic geometry by I. Shafarevich or Algebraic geometry by R. Hartshorne,
chapters 2 and 3) and category theory.

SYLLABUS:
o First examples of stacks. Triangles in R2. Orbifolds.
o Faithfully flat descent for quasi-coherent sheaves.
o Functor of points view of schemes.
o Algebraic spaces.
o Categories fibered in groupoids. The definition of a stack.
o Deligne — Mumford stacks. Moduli spaces of curves and universal curves.
o Sheaves on stacks and cohomology.

o Further examples.

TEXTBOOKS: The main references are

o Algebraic stacks by K. Behrend, B. Conrad, D. Edidin, B. Fantechi, W. Fulton, L. G6ttsche und A. Kresch.
https://www.math.uzh.ch/index.php?id=pr vo det&keyl=1287&keyR=580&8key3=163&semId=13&L=1.

(]

Equivariant Sheaves and Functors by J. Bernstein and V. Lunts, Springer LNM 1578.

[

Equivariant geometry and the cohomology of the moduli space of curves by D. Edidin,
https://arxiv.org/abs/1006.2364.

[

A homotopy theory for stacks by S. Hollander, https://arxiv.org/abs/math/0110247.

o Frank Neumann, Algebraic stacks and moduli of vector bundles, by F. Neumann,
https://www.cimat.mx/~luis/seminarios/Pilas-algebraicas/neumann-Stacks.pdf.

o Notes on Grothendieck topologies by A. Vistoli, https://arxiv.org/abs/math/0412512.
Occasionally we’ll use other sources as well.

GRADING RULES: The final mark is 100% accumulated mark. The default way to earn it is to give a talk and
prepare the notes in LaTeX.
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ANALYTIC NUMBER THEORY
a seminar for 3'! year students and higher

ADVISOR: A. B. Kalmynin.
LEARNING LOAD: two semesters of 2019/20 A. Y., one 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 the first part of the course
we will mostly concentrate on the properties of prime numbers, as they are building blocks of integers. We
will discuss different proofs of the Prime Number Theorem, distribution of primes in arithmetic progressions
and also some basic sieve methods. In the second semester we will learn how to use Fourier-analytic principles
(and heuristics) to obtain number- theoretic results. For instance, we will discuss the large sieve method and
its numerous applications, such as results on the least quadratic nonresidues, and derive some properties of
the Riemann zeta-function from general results on exponential sums and certain bilinear inequalities.

PREREQUISITES: complex analysis (basic properties of holomorphic functions, Cauchy’s integral formula,
maximum modulus principle, Weierstrass factorization theorem), analysis (0O-notation, Lebesgue — Stieltjes in-
tegration), algebra (fundamental theorem of arithmetic)

SYLLABUS:

Fall term: Distribution of prime numbers.

1. Arithmetical functions, Dirichlet convolution of arithmetical functions. Partial summation method,
Dirichlet’s hyperbola method. Average orders of 7y, gy, ¢ and other arithmetical functions. Mobius
function, von Mangoldt function.

2. The Prime Number Theorem. Contour integration method. Basic properties of Riemann zeta func-
tion, zero-free region, explicit formula. Tauberian proof of PNT*. Selberg symmetry formula, ele-
mentary proof of PNT. Banach algebra proof of PNT*.

3. Prime numbers in arithmetic progressions. Dirichlet characters and Dirichlet L-functions. Siegel-
Walfisz theorem. Siegel zeros and class number problem*.

4. Sieve methods: Eratosthenes-Legendre sieve, combinatorial sieves. Brun’s constant. There exist in-
finitely many m such that both m and m — 2 have at most nine prime factors.

Spring term: Fourier-analytic number theory.

1. The large sieve method and its applications. Generalized Hilbert inequality. Least quadratic non-
residue, sums of unit fractions, Selberg’s theorem on primes in very short intervals, equidistribution
in residue classes.

2. Equidistribution modulo 1. Discrepancy, Erdds — Turan inequality. Equidistribution of values of poly-
nomials. Van der Corput sets*. Pair correlations®.

3. Exponential sums. Estimates for Weyl sums. Theory of exponent pairs, A and B processes. Number-
theoretic applications. Vinogradov’s method*.

4. Properties of the Riemann zeta-function. Hardy — Littlewood approximate functional equation. Mean
values and upper bounds for zeta. Results on distribution of zeros.
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TEXTBOOKS:

1. A. A. Karatsuba, «Basic analytic number theory».
H. L. Montgomery, R. C. Vaughan, «Multiplicative number theory I: Classical theory».

A. A. Karatsuba, S. M. Voronin, «The Riemann zeta-function».

> W N

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

GRADING RULES: 0.3 (problem sets) + 0.7 (exam).

COMMENTS: «*» in the sullabus means that the amount of time that will be spent on this topic depends on
preferences of students.
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CALCULUS OF VARIATIONS
a seminar for 2"4 year students and higher

ADVISOR: M. Mariani.
LEARNING LOAD: Spring term of 2019/20 A. Y., one 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:

o Mathematical Analysis.
o Elementary general Topology.

o 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 re-
visited, 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].

o

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

[}

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

GRADING RULES: final score equals 0.3 - cumalative + 0.35 - oral final exam + 0.35 - written final exam, where
«cumulative» means controls during the semester.

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, hamiltonian dynamics.
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COMBINATORICS OF VASSILIEV INVARIANTS
a seminar for 3'! year students and higher

ADVISORS: M. E. Kazarian, S. K. Lando.
LEARNING LOAD: two semesters of 2019/20 A. Y., one 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.

. Hopf algebras of graphs, chord diagrams and delta-matroids.

2

3

4

5. Constructing weight systems from Lie algebras.

6

7. Combinatorial solutions to integrable hierarchies.
8

. 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.

GRADING RULES: Regular participation in the seminar is necessary for marking. However, only the partic-
ipation can not contribute more than 8 points. For getting a higher score, you have to give a talk either on
resent actual papers or on your own results in scientific directions of the seminar.
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CONSTRUCTIVE METHODS OF FUNCTIONAL ANALYSIS
a seminar for 3'! year students and higher

ADVISOR: A. K. Pogrebkov.

LEARNING LOAD: Spring term of 2019/20 A. Y., two classes per week, 6 credits per semester.

DESCRIPTION: This is a version of the standard course «Functional Analysis—2» oriented to various applica-
tions of the theory, especially in mathematical physics. We consider distributions, regularization, unbounded
operators in the Hilbert space, the Fourier transform, etc.

PREREQUISITES: linear algebra, calculus of one and several real variables, functions of complex variable,
functional analysis—1, theory of linear partial differential equations.

SYLLABUS:

N o g »>» W b

Different kinds of dstributions, local properties, regularization, convergence of distributions.
Sokhotski—Plemelj formulas, limiting values of holomorphic functions.

Fourier transform, fundamental solutions of PDE’s.

Unbounded operators in the Hilbert space, domains and graphs, conjugate operators, specter.
Symmetric and self-adjoint operators, the spectral theorem, the Stone theorem.

Topologies on the space of unbounded operators.

Tensor products.

TEXTBOOKS:

. Michael Reed, Barry Simon, «Methods of modern mathematical physics», vol. 1, Academic Press, New

York, 1971; vol. 2, Academic Press, New York, 1978.
Kosaku Yosida, «Functional Analysisy, Springer, Berlin, 1965.

Kpucrod MopeH, «MeTtoas! ruib0epToBa NpocTpaHcTBa», M.: Mup, 1965.

GRADING RULES: the final grade is 0,6 (cumulative grade) + 0,4 (final exam grade), where the cumulative
grade is proportional to the number of solved problems (so that 10 corresponds to 75% of all problems),
rounded to the nearest integer (half-integers are rounded upwards). Active participants will get some bonuses.

104



CONVEX AND ALGEBRAIC GEOMETRY
a seminar for 2"4 year students and higher

ADVISORS: A. I. Esterov, V. A. Kiritchenko, E. Yu. Smirnov.
LEARNING LOAD: two semesters of 2019/20 A. Y., one class per week, 3 credits per semester.

DESCRIPTION: Our research seminar is devoted to the many connections between convex and algebraic
geometry. This interaction has many important applications in various areas of mathematics: combina-
torics, representation theory, mathematical physics to name a few. A classical and one of the most well-
known examples is the combinatorial description of an important class of algebraic varieties — the so-
called toric varieties — in terms of polytopes. Yet another recent and up-to-date application is the the-
ory 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/0/1/0/all/0/1
and http:/arxiv.org/find/grp math/1/AND+cat: + math.RT+all: +polytope/0/1/0/all/0/1, 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: Talks are often related to the following topics:

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

Partticular topics for the year 2019-20 and relevant additional bibliographical references will be announced
in more detail in the spring of 2019.

TEXTBOOKS:

o Ziegler G.M. Lectures on Polytopes, 1995

o Maclagan D., Sturmfels B., Introduction to Tropical Geometry, 2015
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o Viro O., Itenberg I. Patchworking Algebraic Curves Disproves the Ragsdale Conjecture, 1996

o Gelfand I., Kapranov M., Zelevinsky A. Discriminants, Resultants, and Multidimensional Determinants,
1994

COMMENTS: Students are encouraged to give talks at research seminars. This way they learn how to commu-
nicate their knowledge to their colleagues in comprehensible and attractive way. To prepare a good talk, it is
important to attend talks of senior colleagues to see the best practices. It is equally important to attend talks of
other students and to learn from their mistakes. When you fail to follow the talks of fellow students you might
get some ideas on how to improve your own talk. For this reason, we encourage young participants to attend
talks of their classmates, ask questions and make comments.

GRADING RULES: There will be two separate grades 0, (the attendance grade) and O; (the talk grade). To get
10 for attendance you have to be an active participant of at least 2/3 of the seminars in the fall term. To be an
active participant means that you not only listen to the talk but also understand the main statement of the talk
and are able to work out the simplest meaningful application of this statement. To get the perfect grade for
your own talk you have to formulate a result with all necessary definitions so that the audience understands
it. You are also expected to prepare and give the audience a simple problem about applications of the main
result. The final grade for the seminar will be determined as follows: Or = 60%04 + 40%0r.

You will get extra points if you attend more than 2 /3 of the seminars and/or prepare an especially interesting
talk. For instance, active participants of all seminars will get 90% contribution to the final grade. Similarly, a
brilliant talk (at the level of the colloquium talk) will yield 90% contribution to the final grade.
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DIFFERENTIAL GEOMETRY
a seminar for 2" year students and higher

ADVISOR: P. E. Pushkar.
LEARNING LOAD: Spring term of 2019/20 A. Y., two classes per week, 6 credits per semester.

DESCRIPTION: The course will serve as an introductory guide to basic topics of Differential geometry: very
first introduction to Symplectic and Contact Geometry, the theory of Riemannian manifolds, the theory of
affine connections on manifolds, geodesics.

PREREQUISITES: Calculus on Manifolds, basics of Geometry and Topology, Linear Algebra including tensors.

SYLLABUS:

1. Symplectic and Contact structures. Darboux theorems. Reductions.
Differential connection.

Parallel transport. Curvature.

Affine connection.

Introduction to characteristic classes.

Riemannian manifold. Levi - Civita connection.

Riemannian curvature tensor.

Geodesics. The Hopf—Rinow theorem.

©® © N o kK W N

First and second variation of arc length.

—
e

Jacobi’s equation and conjugate points.

TEXTBOOKS:

1. Milnor, J.: Morse theory.
2. Stasheff, J. and Milnor, J.: Characteristic Classes.

3. Arnol’d V. I.: Mathematical Methods of Classical Mechanics.

GRADING RULES: 50% for assessed work + 50% for final written exam, rounded to the nearest integer,
halfintegers are rounded up.
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DISCRETE INTEGRABLE EQUATIONS AND THEIR REDUCTIONS
a seminar for 3" year students and higher

ADVISOR: A. K. Pogrebkov.
LEARNING LOAD: Fall term of 2019/20 A. Y., one 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. Ideas and results of this theory penetrate in
many branches of the modern mathematics: from string theory to the theory of Riemann surfaces. Nowdays
essential attention is attracted to the theory of discrete integrable equations. In this lectures a generic approach
to construction and investigation of such equations will be presented.

PREREQUISITES: mathematical analysis, functions of complex variable, linear algebra, theory of linear partial
differential equations.

SYLLABUS: Commutator identities on associative algebras; d-problem and dressing operators; Dressing and Lax
pairs; Hirota difference equation (HDE); Higher analogs of HDE; Direct and the Inverse scattering transform for
the HDE; Soliton solutions; Two-dimensional reductions, their integrability; Dispersion relation and integrals
of motion; Other hierarchies of the discrete integrable equations.

TEXTBOOKS: the lecture notes will be presented regularly on the site.
GRADING RULES: The final grade is computed as 0,5 (cumulative grade) + 0,5 (final exam grade) (Unless
stated otherwise, all grades are rounded to the nearest integer (half-integers are rounded upwards). The cumu-

lative grade is proportional to the number of problems solved so that 10 corresponds to 75% of all problems
+ bonuses for active participation.
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ELECTRICAL VARIETIES
a seminar for 2" year students and higher

ADVISOR: V. G. Gorbounov.
LEARNING LOAD: Spring term of 2019/20 A. Y., one class per week, 3 credits per semester.

DESCRIPTION: We will discuss the new mathematical features of the classical theory of electrical networks
developed by Ohm and Kirkhoff more than 100 years ago. These include the new type of the cluster algberas
which were originally introduced for studying the variety of totally positivity matrices, new types of discreet
integrable systems, the representations of the Temperley—Lieb algebra, the important algebra for the knot
theory and the theory of quantum integrable systems.

PREREQUISITES: Linear Algebra, first year of Analysis.
SYLLABUS:

1. The modern approach to the theory of totally positive matrices developed by G. Lusztig.

2. The work of A. Berenstein, S. Fomin, A. Zelevinnsky on the cluster algebra related to the general linear
group.

3. Introduction to the theory of electrical networks.

4. Electrical varieties as the new approach to the theory of electrical networks.

TEXTBOOKS: typed lecture notes will be available.

GRADING RULES: 50% for assessed work + 50% for final written exam, rounded to the nearest integer,
halfintegers are rounded up.
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ELLIPTIC INTEGRALS AND ELLIPTIC FUNCTIONS
a seminar for 3" year students and higher
(y 3TOrO Kypca UMeeTcs ONMCcCaHUe Ha PyCCKOM)

ADVISOR: T. Takebe.
LEARNING LOAD: Spring term of 2019/20 A. Y., one class per week, 3 credits per semester.

DESCRIPTION: An elliptic function is defined as a doubly periodic meromorphic function on the complex
plane. The study of elliptic integrals started by Fagnano, Euler, Legendre, Gauss and others in the eighteenth
century was turned into the theory of elliptic functions in the nineteenth century by Abel and Jacobi. Then
Riemann, Weierstrass and Liouville developed the theory further by using complex analysis. The theory of
elliptic functions thus founded is a prototype of today’s algebraic geometry. On the other hand, elliptic functions
and elliptic integrals appear in various problems in mathematics as well as in physics. Examples: arclength of
an ellipse, arithmetic-geometric mean, solutions of physical systems (pendulum, top, skipping rope, the KdV
equation), solution of quintic equations, etc. In this research seminar (lecture style) we shall put emphasis on
analytic aspects and applications.

PREREQUISITES: calculus, complex analysis

SYLLABUS:

=

Introduction

Real elliptic integrals and arclength of curves
Classification of elliptic integrals
Applications of elliptic integrals

Jacobi’s elliptic functions (real case)
Riemann surfaces of algebraic functions
Elliptic curves

Complex elliptic integrals

© ©® N o 9 x> W N

Abel-Jacobi theorem

—
e

Elliptic functions, general theory

—_
—

. The Weierstrass g-function

—
N

. Theta functions

13. Jacobi’s elliptic functions (complex case)

TEXTBOOKS: No textbooks will be used. However the following would help understanding:

1. N. L. Akhiezer, Elements of the Theory of Elliptic Functions, Moscow (1970).
2. E. T. Whittaker and G. N. Watson, A course of modern analysis, Cambridge University Press (1952).

3. A. Hurwitz, R. Courant, Vorlesungen iiber allgemeine Funktsionentheorie und elliptische Funktionen,
Springer, Berlin (1964).
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4. M. Toda, Introduction to Elliptic Functions, Nihon-Hyoron-sha, Tokyo (2001).

5. H. Umemura, Theory of Elliptic Functions — analysis on elliptic curves, University of Tokyo Press, Tokyo
(2000).

GRADING RULES: Every solved homework contributes one or two points. The final grade equals

min(10, points obtained by the homework).

COMMENTS: If the number of students registered to the course in advance (till June of 2019) is less than ten,
the course will not be held.
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FUNCTIONAL ANALYSIS (OPERATOR THEORY)
a course for 3" year students and higher

LECTURER: A. Yu. Pirkovskii.
LEARNING LOAD: Spring term of 2019/20 A. Y., two classes per week, 6 credits per semester.

DESCRIPTION: Functional analysis studies infinite-dimensional vector spaces equipped with a norm (or,
more generally, with a topology), operators between such spaces, and representations of algebraic structures
on such spaces. The classical areas of Functional Analysis are the spectral theory of linear operators, the
geometry of Banach spaces, distribution theory, operator algebra theory, etc. Among relatively new areas are
noncommutative geometry a la Connes, operator space theory (a.k.a. «quantum functional analysis»), and
locally compact quantum groups. Functional analysis has numerous applications in differential equations,
harmonic analysis, representation theory, geometry, topology, calculus of variations, optimization, quantum
physics, etc.

This course is a continuation of the course «Introduction to Functional Analysisy» (fall 2019). We plan to discuss
those aspects of functional analysis which deal with rather general classes of linear operators on Banach and
Hilbert spaces. This means that we will not consider, for example, differential operators at all, because their
theory can be well presented in a separate course only. Instead, we concentrate on those topics which emphasize
the role of algebraic methods in functional analysis.

PREREQUISITES: Calculus, linear algebra, metric spaces, the Lebesgue integral, basics of functional analysis
(Banach and Hilbert spaces, bounded linear operators)

SYLLABUS:

1. Topological vector spaces and duality.
Compact and Fredholm operators. The Riesz—Schauder theory. The general index theory.
Commutative Banach algebras. The Gelfand transform. The commutative Gelfand — Naimark theorem.

Spectral theory of normal operators on a Hilbert space. The spectral theorem.

o > Wb

Distributions (if time permits).

TEXTBOOKS:

1. A. Ya. Helemskii. Lectures and exercises in Functional Analysis. AMS, 2006.
V. L. Bogachev and O. G. Smolyanov. Real and Functional Analysis. RCD, 2011 (in Russian).
A. A. Kirillov and A. D. Gvishiani. Theorems and problems in Functional Analysis. Springer, 1982.

B. Simon. Operator Theory. (A comprehensive course in Analysis, Part 4). AMS, 2015.

oo > W N

M. Reed, B. Simon. Methods of Modern Mathematical Physics. 1. Functional Analysis. Academic Press,
1972.

)

. W. Rudin. Functional Analysis. McGraw-Hill, 1991.

N

. J. B. Conway. A course in Functional Analysis. Springer, 1990.

[ee)

. G. Murphy. C*-algebras and operator theory. Academic Press, 1990.
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9. R. Meise and D. Vogt. Introduction to Functional Analysis. Clarendon Press, 1997.

10. F. Treves. Topological vector spaces, distributions, and kernels. Academic Press, 1967.

GRADING RULES: final grade = 0.7 X (cumulative grade) + 0.3 x (exam grade).

cumulative grade = 0.5 X (midterm grade) + 0.5 X (exercise sheets grade).

The oral exam will be at the end of May and will include only the material of the 4th module.

The midterm exam (also oral) will be at the end of March and will include only the material of the 3rd module.

To get the maximum grade for the exercise sheets, you should solve 75% of all the exercises. If you solve more,
you will earn bonus points.

You can also earn bonus points for working actively at the exercise classes and for solving «bonus exercises»
(marked as «B» in the sheets).

113



FUNCTIONAL ANALYSIS AND NONCOMMUTATIVE GEOMETRY
a seminar for 3'! year students and higher

ADVISOR: A. Yu. Pirkovskii.

LEARNING LOAD: two semesters of 2019/20 A. Y., one class per week, 3 credits per semester.

DESCRIPTION: The students who participate in the seminar give talks on functional analytic aspects of
noncommutative geometry. Talks devoted to noncommutative algebraic geometry and to «pure» functional
analysis (preferably with algebraic flavour) are also welcome. The topics of talks are usually taken from the
literature, but sometimes the participants present their own results. Occasionally, talks are given by the seminar
advisor or by an invited speaker.

PREREQUISITES: The participants are supposed to know basic algebra and functional analysis and to love
any kind of geometry or topology.

SYLLABUS: This is not a syllabus in the usual sense, but is rather a selection of topics (some of which are quite
large) which could vary according to the participant’s taste.

1.

10.
11.
12.
13.

Quantum bounded symmteric domains and noncommutative complex analysis in the spirit of L. L. Vaks-
man.

Strict deformation quantization (M. Rieffel et al.).
Deformations of C*-algebras (in a broad sense).

Noncommutative complex analytic geometry (A. Polishchuk, A. Schwarz, P. Smith, M. Khalkhali, G.
Landi, et al.).

An operator-theoretic approach to noncommutative complex analysis (W. Arveson, G. Popescu, et al.).

Noncommutative complex structures and positive Hochschild cocycles (A. Connes, M. Khalkhali, G. Landi,
et al.).

Noncommutative integration, noncommutative LP-spaces.

Noncommutative geometry (algebraic and analytic) of PI algberas.

Bivariant K-theory and bivariant periodic cyclic homology (G. Kasparov, J. Cuntz, R. Meyer, et al.).
C*-superalgebras (P. Bieliavsky et al.).

DQ-modules (M. Kashiwara, P. Schapira).

Holomorphic functions of several free variables (J. Taylor, D. S. Kaliuzhnyi - Verbovetskyi, V. Vinnikov).

«Physicaly aspects of noncommutative geometry (including Bost— Connes systems).

TEXTBOOKS:

1.
2,
3.
4,

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.

M. A. Rieffel. Deformation quantization for actions of R¢. Mem. Amer. Math. Soc. 106 (1993), no. 506.
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5. J. Cuntz, R. Meyer, J. Rosenberg. Topological and bivariant K-theory. Birkhduser, 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. Birkhauser, 2002.

GRADING RULES: To get a positive grade, you should give (at least) one talk at the seminar. The grade will
depend on the quality of the talk.
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GALOIS THEORY
a course for 2" year students and higher

LECTURER: C. Brav.
LEARNING LOAD: Spring term of 2019/20 A. Y., two classes per week, 6 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.

o The fundamental theorem of Galois theory.

[}

Computing Galois groups.

(]

Applications.

TEXTBOOKS: J. S. Milne, Fields and Galois Theory, https://www.jmilne.org/math/CourseNotes/ft.html.

GRADING RULES: 40% mid-term; 60% final. Final mark: round percent/10 to nearest integer.
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GEOMETRIC TOPOLOGY SEMINAR
a seminar for 41 year students and higher

ADVISOR: S. Melikhov.
LEARNING LOAD: two semesters of 2019/20 A. Y., one class per week, 3 credits per semester.

DESCRIPTION: This is a «working type» seminar, which means that we aim to maximize our understanding
of examples, constructions and proofs, and do not aim to maximize our acquaintance with statements whose
proofs we do not understand. Questions from the audience to the speaker are highly welcome: the main goal of
the seminar is that each participant (including the speaker) actually understand all that is going on. A beamer
talk is OK only if it is guaranteed to proceed at the speed of a blackboard talk. Normally, there is no fixed end
time for the seminar, but a talk that exceeds 2 hours should have a break, and a talk that exceeds 2.5 hours is
likely to be stopped by participants who are getting tired. (This schedule may change, for example, if there is
a need to squeeze 2 talks into one seminar.) At the end of the seminar or in the break, everyone is invited to
have tea, candy and informal discussions.

PREREQUISITES: Much of what is discussed at the seminar should be accessible to first year students who
have mastered the classic book for schoolkids by V. G. Boltyanskiy and V. A. Efremovich!. Whenever we do
encounter topics going beyond this book, please feel free to ask me for explanation after the seminar or in the
break.

The official prerequisites are the basic HSE courses on general and algebraic topology. Whenever these are
exceeded, please feel free to stop the speaker right away and demand explanation.

SYLLABUS: The seminar consists of research talks and expository talks. Research talks are about the speaker’s
own results (including work in progress) in geometric topology and occasionally in other areas of mathemat-
ics. A list of suggested topics for expository talks is contained in the pdf file accessible from the seminar’s
webpage http://www.mathnet.ru/php/conference.phtml?option lang=rus&eventID=9&confid=
192. Other topics can also be discussed, but they are expected to belong to, or at least have motivations
within geometric topology. A very rough idea of what geometric topology is about can be gained from the
list of textbooks below (this list is not meant to be complete in any way; also, only a small part of the field
is covered at all in any textbooks). A definition of «geometric topology» is sometimes given by the formula
«geometric topology = topology \ (algebraic topology U general topology)», where the latter two fields may be
defined using the hundreds of textbooks about them, and «topology» may be defined in the spirit of Klein’s
Erlangen Program, as the study of properties invariant under homeomorphism (or its standard variations: dif-
feomorphism and piecewise linear homeomorphism). In particular, the modifier «geometric» in «geometric
topology» is not intended to mean any retreat from topologically invariant properties into metric geometry.

Another, more positive description of geometric topology is that some people are able to apply their visual
geometric intuition to mental images of some mathematical objects (including 4-dimensional, n-dimensional
and infinitely dimensional ones) in order to understand and discover proofs of theorems about these objects.
There is also a special «topologically invariant» type of this intuition, and geometric topology is nothing but
the area of its applicability. This viewpoint is related to the desire of solving basic problems of topology
without going too far away from such intuition (which is not quite the case with many modern achievements:
Donaldson, Perelman, etc.).

TEXTBOOKS:

o R. Fenn, Techniques of Geometric Topology, London Math. Soc., 1983

IB. I. Bontauckuii, B. A. Edpemosud. Harnsauas tononorus. Cep. Bubnmoreuka «Kpant», M.: Hayka, 1982 (English translation:
Intuitive Combinatorial Topology, Springer, 2001.)
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o S. Ferry, Geometric Topology Notes, http:/www.math.rutgers.edu/~sferry/ps/geotop.
pdfwww.math.rutgers.edu/ sferry/ps/geotop.pdf

o D. Rolfsen, Knots and Links, Publish or Perish, 1978

o B. B. IIpaconos, A. b. CocuHCckuli, Y3/bl, 3areljieHns, KOCbl U TpéxMepHble MHOroo6pasusa, MIITHMO,
1997 (English translation: AMS 1997)

o C. P. Rourke, B. J. Sanderson, Introduction to Piecewise-Linear Topology, Springer, 1972 (pycckuii
nepesod: M.: «Mup», 1974)

o E. C. Zeeman, Seminar on Combinatorial Topology, Inst. Des Hautes Etudes Sci., 1963/66

o JI. C. IlouTpsarus, I'magkue MHOroo6pasus U UxX NpuMeHeHus B Teopuu romoronuii, Tpyast MUAH, 1955,
http:/mi.mathnet.ru/tm1181, English translation: AMS, 1959

o II. M. AxmetbeB, 0. Il. ConoBréB, IlorpyxeHHsle mOBepXHOCTHU, hittps://www.mccme.ru/ium/s02/
imm.html.

o M. Golubitsky, V. Guillemin, Stable Mappings and their Singularities, Springer, 1973, pycckuii nepeBop:
M.: «Mupy, 1977

o B mouckax yrpaueHHo# Tomosioruu, M.: «Mupy, 1989 (= A la recherche de la topologie perdue,
Birkhauser, 1985)

o Two-Dimensional Homotopy and Combinatorial Group Theory, CUP, 1993

o S. V. Matveev, Algorithmic Topology and Classification of 3-Manifolds, Springer, 2003 (= MIIHMO,
2007)

o S. Buoncristiano, C. P. Rourke, B. J. Sanderson, A Geometric Approach to Homology Theory, LMS, 1976
o J. Lurie, Topics in Geometric Topology, 2009, http://www.math.harvard.edu/~lurie/937 . html

o J. Lurie, Algebraic K-Theory and Manifold Topology, 2014, http://www.math.harvard.edu/~lurie/
281.html

o R. Daverman, G. Venema, Embeddings in Manifolds, AMS, 2009, http://www.calvin.edu/~venema/
embeddingsbook/

(]

K. Sakai, Geometric Aspects of General Topology, Springer, 2013

GRADING RULES: The seminar is affiliated with the SEC (HOILl MUAH, www.mi-ras.ru/index.php?c=noc)
and credit will be awarded through the SEC. To get a grade, one needs to give a talk at the seminar. Unless
the talk is really bad, the speaker will earn 10 HSE points (=5 SEC points).

COMMENTS: It is expected that most talks will be in Russian. (This may change if there happen to be active
participants who do not understand Russian.)
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HAMILTONIAN MECHANICS
a course for 3'! year students and higher

LECTURER: I. M. Krichever.
LEARNING LOAD: Fall term of 2019/20 A. Y., two classes per week, 6 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:

1. JI. A. JJangay, E. M. JTudpmmuu. Kypc Teopetnueckoii pusuky, T.1, Mexanuka. M.: Hayka, 1988.
2. B. . ApHosibai. MaTeMaTHU4ecKre METO/IbI KJIacCUYeCcKol MexaHUKu. 3-e usz. M.: Hayka, 1989.

3. O. Babelon, D. Bernard, M. Talon. Introduction to Classical Integrable Systems. CUP, 2003.

GRADING RULES: 0.3 (problem sheets + midterms) + 0.7 (final exam). The score is rounded to the nearest
integer, half integer values are rounded up.
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HYPERKAEHLER MANIFOLDS
a seminar for 3'4 year students and higher

ADVISOR: M. S. Verbitsky.
LEARNING LOAD: Module 1 of 2019/20 A. Y., two classes per week, 3 credits.
DESCRIPTION: a six weeks minicourse on hyperkdhler and holomorphically symplectic geometry.

PREREQUISITES: differential geometry (manifolds, connections, differential forms), Kdhler geometry (Hodge
theory, complex structures, holomorphic bundles).

SYLLABUS:

1. Levi-Civita connection and its holonomy. Berger’s classification of Riemannian holonomy.

2. Kihler manifolds and holonomy. Calabi-Yau theorem. Hyperkédhler manifolds and special holonomy.
Twistor spaces.

3. K3 surfaces and their deformation theory.
4. Hyperkahler reduction and quiver spaces.

5. (*) Deformations of hyperkédhler manifolds. Global Torelli theorem.

TEXTBOOKS:

1. A. Besse, Einstein manifolds
2. Ph. Griffiths, J. Harris, Principles of Algebraic Geometry
3. D. Joyce, Compact Manifolds with Special Holonomy

4. N. J. Hitchin, A. Karlhede, U. Lindstrom, M. Rocek, Hyperkédhler metrics and supersymmetry. Comm.
Math. Phys. 108, (1987) 535-589.

GRADING RULES: Final grade is determined by the results of an exam. Students receive a list of exercises
(chosen randomly). To pass the exam the student is required to explain the solutions, using his or her notes.
The final score N is obtained by summing up the points from the exam problems (rounded down).

COMMENTS: the course will be given in the Module 1 (September-October), worth: 3 credits.
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INTRODUCTION TO COMMUTATIVE ALGEBRA
a course for 2" year students and higher
(y 3TOrO Kypca UMeeTcs ONMCcCaHUe Ha PyCCKOM)

LECTURER: A. B. Pavlov.
LEARNING LOAD: Fall term of 2019/20 A. Y., two classes per week, 6 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, algebras, ideals and modules

o Noetherian rings

o Unique factorization domains

o Rings and modules of fractions

o Integral dependence and Noether’s normalization theorem
o The going-up and going-down theorems

o Limits, colimits and tensor product

o Flat and projective modules

o Hilbert Nullstellensatz

o The spectrum of the ring

o Krull dimension and transcendence degree

o Primary decomposition

o Discrete valuation rings and Dedekind domains
o Dimension theory for noetherian rings

o Hilbert series

TEXTBOOKS:

o M. Reid, «Undergraduate commutative algebra.» Vol. 29. Cambridge University Press, 1995.

o M. Atiyah, «Introduction to commutative algebra.» Vol. 361. Westview press, 1994.
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o G.Kemper. «A course in commutative algebra.» Vol. 256. Springer Science & Business Media, 2010.

o D. Eisenbud. «Commutative Algebra: With a View Toward Algebraic Geometry.» New York, NY: Springer-
Verlag, 1999.

GRADING RULES: Your final grade is a weighted sum of

o Final written exam (50%),
o Written midterm (30%),

o Small tests during seminars (30%).
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INTRODUCTION TO COMPLEX DYNAMICS AND ANALYTIC THEORY OF ORDINARY DIFFERENTIAL
EQUATIONS

a seminar for 374 year students and higher

ADVISOR: A. A. Glutsyuk.
LEARNING LOAD: Module 3 of 2019/20 A. Y., two classes per week, 3 credits.

DESCRIPTION: Complex dynamics and analytic theory of ordinary differential equations are situated on cross-
ing of many domains of contemporary mathematics. The analytic theory of ordinary differential equations
and its global extension, the theory of holomorphic foliations were born in the first half of XX-th century, in
studying the Painlevé equations and the second part of Hilbert 16-th Problem about limit cycles of real planar
polynomial vector fields. Studying the 16-th Hilbert Problem led to a lot of important results in local dynamics,
normal forms and global properties of holomorphic foliations that became classical. Now holomorphic folia-
tions and complex dynamics are quickly developing areas on the crossing of several domains in mathematics,
including dynamical systems, analysis, complex and Riemannian geometry, ergodic theory. For example, both
foliations and holomorphic dynamics arise in classification problems in complex geometry and in some prob-
lems of mathematical physics. The course will present selected classical results on local dynamics, with an
accent on moduli of analytic classification, Stokes phenomena and also applications of Stokes phenomena and
holomorphic foliations in other domains of mathematics

PREREQUISITES: basic calculus, analysis of one complex variable, linear algebra, basic theory of ordinary
differential equations

SYLLABUS:

o

Holomorphic vector fields, singular points.

o Resonances. Non-resonant formal normal forms

o Analytic normal forms of singularities with linear parts in the Poincaré domain.

o Linear equations, Fuchsian singularities, normal forms.

o The Riemann - Hilbert problem.

o Irregular singularities. Stokes phenomena.

o Applications of the Stokes phenomena to real dynamics: model of Josephson effect.

o Resolution of singularities of two-dimensional holomorphic vector fields: Bendixon — Seidenberg theorem
without proof.

o Saddle node singularities and their monodromy; parabolic germs of conformal mappings.

o Analytic classification of parabolic germs. Ecalle — Voronin moduli.

o Analytic classification of saddle-node singularities of holomorphic vector fields: Martinet-Ramis moduli.
o One-dimensional holomorphic foliations. Main conjectures on minimal sets and topology of leaves.

o Density of leaves of a generic foliation with an invariant line.

o A very new striking unexpectable result by Alvarez and Deroin: an example of structurally stable foliation
on complex projective plane without dense leaves.

o Simultaneous uniformization of leaves.
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TEXTBOOKS:

o Ilyashenko, Yu.S.; Yakovenko, S. Lectures on analytic differential equations. Graduate Studies in Mathe-
matics, 86, AMS, 2008.

o Arnold, V.I. Geometrical methods in the theory of ordinary differential equations. Second edition.
Grundlehren der Mathematischen Wissenschaften, 250, Springer-Verlag, NY, 1988.

GRADING RULES: 0.3 (problem solutions) + 0.7 (final exam)

COMMENTS: The course will be taught from January to April 2020
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INTRODUCTION TO ERGODIC THEORY
a seminar for 2"4 year students and higher
(y 3TOrO Kypca UMeeTcs ONMCcCaHUe Ha PyCCKOM)

ADVISOR: M. L. Blank.

LEARNING LOAD: Fall term of 2019/20 A. Y., one class per week, 3 credits per semester.

DESCRIPTION: Is it possible to distinguish deterministic chaotic dynamics from a purely random and whether
this question makes sense? Does irreversibility influence qualitative characteristics of the process? Ergodic
theory studies these and other statistical properties of dynamical systems. Interest in this subject stems from
the fact that «typical» deterministic dynamical systems (eg, differential equations) exhibit chaotic behavior:
their trajectories look similar to the implementation of random processes. We begin with the classical results by
Poincare, Birkhoff, Khinchin, Kolmogorov, and get to modern productions (including yet unresolved) problems.
This is an introductory course designed for 2—-4 bachelors and graduate students. Prior knowledge except for

the course in mathematical analysis is not required (although it is desirable).
PREREQUISITES: calculus.

SYLLABUS:

o Dynamical systems: trajectories, invariant sets, simple and strange attractors and their classification,

randomness.

o The action in the space of measures, transfer operator, invariant measures. Comparison with Markov

chains.

o Ergodicity, Birkhoff ergodic theorem, mixing, CLT. Sinai-Bowen-Ruelle measures and natu-

ral/observable measures.

o Basic ergodic structures: direct and skew products, Poincare and integral maps, a natural extension and

the problem of irreversibility.
o Ergodic approach to number theoretical problems.

o Entropy: metric and topological approaches.

o Operator formalism. Spectral theory of dynamical systems. Banach space of measures, random perturba-

tions.
o Multicomponent systems: synchronization and phase transitions.

o Mathematical foundations of numerical simulations.

TEXTBOOKS: A. Katok, B. Hasselblatt. «Introduction to the modern theory of dynamical systemsy, 1995.

GRADING RULES: 0.4 (Cumulative assessment) + 0.6 (Exam). The cumulative assessment is determined by

control, delivery of sheets and work at lectures and seminars. Round up.
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INTRODUCTION TO FROBENIUS ALGEBRAS AND MIRROR SYMMETRY
a seminar for 2"4 year students and higher
(y 3TOrO Kypca UMeeTcs ONMCcCaHUe Ha PyCCKOM)

ADVISOR: P. I. Dunin-Barkowski, A. A. Basalaev.
LEARNING LOAD: Spring term of 2019/20 A. Y., two classes per week, 6 credits per semester.

DESCRIPTION: Frobenius algebra is just an associative algebra with a unit equipped with a bilinear form and
satisfying a certain simple condition called the Frobenius condition. Despite the notion of Frobenius algebras
being very simple, it turns out that these objects play a profound role in many interesting areas and examples.
One particular area where they naturally arise is the singularity theory which arises from studying cusps with
behavior similar to the one of the curve y? = x3 near (x, y) = (0, 0) (compare this to the behavior of the curve
y? = x3 + x? near the same point).

In the present course we will start with introducing the basic concept of Frobenius algebra and discuss some
examples and properties of these objects. Then we will discuss the basics of singularity theory and the relation
of Frobenius algebras to this theory. Along the way we will mention the relation of all this to physics (in
particular, we will discuss the so-called «two dimensional topological quantum field theories» which sound
much scarier than they really are). Towards the end of the course we will touch the concept of F-manifolds,
providing all the necessary preliminaries.

This course is aimed to be completely accessible for all second-year students and above.
PREREQUISITES: Algebra I, Geometry I

SYLLABUS:

1. Algebras with a pairing, Frobenius algebras. Equivalent formulations, uniqueness of the pairing, restric-
tions arising from the Frobenius property.

2. Examples of non-Frobenius associative commutative algebras. Formal description of Frobenius algebras
in terms of the unit and the counit and the multiplication tensor. Corresponding graphs and cobordisms
description.

3. Frobenius algebras coming from the singularity theory: ADE examples.

>

Root systems of the ADE type, Coxeter groups, Frobenius algebra structure on the space of invariant
polynomials.

Frobenius algebras arising from the cohomology of manifolds. CP" examples.
Atiyah’s axioms of 2D TQFTs. Relation to physics.
Mirror symmetry as an isomorphism of Frobenius algebras, certain simple examples.

Manifolds with a product. Associative and commutative case, F-manifolds.

© ©® N o o

F-manifolds arising from deformations of singularities: ADE examples.

TEXTBOOKS:

o J. Kock, «Frobenius Algebras and 2d Topological Quantum Field Theories», Cambridge University Press,
Cambridge, 2004.
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o C. Hertling, «Frobenius Manifolds and Moduli Spaces for Singularities», Cambridge University Press,
Cambridge, 2002.

o S. M. Natanzon, «Geometry of two-dimensional topological field theories», MCCME, Moscow, 1998.

o V. 1. Arnold, V. V. Goryunov, O. V. Lyashko, V. A. Vasil’ev, «Singularity Theory I», Springer, 1998.

GRADING RULES: Grading is based on the following four marks:

o § € [0, 4] - the total mark for the problem sheets, a real number between 0 and 4,

(]

C € [0,4] - the total mark for the tests (small written tests given every few seminars), a real number
between 0 and 4,

o T € [0, 3] — the mark for a 30-minute talk given at one of the seminars, a real number between 0 and 3,

o E €[0,5] — the final oral exam mark, a real number between 0 and 5.

The total score for the course is computed according to the following formula:
min(10, [S+ C+T + EY),

where [] stands for rounding up. If for any student min(10, [S + C + T']) > 8 already before the final exam, this
student can take this value as his or her final score and skip the exam.
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INTRODUCTION TO FUNCTIONAL ANALYSIS
a course for 2" year students and higher

LECTURER: A. Yu. Pirkovskii.
LEARNING LOAD: Fall term of 2019/20 A. Y., two classes per week, 6 credits per semester.

DESCRIPTION: Functional analysis studies infinite-dimensional vector spaces equipped with a norm (or,
more generally, with a topology), operators between such spaces, and representations of algebraic structures
on such spaces. The classical areas of Functional Analysis are the spectral theory of linear operators, the
geometry of Banach spaces, distribution theory, operator algebra theory, etc. Among relatively new areas are
noncommutative geometry a la Connes, operator space theory (a.k.a. «quantum functional analysis»), and
locally compact quantum groups. Functional analysis has numerous applications in differential equations,
harmonic analysis, representation theory, geometry, topology, calculus of variations, optimization, quantum
physics, etc.

In this an introductory course, we plan to cover the very basics of Functional Analysis (the «irreducible mini-
mumy) only.

PREREQUISITES: Calculus, linear algebra, metric spaces, the Lebesgue integral

SYLLABUS:

1. Normed and Banach spaces, bounded linear maps.

Hilbert spaces.

The Hahn-Banach Theorem, the Open Mapping Theorem, the Uniform Boundedness Principle.
Basic duality theory.

Elementary spectral theory.

N S o

Compact operators. The Hilbert-Schmidt Theorem.

TEXTBOOKS:

1. A. Ya. Helemskii. Lectures and exercises in Functional Analysis. AMS, 2006.

V. L. Bogachev and O. G. Smolyanov. Real and Functional Analysis. RCD, 2011 (in Russian).

A. A. Kirillov and A. D. Gvishiani. Theorems and problems in Functional Analysis. Springer, 1982.
B. Simon. Real Analysis. (A comprehensive course in Analysis, Part 1). AMS, 2015.

B. Simon. Operator Theory. (A comprehensive course in Analysis, Part 4). AMS, 2015.

N S o

M. Reed, B. Simon. Methods of Modern Mathematical Physics. 1. Functional Analysis. Academic Press,
1972.

7. W. Rudin. Functional Analysis. McGraw-Hill, 1991.

8. J. B. Conway. A course in Functional Analysis. Springer, 1990.
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GRADING RULES: final grade = 0.7 X (cumulative grade) + 0.3 X (exam grade), where cumulative grade =
= 0.5 X (midterm grade) + 0.5 X (exercise sheets grade).

The oral exam will be at the end of December and will include only the material of the 2nd module.

The midterm exam (also oral) will be at the end of October (or at the beginning of November) and will include
only the material of the 1st module.

To get the maximum grade for the exercise sheets, you should solve 75% of all the exercises. If you solve more,
you will earn bonus points.

You can also earn bonus points for working actively at the exercise classes and for solving «bonus exercises»
(marked as «B» in the sheets).
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INTRODUCTION TO MATHEMATICAL STATISTICS
a course for 3'! year students and higher

LECTURER: A. S. Skripchenko.
LEARNING LOAD: Module 2 of 2019/20 A. Y., one class per week, 2 credits.

DESCRIPTION: The main goal of mathematical statistics 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 used to select the most appropriate model.
We will discuss two most frequent classes of problems in this area, the parameters estimation and the hypothesis
testing.

PREREQUISITES: The most basic part of probability theory: distributions of random variables, mathematical
expectations and variances for random variables, statement of the central limit theorem (knowledge of the
proof is not required). This material is covered by the first module of the mandatory course «Introduction to
Probabilitiesy, so 3rd year students will be ready for this course.

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 bound. Consistent estimators. Sufficient statistics and Fisher — Neumann factorization the-
orem. 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 Victor M. Panaretos, «Statistics for Mathematicians: a Rigorous First Coursey.

o M. ﬂaFYTI/IH, «HarsiaaHaa MmaTeMaTUyecKas 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.

GRADING RULES: The only grading component is the exam, which has the following form. Students are given
a home assignment, which should be submitted a few days before the exam. The exam is an oral discussion of
the problems solved in the homework, and of the corresponding topics of the theory (the points given to each
solution can be reduced in case of poor knowledge of statements and definitions used). The formula producing
the final grade from the sum of points (rounding included) is published along with the assignment; a student
should solve approximately 70-80% of the assignment to achieve the grade «10», and 30-40% to achieve «4».
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INTRODUCTION TO RIEMANN SURFACES
a course for 2" year students and higher
(y 3TOrO Kypca UMeeTcs ONMCcCaHUe Ha PyCCKOM)

LECTURER: S. M. LvovskKi.
LEARNING LOAD: Spring term of 2019/20 A. Y., two classes per week, 6 credits per semester.

DESCRIPTION: The aim of the course is to demonstrate how some of the key ideas of algebraic geometry
work, using the approach that does not reaquire a hard technical introduction

PREREQUISITES: Complex analysis, Topology-1, Calculus on manifolds (rudiments)

SYLLABUS:

1. Definitions. Compact Riemann surfaces associated to algebraic equations.

Differentials, residues, divisors. Genus of a compact Riemann surface.

Compact Riemann surfaces associated to smooth and nodal plane curves. Poincaré residue.
Riemann’s existence theorem (without proof). Riemann — Roch theorem.

Linear systems and line bundles.

Canonical curves. Castelnuovo —De Franchis theorem.

Jacobian variety. Abal and Jacobi theorems.

® N o 9~ W N

Theta divisor. Torelli theorem.

TEXTBOOKS:

1. R. C. Gunning. Lectures on Riemann Surfaces.

2. Ph. Griffiths, J. Harris. Proinciples of Algebraic Geometry, Chapter 2

GRADING RULES: 0.4 (grade for the midterm exam) + 0.6 (grade for the final exam) . Non-integer grades
will be rounded up.
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INTRODUCTION TO THE THEORY OF RANDOM PROCESSES
a seminar for 3'! year students and higher
(y 3TOrO Kypca UMeeTcs ONMCcCaHUe Ha PyCCKOM)

ADVISOR: M. L. Blank.
LEARNING LOAD: Spring term of 2019/20 A. Y., two classes per week, 6 credits per semester.

DESCRIPTION: The course is a continuation of the standard course in probability theory (associated mainly
with combinatorics) and is intended for an initial introduction to the theory of random processes. Special
attention is paid to the connection of this theory with functional analysis and the general measure theory. The
course is aimed at bachelors 2-4 courses, undergraduates and graduate students.

PREREQUISITES: calculus, probability theory

SYLLABUS:

o The concept of a random process.

o Elements of random analysis.

o Correlation theory of random processes.

o Markov processes with discrete and continuous time.

o Wiener and Poisson processes.

o Stochastic integral. Ito’s formula.

o (sub/super) martingales.

o Infinitesimal semigroup operator.

o Stochastic stability of dynamical systems.

o Large deviations in Markov processes and chaotic dynamics.

o Nonlinear Markov processes.

TEXTBOOKS:

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

o N. V. Krylov. Introduction to the theory of random processes. AMS. V.43, 2002.

GRADING RULES: 0.4 (cumulative assessment) + 0.6 (exam). The cumulative assessment is determined by
control, delivery of sheets and work at lectures and seminars. Round up.
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LIE GROUPS AND LIE ALGEBRAS
a course for 3'! year students and higher

LECTURER: G. I. Olshanski.
LEARNING LOAD: Fall term of 2019/20 A. Y., two classes per week, 6 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 compact classical
groups on the example of the unitary groups U,,.

PREREQUISITES: Good knowledge of linear algebra; basics of multivariable calculus; understand the defi-
nition of topological space, smooth manifold, tangent space; some knowledge of the basics of representation
theory of finite groups (not mandatory, but desirable).

SYLLABUS: Definition of Lie group. Linear Lie groups. Subgroups of Lie groups. Exponential map. Definition
of Lie algebra. Connections between Lie groups and Lie algebras. Universal enveloping algebra of a Lie algebra.
Its center. Symmetric algebra of a Lie algebra. The Poincaré — Birkhoff — Witt theorem. Representations of sl(2).
Haar measure on a Lie group. Radial part of Haar measure on U,,. Weyl’s formula for characters.

TEXTBOOKS: William Fulton and Joe Harris, Representation theory (Russian translation available). Jacques
Faraut, Analysis on Lie groups. An introduction.

GRADING RULES: Homework Assignments (activity weight 0.5); Midterm Exam (activity weight 0.1); Final
Exam (activity weight 0.4
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MARKOV CHAINS
a course for 2" year students and higher

LECTURER: A. Dymov.
LEARNING LOAD: Fall term of 2019/20 A. Y., one 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 deep and very beautiful mathematics. They are known as probably the most important class
of random processes, in particular, because of the numerous applications in mathematics, physics, computer
science, 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 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. The only required knowledge is the basic course of analysis and linear algebra.

PREREQUISITES: Analysis, linear algebra

SYLLABUS:

[

Markov chains with finite number of states.

Examples.

Stationary states and their existence.

Ergodic theorem for Markov chains with ergodic transition probability matrix.

Applications of the ergodic theorem. The law of large numbers for Markov chains. The Google’s PageRank.
Perron-Frobenius theorem.

Topological structure of Markov Chains.

Periodic Markov chains.
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Aperiodic Markov chains. Ergodic theorem for irreducible aperiodic Markov chains.

TEXTBOOKS:

1. W. Feller, An introduction to probability theory and its applications, Vol. 1, 3rd ed., Wiley (1968).
2. B. V. Gnedenko, Theory of probability, 6th ed., Boca Raton, FL: CRC Press (1998).

3. J. G. Kemeny, J. L. Snell, Finite Markov chains, Springer-Verlag (1976).

4. L. B. Koralov, Ya. G. Sinai, Theory of probability and random processes, 2nd ed., Springer (2012).
5. A. N. Shiryaev, Probability, 2nd ed., Springer, New-York (1995).

GRADING RULES: (C + E)/2, where C denotes the current grade and E denotes the exam grade.
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MODERN DYNAMICAL SYSTEMS
a seminar for 3" year students and higher

ADVISOR: A. S. Skripchenko, A. V. Zorich.
LEARNING LOAD: Spring term of 2019/20 A. Y., two classes per week, 6 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 hope to arrive at the end of the course to the most recent advances in dy-
namics and geometry and to present (at least informally) some of results of A. Avila, A. Eskin, M. Kontsevich,
M. Mirzakhani, G. Margulis.

PREREQUISITES: We expect our audience to be familiar with basic differential geometry, basic algebraic
topology and basic measure theory. Also, since ergodic theory is very partially presented in our course, we
recommend to people who are interested in dynamical systems to take an independent course of ergodic theory.

SYLLABUS:

o Geometry and Dynamics: introduction to hyperbolic geometry. Mobius transformations. Fuchsian groups.
Geodesics on surfaces of negative curvature. The geodesic flow and its properties. Geodesic flow on
modular curve as a continued fraction map. Teichmiiller space. Teichmiiller geodesic flow. Counting of
simple closed geodesics: results by M. Mirzhakhani.

o Dynamics and Topology: Interval exchange transformations (IET) as natural generalizations of contin-
ued fractions. Measured foliations on surfaces and their key ergodic properties. Multiplicative ergodic
theorem. Topological interpretation of Lyapunov exponents. Sums of Lyapunov exponents as uniform
bounds for degrees of holomorphic subbundles. Anosov and Pseudoanosov diffeomorphisms of surfaces.
Introduction to hyperbolic dynamics (Markov partitions, invariant measures etc).

o Dynamics and Number Theory. Homogeneous dynamics and its applications to famous conjectures in
number theory, such as Oppenheim conjecture (solved) and Littlewood conjecture (still open). Results of
G. Margulis.

o Dynamics and Analysis. Transfer operator and its spectral gap. Perron-Frobenius theorem and its gener-
alization by D. Ruelle, zeta-function and its interpretation in terms of transfer operator.

TEXTBOOKS:

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

o S. Katok, Fuchsian groups, University of Chicago Press, Chicago and London, 1992 (Russian translation:
Faktorial Press, Moscow, 2002)

o W. Thurston, Geometry and topology of three-manifolds, Princeton University Press, 1997 (Russian trans-
lation: MCCME, 2001)

o Ya. Sinai, Introduction to ergodic theory Princeton University Press, 1977 (Russian original: Yerevan
University Press, 1973)

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

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

135


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

o G. Margulis, Number theory and homogeneous dynamics, lecture notes are available from
http://jointmathematicsmeetings.org/meetings/national/jmm/margulis colloq lect 08.pdf

o D. Ruelle, Chaotic Evolution and Strange Attractors, Cambridge University Press, Cambridge, 1989.

GRADING RULES: There is only a cumulative mark, no final exam. Cumulative mark is formed by home
assignments and oral presentations based on recent and rather advanced research papers in dynamical systems.
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QUANTUM INTEGRABLE SYSTEMS IN FORMULAS AND PICTURES
a seminar for 3'! year students and higher

ADVISOR: Kh. S. Nirov.
LEARNING LOAD: Fall term of 2019/20 A. Y., one class per week, 3 credits per semester.

DESCRIPTION: Within the framework of the theory of quantum integrable systems, many powerful methods
have been developed to study their underlying mathematical structures and possible physical implications.
They are quite sophisticated and, basically, they can be divided into three sections: algebraic, analytical and
graphical. Here, the algebraic methods are based on the quantum group structures with which the integrable
model is associated; the analytical methods imply analysis of properties of the integrability objects as functions
of the spectral parameter, their asymptotic behavior with respect to parameters such as an external magnetic
field, temperature, or other parameters of this type; the graphical methods stem from the famous triangle
representation of the Yang-Baxter equation. As a rule, the most effective is a certain combination of these
methods, when each of them is applied to solve a specific task to achieve a common goal. We will present
a systematic discussion of these three main approaches to the investigation of quantum integrable systems.
Various useful objects and equations will be given in both algebraic and graphical forms. As the basic example,
we will specialize our discussion to quantum integrable systems associated with the quantum loop algebra of
lowest rank, on which the «classical» six-vertex model and the corresponding XXZ spin chain are based.

PREREQUISITES: The course is designed for 3rd and 4th year undergraduate students, masters and PhD
students. Although some necessary materials will be given during the course, for a better understanding of
it, knowledge of the basics of the theory of the Kac — Moody Lie algebras and their representations would be
helpful. It is also desirable to have a primary idea about Hopf algebras.

SYLLABUS:

[}

Loop algebras. Quantum groups. Universal R-matrix. Representations of quantum loop algebras.

o Universal integrability objects. Transfer- and Q-operators. Commutativity.

[}

Functional relations between integrability objects. TQ-, TT-and QQ-relations.

o R-operators. Unitarity and crossing. Graphical description of open chains.

[}

Basic example in detail: quantum loop algebra U, (L(sl,)).

TEXTBOOKS:

1. R.J. Baxter, «Exactly solved models in statistical mechanics», Academic Press, London, 1982, ISBN 0-12-
083180-5

2. V. Chari, A. Pressley, «A Guide to Quantum Groups», Cambridge University Press, 1994, ISBN 0-521-
43305-3

3. M. Jimbo, T. Miwa,«Algebraic Analysis of Solvable Lattice Models?, Regional conference series in math-
ematics, AMS, 1995, ISSN 0160-7642, No.85

4. AKlimyk, K.Schmiidgen, «Quantum Groups and Their Representationsy, Springer, 1997, ISBN-
10:3642646018

5. H. Boos, F. Gohmann, A. Kliimper, Kh. S. Nirov, A. V. Razumov, «Universal R-matrix and functional
relationsy, Rev. Math. Phys. 26, No. 4 (2014) 1430005 (66pp.)
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6. Kh. S. Nirov, A. V. Razumov, «Vertex models and spin chains in formulas and pictures», Preprint
arXiv:1811.09401 [math-ph] (62pp.)

GRADING RULES: You will collect cumulative score C (estimated by 10 points). If C > 8, then the resulting
mark R = C. If C < 8, then the written exam must be presented (estimated from 10 points), and the resulting
mark R = (C + E)/2, where E is the exam mark, rounded off by the standard rules.
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REAL ALGEBRAIC AND TORIC GEOMETRY
a seminar for 3" year students and higher

ADVISOR: A. 1. Esterov.
LEARNING LOAD: Spring term of 2019/20 A. Y., one class per week, 3 credits per semester.

DESCRIPTION: This is an introduction to real algebraic geometry (1st module) and toric varieties (2nd mod-
ule). Although the two topics are formally independent, the first one provides a natural context for the second.

The first module will be devoted to Hilbert’s 16th problem for algebraic curves, which was one of the starting
points for real algebraic geometry. The problem asks for the topological classification of smooth plane real
algebraic curves of a given degree. Hilbert himself solved the problem up to degree 6 modulo one elusive
topological type, whose existence was proved only 70 years later. Our aim is Viro’s patchworking theorem,
which allows to construct algebraic curves of a given degree with prescribed topology. For example, the here
is the patchworking construction for the aforementioned elusive curve:
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The second module will be devoted to toric varieties — certain algebraic varieties that can be assigned to
integer polytopes. This correspondence between algebraic and geometric objects turns out to be profitable for
both fields of study. For instance, on the polyhedral side, it solves the Upper bound conjecture regarding the
number of faces of a simple polytope, while, on the algebro-geometric side, it produces the theory of Newton
polytopes and provides the technique behind Viro’s patchworking.

PREREQUISITES: Linear algebra and point-set topology. Familiarity with smooth manifolds and algebraic sets
is a plus.

SYLLABUS:
o Hilbert’s 16th problem and Harnack’s inequality
o Viro’s patchworking

o Real and complex projective toric varieties

o Newton polytopes and tropical compactifications
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o Kouchnirenko-Bernstein formula

TEXTBOOKS:

o V. Kharlamov and O. Viro, Easy reading on topology of real plane algebraic curves
o O. Viro, Patchworking Real Algebraic Varieties

o D. Cox, What is a Toric Variety?

[

G. Ewald, Combinatorial Convexity and Algebraic Geometry

GRADING RULES: The lecture notes contain certain problems. Three days before the final exam, every student
is given five of these problems at random. The student is then expected to write down the solutions and defend
them at the oral exam. The final grade equals the final exam grade.
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REPRESENTATIONS AND PROBABILITY
a seminar for 3'! year students and higher

ADVISORS: A. I. Bufetov, A. Dymov, A. V. Klimenko, M. Mariani, G. I. Olshanski.
LEARNING LOAD: two semesters of 2019/20 A. Y., one 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
students. 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. Semesters can be taken indepen-
dently.

SYLLABUS: Tentative topics for fall semester:

o Hyperbolic groups and ergodic theory of their actions.

o Determinantal point processes. Results connecting them with Markov chains.

[

Ergodic behaviour of Markov chains with continuous state space.

o Continuous-time Markov chains and their asymptotic behavior. Combinatorial representations of invari-
ant measures.

[

Potential theory for Markov chains and applications to Statistical Physics.
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 probability theory (point processes and Markov dynamics).

TEXTBOOKS:

[1] I I. Gikhman, A. V. Skorokhod, Introduction to the theory of random processes, Dover, 1996. (nepeBop ¢
pycckoro: U. U. I'mxmaH, A. B. Ckopoxo/. BeefieHne B TeopHio cJIy4aliHbIX ITponeccos. M.: 1977.)

[2] S. Kuksin, A. Shirikyan, Mathematics of two-dimensional turbulence, Cambrige University Press, 2012.

[3] A. Gaudilliere, Condenser physics applied to Markov chains — A brief introduction to potential theory,
arXiv:0901.3083

[4] A. Borodin and G. Olshanski, Representations of the infinite symmetric group. Cambridge University Press,
2017.

GRADING RULES: The only grading component is the result of the final exam. The exam is an oral discussion
of the problems from the specified list and of the corresponding topics of the theory. The list of problems is
given 1-2 weeks before the exam; along with the problems it specifies the formula for the exam grading. Also,
the student who made a talk on the seminar can get the grade «10» before the exam.

COMMENTS: Seminar is planned to be held at the Steklov Mathematical Institute in Fall semester and at HSE
in Spring semester.
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SMOOTH STRUCTURES ON MANIFOLDS
a seminar for 3'! year students and higher

ADVISOR: A. S. Tikhomirov.
LEARNING LOAD: Fall term of 2019/20 A. Y., two classes per week, 6 credits per semester.

DESCRIPTION: The smooth topology of four-dimensional manifolds is unique in the sense that it provides
phenomena having no analogues neither in smaller, nor in higher dimensions. For instance, on many four-
manifolds there were found an infinite, and on R* even uncountable number of smooth structures. These
phenomena were invented in 80-90-ies in the works of S.Donaldson, C. Taubes and many other geometers
in connection with the application of methods of modern differential geometry to four-dimensional topology.
This is a new area of mathematics lying at the junction of global analysis and gauge theory which is related
to the Yang — Mills equations. Their solutions — the so-called instantons — lead to new invariants of smooth
structures on four- manifolds. In this course we give an introduction to the invariants of smooth structures
related to instantons and show how they work in four-dimensional topology.

PREREQUISITES: Standard courses of linear algebra and geometry are required. Familiarity with basic notions
of topology and differential geometry like topological and smooth manifold, homology groups, tangent bundle,
differential forms and integration on manifolds is desirable.

SYLLABUS:

—

Smooth structures on topological manifolds.
Vector and principal bundles. Connections
Curvature and characteristic classes

The space of connections

The Yang — Mills equations and the moduli space
Compactness and gluing theorems

Definite intersection forms.

The Donaldson polynomial invariants

© © N o 0 > W N

The connected sum theorem

—
e

The Kobayashi — Hitchin correspondence

11. Smooth structures on complex algebraic surfaces

TEXTBOOKS:

1. A. ®dpupg, K. Yienbek. UHCTaHTOHBI U YeTblpexMepHble MHOroobpasus. Mocksa, Mup, 1988.

2. C. H.Taubes. Differential Geometry Bundles, Connections, Metrics and Curvature. Oxford Univ. Press,
2011.

3. S. K. Donaldson, P.B.Kronheimer. The Geometry of Four-Manifolds. Oxford, Clarendon Press, 1990.

4. R. Friedman, W. Morgan. Gauge Theory and the Topology of Four-Manifolds. IAS/Park City Math. Series,
Vol. 4, 1997.

GRADING RULES: 0,3 (home tasks) + 0,2 (midterm) + 0,5 (final exam).
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SYMMETRIC FUNCTIONS
a course for 2" year students and higher

LECTURER: E. Yu. Smirnov.
LEARNING LOAD: Fall term of 2019/20 A. Y., two classes per week, 6 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,,; 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: Standard courses of algebra and discrete mathematics. 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.

3. Pieri rule. Kostka numbers. Enumeration of semistandard and standard Young tableaux, hook length
formula.

Applications to combinatorics: enumerating plane partitions. MacMahon formula.
Enumeration of massifs (after Danilov and Koshevoy). Dense massifs. RSK-correspondence.

Multiplication of Schur functions. Littlewood-Richardson rule. (*) Knutson-Tao puzzles.

N o 0 s

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

%

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

9. Properties of Schubert polynomials. Monk’s formula, Lascoux transition formula.
10. Combinatorial presentation of Schubert polynomials. Pipe dreams. Positivity. Fomin—Kirillov theorem.
11. Flagged Schur functions, determinantal formulae.

12. (*) Generalizations: double Schubert polynomials, Stanley symmetric functions, Grothendieck polynomi-
als.

The topics marked with (*) will be covered if the time and the enthusiasm of the audience permits.
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TEXTBOOKS:

1. William Fulton. Young tableaux, With Applications to Representation Theory and Geometry. CUP, 1997
(Russian translation available)

2. Laurent Manivel. Fonctions symétriques, polynémes de Schubert et lieux de dégénérescence. Société
Mathématique de France, 1998. (English translation available)

3. Ian G. Macdonald. Symmetric functions and Hall polynomials. 2nd edition. Clarendon Press, 1998. (An
expanded Russian translation of the 1st edition available)

4. Richard Stanley. Enumerative combinatorics, vol.2. CUP, 1999 (Russian translation available).

GRADING RULES: There will be two written exams: the midterm exam at the end of the first quarter and the
final exam, counted as 40% and 60% towards the final grade, respectively. Both exams are graded out of 10
points. The final grade is the weighted average, rounded to the nearest integer.
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