HALIMOHAJIbHBIA UCCJIENOBATEJIbCKUM YHUBEPCUTET «BBICIIAS IIIKOJIA DKOHOMMKN»

DAKYIJIBTET MATEMATUKHN

KYPCbI U CEMUHAPBHI I10 BBIBOPY
IIPEJIJIATAEMBIE B 2019/20 YYEBHOM 'Oy
CTYIOAEHTAM ®AKYJIBTETA MATEMATUKH

MOCKBA
2019



COEPXXAHHUE

Kypchl Ha BbIOOp CTYJEHTOB 5
KypChl HQUAJIBHOTO YPOBHSL .« . ¢ v v v v vt v e v e e e e e e e e e e e e e e e e e e e e e e e 5
CrenaJIbHBIe KYPCBL 1 CEMUHAPBL . .+« ¢ & v v v o o v v v e et e e e e e e e e e e e e e e e 6
HemaremaTnueckye KypcChbl, YuTaeMble Ha QaKyJIbTeTe MATEMATUKH . . . o « o v v v v v v v v v v o v s 8

KypcsI 114 Tex, KTO yBJIEKCS MPUJIOXKEHUAMM MaTeMaTUKU 8

Craructuueckas nuHpopmMmanus o Kypcax 8

OnucaHuA KypCcoB Ha PyCCKOM 9

(kypcugom HabpaHbI KypChl HAUATbHOZO YPOBHA, TIPSMBIM MIPU(PTOM — CIelUaTbHbIE KyPChI)

Auteebpauueckasn ceomempus ¢ ceomempuueckotl mouku 3peHuss (B. C.KryH) . . . ... ... ... ... 9
Asteopummut u agmomamsl  (FO. B. CaBATEEB) . . . . v v v v v v e e e e e e e e e e e e e e e e e e e 11
AnroputMmsl u Mofienu BeruncaeHU (. A. TOJTy0eHKO) . . . . . . . . o o v i i i e e 12
BgedeHue @ ancebpauyeckyro monosiocuto (M. D.KazapsiH) . . . . . . . . . ..o 14
BBenenue B anredbpanyeckye rpynnsl 4 ux uHBapuaTtel (B.C.XKryH) . . . . . .. .. ... ... 15
Bgederue @ kommymamugHyto aeebpy (A. C. XOPOIIKMH) . . « ¢ v v v v v v v v v e e e e e e e e e e 17
BgedeHue @ stuHeBUCMUKY (B. JL MOMIHH) « « . v v v v v v v e e e e e e e e e e e e e e e e e e e e e e 18
Bagederue 8 pumaroasl nogepxHOocmu  (C. ML JIBBOBCKHIEL) . . « v ¢ v v v v v v v e e e e e e e e e e e 20
BagedeHue @ meoputo kameeoputi u comostocudeckyto aieedpy (A.JI. ToponmeHIeB) . . . . . . . . . . .. 21
BgedeHue 8 kaaHmogyto meoputo (B. B. Jlocakos, I1. I'. TaBpuIeHKO) . . . . . . . .« v v v v v v v . . 23
BBeneHue B Teopuio caydyadHbIX mporeccoB (M. JL. BJIaHK) . . . . v v v v v vt e e e e e e e e e e 25

BagedeHue @ ¢ppobeHuycoasl atcebpel u 3epkastvtyto cummempuro (1. M. lynuH-BapkoBckuii, A. A. Ba-

CATIACB) & v v v v e e e e e e e e e e e e e e e e e e e e e e e e e 26
Bgederue @ meoputo uucest (B. 3. IaPHY) . . . . . o v v v e e e e e e e e e e e e e e e e e e 28
BagedeHue @ apeoduyeckyto meopuro (M. JL BJIAHK) . . . . . v v v v v e e e e e e e e e e e e e e e 30
l'eomeTprueckue CTPyKTypsl Ha MHoroo6pasuax (/. b. Kaneaun, M. C. Bepouukuii, B. C. XKryn) . . 31
T'eomeTpusa u aHanus AudpdepeHnnanbHbix ypapHeHui (Y. B. Boiorumn, B. A. [ToGepexHbil) . . . . . 32
Teomempus u epynnot (O. B. IIIBAPIIMAH) . . . . . o v v v v i it e e e e e e e e e e e e e e e 33
TI'eomempus u ounamuxka (A. B. Kimumenko, I'. U. Onpmanckuii, A. C. CKpUIMMYEHKO) . . . . . . . . . . . 34
I'pagut Ha nogepxHocmax (H. 1. AMOYDPT) . . .« o o o v o e e e e e e e e e e e e e e e e e 36
I'pynna koc, R-matpullsl ¥ kBaHToBble rpynnsl  (II. A. Canonos, II. H. [TatoB) . . .. ... ... ... 37
JuHamuueckyie cucTeMbl (FO. C. IIBAMIEHKO) .+ .+ . v v v v v v o v e v e v e e e e e e e e e e e e e e e 39
JudpepernyuanmvHaa meopua I'atya (C. O.TOPUMHCKHI) « « v v v v v v v v v e e v e e e e e e e e e e 40
JlonotHumestsHoble etagdsl ateebpol (JI. T. PBIOHUKOB) . . . . . v v v v v v i e e e e e e e e e e e e e e 41

2



H36paHHble etaswl OuckpemHoll mamemamuku (W. B. ApTaMKUH) . . . . . . . oo vttt 42

Vz6paHHEbIe rJiaBbl MaTeMaTH4uecKol 3KOHOMUKK (M. ML JIEBUH) . . . . . . v v v v v v v e v e o v v 43
Kameeopuu u yHugsepcatbHaa aicebpa (B. B. IIIeXTMaH) . . . . . . . v v v v i i v v e e e e e 45
KBanrtoBas Teopusi (B. B. JIocAKOB, A. T. CEMEHOB) . . . .+« v v v v v e e e e e e e e e e e e e 46
KBaHToBasg TeopuA MOJIA (A.T. CEMEHOB) . . . & v v v v v i e e e e e e e e e e e e e e e e e e e e e e 47
Kinaccuueckas teopus nosid  (I1. . JlyHUH-BapKOBCKUI) . . . v v v v v v v v v v e v e e e e e e e e e 48
KomruiekcHast reoMeTprsi (A. B.TIEHCKOI) . . . . v v v v v o i e e e e e e e e e e e e e e e e e e e e 50
JlunetiHoe npoepammupodarue (A. B. KOJIECHUKOB) . . . . . v v v v v it i e e e e e e e e e e e e e 51
Maremartuka i nparMaTiuka (A. B. XOXJIOB) . . . . ¢« v v v i e i e e e e e e e e e e e e e e e e 53
MaTematuka npoieccoB B panHel BcesieHHOU (K. I1.3BIOMH) . . . . . . . . . o . v v v v v v v v v oo 55
Mamemamuka ¢usuueckux agmeHuit (I1. L. APCEEB) . . . . . v v v v v i e e e e e e e e e e e e 56
MammuaHoe o6ydeHre (M. B.IIIYPOB) . . . . . o v i v i e i e e e e e e e e e e e e e e e e e e e e e 58
Metomsl c6opa u aHaim3a conuosorndeckor nadopmanuu (/. C. Hlmepauur) . . . . .. . ... .. 59
Ontumuzanusa GopMbl (E. O. CTEMAHOB) . . « « v v v v v v v e e e e e e e e e e e e e e e e e e e e e e 61
Octoanole noHamua mamemamuxku (FO. M. Bypman, C. M. JIBBOBCKUH) . . . + v v v v v v v v v v v v v 63
OcHOBBI 5KOHOMETPUKU (M. B. BOCKOOOMHHMKOB) . « . v v v v v v v v e v v e e e e e e e e e e e e e e e 64
IpoexmueHas ateebpauveckaa ceomempus (M. B. Apramkus, A. C. TUXOMUPOB) . . . . . . . . .. .. 65
PuMaHOBH IOBepXHOCTU U uHTerpupyemsle cucteMmsl (C. M. HaTtaH3oH) . . . . ... ... ... ... 67

CoBpemeHHBIe MTpo0JIeMbl MaTeMaTtuueckoi jjoruku (JI. 1. Beknemutes, B. B. Illextman, []. C. [lam-

KaHOB, A. B. KymquHOB, FO. B. CaBaTEEB) . . . . v v v v v v v e e e e e e e e e e e e e e e 68
Teopua kodupogaHus kak 8dedeHue 8 ateebpy u apu¢memuxy (B. A.TpuiieHko) . . . . . . . . .. ... 69
Teopus npencrasaennii (B. JI. @efiruf, JI. T PBIOHUKOB) . . . .« v v v v v v v v v e e e e e e e e e e 71
Teopua nydkoB (H. C. MapPKAPAH) . .« v v v v v v v v e e e e e e e e e e e e e e e e e e e e e e e 72
Tsma ¢yHkyuu u modystapusle pyHkyuu (O. B. [IBapiMaH) . . . . . . . v v v v v o v i e e e e 73
YpaBHeHus ¢ yacTHBIMU npou3BoAHBIMU (C. B. IIIamOmHUKOB) . . . . . . . . v v v v v v vt e e n 74
Qwrocoua (A. B. MUXAMIIOBCKII) .« « « v v v v v v v e e e e e e e e e e e e e e e e e e e e e e 76
AemeHmapHoe 8gedeHue 8 KaaHmogyto meopuro noyii (M. B. CKOIIEHKOB) . . . . . . . . . v v v v . .. 78
OsemeHmul ppakmastoHoli ceomempuus (B. B. IIIUXEEBA) . . v v v v v v v v e e e e e e e e e e e 80
OMnTHYecKre HTerpassl u sjuuntuyeckrue Gyakiuum (T. Takebe) . . . . . . . . . . . ... .. .. 82



Course descriptions in English 84

(primary and advanced level curses are in italic and regular shape respectively)

Algebraic Geometry: A First Geometric Look (V.S.Zhgoon) . . . ... ... ... ... ... ....... 84
Algebraic Geometry. Language of schemes (V. A. Vologodsky) . . . . ... ... ............ 86
Algebraic Number Theory (M. Z.Rovinsky) . . . ... ... . .. .. 87
Algebraic Topology (M. V. Finkelberg) . . . . . . . . . . . 0 i i it it e e e e e e e 88
An elementary introduction to quantum field theory (M. B. Skopenkov) . . ... .. ... ... ..... 89
An introduction to elliptic operators (A. G. GOrinov) . . . . . . . . . . . it it i it 90
An introduction to stacks (C. Brav, A. G. GOrinov) . . . . . . . . v v i i i e e e e e e 92
Analytic Number Ttheory (A.B.Kalmynin). . . . ... ... .. ... 93
Calculus of Variations (M. Mariani) . . . . . . . . o i v v i it e e e e e e e e e e e e e 95
Combinatorics of Vassiliev invariants (M. E. Kazarian, S. K. Lando) . . .. ... ... .. ....... 96
Constructive methods of functional analysis (A. K. Pogrebkov) . . . . .. ... ... ... ....... 97
Convex and algebraic geometry (A. I. Esterov, V. A. Kiritchenko, E. Yu. Smirnov) . .. ... ... ... 98
Differential Geometry (P.E.Pushkar). . . . . . . . . . . . . . . e 100
Electrical varieties (V. G. GOIDOUNOV) . . . . v v v o ot e e e e e e e e e e e e e e e e e e e e 101
Elliptic integrals and elliptic functions (T. Takebe) . . ... ... ... ... ... ... ... ..... 102
Functional Analysis (Operator Theory) (A. Yu. Pirkovskii) . . ... ... ... ... ... ....... 104
Functional Analysis and Noncommutative Geometry (A. Yu. Pirkovskii) . ............... 106
Hamiltonian Mechanics (I. M. Krichever) . . . . . . . . . o i v i e e e e e e e e e e e e e e e 108
Introduction to Commutative Algebra (A. S. Khoroshkin) . .. ... ... ... ... ... ..... 109
Introduction to complex dynamics and analytic theory of ordinary differential equations (A. A. Glut-

SYUK) . o o e e e e e e e e e e e e e e e e e e e e 111
Introduction to Ergodic Theory (M. L.Blank) . . . . . . . . .. . . . . .. . .. 113
Introduction to Frobenius algebras and mirror symmetry (P. 1. Dunin-Barkowski, A. A. Basalaev) . . . . 114
Introduction to Functional Analysis (A. Yu. Pirkovskii) . ... ... ... ... ... ... . ..... 116
Introduction to Galois Theory (C.Brav) . . . . . . . v i i v v v v it e et e e e e e e e e e e e 118
Introduction to Mathematical Statistics (A. S. Skripchenko) . .. ... ... .. ... ... ...... 119
Introduction to Riemann Surfaces (S. M. Lvovski) . . . . . . . . .. . .. . 120
Introduction to the theory of integrable equations (A. K. Pogrebkov) . . ... ... ... ....... 121
Introduction to the theory of random processes (M.L.Blank) ... ... ... ............. 122
Lie Groups and Lie Algebras (G.I. Olshanski) . ... ... ... ... ... ... ... ... ...... 123
Markov Chains (A. DYMOV) . . . . v v v vt e e e e e e e e e e e e e e e e e e e e e e e e 124
Modern Dynamical Systems (A. S. Skripchenko, A. V. Zorich) . .. ... ... ... ... ....... 125
Quantum integrable systems in formulas and pictures (Kh. S.Nirov) ... ... ... ... ...... 127
Real algebraic and toric geometry (A. I Esterov) . . . . . . . . . . i i i it 129
Representations and Probability (A. I. Bufetov, A. Dymov, A. V. Klimenko, M. Mariani, G. I. Olshanski)131
Smooth structures on manifolds (A. S. Tikhomirov) . . . . . . . . . . . . . @ i i 132
Symmetric functions (E. Yu. Smirnov) . . . . . . . . . . e e e e e e e e e 133



KYyPCBbI HA BBIBOP CTYJJEHTOB

Bce kypchl GopMasibHO fesiATcA Ha «yueOHble JUCHUILIMHBD U «Hay4YHO-UCCIe0BaTeIbCKUe CEMUHAph». JTO
JlesieHre BbhI3BaHO uMeromumucsa B HUY BIID orpaHnyeHUsAMU Ha AOMYCTHMOE YKCJIO YYaCTHUKOB Kypca C
OJIHO¥ CTOPOHBI Y1 YMCJIO y4eOHBIX JUCHUIUIAH' ¢ IPYroii. YTOYHATh OrpaHUYeHUs Ha KOJIMYEeCTBa AUCIUILIIH
1 CEMUHapOB, KOTOphE MOTyT OBITh B Bamem yueGHOM ILIaHe, cjefyeT B yueOHON dacTu. OGpaTuTe BHU-
MaHue, 94To popMasIbHBIN CTaTyC «OUCLUAIIMHED UM «CeMUHapay MOXeT He UMeThb HUKAKOIo OTHOIIEeHUA K
CTWJTIO TIpOBeJleHU:A 3aHATHI. O peajlbHOM COOTHOIIEHUH JIeKINH, yIpa)kHeHN 1/WJId JOKJIa[J0B YYaCTHHUKOB
Y BKJIaJle 3TUX BHJIOB IeATEJIbHOCTU B UTOTOBYIO OTMETKY YMTAlTe Ha CTpaHUIle ¢ ONMcaHueM Kypca.

Kypcel, nmeroniye ¢GpopMasibHBINA CTaTyC «HAy4YHO-HCC/IeJOBaTeIbCKOr0 ceMHUHapay, lIoMeveHbl B TabauIax ad-
opeBuarypoii «<HMCy, HaneuaTaHHOU nocJie ¢pamMuanu npenojasatesisa. Eciu Takoii ab6peBUaTyphl HET, KypC
[I0 YMOJTYaHUIO ABJIAETCA «y4eOHO! AUCHUILIMHONY. [ToMeTka Tuma «2+» 03HaydaeT, 4YTO KypC paccuuTaH Ha
CTyA€HTOB BTOPOro rojaa o0yueHUs U cTaplie. AHIJIMIICKOe Ha3BaHUe Kypca O3HAuyaeT, YTO OH YUTaeTcs Ha
AHTJIMICKOM A3BIKE. Y HEKOTOPBIX TaKWX KypCOB KpOMe aHTJIMICKOIO ONMCaHMUsA MMeeTCs ellé U pyccKoe, K
KOTOPOMY BeZIET OTAesibHasA runepccblyika. ToseTeIM mpudToM HaGpaHB! «TOJICTHIEY KYPCHI ¢ HAarpy3Koi ABe
Tmaphl B HeJIeJTi0 U OlleHHBaeMble B 6 KpeIuTOB 3a ceMecTp>. OcTaslbHble, «TOHKHE» Kypchl HAYT OHY Hapy B
HeJleJII0 U OLIeHMBAIOTCA B 3 KpeauTa.

KyPCBhI HAYAJIBHOT'O YPOBHAA

[IpepekBU3UTH K 3TUM KypcaMm He BBIXOAT 32 PAMKHU MEPBBIX ABYX JieT OakajiaBpuaTta. OHU peKOMeHAyIOT-
cf CTY/IleHTaM MJIAJIINX KypCoB® Kak BBeJIeHHA B Te pasJesibl MaTeMATHKH, Ije IUIAHUPYeTCs JajbHeHmasn
crenuanu3anys, a Takxke CTaplleKypCHUKaM, XeJIalIM pacliupyUTh MaTeMaTUYeCKUil Kpyro3op B 00J1acTsAX,
BBIXOJJAIINX 332 PAMKU BRIOpaHHOH cnieruayin3anuu. B «ComgepxxaHumy Ha cTp. 2—4 CCBUJIKU HA ONKCAHUA KyPCOB
HavyaJIbHOTO YPOBHA HaOpaHbI KypcuBoM.

3AHATHA, JOCTYIIHBIE ITEPBOKYPCHUKAM

OCEHDb

o 'eomeTpus u rpynnel, O. B. llIBapiman, HUC, 1 +.

o 'eomeTpusa u quHamuka, A. B. Kimumenko, I'. Y. OJib-
manckuii, A. C. Ckpunuenko, HUC, 1 +.

o [IpoexkTrBHas anredpandeckas reomerpus, U. B. Ap-
taMkuH,A. C. Tuxomupos, HUC, 1 +.

o OcHOBHEIe MOHATUA MaTeMmatuky, 0. M. Bypmas,
C. M. JIpBoBckuit, HUC, 1 +.

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

o Teopusa KoqupoBaHUA KaK BBeJeHUe B ajared6py u
apudmetnky, B. A. I'punenko, 1+.

o AirroputMsl U aBToMarsl, 0. B. CaBartees, 1 +.

BECHA

o 'eomeTpus u rpynnel, O. B. [lIBapiman, HUC, 1 +.

o 'eomeTrpusa u quHamuka, A. B. Kimumenko, I'. Y. Oiib-
maHckuii, A. C. Ckpunuenko, HUC, 1 +.

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

o Maremaruka ¢usnveckux spjieHud, I1. U. Apcees,
HHUC, 1+.

- BBefjeHue B Teopulo uyuces, B. 3. Illapuy, 1 +.

o U3bpaHHble TJIaBBl AUCKPETHOU MaTeMaTHUKHU,
W. B. Apramkun, HUC, 1 +.

o DyleMeHTHI PpaKTasbHOM reomerpuun?, B. B. Illu-
xeeBa, HUC, 1 +, moayJse 3, 3 kpeaura.

o BBeZleHHe B KBAaHTOBYI0 Teopuio, B. B. Jlocsakos,
I1. I'. TaBpujeHko, 1 +.

1B neneno, B cemectp, B PYIle, B UYIle u B MHOXeCTBe APYrUX GyMar 1 KOHTPOJIMPYEMbIX aJMUHKICTpaIieil yHUBepCcUuTeTa IoKa-

3aTeJien.

2Ecsu «TOJICTHIE) Kype JJIUTCA MeHbllle ceMecTpa (HampuMep, OfUH MOAYJIb), TO OH AaéT 3 KpeauTa.
3B wacTHOCTH, 60JIBIIMHCTBO 3TUX KYPCOB MOJOMAYT BTOPOKYPCHUKAM B Ka4eCTBE «AHTUMAHOPOBY.
“Kypc unTaeTcs TOJIBKO B TPEThbeM MOJyJie (AHBapb—MapT), Harpy3Kka: 2 maphl B HeeI0, CTOMMOCTb: 3 KpeIuTa.



3AHATHA, JOCTYITHBIE BTOPOKYPCHUKAM, U K AHTUMAWHOPBI»

OCEHb

o BBeneHume B ajre6pauyecKyl0 TOIOJIOTHIO,
M. 3. KazapsHn, 2+.

o Introduction to Commutative Algebra, A. S. Kho-
roshkin, 2+, onucanue Ha pycckoM.

- BBefjleHHe B TEOPHUI0 KAaTeropuili U roMoJiorude-
CKylo anreopy, A. JI. T'opoaeHues, 2 +.

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

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

o Markov Chains, A. Dymov, 2+.

o Introduction to Ergodic Theory, M. L. Blank, HUC,
2+, onncaHue Ha PYyCCKOM.

o Kateropuu u yHuBepcasnabHasa anrebpa, B. b. Illexr-
maH, HHAC, 2 +.

o JIuneiinHoe nporpammupoBanue, A. B. KosecHu-
koB, HUC, 2 +.

CIIEITUAJIBHBIE KYPChl U CEMHUHAPBI

OTH 3aHATUA IpeJHa3HauYeHbl AJ1A 60Jiee ri1y00KOro N3y4eHus TeX pas/iesioB, 10 KOTOPHIM IIJIAaHUPYeTCsA Aajlb-
Henmas cnenuanusanus. B «CogepxaHuny» Ha CTp. 2—4 CCBUJIKM Ha BCe CllelaIbHbIe KypPChl HAaOpaHbI IPAMBIM

mpudTOM.

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

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

o JlonoJsiHUTeIbHBIE TJIaBbI ajreopsl, JI. I'. PIOHU-
KOB, 2+.

o Introduction to Galois Theory, C. Brav, 2 +.

o IuddepenunansHan teopusa lamya, C. O. 'opuus-
ckuit, HUC, 2 +.

o Introduction to Riemann Surfaces, S. M. Lvovski,
2+, onucaHue HA PYyCCKOM.

o TaTa (QYHKOMM U MOAYJIApHbIEe (GYHKIHH,
O. B. llIsapuman, HUC, 2 +.

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

o Electrical Varieties, V. G. Gorbounov, HUC, 2 +.
o Introduction to Frobenius algebras and mirror

symmetry, P. I. Dunin-Barkowski, A. A. Basalaev,
HHUC, 2+, onncanue Ha pyCCKOM.

T'OAOBLBIE CTYJEHYECKHWE HAYYHBIE CEMHWHAPBI

OCEHb

o T'eoMeTpuyueckre CTPYKTYpbl Ha MHOT000pasusx,
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 Jlunamuueckue cuctemsl, I0. C. Uabamenko, HUC,
3+.

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

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

o CoBpeMeHHbIe MPOo6JIeMbl MaTeMaTUYeCKON JIOTHKH,
JI. . beknemuiues, [1. C. lllamkaHos, B. b. IllexTtmaH,
HUC, 2+.

o 'eomeTpusa u aHanu3 guddepeHInaIbHbBIX YpaBHe-
Hui, B. A. [To6epexHnsiii, U. B. Berorun, HUC, 3 +.

BECHA
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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 cucrtemsl, I0. C. Uapamenko, HAUC,
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. deiiruy, JI. I'. PeiOHU-
koB, HUC, 3+.

o CoBpeMeHHbIe PO6JIEMBbl MaTeMaTUYeCKON JIOTHKH,
JI. . beknemuiues, [1. C. lllamkaHos, B. b. IllexT™maH,
HUC, 2+.

o 'eoMeTpusa u aHanu3 Aud@epeHnaIbHbIX YpaBHe-
Hui, B. A. [lobepexnsriii, U. B. Betorun, HUC, 3 +.
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o Lie Groups and Lie Algebras, G. I. Olshanski, 3 +.

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

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

o Teopus nyukos, H. C. Mapkapsan, HUC, 3 +.

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

o Introduction to the theory of integrable equations,
A. K. Pogrebkov, HUC, 3+.

o PUMaHOBHI MOBEPXHOCTU U UHTETrpUpyeMble CU-
crembl, C. M. Haran3oun, HAC, 3 +.

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

o AJITOPUTMBI U Mofesiu BbrunuciaeHu, [. A. F'onyben-
ko, HUC, 3+.

o Kinaccuueckasa teopus noJid, I1. U. Jlyanu-bap-
KOBCKHUH, 3+.

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

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

BECHA
o Algebraic Topology, M. V. Finkelberg, HUC, 3 +.
o Algebraic Geometry. Language of schemes,
V. A. Vologodsky, 3 +.
o Convex and Algebraic Geometry, A. I. Esterov,
V. A. Kiritchenko, E. Yu. Smirnov, HUC, 2+.
o Analytic Number Theory, A. B. Kalmynin, HUC, 3 +.
o Algebraic Number Theory, M. Z. Rovinsky, HHAC,
3+.
- BBezleHue B ajirebpanyeckue TPYIIbI M UX MHBa-
puanTsl, B. C. XKryH, 3+.
» Functional Analysis (Operator Theory), A. Yu. Pi-
rkovskii, 3+.
o Real algebraic and toric geometry, A. I. Esterov, HUC,
3+.
o An introduction to stacks, C. Brav, A. G. Gorinov,
HHUC, 3 +.
o VYpaBHeHHs C YacCTHBIMH INPOU3BOJHBIMHU,
C. B. [llamomrHUKOB, 3 +.
o Constructive Methods of Functional Analysis,
A. K. Pogrebkov, HUC, 3+.
o Elliptic integrals and elliptic functions, T. Takebe,
HHUC, 3+, onucanue Ha pyCCKOM.
o Introduction to complex dynamics and ana-
lytic theory of ordinary differential equations’,
A. A. Glutsyuk, HUC, 3+, Module 3, 3 credits.
o OmTUMHU3anuA (boprIz, E. O. Cremanos, HUC,
3+, moayJs 4, 3 kpeaura.
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 pyCCKOM.
o MaTemMaTHKa AJiA mparmMaTuka, A. B. Xoxios, 3 +.

o MaremaTuka NOpoLECCOB B paHHEN BCeJeHHOU,
K. I1. 3p16uH, HUC, 3 +.

o KBantoBas Teopusa moJiia, A. I'. Ceménos, HUC,
3+.

o 'pynma xoc, R-MaTpulbl U KBAaHTOBbIE T'PYIIIHI,
I1. A. CanmoHoOB, II. H. IIaTos, HUC, 3 +.

'Kypc unraercs ¢ deBpasis mo anpesib (BKIIOYUTESBHO), HAPY3Ka: 2 Naphl B HEJIEJTI0, CTOMMOCTb: 3 KpeuTa.
ZKypc unTaeTca TOJIBKO B 4eTBEPTOM MOJYyJIe (alpesib—MioHb), Harpy3Ka: 2 maphl B HeJleJTi0, CTOUMOCTh: 3 KpeauTa.
3Kypc uuTaeTcs TOJBKO BO BTOpPOM MoAyJie (HOAGpb—ekabph), Harpyska: 1 mapa B HeflesI0, CTOMMOCTD: 3 KpeJuTa.
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HEMATEMATHYECKHUE KYPCbI, YUTAEMBIE HA ®AKYJIbTETE MATEMATHUKU

OTHU KypCHl YMTAIOTCA COTPYAHUKaMU ApYTruX (aKyJIbTeTOB U IpefHa3HaueHbl TeM, KTO X04eT U3yUUTh Te UJIU
rHble o0JiacTy 3a npefesaMu MateMaTuku. Kpome kypcos «IIporpammupoBaHue» (o6a cemectpa), «DKOHO-
MeTpuka» U «MaumHHoe oOydeHre», KOTOpEle He YUYUTHIBAIOTCA B OTpaHUYeHNU Ha CyMMapHOe 4KCJI0 HeMa-
TeMaTuueckux Kypcos B U¥Tle, Bce ocTasibHBIE KypChI yUUTHIBAIOTCA B 3TOM OrpaHUYeHNN HapaBHe ¢ Kypcamu,
ynuTaeMBIMU Ha pyrux ¢akyasTerax BIID.

KYPCbI, YUTAEMBIE ITPEJJCTABUTEJIAMUA JJPYTHUX ®AKYJIbTETOB

OCEHb BECHA
- BBefjeHre B JIMHIBUCTHUKY, b. JI. lomaun, 1 +. o MammHHOe 00y4yeHue, U. B. Illypos, 3 +.
o dmwinocodus, A. B. MuxaiisoBckui, 1+. o OcHOBBI 3kOHOMeTpuKHu, U. B. BoCKOOOIHUKOB,
3+.
o U30paHHbIe IJIaBbl MATEMAaTHYE€CKOA S3KOHOMUKHU, o MeToasl c60pa U aHAJIM3a COLMOJIOrNYeCKON UH-
M. M. JleBun, HUC, 3 +. dbopmanmu, A. C. Mimepiunr, 3 +.

KyPCbI 1J14 TEX, KTO YBJIEKCA IIPUJIOXXEHUAMUA MATEMATHUKH

CryneHTaM, Y KOTOPBIX KypCOBasi MJIM BHITyCKHas KBaJM(pUKAIMOHHASA paboTa MocBsAlleHa MPUIOKeHUAM Ma-
TeMaTHKH, peKOMeHAyeTcsA BKJIIOUUTD B cBoi MYII ciefyiomue 13 nepeuyrceHHBIX BBIIIe KypCOB:

KYPCbI, OPUEHTHUPOBAHHBIE HA TTPUJIOXXEHWA MATEMATHUKN
OCEHb BECHA

o AJITOPUTMBI U MoJesiu BhiuuciaeHud, [. A. F'onyben- . MaremaTuka AJisA mparMaTuka, A. B. Xoxuios, 3 +.
ko, HUC, 3+.

o Introduction to Mathematical Statistics, A. S. Skrip- . MamuHHOe 00y4eHue, U. B. Illypos, 3 +.

chenko, 3+, Module 2, 3 credits.

o JIuHeilHOe mporpaMMupoBaHue, A. B. KosiecHu- o OCHOBBI 3KOHOMeTpHKH, U. B. BOCKOGOMHHNKOB,
KOB, 2 +. 3+.

CTATUCTHUYECKASA UHO®OPMAIIUA O KYPCAX

B HACTOSILIEA MOMEHT B KHUTE KYPCOB UMEETCS
OCEHbBIO BECHOH

BCEro 42 49

JUCITUILIINH 17 15

HHCos 25 34

TOJICTBIX 19 27

TOHKHUX 23 22

Ha pyCCKOM 25 26

Ha aHIJIMICKOM 17 23

Y3 HUX C PYCCKUM OIMCaHUEeM 2 S
JJ1A IepBOTO Kypca 9 8
[J1s BTOPOTO Kypca 19 20
MPOJABUHYTHIX 23 29
HeMaTeMaTUu4eCKux 3 3



OIIMCAHUA KYPCOB HA PYCCKOM

Kpome KypcoB, YUTaeMbIX MO-PYCCKH, B 3TOM pa3fiejie UMEITCsS PYCCKUE OMUCAHUS HEKOTOPHIX KypCOB, YH-
TaeMbIX IMO-aHTJIMHCKUA. DTO OTMEeuYaeTcs Cpa3y MHojJ Ha3BaHWEM Kypca, CJIeJIOM 3a yKa3aHHWeM ero craTyca
(«yuebHas auciumuinHay win «HUCy) u 11eyieBoi ay AUTOPUM.

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

JIEKTOP: B. C. XryH.
VYEBHAA HATPY3KA: BeceHHUI1 ceMecTp 2018/19 yu.r., ABe maphl B He/leJII0, 6 KpeUTOB 3a CEMECTP.

OITMCAHME: AsnrebGpanyeckas reoMeTpusa usydaeT (QUryphl, JJOKaJIbHO YCTPOEHHBIE KaK MHOXECTBO pelle-
HUI CUCTeMBbl IOJINHOMUAJIbHBIX YypaBHeHUl B ahPUHHOM npocTpaHcTBe. OCOOEHHOCTBIO 3TOM HAyKU SIBJIA-
€TCA TO, YTO OHA He TOJIbKO MOMOTaeT OIKcaTh HEeTpUBHAJIbBHBIE eOMEeTpUYeCKre KOHCTPYKIMN U T€OpPEMEI
¢ anreOpanveckoil TOYKU 3peHus], HO TaKXe U B3[JIAHYTh Ha «CyXylo» ajare0py ¢ reoMeTpU4ecKoi TOUKU 3pe-
HusA. Biarogaps asToMy, ¢ iepBoro B3rjisAAa popMasibHble ajirebpanvecKrie MaHUITYJIALMNA TPHUOOPETAIOT YETKUI
reoMeTpHUYeCKUI CMBICII, a Iepexo/] OT reOMeTPUYeCKOro K ajaredbpaniyecKoMy sA3bIKy U HA000pOT, NO3BOJIAET
JIy4llle IOHATh pa3/IMuYHble MaTeMaTHyecKre KOHCTPYKIIMKU U UX CBOMCTBA. AjirebpanyecKkas reoMeTpus 3aHu-
MaerT LIeHTpaJIbHOe MeCTO B CaMBIX pPa3HBIX 00JIACTAX COBPEMEHHON MaTeMaTHUKN U MaTeMaTHu4ecKou Gu3nKu,
U siBjisAeTcsA HanboJiee 3PEOEKTUBHBIM U KPACUBBIM MHCTPYMEHTOM [UJIA yCTAHOBJIEHUSA HETPUBUAJIBHBIX CBS-
3el MeXxIy KaxyLIMMUCA NaJIéKUMU APYT OT Apyra ABJeHuAMU. HacToAmuil Kypc ABJIAETCA eeoMempuieckum
BBeJleHHeM B [IpeJIMeT 1 3HAaKOMUT cJIylareseil ¢ pyHaaMeHTaJIbHBIMUA reOMeTpru4YecKuMuy Gpurypamu 1 KOH-
CTPYKIIMAMY, a TaKxke ¢ ajreOpanyeckuMu CTPYKTypaMmu, KOTOphIe 32 HUMU CTOAT.

IIPEABAPHUTEJIDHASA ITOATOTOBKA: JuHelHas U MOJIMJIMHENHAA ajarebpa U HavaJIbHbIE TIpeCTaBJIEHUA
0 TOM, YTO TaKoe MHOTOYJIeHbl, KOMMYTaTHUBHEIE KOJIbIIA U UX W/JleaJibl, TEH30PHbIe Tpon3BeieH s, apPruHHbIE
Y TIPOEKTUBHBIE MPOCTPAHCTBA, TOMOJOTHYECKHE MPOCTPAHCTBA M UX OTKPBITHIE, 3aMKHYThIE I KOMITAKTHBIE
MOAMHOXeCTBa. Bce HeOOX0AMMbIE TEXHUYECKE MOMEHTHI Oy IyT HAIIOMHUHAThCA.

ITPOTPAMMA:

o IIpoekTHBHBIE IPOCTPAHCTBA U IPOEKTUBHBIE KBaApUKU. [IpocTpaHcTBa KBaApUK. [IpsAMEIe, KOHUKY, KpU-
BEle BepoHese, pannoHasibHble KpyBhle. [lnockue KyOndeckre KpuBble. ClI0OXKeHHe TOYeK Ha dJUIUNTHYe-
CKOI KpPUBOI.

o Muoroo6pasus I'paccmana, Beponese u Cerpe. [IpoekTrBHbIE MOP)U3MEL, CBA3aHHbIE C TEH30PHOH aJi-
re6poii. Kitetku llyGepra.

o Ilesple 3JIeMEHTH B pacIIMPeHUAX KOJiell, CTPOeHNe KOHEYHO TOPOXIEHHBIX ajredbp Haf 1oJieM, 6a3uchl
TpaHCLeHAeHTHOCTH, TeopeMbl ['yibbepTa o HyJIAX U 6a3uce ngeasa.

o WHTeprpeTarysa MOHATUN KOMMYTaTHUBHOUN ajrebpsl ¢ Touku 3peHns adhGUHHON ajirebpanvyeckoil reo-
MeTpuu. CIeKTphl, TOMOJIOTUA 3apUCCKOro, reoMeTpruieckre CBONCTBa roMOMOPOU3MOB areop.

o Anrebpanueckne MHoroot6pasmusa. OtaennmocTtb. CBONCTBA MPOEKTUBHBIX MHOrooOpasuii, coOCTBEH-
HOCTb. PanoHnasbHble PYHKIMU 1 paliiOHaJIbHbIE MOP(U3MBEL.

o PasyinuHble omnpejesieHUs pa3MepHOCTU. PaaMepHOCTH MMOAMHOT0o00pasuii U CJI0éB Mopdpu3MoB. Beruric-
JieHre pa3MepHOCTel NMPOeKTUBHBIX MHOT000pa3ni.



o JIuHeliHBIe TPOCTPAHCTBA HA KBaApuKax. [IpsAMble Ha KyOHnuecKuX noBepxHocTAX. MHoroobpasus Uxoy.

o BexTOpHBIe paccI0eHUA U MyYKU UX ceueHUl. BeKTopHbIe pacciioeHNs Ha MPOEeKTUBHOM NpsAMoil. JIuHel-
HbIEe CUCTeMBbI, 0OpaTHUMBble y4YKU 1 AUBU30pPHL, rpynna ITukapa. Mopdusmel onpeesnseMble JUHEHHBIMU
CHUCTEMaMHM.

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

YYEBHHUKNA:

o A. JI. Topogen1ieB, 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 reometrpusa. HauanbHsill Kypce, « MLTHMOp.
o W. P. MlajpapeBunu, OcHOBHI anrebpanueckoii reometpui I, II, «Haykay.
o JI.Mamdopa, KpacHas kHura o MHOrooopasusix u cxemax. «K MLIMHO», 2007.

o 10.ManuH, BeeieHue B TeOpHI0 CxeM U KBaHTOBBIe rpynnel. <K MIIMHO», 2014.

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

KOMMEHTAPHM: YCTHBI 9K3aMeH COCTOUT M3 JIBYX BOIPOCOB M OJHOH 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
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http://gorod.bogomolov-lab.ru/ps/stud/projgeom/tot-2006.ps.gz

AJITOPUTMBI U ABTOMATBI
y4JeOHas1 QUCIHUIUIMHA IS CTyEHTOB 1-ro Kypca u crapiie

JIEKTOP: I0. B. CaBaTtees.

YUYEBHAA HAT'PY3KA: oceHHui cemecTp 2018/19 yu.r., Be mapsl B HefleJIl0, 6 KpeIUTOB 3a ceMecCTp.
OITMCAHHMUE: DTOT KypC — BBeJleHle B TEOPUI0 BeIUKcIeHUN. Mbl 06Ccy UM pa3InyHble MOJe/IN BhIUUCIeHNH,
OIpeJiesIMM IIOHATHE aJrOpUTMa, y3HaeM, YTO C X MOMOIIBI0 MOXHO 1 HeJb3s CAeJiaTh, U KaK OLeHUBATh UX
CJIOXHOCT.

ITPEABAPUTEJIBHAA ITOATOTOBKA: HeT.

ITPOTPAMMA: KoHeuHble aBTOMaTHL. PeryspHsble BolpaxeHus. KOHTekcTHO-cBOOOAHBIE rpaMMaTUKU. Marmiu-
Hel ThropuHra. Beluncinmele QyHKIMM. PazpelMele U IepeyrcjauMbeie MHOXecTa. CBOAUMOCTE. CJI0XKHOCTh
BeIurcieHui. CiaoxHocTHbIe Kjaccel P, NP, PSPACE, L, NL.

VYEBHHKMU: M. Sipser, Introduction to the Theory of Computation.

MOPANOK OLIEHUBAHMUAA: HUtorosas oneHka pasHa (KP; + KP, + KP;) / 3, okpyri€HHasa qo OJivpkaiiero

resioro uucaa (0.5 okpyrisercsa B 6osbiryio ctopoHy). KPy, KP, u KP; — pe3ysibTaThl nepBoOii, BTOPOIl U
TpeThell KOHTPOJILHOU pabOoTHL.
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AJITOPUTMBI U MOJIEJIU BBIYHMCJIEHUI
HHUC niisa eryaeHTOB 3-rO Kypca U crapiue

PYKOBOOUTEJIB: [I. A. I'osiybeHKO.
VYEBHAA HAT'PY3KA: BeceHHU# cemectp 2018/19 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
HEPBBIN B3TJIAA BOIIPOCH [0 CHX IOP OTKPBITHI — He J0KAa3aHO, HAlpUMep, CyI[eCTBOBAaHUE MOJIMHOMUAIb-
HOTO aJI'OPUTMa Pas3JIoXKeHUs HaTypasIbHOTO 4YKcjia Ha IpoCThle MHOXUTe M. OCHOBHBIE 3a/jaull TEOPUM 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
IpUMeHEeHUsAMM.

IPEABAPHUTEJIbHASA TIOATOTOBKA: o6s3aTe/ibHble — QUCKPEeTHas MaTeMaTuka, ajrebpa (1 xypc), Jio-
TYKa; KejaTesbHbIe! — Teopus cJoXHOCTU (ompefeneHuAa kiaccoB P, NP, PSPACE, cBoauMocTu), Teopus
BEpPOATHOCTHU.

ITPOTPAMMA:

1. TIpocteiimue aaroput™msel. Hanomunanue (anroputm EBkinga, anroputm I'aycca). YMHoxeHue Kapairy-
651, yMHOXeHUe IlITpacceHa. AHaINM3 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'padsbl. AnroputMe 00xoa rpada (B WIKpUHY, B INIyOHMHY) U UX IpuMeHeHUs. HaxoxaeHre MakcuMaJib-
HOTro TOTOKa B ceTsix (Teopema @oppa-— dasnkepcona). Ctpykrypa ganHbeix UNION-FIND. IMTapocouerta-
HUAL

4. Anre6bpa. basuce I'pebHepa, anroputMm Byx6eprepa u ero npuMeHeHUsI.

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

6. BeposarHocTHbIe anroputmel. Jlemma [IBapua — 3unmnens. IIpubanxeHHble penieHnsa JUHEeWHBIX ypaBHe-
HHU, IOUCK NTapocovyeTaHuil B rpadax, NpubIMKeHHble aJITOPUTMBI IIOMCKa MaKCUMAaJIbHOI'O pa3pesa.

7. FeomeTpI/m. BriuniciieHue BBIITYKJIBIX obostouek. JInHelHOe nporpaMmMHrpOBaHHE.

8. Tomosorus. CJ0XHOCTb BJIOXKEHHs MOJU3ApoB B RE. [IpoBepKa y3/10B Ha TPUBUAJIBHOCTb.

YYEBHHUKN:

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

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

1To, 4To 3HATH XeaTeJbHO, HO He 00A3aTeNbHO, 1 HATIOMHIO NpY HeoOXOAUMOCTH, HO He 6yAy 3a0CTpATh Ha 3TOM BHUMAHHUe.
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. 1. B. ApxaHues. «basucel I'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

IMOPANOK OLITEHUBAHH A: 50% 3a penieHre AoMamHuX 3a7a4 ¥ 50% 3a UTOrOBBIL 5K3aMeH, BCe OKpPyTJIeHUsA
MIPOMCXOAAT IO CTAHAAPTHBIM ITpaBuiiaM (4o OMkailiero 1ejoro, noJjylejsle OKPYTJIAITCS BBEPX).
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BBE,E[EHI’IE B AJITEBPAUYECKYIO TOITOJIOTHUIO
y4eOHas1 QUCIHUIUIMHA IS CTYEHTOB 2-TO Kypca U cTapiie

JIEKTOP: M. 3. KazapsH.
YUYEBHAA HAT'PY3KA: oceHHui cemecTp 2018/19 yu.r., Be nmapsl B HefleJIl0, 6 KpeIUTOB 3a ceMecCTp.

OITUCAHHME: OpHa u3 HauboJiee APKUX YePT, OTJIMYAIOINX MaTeMaTUKy XX Beka OT BCell IpefllecTBYIO-
el — MosBJIeHNe U pa3BUTHe ajreOpandyecKoll TONoJiornu. B HacToslee BpeMsa HCIOJIb30BaHUE aredpo-
TOIOJIOTUYECKOT'0 MHCTPYMEHTapHs CTaJIo HellpeMeHHBIM aTpuOyTOM 3HAaUUTEJIbHOU YacTH MaTeMaTU4eCKuX
nccyenoaHnii. CoyetaHue reoMeTpruyeckux uaei ¢ GopMaan3oBaHHBIMU ajredpanyecKuMU ajlrOpuTMaMu
JULA BBIYKICJIEHUSA TOTOJIOTMYECKUX NHBApUAHTOB NpUBeSU K 3peKTUBHOMY Cpe[CTBY U3yUeHNsA MHOTUX Ma-
TeMaTU4eCKUX CTPYKTYp, B TOM YMCJIe, U He CBA3AaHHBIX HAIIPAMYIO C TONoJioruei. Jta 06J1acTh MaTeMaTUKU
opoJinjia, HapuMep, TaKue HalpaBJieHHs Kak romoJjiorudeckas ajreopa u Teopus anrebp Xomda. B kyp-
ce IIpefJjiaraeTcs 3Ha4MTeJIbHOE KOJIMYEeCTBO 33/1a4 Ha BEIYMCJIeHNE ajireOpo-TONOJIOTMYeCKUX XapaKTepUCTUK
Pa3JINYHBIX TOMOJIOTUYECKUX IPOCTPAHCTB.

MMPEABAPHUTEJIBHAA IIOATOTOBKA: nepBbiii ro 6akajaBpuaTa (cTaHOapTHBIE KyPCH ajreOpsl, aHaIM3a,
reoMeTpny, KOMOMHATOPUKU 1 TOIOJIOTHUM)

ITPOTPAMMA:

o I'padbl, MOBEPXHOCTU, CUMILIULMAIbHBIE KOMIIJIEKCH, CUMILTALMAIbHbIE OTOOpaXeH!s

o ITyTu, romoTonuu nyTe, GyHAaMeHTabHasA IPyIa, HAKPBITUS, BhIUKCIeHNe PyHIaMeHTaJIbHON IPyII-
TIBI

o llenHble KOMIJIEKCHI BEKTOPHBIX IPOCTPAHCTB, TOMOJIOTMH ¢ K03ddULrieHTaMu B [10Jie, TOMOJIOTUH CHUM-
IJTULUAJIBHBIX KOMILJIEKCOB, TOMOJIOTUH ¢ ko3ddulireHTaMu B abesieBoil rpyIimne

o Koromosoruu CHMILINITMAJIBHBIX KOMIIJIEKCOB. YMHOXeHHe B KOTOMOJIOTHAX

o KjleTouHBIC KOMIJIEKCH U KJIETOYHEIE roMoJsioruu. MHoroo6pasus. JIBoMicTBeHHOCTH I[lyaHkape. DieMeH-
TBl Teopuu Mopca. HepaseHctsa Mopca

YYEBHHUKMHA:

o BacuibeB B. A. BBegeHue B TonoJsioruw. — M.: ®da3zuc, 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

IMOPANOK OLTEHUBAHHA: 50% 3a penieHre AoMamHuX 3a7a4 ¥ 50% 3a UTOTOBBIL 5K3aMeH, BCe OKPyTJIeHUsA
MIPOMCXOAAT IO CTAHAAPTHBIM ITpaBuiiaM (4o OsMkailiero 1ejoro, noJjylejsle OKPYTJIAITCS BBEPX).
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BBE,E[EHI’IE B AJITEBPAUYECKHWE I'PVYIIIIBI U UX UHBAPUAHTBI
y4eOHas1 QUCIHUIUJIMHA IS CTYEHTOB 3-TO Kypca M cTapiie

JIEKTOP: B. C. XryH.
VYEBHAA HATPY3KA: BeceHHUI1 ceMecTp 2018/19 yu.r., ABe maphl B He/ieJI10, 6 KpeJUTOB 3a CEMECTP.

OIIMCAHHME: ['eoMeTpuyecKas Teopus U Kjlaccudeckas Teoprsa MHBAPUAHTOB ajire0panyecKux rpynn — O4eHb
BaXXHBIN pa3fiesl COBpeMeHHOM MaTeMaTuku. C epBeIMU [TpYMepaMy MHBAapHUaHTOB JIMHENHBIX peoOpa3oBa-
HUM, TAKWMH KaK OnpefenTelb, CJiell, XapaKTepUCTUYeCKUI MHOTOYJIeH KaXIbIil BCTpeYaeTcs y>ke Ha IepBOM
Kypce nuHelHON anreOpsl. Kiaccuueckas Teoprs MHBAPUAHTOB IOCBAIIEHA ONMCAHUIO ajareOpsl NMHBApHAH-
TOB KJIaCCUYeCKUX I'PYII, TAKKUX KaK MOJIHAaA JUHelHasA rpynna, OpToroHajabHasA U CUMIUJIEKTUYecKas rpymnna.
B cBow ouepenp, reoMeTpruecKas TeOpyusA MHBAPUAHTOB, KOTOpas OepeT cBoe Hayasio B paborax ['mibbepra
u Mamdopaa, nocesmieHa MccjiefOBaHUID reOMeTPUUYeCcKUX CBOIMCTB MHBAPUAHTOB, HalpuMep, IOCTPOEHUI0
1 MCCJIEJOBAHUIO T€OMETPUU PA3JIMYHBIX (PaKTOP-NPOCTPAHCTB, U ABJIACTCA OCHOBHBIM MHCTPYMEHTOM [JIA
[IOCTPOEHMs IPOCTPAHCTB MOAYyJel (KpUBBIX, BEKTOPHBIX PacC/JI0eHUN U Ipod.). B Kypce MEI 3aTpOHEM Kak
KJIaCCUYECKYI0 TeOPUI0 MHBAPUAHTOB TaK U reOMeTpUYecKyo. Takke MbI M3y4YHMM 3KBUBAapUaHTHbIE BJIOXKEHUS
OJTHOPOAHBIX MPOCTPAHCTB.

IIPEABAPHUTEJIbHAS ITOAT'OTOBKA: TpebyeTcsA 3HaHUe JIMHENHON aJredphl U TEOPUU NpeiCTaBJIeHUH KO-
HeYHBIX rpynn (mocjieqHee — TrJIaBHBIM 00pa3oM [1Jis1 TOT0, YTOOBI UCIIOJIb3yeMble KOHCTPYKIIMU He BhI3bIBAJIU
yAWBJIeHN); BecbMa I0JIe3HO 3HaHMe Ipynn U aaredp Jiu u ocHOB aarebpanieckoil reoMeTpUn.

ITPOTPAMMA:

1. AnreGpaudeckue rpynnel 4 ux ajareopsl Jiu.

2. HetictBusa anreOpandeckux rpynn. OpOUTH cTabMIM3aToOpbl OAHOPOAHBIEe IpocTpaHcTBa. Teopema Ille-
BaJLIIe.

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

4. ComnpspXeHHOCTb 60pesIeBCKUX MOATPYII, MaKCUMaJIbHBIX TOPOB, KAPTAHOBCKUX NOATPYIIIL.
5. CTpyKTypHas Teopus NOJIyNPOCTHIX ajarebpandyecKyux Irpymn.

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

7. Kareropusiii paktop. 'eomeTpudeckuii paxtop. CyljecTBOBaHNE KaTeropHoro gpakropa AJisa AeiCcTBUA
PeOyKTUBHBIX Irpynn Ha apOUHHBIX MHOTOOOpa3usx.

8. Teopema HéTep o cTeneHAX 00pa3yOIUX ajareOpsl MHBapUAHTOB.
9. Teopus MHBAPUAHTOB KJIACCUYECKUX T'PYIIIL.

10. [eiicTBue peqyKTHBHBIX Ipynm. JInHeapusauusa obpatumoro myuka. I'pynna G-JuHeapu30BaHHBIX JIH-
HeHNHBIX pacciioeHui Picg (X).

11. TlonyctabusnbHble U cTabuiIbHBIE TOUKU. @akTop Mamdopaa.
12. YucjeHHBIN KpUTEepUil CTabMJIBHOCTH.
13. Kpurepuii I'mnbsbepra — Mamdopga.

14. Kpurepuii [Tonosa ctabuibHOCTH AelicTBuA Ha ab@UHHOM MHOroo0pasuu.
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15.
16.
17.
18.
19.
20.

Teopewma JlyHs! o ciatice. CTpatudukanusa U paspelieHre 0COOeHHOCTel HyJIb-KOHyca.
OTobpaxeHrie MOMEHTOB. 3aMKHYTOCTb opouT, kpuTtepuii Kemnda - Hecc.
Crparuduxanusa XeccejrHKa MHOXeCTBa HECTaOUJIbHBIX TOUYEK.

[TpocTpaHcTBa MOJyJiell KPUBBIX.

Bapuanusa ¢pakropa Mamdopaa npu n3MeHeHNU 0OMJIBHOr0 00paTUMOro IIydKa.

CporictBa U-mHBapuaHTOB, fedopMalys K opucepruieckoMy MHOr0oOpasuio.

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 rpynnel. — M.: Ha-
yka, 1980.)

X. Kpagr, I'eomeTprueckre MeTobl 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.

IOPAJOK OLIEHUBAHUA: 1/3X(penieHre 3afja4 U3 JJUCTKOB) + 1 /3X(UTOTOBBIN yCTHBIN 3K3aMeH)

KOMMEHTAPHM: YCTHBIA 5K3aMeH COCTOUT M3 JIBYX BOIPOCOB M OHOH 3aJauM, 6JIM3KOI MO TeMaTHKe K
3aJlauyaM U3 JIMCTKOB.
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BBE,HEHI/IE B KOMMYTATHUBHYIO AJITEBPY
y4uyeOHas QUCIHUIUIMHA HA aHTJIMHCKOM 3bIKE JUIA CTyJEeHTOB 2-r0 Kypca U cTrapiie
(see also the description in English)

JIEKTOP: A. C. XOpOILIKHH.
VYEBHASA HATPY3KA: oceHHHI ceMecTp 2018/19 yu.r., ABe mapsl B HeeJl0, 6 KpeIUTOB 3a ceEMeCTp.

OIIMCAHMUE: Kiaccuveckas ajrebpanyieckas reOMeTpUs U3ydaeT TeOMeTPHI0 MHOXECTBA PeIleHUH MOJIMHO-
MHaJIbHBIX ypaBHeHUN. B mpocreiimeli cutyanuu k03dQUIeHTH TOJIMHOMUAJIBHOIO ypaBHeHUs [IpUHaaje-
xaT ajrebpanyecky 3aMKHYTOMY NoJii0. PaccMoTpeHre NoJIMHOMUAJIbHBIX YpaBHEHUH ¢ K03 duijieHTaMu B
Pa3HBIX KOJIbIAaX, TAKUX KaK, HaIpUMep, KOJIBLO IIeJIbIX B MOJIAX ajreOpanyecKkux 4ucesl, IpUBOAUT K BOIPO-
caM U 3aJjayaM COBpeMeHHOM ajirebpanvecKoil reoMeTpud U COBpeMeHHOH ajirebpanieckoil TeOpuu ducerl.
KommyTatuBHas anrebpa ABsgeTCA yAauyHbBIM MHCTPYMEHTOM, IOMOTalIIUM IIpYU OTBeTaxX Ha IIpocTeiue Bo-
IIPOCHI O MHOX€ECTBaX pelleHnl CHCTeMBl IIOJIJMHOMUAJIbHBIX YPaBHEHUH, TAKUX KaK KOHEYHAas NOPOXAEHHOCTh
CHCTEMBHI, CYIeCTBOBAHNA PelleHNA B MOAXOAAEeM pacllMpeHN, BEUYNCIEHNN Pa3MepHOCTU M KOJIN4YecTBa
HENPUBOJANMBIX KOMIIOHEHT, a TakXe B BOIpOcax IJIagKOCTH.

IIPEABAPHUTEJIBHAS ITIOAT'OTOBKA: O0sa3aTesibHble KYpChl IEPBEIX 3 C€MECTPOB, peaJjaraeMble Ha da-
KyJibTeTe MaTeMaTUKU. B wacTHOCTH, (a) OCHOBHI anreOphl (IpymIibl, KoJblja, nojA) (6) juHeliHasa anrebpa
(BKJTIOUAA MTOHATHE TEH30PHOI'O MTpou3BeeHNs) (B) 6a30BHII KypC reOMeTPUU.

ITPOI'PAMMA:
o Kosbia, anare6psl, ngeasisl, MOAYJ 1. HETepOBH KOJIbIA.
o dakTopuasbHble KoJiblia. Kosblia 1 MOy I YaCTHBIX.
o Ilesas 3aBucumocts U JieMma Hétep o HopMmasimsanuu. TeopeMsl O CllyCcKe U MoAbEMeE.
o [Ipenessl, KonpeeJbl U TeH30pHOe IpousBeeHue. [11ockue u MpoeKTUBHBIE MOYJIN.
o Teopema I'mnb0epTta 0 Hy1Ax. CIEeKTp KOJIbLIA.
o PasmepHocTh Kpysiia u creneHb TpaHCLEHAEHTHOCTU.
o IIprMapHoOe pa3sjioxeHue.
o KoJsbLia [UCKpEeTHOrO HOPMUPOBaHMA U AeAeKUHAOBEI 00JIaCTH.
o Teopus pasMEPHOCTU HETEPOBHIX KOJIEl.

o dyuknua ['masbepra.

YYEBHHUKU:
o M. Reid, «Undergraduate commutative algebra.» Vol. 29. Cambridge University Press, 1995.
o M. Atba . MakaoHasnb/. «BBejeHre B KOMMYTaTUBHYI0 anrebpy», 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 UTOTOBOTrO MHChMEHHOro 3k3aMeHa (50%),
o MMCbMEHHOU MPOMEXYTOYHOUN KOHTPOJIbHOM (30%),

o HeOOJIBIIINX TECTOB, MPOBOANMBIX Ha ceMuHapax (30%).
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BBE,HEHI/IE B IUHI'BUCTUKY
y4eOHas1 QUCIHUIUIMHA IS CTyEHTOB 1-ro Kypca u crapiie

JIEKTOP: b. JI. HloMmaOuH.
YUYEBHAA HAT'PY3KA: oceHHui cemecTp 2018/19 yu.r., Be nmapsl B HefleJIl0, 6 KpeIUTOB 3a ceMecCTp.

OITMCAHHMUE: JIMHIBUCTHKA M3y4YaeT YCTPOVICTBO YeJIOBEYECKOTO sA3bIKa. IMeHHO Ha YeJIOBeUeCKOM SI3bIKe —
Ha pa3HBIX A3BIKAX — MBI MMOJIyYyaeM OOJIBIIYI0 YacTh MHGOpPMAaLUM O MUPeE, emlé OOJIbIIYI0 YacTh 3TOM WH-
¢opmanuu MBI Ha 4eJsIoBe4eCKOM s3bike 0OpabaThiBaeM, U IPaKTUUYECKU BCe pe3yJsIbTaThl 3TOM 00pabOTKU MBI
Ha yeJIoBeueCcKoM fA3blKe oOcyxaaeM. [10sToMy odeHb BaXXHO NMOHHWMAaTh, KaK YCTPOEH 4YeJI0BEeYeCKUU A3BIK B
I[eJIOM W KOHKpeTHBIe fA3BIKM B YacTHOCTU. llesb Kypca — pacckas3 0 TOM, KaK COBpeMeHHas JINHIBUCTHKA
npejcTaBisAeT cebe yCTPOUCTBO fA3bIKa. Ha jexkuuax npuBoAATCA NMpHUMeEpPH U3 AeCATKOB A3BIKOB MHUpPA, a Ha
ceMHHapax U B JJOMalIHUX 3aJaHUAX CTYJIEHTHl CAMOCTOATEJIbHO aHAJIN3UPYIOT MaTeprall TeX A3BIKOB, KOTO-
pBle He 00CyXaaich Ha JIEKIUAX, B OCHOBHOM pelllas caMOJOCTaTOYHbIe JIMHIBUCTUYeCKHe 3afauu. PemeHne
3TUX 3a7jau He TpeOyeT HUKAaKUX IIpeIBapUTeJIbHBIX 3HAHUN, a PaCCYUTAaHO HAa YMEHUe JIOTUYEeCKU MBICJIUTB;
B pe3yJibTaTe Mbl OyJleM y3HaBaTh MHOI'O HOBOT'O O TOM, Kak pa3HOOOpAa3HHBI A3BIKU, U 00CyXaTh, KaK CIpaB-
JIATBCA € 3TUM MHorooopasuem. [ToMrMoO JIMHTBUCTUYECKUX 3a/1a4, HEKOTOpble JOMalIHNe 3ajaHUsA CBA3aHBbI
C CaMOCTOATEeJIbHBIM aHaJIM30M S3BIKOBBIX JAHHBIX, [TOJIyYeHHBIX B UHTEpHETe.

IMPEABAPHUTEJIBHAA ITOAT'OTOBKA: HeT.

ITPOTPAMMA:

1. BeoaHas yacTh: fA3BIK Kak cucTeMa. Korga mosBujiach JUHTBHUCTUKA. UTO u3yvyaeT JIMHTBUCTUKA. CUH-
xpoHUs U quaxponnsa. CemuoTuka. CBOMCTBa A3BIKOBBIX 3HAKOB. OMOHUMMSA 1 MHOTO3HAYHOCTh. MHOTO-
3HAYHOCTh Ha Pa3HBIX YPOBHAX A3BIKA.

2. IIpoucxoxaeHve, GyHKIMOHNPOBaHNE 1 PAa3BUTHE eCTECTBEHHBIX A3BIKOB. IIporicxoxaeHue sa3bika. OT
A3bIKA )KUBOTHBIX K A3BIKY JtoAell. VI30BITOYHOCTh A3BIKOBOrO 3HaKa. CBOMCTBA €CTECTBEHHOIO fA3BIKA.
@®yHk1Mu A3biKka. CoryaabHele GOPMEI CyleCTBOBAaHUA A3bIKa. [{1ajieKTHBIN KOHTHHYYM. OCHOBHBIE I10-
HATHUA JIMHTBUCTUYECKOU KOMIIapaTUBHUCTUKU. PerysisipHele GOHeTHYeCKHe COOTBETCTBUA. ['JIOTTOXpOHO-
Jorus. fI3pikoBas cucteMaTuka. ['eHeasornyeckas kjaccudukanus A3bIKOB.

3. Aspiku mupa. O630p A3bIKOB MHpa. OCHOBHEIE rpadruecKre CUCTEMEL.

4. T'pamMmMaTyKa U JieKcuKa. Jlekcruueckoe U rpaMMaTuyeckoe 3HaueHue. CBOMCTBA rpaMMAaTUYECKUX 3HAYe-
HU. ['paMMaTUKaIM3anys U JerpaMmMaTiukaIn3anys. ['paMmMaTideckue kateropuu. UHTerpajbHOe OIH-
caHue f3bIKa.

5. ®oHeTnka. POHETUKA: OCHOBHEIE NIOHATHUA. APTUKYJIALMOHHAA KjlacCcuuKanusa 3ByKOB. AKyCTHAYeCKas
KJ1accuukanusa 3ByKos. @OHOJIOTHA.

6. Mopdosnorusa. Mopdpema u mopdbemuka. OcHoBHBIEe TUNH addrkcoB. CioBooOpa3oBaHUE U CJIOBOU3ME-
HeHue. OcHoBa U (uiekcusa. 'paMMaThYecKue CpeACTBa A3bIKA. Tunosiornyeckas Kjaaccudukanus sA3bl-
KoB. McTropuyeckasa Mop@oJiorus.

7. CuHrakcuc. [IpegioxeHue u BoicKasbiBaHWe. CHHTaKCUYeCKHe CTPYKTYPhl. HEIIOCPeICTBEHHO COCTaBJIA-
IolMe. AepeBbs 3aBUCHMOCTEN. THOPUHBIE CTPYKTYPHL. TUIIBI CMHTAaKCUYeCKUX OTHOIIEHUI B MO
«Cmpbica<>TekcTy. CuHTaKcudecku pasMedeHHbIN kopiyc SynTagRus. CBolicTBa CMHTaKCUYeCKHUX OTHO-
meHui. CBOKMCTBA CMHTAKCUYECKNX CTPYKTyp. CMHTaKcnuyecKre NpusHaky. ['unoresa riryOWHEL

8. Jlexcuueckas cemaHTuka. Mcropus cemaHTuku. igeu coBpeMeHHON ceMaHTUKU. OMOHUMUA U CUHOHU-
musa. OMOHUMUA U noJsicemMus. TUnbl nosvceMuu. MullieHre U A3BIK. f3bIKOBasA KapTHHA MUpa.

18



9. Jlekcuxkorpadus. Ucropusa jekcukorpaduu. TosikoBsle cjoBapu. IIpUHIUIBI CUCTEMHON JIeKCUKOIpa-
¢dun. EcrecTBeHHble MeTaA3bKU. Natural Semantic Metalanguage. MockoBckas ceMaHTHYeCcKas IIKOJIa.

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

YYEBHHUKH:

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

. [x. JlaiioH3. A3BIK M JIMHTBUCTHKA: BBoAHBIN Kypc. M., 2004.

. A.T. Tectesneln. Beenenue B obmuil cuHrakcuc. M., 2001.

2
3
4
5. B. A. [InyHras. O6mas mopdoJiorus: Beenenue B npobiemaTtuky. 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
y4yeOHas1 QUCIHUIUIMHA HA aHTJIMHUCKOM 3bIKE JUIA CTyNEeHTOB 2-r0 Kypca U cTrapiie
(see also the description in English)

JIEKTOP: C. M. JIbBOBCKHIA.
YYEBHASA HATPY3KA: BeceHHUII ceMecTp 2018/19 yu.r., ABe mapsl B HeieJI10, 6 KpeJUTOB 3a cCEMeCTp.

OIIMCAHME: llenp Kypca — NPOAEMOHCTPUPOBTh, KaK paboTal0T HEKOTOPBble OCHOBHEIE Hen ajarebpande-
CKOI reoMeTpHH, He IIpuberas K «TsXeJion» TeXHUKe.

NMPEABAPHUTEJIBHAS INIOATOTOBKA: Teopusa @pyHKIMI KOMILUIEKCHOTO II€pEMEHHOr0, Tonosiorus—-1, a"a-
JIN3 Ha MHOT000pa3usax (OCHOBHI).

ITPOTPAMMA:

1. Ompepnenenusa. KomnakTHasa puMaHOBa MOBEPXHOCTb, aCCOIMUPOBAHAHA ¢ ajarebpanyeckyM ypaBHeHU-
eM.

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

w

KomMnakTHasA pyuMaHOBa MOBEPXHOCTh, aCCOIIMMPOBAHHAA C TJIAAKON WU HOAAJbHOM TJIOCKON KPUBOM.
Brryer IlyaHkape.

Teopema PumaHa o cymiectBoBaHuu (6e3 qoka3aTebcTBa). Teopema Pumana — Poxa.
JIuHeliHbBIE CUCTEMBI U JIMHEUHbIE pacCJI0eHus.
Kanonuueckune kpusble. Teopema KacrtenbHyoBo u Jle dpaHkuca.

AxobueBo mHOroobOpasue. Teopembl AGena u fAkobu.

® N o 0 >

Toara-gquBusop. Teopema Topesin.

YYEBHHUKN:

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

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

IMOPSAJOK 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 JUCIHUIUJIMHA IS CTYEHTOB 2-TO Kypca M cTapiie

JIEKTOP: A. JI. TopoaeHueB.
YUYEBHAA HAT'PY3KA: oceHHui cemecTp 2018/19 yu.r., Be mapsl B HefleJIl0, 6 KpeIUTOB 3a ceMecCTp.

OITUCAHHME: fI3bIK KaTeropuil 1 GyHKTOPOB ABJIAETCA YHUBEPCAJIbHBIM CPEJICTBOM BBIpaXKeHUs ajrebpanye-
CKHUX CBOMCTB OOBEKTOB U OTOOpaXXeHUU MeXAy HMMHU B TOU WJIM WHOU Teopuu, K Kakoi Obl obyiacTu maTe-
MaTHK{ OHA He OTHOCUJIaCh. YMeHUe AyMaTh Ha 3TOM fA3bIKe M03BOJIsAET HaXOAUTD MPOCThIe KOHIIENTYyaJsIbHbIe
OTBETHI Ha MHOTHe KaXXyIIecs TPYAHBIMU BOIIPOCH! U YTaJbIBaTh IPABUJIbHBIE TIOCTAHOBKU HOBBIX MHTEPECHBIX
3agad. Llesbio Kypca ABJIAeTCsA OBjIafileHne KaTerOPHBIMUA KOHCTPYKIIUAMM Ha €CTeCTBEHHBIX COepKaTesIbHbIX
npuMepax U npruobpeTeHrie HaBBIKOB pabOTH C OCHOBHBIM [iJI abeJieBbIX KaTeropuil BBIYUCIUTEIbHBIM UH-
CTPYMEHTOM — KOMILJIEKCAaMU 1 UX T'OMOJIOTHAMHU.

MMPEABAPHUTEJIbHAA ITOATOTOBKA: nepBbiii ro 6akajaBpyaTa (cTaHOapTHBIE KyPCHl ajreOpsl, aHaIM3a,
reoMeTpuy, KOMOMHATOPUKU 1 TOIOJIOTUM).

ITPOTPAMMA:

o Karteropuu, GyHKTOPBI, IpeAmyYku. [IpuMepsl: CUMILIUIMAIbHBIE MHOXECTBA, TPEAIYYKHU Ha TOMOJIOTH-
yecKux MpocTpaHcTBax. Kateropus ¢yHKTOPOB, jiemMa MoHebl, IIpe/icTaBuMble QYHKTOPH M 3afJaHUEe
00BbEKTOB yHUBepcabHbBIMU cBoticTBamu. ([GM], [G], [M])

o Conpsoxé€HHble QyHKTOPHL. IIpyuMeps: ® u Hom, reomerpuyeckas peanusalnys U CUHTYJIAPHBIE CUM-
m1ekcel. [Ipenessl quarpamMm. @uibTpyromuecs kateropuu. [IpuMepsr: Q/Z, HeapxUMeAOBO IONIOJIHEHME
KOJIbIla Z, JIoKaJIn3alysa U HeKoMMyTaTuBHBIEe Apobu Ope. ([GM], [G], [M])

o AIAWUTUBHBIE, TOYHbIE U abeJieBbl KaTeropuu. JlmarpaMMHBIA TTOMCK, JIEMMBI O TMOCJIEOBATEIbHOCTSX.
[IpsiMble CyMMBI U IpOM3BeieHuA. UTHbeKTUBHBIE, TPOEKTUBHEIE, (KO)IOPOXIAOIINEe M KOMIIAKTHBIE 00B-
eKThl. XapakTepu3allyis KaTeropuil MoyJiel, SKBUBaJieHTHOCTh MopuTsl. Ecjii MO3BOJIUT BpeMs: Teope-
Mma o BjoxeHuu. ([GM], [G], [M], [W])

o KaTeropuu KOMILJIEKCOB, TOMOTOIINY 1 TOMOJIOTHUH. [IprMephl: KOMILJIEKC Ielel CUMILIUIIAIbHOTO MHO-
KeCcTBa, CBOOOJHAsA pe30JIbBEHTa MOIYJIsA, Pe30JIbBEHTH MOHOMUAJIbHBIX M 1€asI0B. JJIMHHAS TOYHASA I10-
cJiefjoBaTesIbHOCTh TomoJioruii. Konyc moppusma. ([GM], [W])

o CHeKTpaﬂbeIe I10CJIEA0BATEJIbHOCTHU TOYHOM Iaps.l, q)I/IIIprOBaHHOl"O KOMIIJIEKCa 1 CBépTKI/I OMKOMILJIEK-
ca. ([GM], [W])

o IHbeKTUBHBIE U TPOEKTUBHbIE Pe30JIbBEHTHI, GyHKTOPH Ext 1 Tor (Ha kaTeropuu MoAyJiei). Y MHOXeHUs
u cBépTkU. Kommiekcesl Komysis, Teopema I'mnbbepra o cusurusax. ([B], [W])

o Bap-pe3osibBeHTa. Koromosioruu anreop u rpyii. Kiaccudunupyiomue npoctpaHctsa. ([B], [W])

o EcJii mo3BOJIUT BpeMs: TPUAHTYJIMPOBAaHHbIE KaTeropuu M NMpOMU3BOAHAsA KaTeropus oT abejieBol KaTe-
ropuu. ([GM])

YYEBHHUKNA:

[B] H. Bypbaku, «['omosiornueckas anrebpa» (Anredpa X).

[GM] C. U. T'enbdang, 10. U. ManuH, «MeToibl TOMOJIOTUYECKOU aiarebphi», yacTs 1.
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[G] A. JI. ToponeHn1ieB, «Anrebpa — 2.
http://gorod.bogomolov-lab.ru/ps/stud/algebra-3/1415/algebra-2 2015.VI.15.pdf.

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

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

KOMMEHTAPHM: kypc 6yeT 6J1M30K K TPOYUTaHHOMY oceHbio 2018 ropa:
http://gorod.bogomolov-lab.ru/ps/stud/homalg/1819/list.html
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BBE,Z[EHI/IE B KBAHTOBYIO TEOPHUIO
y4JeOHas1 QUCIHUIUIMHA IS CTyEHTOB 1-ro Kypca u crapiie

JIEKTOP: B. B. Jlocsakos, II. I'. 'aBpuiieHKo.
VYEBHAA HATPY3KA: BeceHHHI1 ceMecTp 2018/19 yu.r., ABe maphl B HeAeJII0, 6 KPeUTOB 3a CEMECTP.

OIIMCAHHME: ... Y Hac HeT JIy4llero cCpeACTBa [AJiA ONMUCAHUA 3JIEMEHTAPHBIX YacTuUll, YeM KBAHTOBAas TEOPUs
nosis. KBaHTOBOe moJjie — 3TO0 aHcam0JIb 0€CKOHEYHOro 4Kcjia B3auMOMAENCTBYIOIUX eAPMOHUYECKUX OCYLUT-
JIAMopos. Bo30yxaeH!A 3TUX OCHUJLIIATOPOB OTOXAECTBJIAITCA ¢ YacTuiaMu. Ocobas pojib rapMOHUYECKUX
OCLIJIJIATOPOB CBsA3aHa C aAAUTUBHOCTLIO UX cniekTpa. Eciu E; u E, — 3Heprerudeckue yposHu, 1o £, +E, —
TOXe dHEPreTUYeCKUI YPOBeHb. B TOUHOCTH TaKUX CBOMCTB MBI M OXHJaeM OT 3JIeMeHTapHBIX 4acTull... Bcé
3TO oueHb B Ayxe XIX crojieTus, Korja JIIOAU MBITAJIUCh CTPOUTH MeXaHUYeckre MOIeJ U BCeX ABJIeHUM.
He BUXKY B 5TOM HHUYEro IJIOXOTr0, MOCKOJIbKY JiI00asA HeTpuBHAJIbHAA UAes B ONpedeIEHHOM CMEICIIE BepHa.
Mycop MpoILIOro 4YacTO OKa3bIBaeTcsA COKpPOBUIIeM HacTosAmero (u Haoboport). I1o 3Toi npuyrHe MBI 6ygeM
cMesio mpuberaTh K pa3JIdyHBIM aHAJIOTHUAM NIPpU 00CYXAE€HUU HAIIUX OCHOBHBIX IIPOOJIEM.

Astexcandp Iostsakos

IMPEABAPHUTEJIBHAA ITOAT'OTOBKA: HeT.

ITPOTPAMMA:

1. Kiaccuyeckasi Teopusi Ha pUMepe 3JIEKTPOMarHUTHON BOJTHBL. DJIEKTPOMAarHUTHas BoJiTHa — Habop rap-
MOHHYECKUX OCHUJLIATOPOB. [aMUJIbTOHOB MOAXO..

2. Gedanken skcnepuMeHTHI CO CBETOM — IIPOXOXAEHUE Yepe3 MoJiapusaTop U GotoaddexTt. BriBo: Hall
MUPp He kjaccrudeckuid. COOTHOLIEHNUA HEONIpeIeIeHHOCTHU.

3. CocTosaHuA GU3NYECKON CUCTEMBI B KBaHTOBOI Teopuu. COOCTBEHHBIE COCTOAHUA. [IprHOMI CcymnepIio-
3ulun. BepoATHOCTD Iepexojia U3 OJHOr0 COCTOSIHUA B ipyroe (aMiumTyaa nepexopa). [IpocrpaHcTso
COCTOSIHUI — T'UJIbOEPTOBO IIPOCTPAHCTBO.

4. Hab6ioqaemMbie B KBAHTOBOM TEOPUU — OINEPaTOPhl Ha TMJIbOEPTOBOM MPOCTPAHCTBe. J[eficTBUE omepa-
TOpa Ha COOCTBEHHbIE COCTOSIHUSA. TpeboBaHME CaMOCONPI)XEHHOCTH onepaTtopa. Miamepenue HabJr01a-
eMOH Kak 3ajjaua Ha co6CTBeHHbIe 3HaueHusA. Ompe/iesieHre cpe/IHEro 3HAYeHUs 1 JJUcepcruy HabJro1a-
€MO.

5. CooTHoIIeHNe HeolpeaeIeHHOCTU M OAHOBPEMEHHAas N3MePHUMOCTh Qu3nueckrux BeJIMYnH. KaHoHuve-
CKMe KOMMYTAILIIOHHBIE COOTHOIIEeHNs. KaHOHNYeCKoe KBaHTOBAaHNE B KBAHTOBOU Teopuu. I10JTHBIN Ha-
0op HaOJII0JaeMBbIX.

6. JJunamuka B KBaHTOBOU Teopuu. YpasHeHue lllpeaunrepa. 'aMuibTOHNMAH Kak HabmogaeMas, onpeje-
JIAILAA AUMHAMUKY B KBAHTOBOM TeopuM. 3afjaya Ha COOCTBEHHbIE 3HaUYeHUA U COOCTBEHHBIE COCTOSAHUSA
ramMujIbTOHMaHa KakK 3a[ava, pelamlias BOIPoC O AUHAMUKE IPOU3BOJIBHOIO COCTOSHUA B KBAHTOBOU
MeXaHUKe.

7. KBaHToBaHue rapMOHHNY€CKOro oCiuJuiATopa. OHepaTOpr POXOEHNA U YHUYTOXEHHNA. BHepFeTI/IquKI/Iﬁ
CIIEKTp 1 coOCTBEHHBIE COCTOSAHMUA.

8. KorepeHTHbIe cocTosAHUA. KorepeHTHBIE COCTOAHNA KaK MUHUMU3UPYIOLIe COOTHOIIeHNe Heolpe/ieJleH-
HOCTHU. [IlMHaMNKa KOTepeHTHOr0 COCTOAHMA. Pa3yioxkeHne eIMHULBI )1 KOTePeHTHBIX cocToAHuN. [Tpe-
JIeJIbHBIN Tepexo[] K KJIACCU4eCcKOl TeOpHU.
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YYEBHHUKNA:

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

o JI. JI. ®anpees, O. A. Aky6oBckuii. JIekiyu 1o KBaHTOBOM MeXaHUKe /1A CTyIeHTOB-MaTeMaTuKoB, 1980.

IIOPANOK OLIEHUBAHMA: OLleHKa CTaBUTCA IO Pe3yJbTaTy TPEX MUCBMEHHBIX KOHTPOJIBHBEIX padoT U OfI-
HOr'0 KOJLJIOKBUyMa.
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BBE,I[EHI/IE B TEOPHUIO CJIVUAMHBIX ITPOIIECCOB
y4ueOHas QUCIHUIUIMHA HA aHTJIMHCKOM 3bIKE JUIA CTyNEeHTOB 3-T0 Kypca U cTrapiie
(see also the description in English)

JIEKTOP: M. JI. biaHK.
YYEBHASA HATPY3KA: BeceHHUII ceMecTp 2018/19 yu.r., ABe mapsl B HeieJI10, 6 KpeJUTOB 3a cCEMeCTp.

OIIMCAHMUE: Kypc sABjiseTca MpogoJIXeHUeM CTAaHJAPTHOTO Kypca M0 TEOPUU BePOSATHOCTEN (CBA3aHHOTO B
OCHOBHOM € KOMOMHATOPHUKOI) U IIpeJHa3HAa4eH [JIs IeEpPBOHAYAIbHOI0 O3HAKOMJIEHHU C TeOpHel CIydyalHbIX
IpolieccoB. YaesseTcsa oco00e BHUMaHe CBA3M 3TON TeoprHU ¢ QYHKIMOHATIBHBIM aHAJIM30M U 00111eil Teopuei
Mephel. Kypc opueHTHpoBaH Ha 6akaiaBpoB 2—4 Kypca, MaruCTpaHTOB U acCIPaHTOB.

NPEABAPHUTEJIbBHAA ITOATOTOBKA: KypChl aHAJIN3a U TEOPUU BEPOATHOCTEN

ITPOTPAMMA:

o [ToHATHeE ciTydaliHOTO Ipoljecca.

o DJIeMEeHTHI CJIy4yaliHOro aHaJin3a.

o KoppenAnuoHHas Teopus CIyYailHBIX IPOLEeCCOB.

o MapKoBcKue MpOoLeCCH ¢ JUCKPETHHIM 1 HeNPEPBIBHBIM BpeMeHeM.

o BUHepOBCKUII U MyacCOHOBCKUI IPOLIECCHI.

o CroxacTuieckuii unrerpai. ®opmysa HUro.

o (Cy06/cymnep)MapTHUHTaJIHI.

o MHOUHNTEe3NMAaJIbHBIN ONlepaTop MOJIYTPYIIIbL.

o CToXacTU4YecKas yCTOMYUBOCTh JUHAMNYECKUX CHCTEM.

o DoJipllivie yKJIOHEHNs B MapPKOBCKUX IPOIeccax U XaoTUYeCcKol JUHaMUKe.

o HesimHeliHble MapKOBCKHE MPOLIECCHL.

YYEBPHHUKN:

(]

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

o A. JI. Beurnesnb. Kypc Teopuu ciiyuaiiHbeix npotieccos. 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. Illupses. Bepoaruocts, 2 T. MIJTHMO, 2007.

IMOPANOK OLIEHUBAHUA: 0.4 (HakomieHnHas orjeHka) + 0.6 (3k3aMeH), HaKOIJIeHHAs OIleHKa ompezesis-
eTcsA KOHTPOJIbHBIMU, cavuel JINCTKOB 1 pab0TOM Ha JIeKIIUAX U ceMrHapax. OKpyrJieHre B 00JIBIIYI0 CTOPOHY.
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BBEJJEHUE B ®POBEHUYCOBBI AJITEBPBI U 3EPKAJIbHYIO CUMMETPHIO
HUC Ha aHI/IMiIICKOM A3BIKe [JiA CTYA€HTOB 2-T0 Kypca U cTapliie
(see also the description in English)

PYKOBOOUTEJIb: II. U. [lyHun-BapkoBckuii, A. A. Bacayiaes.
YYEBHASA HATPY3KA: BeceHHUII ceMecTp 2018/19 yu.r., ABe mapsl B HeieJI10, 6 KpeJUTOB 3a cCEMeCTp.

OIIUCAHMUE: @DpobeHLLycosbl ateebpbl — 3TO accoliaTUBHbBIE ajireOphl ¢ e JUHHIEH, OCHAIIEHHBIE ONPee/IEH-
HBIM 00pa30M COTJIaCOBAHHOM C Mpou3BeeHreM OUIMHeNHOM popMoii. HecMOTps Ha TPOCTOTY Olpee ieHs,
OHU UTrpaT BaXXHYIO POJIb BO MHOTUX MHTEPECHBIX 3a/lauaxX 13 pa3HbIx obsacteil Hayku. OJHOMI U3 TaKuX 00-
JlacTell AIBJISeTCA U3ydeHne 0cOOeHHOCTel Bpojie ocTpus Kpuboi y2 = x3 B Touke (0, 0) (cp. ¢ 0COGEHHOCTHIO
kpuBoi y2 = x3 + x2 B Toil xe Touke). Kypc HauHETCA ¢ onpeaesneHns GpoOGeHNyCOBBIX arebp, 06CyXIeHns
X CBOICTB W NPUMEPOB. 3aTeM MBI 00CyJUM OCHOBBI TeOpUM OCOOEHHOCTEH U CBA3b (HpOOEHUYCOBHIX ajl-
re0Op C 3TOU Teopuel, a Takxe MosABJieHUe GpoOeHUYCOBbIX ajiredbp B hu3uke (B 4aCTHOCTH, T.H. «IBYMEPHBIE
TOIOJIOTHYeCKe KBaHTOBBIE TEOPHUH I0JIA», KOTOphble JajleKo He Tak CTpallHBl, KaKk UX Ha3BaHUe). B KoHIe
Kypca OyayT ynoMsaHYyTH (GpoOeHnyCcOoBbl MHOTOOOpasusi, AJid 3Toro OyAyT AaHB Bce HeoOXoaAuMble 6a30BbIe
CBeleHM.

IIPEABAPUTEJIbBHAS ITIOATOTOBKA: ajreOpa U reoMeTpus AJis IepBOro Kypca OakajiaBpuara.

ITPOTPAMMA:

1. AnreGpsl co criapuBaHueM, ppoOeHNyCOBH are0psl. DKBUBaJIeHTHbIe (POPMYJIIPOBKU, €IUHCTBEHHOCTh
crlapyMBaHUsA, OTpaHNUYeHNUs, BRITEKAIe U3 ycaoBus GpoOeHnyCOBOCTH.

2. IIpumepsl He-PpPOOEHUYCOBBIX aCCOIMATUBHBIX KOMMYTATUBHBIX ajire6p. dopmasibHoe omnucaHue ¢po-
OeHNyCOBBIX ajre0p B TepMHHAX eAUHUIIBI, KOeAUHULIBI U TeH30pa npousBeAeHus. OnucaHue cOOTBeT-
CTByIOIUX IpadoB U KOOOPAU3MOB.

3. ®pobeHnyCcOBH aareOphl, TPUXOAIINE U3 TeOPUN 0COOeHHOCTE: npuMepHl 4, D, E.

»

Kopuesrle cuctembl TUNOB 4, D, E, rpynmnsl Kokerepa, cTpykTypa ppobeHnycoBoii ajreOpbl Ha IpOCTpaH-
CTBe MHBapHUAHTHBIX MHOTO4JIEHOB.

®pobeHnyCOBHl ajIre0psl, IPOUCXOAIINE U3 KOroMOoJIOruii MHOroobpasuii. Ilpumep: CP™.
AxcyMBl ATbU ABYMEPHBIX TONOJIOTMYECKUX KBAHTOBBIX Teopuil noJisA. CBA3b ¢ GUBUKOMI.
3epkayibHasA CUMMeETpUA Kak n3oMopdusm ¢GpoObeHnyCOBBIX anredp, HEKOTOPhIE IIPOCThIE IIPUMEPHL.

MHoroo6pa3sus ¢ npousBeJieHneM. AccoljiaTiBHBIE U KOMMYTaTHBHBIE cJly4au, F-MHOroo6pasus.

© © N o O

F-MmHOroo6pasusi, cBA3aHHBIe ¢ AedopMalirieil 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.Hara#n3oHs, «'eoMeTpusa AByMepHBIX TOIOJIOTMYecKuX Teopuii noyay, MIITHMO, Mocksa, 1998.
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o B.M.ApHosba, B.A. Bacunses, B.B. I'optoHOB, O.B. JIamko, «OcobenHoctu. 1. JIokanpHaa u riobajabHasg
teopusi», BAHUTHU, Mocksa, 1988.

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

L]

[...] 03HaYaeT OKpyTJieHNe BBEPX

o

S €[0,4] — oueHka 3a cgady JIMCTKOB

C € [0,4] — oweHKa 3a camMOCTOATeJIbHbIEe pabOTHl Ha ceMrHapax (IIpoBOJAMMEIE pa3 B HECKOJIBKO 3aHsA-
TUI)

o

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

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

Ecsiu HakaHyHe 5k3aMeHa BhInoJiHAeTcs yesaoBue min(10, [S+C+T1) > 8, To 3Ta oljeHKa IpU XeJIaHUU CTyIeHTa
MO>eT OBITh BBHICTaBJIeHa B KauecTBe UTOrOBOU 6e3 sK3aMeHa.

27



BBE,Z[EHI/IE B TEOPHUIO YUCEJI
y4JeOHas1 QUCIHUIUIMHA IS CTyEHTOB 1-ro Kypca u crapiie

JIEKTOP: B. 3. lllapuu.

VYEBHAA HATPY3KA: BeceHHUI1 ceMecTp 2018/19 yu.r., ABe maphl B HeieJII0, 6 KPeUTOB 3a CEMECTP.

OIIMCAHME: Teopus 4yncesl COCTOMT U3 MHOXeCTBAa Pa3HOOOPa3HBIX BONMPOCOB U METOJIOB UX UCCJIeJOBAHMA.
Kypc comepxur ase yactu. IlepBasa 4acTp NOCBsAlleHa NOAPOOHOMY M3YYEHUIO 3JIEMEHTAPHOU TEOpUU 4KCel
C UCMOJIb30BaHMEM MHCTPYMEHTOB BHICHIENl MaTeMaTHUKHU. BTopas 4acTb JacT ciyliaTesiaM NpeAcTaBjieHne o
BO3MO>HBIX HallpaBJIeHUAX yIrIyOJeHUA U OCHOBHBIX pe3yJibTaTax B paMKax 3TUX HallpaBJIeHUU.

IIPEABAPHUTEJIbHASA ITOATOTOBKA: nepBhili roJ] 6akajaBpuaTta (CTaHJapTHBIE KYPCH ajareOphl, aHaIM3a,
reoMeTpuu, KOMOMHATOPUKU 1 TOIIOJIOTHUM)

ITPOTPAMMA:

10.

. JeauMocTs M mpocThie unciia. EBkinaoBs kosbla Z u Z[i]. AnroputMm EBkinga. JIuHeliHOe ipeicTaB-

snenne HOJ. OcHoBHasA TeopeMa apudMeTUKH. p-liokasaresu. Jlemma 06 yrouHeHuu creneHu. [locrysar
beptpana.

KoJsibna BeryeToB 1o MoAyJiio. O6paTumele BelYeThl. Teopema BusbcoHa. dyHkIusA Ditepa U eé CBOU-
cTtBa. Teopema Oiiiepa. Kutatickaa Teopema o6 ocrarkax. Teopema IlleBasiie. [IpuMUTUBHBIE BBIUETHI.
KBagpatuuHblie BbiUeThl (KpUTepuil Jitjiepa, KBaApaTU4HBIN 3aKOH B3auMHocTHU ['aycca).

Ilennbie (HenpepbiBHBIE) ApoOH. CBOMiCcTBA IeNHbIX Apobeil. [IpubikeHre nppalloHaIbHbIX YKcesT
pannoHasnbHbIMU. L{enHble ApoOY KBaAPaTUYHBIX HPPALIOHAIbHOCTEN.

3amauu Ha pemérkax. ®opmyia [Tuka. Teopema Bamxdensa. Jlemma MuHkoBckoro. Teopema KpoHe-
kepa. PaBHOMepHO pacnpefesiéHHble ocjieqoBaTeIbHOCTU. Teopema BaH-nep-BapaeHa.

MHorouwieHb! Haf Z. HenpuBogumele MHorouwieHsbl. Jlemma laycca. ITpusHak DiizeHmiTeliHa. [Ipu3Hak
Joma.

MuodaHTOBHI ypaBHeHUsA. JIHeliHbe UODAHTOBH ypaBHeHUs. MeToAbl pelleHNs HeJTMHEMHbBIX 1O0-
($aHTOBBIX ypaBHEHUII: METO[l OCTAaTKOB, METO/ pa3JIOXKeHUI, MeTO[ OLleHOK, MeTo[ criycka. [Tudaropo-
BBl TpOViKU. YpaBHeHus [lesuia. CymMMBel AByX KBaapaToB. CyMMBI YeTHIPEX KBaJPaTOB.

OcHOBBI aJireOpanveckoi Teopuu uncesi. KoneuHsle pacmpenus Q. JleMMa o mpoCcTOM paclIMpeHU .
Koueito 1iesinix. ITosie anrebpandeckux uncen A. Anrebpandeckas 3aMKHyTocTh A. Teopema JInyBuiis.
Teopema Jlungemana (6/4). TpaHCIeHIEHTHOCTD T U €.

OCHOBBI AaHAJIMTUYECKOM Teopum yucesl. 'amma-pynkuus diiyiepa. [i3eta-pyHkiusa Pumana. Paasr [lu-
puxie, TeopeMa Jupuxiie 06 apudmeTrrnueckux nporpeccusx (6/1). Teopema UeOrnInéBa o pacrpeeie-
HHU IPOCTHIX YKCEJL.

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

p-aaudeckue umncja. Heapxumenosel HOpMel B Q 1 nonoyiHeHus Q no HuM. KoJibLo Z, n ero CBOICTBA.
JlemMa I'eHsesis.

YYEBHHUKMHA:

[D] T. [JsBeHnopT, «BBeeHue B TEOPUIO YHCETDY.
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[B] A. Byxmita0, «Teopus uncen».

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

[V] U. M. BuHorpajzioB, «OCHOBBI TEOPUU YHCEJTY.

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

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

[K] C. b. KaTok, «p-aguueckuii aHajii3 B CPaBHEHUM C BellleCTBEHHBIMY.

[P] B. B. IIpacosioB, «KMHOTOYJIEHb».

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

JleknusAx, C — oIleHKa 3a KOJJIOKBUYM B cepeJiHe Kypca, £ — olleHKa 3a 5K3aMeH B KoHIle Kypca. OkpyryieHue
J10 6IMXKanIero 1eJioro, noJjyresble Yrcjia OKPYTJIAI0TCA BBEpX.
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BBEJJEHUE B DPI'OJIUYECKYIO TEOPUIO
HUC Ha aHI/IMiIICKOM A3BIKe [JiA CTYA€HTOB 2-T0 Kypca U cTapliie
(see also the description in English)

PYKOBOAUTEJIb: M. JI. biiaHK.
VYEBHAA HATPY3KA: oceHHUH ceMecTp 2018/19 yu.r., oqHa mapa B HeZleJo, 3 KpequTa 3a ceMecTp.

OIIMCAHHE: MOXHO JiU OTJIUYUTH JeTEPMUHUPOBAHHYI0 XaOTHYECKYI0 JUHAMUKY OT YMCTO CIIYIaliHON U
MMeeT JIM 3TOT BOIPOC CMBICJI? Biuser i HeoOpaTUMOCTh JMHAMUKU Ha KadeCTBEHHBIE XapaKTepUCTHUKU
mporecca? Dproaudeckas Teopusa M3ydaeT 5TH U Apyrye CTaTUCTUYeCKue CBOMCTBA JUHAMMUYECKHX CUCTEM.
HHTepec K 3TON nmpobjeMaTUKe CBA3AH C TeM, YTO «TUNMYHEIE» IeTepMHUHHPOBAaHHEIE AUHAMHUYecKue CHCTe-
MBI (Hanpumep, auddepeHnnaabHbe ypaBHEHNs) JeMOHCTPUPYIOT XaOTHYeCKoe IoBefeHre: UX TPaeKTOpUn
BBITJIAMAT KaK peajunsaliu CIydyalHbIX npoueccoB. MBIl HaUHeM c KjlacchuecKnx pe3yJsibraTos IlyaHkape, Bupk-
roda, XuHunHa, KosimMoroposa u JoieM A0 COBPeMEeHHBIX IOCTAHOBOK (B TOM 4KCJIe 1 HepellleHHBIX) 3aJay.
Kypc sABisAeTca BBOOHBIM M OPHEHTHUPOBaH Ha 6akayiaBpoB 2 -4 Kypca, MaruCTpaHToB U acnupaHTos. Ecte-
CTBEHHBIM ero IpoAoJiKeHUeM ABJIeTCS CKOJIKOBCKUH Kypc «[JuHaMuKa U sprogudeckas treopusy. Ilpeasapu-
TeJIbHBIX 3HAaHUI KpoMe Kypca MaT. aHajin3a He TpebyeTcs (XOTA OHU U XKeJlaTesIbHBI).

IMPENABAPUTEJIBHAA ITOAT'OTOBKA: Kypc aHaJ13a.

ITPOTPAMMA:

1. JluHaMHnYeckre CUCTEMBL: TPAaeKTOPUU, MTHBAPUAHTHBIE MHOXECTBA, IPOCThIe U CTPAHHbIe aTTPaKTOPHI U
UX KJIaccuduKams, XaOTUYHOCTb.

2. Tonmosioruveckue CBOMCTBA N3MEPUMON JUHAMUKHU.

3. MelicTBUe B IPOCTPAHCTBe Mep, MOHATHE TpaHcdep-onepaTopa, MHBapHUaHTHbIe Mepbl. CpaBHeHHE CO
CJIy4YaliHBIMM MapKOBCKHMM IIpolieccaMu.

4. DproauvyHOCThb, TeopemMa bupkroga, nepememmusanue, LITT. Meps Cunas-bBoysHa-—Proasna u ecre-
CTBeHHbIe/HalJIIoJaeMble MephI.

5. OcHOBHBIE 3proguyeckre KOHCTPYKI[UU: IIPsAAMBIe U KOChle IPOH3Be/iIeHN ], IPOM3BOAHOE U NHTerpajbHOe
oTOOpaxeHus, ecTeCTBEHHOe pacuiipeHue 1 rpobjieMa HeoOGpaTUMOCTH.

6. Dproauyeckuil NOAXO[ K 3ajayaM TeOpUU UHCel.
7. DHTpONUA: METPUYECKUI U TOMOJIOTNYECKUN TTOIXObI.

8. OmepaTopHbiii popmanuaM. CrekTpajbHAsA TEOpHs AWHAMHYECKHX CHCTeM. baHaxOoBBI ITPOCTPAHCTBA
Mep, cJiy4yaiiHble BO3MYIIEHU.

9. MHOIOKOMIIOHEHTHBIE CHCTEMBI: CHMHXPpOHM3alusa 1 (l)aSOBbIe rnepexonasl.

10. MaTemMaTH4ecKre OCHOBAaHUA YKUCJIEHHOTO MOOe/IMpOBaHUA Xa0TUYeCKOU JAVHaAMUJKH.

YYEBHHUKNA:

1. M. BnaHk. «YCTOMYHUBOCTh U JIOKaJIM3aIyA B XxaoTudeckon quHamukey, MITHMO, Mocksa, 2001.
2. N. I1. Kopudenna, 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 olieHka) + 0.6 (Ox3ameH). HakorieHHas olieHKa ornpemesisa-
€TCs KOHTPOJIBHBIMU, CAavYel JINCTKOB 1 pab0TON Ha JIEKIIUAX U ceMrHapax. OKpyrJieHue B 60JIbIIYI0 CTOPOHY.
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I'EOMETPHUYECKHE CTPYKTYPBI HA MHOT'OOBPA3HAX
HHUC s eryaeHTOB 3-rO Kypca U cTaplue

PYKOBOAUTEJIN: A. b. Kanenun, M. C. Bepounkuii, B. C. XKryH.
YUYEBHASA HAT'PY3KA: aBa ceMmectpa 2018/19 yu.r., ABe napsl B HeJeJl0, 6 KpeAUTOB 3a ceMecTp.

OITUCAHHE: CeMUHap OPUEHTHPOBaH Ha CTY[EHTOB U aCIMPAHTOB, MHTEPECYIOIIUXCA reoMeTpyell B caMOM
MUpoKoM cMmeiciie. Kpome snkbe3a, He06X0AMMOro AJif 3aHATHA COBPEMEHHOIN MaTeMaTHUKOU U MOHWMaHUA
TeKyllel JIUTepaTypsl, YYUaCTHUKYU CEMUHapa MbIOT Yail U AesalT JOKJIaAbl [0 Pa3HBIM CTAThAM, OT KJIACCUKU
1 10 HeJaBHO ONyOJINKOBAHHBIX MPENPUHTOB.

IIPEABAPHUTEJIbHAS ITIOATI'OTOBKA: MHorooOpasus, rpymmnsl JIu, anrebpa ge Pama, BEeKTOpHEBIE paccioe-
HUA.

ITPOTPAMMA:

1. JIuk6e3 1o MUPOKOMY CIIEKTPY reOMeTPHUYECKUX AUCIUIUINH, B OCHOBHOM ajirebpanieckoil reoMeTpuu.
2. CoOcTBeHHBIE pabOTHI CTYAEHTOB U BBDKMMKU U3 TEKYyIIel JINTepaTyphl.

3. Yati c rutromkamu, 6apaHku, TPAHAKYA, MapMeJsal.

YYEBHHUKMHA:

1. Sylvestre Gallot, Dominique Hulin, Jacques Lafontaine. Riemannian Geometry.
XK.-II. Cepp. Anrebps! JIu u rpynmnsl Jin.

Jx. Munsop, [Jx. Ctamed. XapakTeprucTAUeCKre KJIacChl.

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

Jean-Pierre Demailly. Complex analytic and differential geometry.

S B I

C. U. Tensdang, F0. . ManuH. MeTtoibl roMoJiorudeckoi aared6pel. Tom 1. BBegjeH1e B KOTOMOJIOTHU U
MIPOU3BOJHEIE KaTETrOPUU.

IIOPAAOK OLITEHUBAHMUA: UTOorosas OljeHKa 3aBUCUT OT aKTUBHOCTU y4aCTUA CTyZleHTa B CeMHHape.
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I'EOMETPUA U AHAJIN3 TUO®DPEPEHIIUAJIbBHBIX YPABHEHHUM
HHUC s eryaeHTOB 3-rO Kypca U cTaplue

PYKOBOOUTEJIb: U. B. BeioruH, B. A. ITo6GepexHBbIii.
YUYEBHASA HAT'PY3KA: aBa cemectpa 2018/19 yu.r., oqHa napa B HeJeJo, 3 Kpeaura 3a ceMecTp.

OITMCAHMHE: OCHOBHBIMU IpeJ]METaMH Halllero Kypca OyayT aHajuTudeckas Teopus AuddepeHIMaIbHBIX
ypaBHeHUii, oOpaTHble 3aJa4l MOHOAPOMUU Y BONPOCH MHTErpHUPyeMOCTU. BC€ 3TO TeCHO CBA3aHO C KOM-
IIJIEKCHBIM aHAJIN30M U reoMeTpuel, MpakTUiecku He MepeceKasch ¢ Teoprell 0ObIKHOBeHHBIX quddepeHIu-
aJIbHBIX YpaBHeHUH. Mcnosb3ylomuyecs KOHCTPYKIMU U IOAXOAB!, KaK [IPaBUjIo, UMEIOT BUAUMBIN reOMeTpu-
YeCKUI CMBICTI, a pe3yJIbTaThl UMEIOT MHOTOUYMCJIeHHbIe TPUJIOKEeHNA B COBpEMEHHOI MaTeMaTHKe U TeOpeTu-
4yeckol ¢u3uKe, B IepBYI0 ouepe/ib, IpY UCCIeJOBAHUN UHTEIPUPYEMBIX CUCTEM.

IPEABAPHUTEJIbHASA IMMTOATOTOBKA: rjiaakue MHoroo0Opasus, auddepeniiuaibHble ypaBHeHUs, TOKIIL.
ITPOI'PAMMA:

1. KommiekcHble auddepeHnnaibHble ypaBHEHUA
Oco0ble TOUKHU

WHBapuaHTHI

MoHnoapomusa

o > Wb

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

YYEBHHUKMHA:

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

2. boimbpyx A. A. O6paTHbIe 3ajaui aHAJIUTHUYeCcKOl Teopuu AuddepeHnranbHbX ypasHeHuil. MITHMO,
2009.

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

IMOPAOK OLIEHUBAHMA: HakoIlIeHHas olleHKa (paboTa Ha ceMUHape, JIMCTKA) OKpyTJisfeTcs [0 OJvkaii-
IIero 1LieJIoro, NoJIyLiesible 3Ha4eHUA OKPYIJIAITCA BBEpX.
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I'EOMETPUS U I'PYIIIBI
HHUC s eryaeHTOB 1-rO0 Kypca ¥ crapiue

PYKOBOAUTEJIb: O. B. IlIBapumMas.
YUYEBHASA HAT'PY3KA: aBa ceMmectpa 2018/19 yu.r., oqHa napa B HeeJlo, 3 KpeaurTa 3a ceMecTp.

OITMCAHHME: cHauasa mpejroJjaraeTcsi OCHOBaTeJIbHO M3Y4YUTh IJIaHMMeTpuio Jlo6baueBckoro, a 3aTeM 3a-
HATHCA U3y4YeHNeM CUMMeTPUYHBIX 3aMOIIeHN JIOCKOCTU JIo0aueBCKOro U UX NpUIOKeHUH B TEOPHUU Yncell,
aHajmu3e U KOMOMHaTOPUKe.

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

ITPOTPAMMA:

1. ILmanumetpus Jlo6aueBckoro (B MojieJi BEpXHEH MOJIYILJIOCKOCTH): YTO B Hell Tak, KaK B €BKJIUIO0BOM, a
YTO He TakK.

2. ToyuuTenbHBIE TPHUMEPHI 3aMOIIeHUH 1I0cKocTh JlobaueBckoro, o6safarorire 60JIbIION IPYyION CUM-
MeTpuu (reHeTrdeckoe BBeJleHNE B TEOPHI0 (PYKCOBBIX IPyII).

3. IlpunoxeHus.
YYEBHHUKU:
1. B. B. IIpacosnos. I'eometpus Jlo6aueBckoro. MIIMHO, 2016.

2. Mambopgn, Pait, Cupuc. Oxepenve Uuaper. MIIMHO, 2011.

IMOPANOK OLIEHUBAHMA: uTorosas olieHka 3a nogyroaue pasHa 0.5 N+0.5 E, rae E — oljeHKa 3a UTOTOBHIIA
ok3aMeH, a N = min(10,0.15 + 0.9K), rge S — 4ncJI0 ceMMHApPOB, KOTOphIe Bel mocetuin, a K — olieHKa 3a
KOHTPOJIbHY10. Bce OKpyTJieHUs MMPOUCXOOAT A0 Gimkaliiiero 1ejoro ymca.

33



I'EOMETPUS U TUHAMHUKA
HHUC s eryaeHTOB 1-rO0 Kypca ¥ crapiue

PYKOBOOUTEJIH: A. B. KiilmmeHko, I'. U. Ospmmanckuii, A. C. CKpUITYEHKO.
YUYEBHASA HAT'PY3KA: aBa ceMmectpa 2018/19 yu.r., oqHa napa B HeeJlo, 3 KpeaurTa 3a ceMecTp.

OITUCAHHE: CeMuHap paccuuTaH Ha CTyJeHTOB 1-2 kypca 6akanaBpuaTta. Mbl mpefnojaraeM pacckas3arb
CJTyIIATEsIAM O TOHATUSAX, METOIaX U Pe3yJIbTaTaxX U3 Pa3INYHbIX pa3fesioB reOMeTPUH, TUHAMUKHI U CMEXHBIX
o6sacrei. [Ipu 3TOM HepeZiko coobpaxeHHUs U3 OJJHON 00J1acTu OYAyT UCHOJIb30BaThCA B paboTe ¢ 00beKTaMU
JIpyToi MpUpoibl. B TeueHre AByX JieT pa3brpaeMsble CIOXKETHI TOUYTU HE MOBTOPSIOTCA.

IMPEABAPUTEJIBHAA ITOAT'OTOBKA: HeT

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

o Teopus IlyaHkape — BeHaUKCOHa: ToYeMy OOJIBIIMHCTBO CUCTEM, COCTOSIHHE KOTOPBIX 334a€TCA TOYKOM
Ha IJIOCKOCTH, JTUOO CTaOUIU3UPYIOTCA, JIMOO BHIXOAAT B PEXUM MepUOANYecKrnX KojgeOaHuN? 4To U3-
MEHUTCs B OoJiee BEICOKOU pa3MepHOCTU?

o MapKOBCKHE C/IBUTH: BCe caMble I'JIaBHble CBOIMCTBA JUHAMWYECKHUX CHCTeM, OT TPAaH3UTUBHOCTHU [0 Ie-
peMelIMBaHus, B TEPMUHAX JINHEIHOW ajireOphl.

o DHTPONMA AUHAMHUUYECKON CHCTEMBI: KaK U3MepUTh «CJIyYaliHOCTb» IOBeJIeHUs CUCTeMBl II0YeMy SHTPO-
s U3MepseT CJI0XKHOCTh?

o auddeomopPrU3Mbl OKPYKHOCTHU: KiaaccudUKanusa C TOYHOCTHIO A0 CONPSXEHWs, MHBApHUAHT KJIacCu-
¢ukanuyn (4ucsio BpalleHus), JOCTaTOYHOCTD ero 1A kiaccudukalnuy, NoBeJieHre 4ncia BpalleHus B
ceMelcTBax

o XaoTuU4eckas JUHAMHKA: 9TO O0LIero y kota ApHOJIb/ia, OTOOpakeHue eKaps 1 Ouiibsapaa ByHuMoBuya?
o I[eMHbIe APOOU: KaK AUHAMUKA IOMOTraeT TEOPUH YHMCEST U IIPUYEM TYT Teojie3nuecKue?
o (bpakTasbl: KaKk KOMIUIEKCHAsA UHAMHUKA CITyXUT GU3UKe, OMOJIOTUH U COI[UAIbHBIM HayKaM?

o TEOMeTpHs IPOCTPAHCTB (J1aros

YYEBHHUKNA:

o A. b. KaTok, b. Xaccen6saT. BBegeHue B TeOpUi0 AUHAMUYECKUX CHUCTEM C 0030pOM NOCJIEJHUX OCTHU-
xeHunit. M.:MLTHMO,2005.

o C. Tabaunukos. 'eomeTpus u 6usLTHapabl. bubanoreka xypHasa «PeanbHad U XaoTUUeCcKad JUHAMUKAY,
M.-NxeBck, 2011.

o Y. ®ynatoH. Tabnunel IOHra u ux OpujIoXeHUA K TeOpUU IpefcTaBjaeHu u reomeTpun. Mocksa, MIIH-
MO, 2006.
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IOPANOK OLIEHHMBAHMUA: B koHIle cemecTpa MPOBOAUTCA 3K3aMeH, COCTOAMUN B YCTHOM OOCYXIOeHUU
pellileHUI BBIJAHHBIX 3apaHee AJIA JOMAIIHEro pelleHus 3ajay, MOKPHIBAIONIUX OOJIBIIYI0 YacTh MaTepuasa
cemecTpa (okoJio 5 3az1a4, oijeHka «10» BrIcTaBJAeTCA 3a pelieHue npuMepHo 80% u3 Hux). [Ipu s3TOM paboTa
B TeUeHUe CeMeCTpa YUMTHIBaeTCA CJIeAYIOMNM 06pa3oM.

1) CTymeHT, ycIlelllHO BHICTYNMBIINI Ha ceMUHape ¢ JOKJIaZoM, MoJjiydaeT oleHKY «10» (BhICTymJIeHue ¢ Jo-
KJIaJoM — Heo0XOoAuMoe yCJI0BHe AONycKa CTyAeHTOB CTapIIMX KypcoB K BkJoueHuio storo HMCa B cBoit
UVyII).

2) B TeueHne ceMecTpa MPOBOJUTCA HECKOJIBKO (2—4) HeOOJIbITNX MIUChbMEHHBIX ITPOBEPOYHbIX paboT. I1o pe-
3yJIbTaTaM IIPOBEPOYHOL PabOTHI CTYIEHTY MOT'YT OBITh aBTOMAaTHUYECKH 3aUTeHHI (ITOJIHOCTHIO MJIM YaCTUYHO)
3aJayu Ha Ty Xe TeMy U3 UTOTOBOTO 3K3aMeHa.

KOMMEHTAPHM: BeceHHMII ceMecTp MOXHO, XOTS 1 He peKOMeHlyeTcs, 6paTh 6e3 oceHHero. B ciyuae, ec-
Ju 3T1oT HUC yxe ObUI B3AT OOUH pa3 B IIPOILJIOM roAy, paspemaeTrcs B3ATb ero BO BTOpou pas. CTyZieHThI
cTapmux Kypcos (3—-4 Kypc ¥ MarucTpaHThl) MOT'yT BKJIl04aTh 3TOT HUC B cBoii UYII ToJIBKO MO npef-
BapUTEJIbHON JOTOBOPEHHOCTU C PyKOBOJUTEJIAMU CEMUHapa.
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I'PA®BI HA TTIOBEPXHOCTAX
HHUC s eryaeHTOB 1-rO0 Kypca ¥ crapiue

PYKOBOAUTEJIb: H. 4. AMOypr.
VYEBHAA HATPY3KA: oceHHHM ceMecTp 2018/19 yu.r., oqHa mapa B HeZieJio, 3 KpequTa 3a ceMecTp.

OITMCAHME: AnekcaHzip ['POTeHUK 06Pa3HO U TIO3TUYHO Ha3kIBAJI 0emCKUMLU PUCYHKAaMu' rpadbl, HauepueH-
Hble 0e3 OTphIBa KapaHjalla Ha JByMepHO! [MOBEPXHOCTU TakK, YTO UX péOpa He IepeKacloTcsA HUTAe, KpoMe
TeX BepIINH, B KOTOPBIX UM II0JIOXEHO IlepeceKkaTbcs. 3aHATHUA JeTCKUMU PUCyHKaMu He TpeOyHT HHUKaKOU
crelyaabHON MOATOTOBKYU U MO3BOJIAIOT UTPAI0YM OBJIAAETh TaKUMHU (pyHAAMEeHTaJIbHBIMU TOIOJIOTHYeCKUMU
WHBapuaHTaMu rpa¢oB U IOBEPXHOCTEeN, KaKk poJ U 3ijlepoBa xapakTepucTuka. C Opyroil CTpOHHI, usyue-
HUe JeTCKUX PUCYHKOB JOBOJIbHO OBICTPO IIPHUBOAUT K HETPHMBUAJIBHBIM 3aa4aM 1 KOHIEMNIYAM, JIeXalluM B
camMoM cep/ille anrebpanyeckol reoMeTpun, TEOpUH Yrcesl U MaTeMaTnieckod Gpusnky. UMeHHo B uccieoBa-
HUM NOHATHBIX KaXI0MY IIKOJIbHUKY 00OBbEKTOB, BpOJe JAeTCKUX PUCYHKOB, 'poTeHAuK BUAesI criocob Ipeoso-
JIEHUA CJIOXKUBIIErocsA B IocjieHee BpeMs Oapbepa Ype3MepHOM CJI0KHOCTU 1 TEXHUYHOCTH, OTIYyTHUBAOIIero
CIIOCOGHBIX MOJIOZBIX JIOJEll OT 3aHATUA COBPEMEHHOH MaTeMaTUKOH2. B 3TOM Kypce MBI HAUHHEM C a30B Ma-
JIOMEepPHOU KOMOMHATOPHOW TOMOJIOTUU U C Pa3HBIX TOUEK 3peHMs 00Cy UM HECKOJIbKO KPACUBBIX U HATJIAJHBIX
3a/1a4, HaXOOALIUXCA B [[eHTpe HanboJiee MPHUCTAJIbHOIO BHUMAHWSA CEerOqHANIHNX MaTeMaTHUKOB U QU3UKOB.

ITPEABAPUTEJIBHAA ITOAT'OTOBKA: HeT.

ITPOTPAMMA:

1. Krnaccudukauusa AByMepHBIX KOMIAKTHBIX CBS3HBIX MIOBEPXHOCTel 6e3 Kpasi.

Hetckue pucyHku I'porenauka. @opmysa Dilepa.

I'pynna BpameHus pebep. ABTOMOpGU3MBI A€TCKOTO PUCYHKA.

MaTtemaTtuueckue OuabApAbl. HaMoTku TOpa.

PumanoBh noBepxHocTu. ITapa Besoro. MaTematuueckuiil Ousibap Kak PuMaHOBa HOBEPXHOCTG.
MaTtpuuHble MOJiesIU U JIeHTOYHbIe rpadsl. IIponsBoasAmue GyHKIUN 414 rpadoB Ha IOBEPXHOCTAX.

. Ckueliku 2n-yroJyibHUKa 1 ¢popMyJia Xapepa —Llarupa.

YYEBHHUKMHA:

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

3. Tanmenepun I'. A., 3emnsaxkoB A. H., MaTemaTuueckre OMIbAPABL.

MOPAJOK OLIEHUBAHUA: O1jeHKa 3a KypC BBHUMCJAETCA U3 OOIIero yucia 3ajay, Pell€HHBIX B TeueHue
cemecTpa, o ¢popmye:

; <10 1OCYMM3PH06 YMCJIO PelIéHHBIX 3a/1ay, BKJI0Yas H€O6H33T€J‘IbeIe>
min ,

CyMMapHO€ 4H1CJIO 00s13aTeIbHBIX 3ajga4

! Dessins d’enfant.
2Cm. Grothendieck A., Esquisse d’un programme, rjie HAMeYeHO HeCKOJIbKO MapIIpyTOB, CIIOCOOHBIX COKPATUTh MyTh OT IPOCTOTO
K CJIOXHOMY.
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I'PYIITIA KOC, R-MATPHULIBI 1 KBAHTOBBIE I'PYIIIIHI
HHUC niisa eryaeHTOB 3-rO Kypca U crapiue

PYKOBOOUTEJIb: I1. A. CantoHOB, I1. H. IIaToB..
YUYEBHAA HATPY3KA: BeceHHUI cemecTp 2018/19 yu.r., IBe mapsl B HeieJi0, 6 KpeJUTOB 3a ceMecCTp.

OITMCAHHME: B 53TOM Kypce MBI 06CcyXaaeM HeCKOJIbKO TeM U3 TEOPUHU I'PYIIIBI KOC ¥ TEOPUX KBAaHTOBBIX I'PYIIIL,
B KOTOPBIX MOABJIAETCA U NIPUMEHAETCA OAVH U3 CaMbIX N3BECTHBIX OOBEKTOB COBPEMEHHON MaTeMaTHYeCKOou
(pu3uky — 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'O TaKXXe KaK COOTHOoIIeHre ApTHHa uin ypaBHeHUe Koc. Cepsl IpuMeHeHNs R-MaTpull B HACTOA-
Iiee BpeMsA O4eHb pa3HOOOpa3HBl — OT TEOPHUU TOYHO pellaeMbIX MofeJiell CTaTUCTU4eCKOoN GU3NKU U TeOpUr
10J1A 0 IIpo6jieM OCTPOeHUA NHBAPUAHTOB y3JI0B, CTPYKTYPHOI TEOPUU U TEOPUHU IIpefCTaBJIeHNI KBAaHTO-
BBIX MaTPUYHBIX ajredp. B Kypce Mbl 3HaKOMMM cJIyHiaTesiel ¢ aarebpandyeckKiMU KOPHAMU IIPOUCXOXAEHUA
R-MaTpuubl U ee poJibl0 B TEOPMU MHBAPHUAHTOB Y3JI0B U TEOPUM KBAHTOBBIX I'PYII (CM. IIporpaMmy Kypca).
OueHb BaXXHbIE AJI COBPEMEHHOU TeopeTruieckoil GU3NKU NpUIoXKeH!s R-MaTpul] B TEOPUU UHTEIPUPYEMBIX
Mofeel obcyxaaTca B MaTGu3nieckoM crenkypce «AH3sal] berey.

IIPEABAPHUTEJIbHAS ITIOAT'OTOBKA: jiMHeliHaA ajaredpa, Teopusa I'PYNI U Teopus IMpecTaBJIeHUN B IIpe-
JejiaXx MepBBIX ABYX KypcoB MaTdaka. JKegaTeapHO 3HAKOMCTBO ¢ OCHOBAMM TeOPUM TpyImm u anredp JIu u
anrebp Xonda. BripoueM, Bce HeoO6X0oAMMBble TOHATUA OyAyT HAIOMUHAThHCS B IpolLiecce 3aHATUM.

ITPOTPAMMA:

o I'pymma koc, ee reoMeTpudeckoe U aaredpanyeckoe npecTasieHuA. KoHeuHOMepHbIe (PaKTOPHI TPYIIIEI
KOC U ee TPYIINOBON aJirebphl: cCMMMeTpUiecKkas Irpymnna, ajrebpsl Baxopu — 'ekke u BupmaH — Mypaka-
MU — BeHiis.

o Knaccudukanusa HenmpuBOAUMBIX IIpefcTaBsieHUl anreOp WBaxopu-T'ekke: nmogxon 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-cyieqy 1 R-MaTpuuHas TeXxHuka. [IpusioxeHuns B TeOpun
MHBApHAHTOB 3allellJIeHWH 1 B KBAHTOBBIX CIITHOBLIX LIENOYKaX.

o Ilonsarue 06 anrebpax Xonda. KoymHoXeHre, KOeJUHUIA U aHTUIIOJ C TOYKU 3pEeHUA TeOpUH IIpeiCTaB-
JneHuil. J[soticTBeHHbIe anre6psl Xonda.

o KomMmyTaTtuBHas ajrebpa ¢ myacCOHOBOI CTPYKTYPOU U ee KBaHTOBaHUE.

o Asnrebpa QyHKLUI Ha rpymnie U ckoOka CKJISHHUHA Kak NMpuMep r-MaTpuyHoi ckoOku Ilyaccona. Kean-
TOBaHHas ajiredbpa GyHKLUUI Ha rpynne: R-MaTpUuHbIM noaxo (Tak Ha3eiBaemasi RTT-anrebpa).

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

o CTpyKTypa ajreOpsl ypaBHeHUs oTpaxeHuil GL(n) Tumna, xapakrepucTtuieckas nogajrebpa, KBaHTOBas
Bepcus TeopeMbl 'amuibToHa — KaJim, ClieKTp KBAHTOBOI MaTpPHIIBL.

o Teoprsa KOHeYHOMEPHBIX Pa3JIOKUMBIX Pe/ICTaBJIeHNI ajrebpbl ypaBHEHUA OTpaxeHui GL(n) Tuma.

37



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 Surveyy, 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'pyns», ®asuc, 1999.

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

TIIOPAMOK OLIEHUBAHMA: 3a BHIIOJHEHHbIE 3aJaHUM U3 JIMCTKOB cTaBuTcA oieHka 0 < N < 10. Eciu
N > 8, To utoroBas oreHka paBHa N. Eciu N < 8, To cmaérca mUCbMEHHBIN dK3aMeH, U UTOTOBas OlleHKa
paBHa (E + N)/2, rge 0 < E < 10 — olleHKa 3a 3Kk3aMeH, U OKpyIJleHle MPOUCXOAUT MO0 OOBIYHBIM ITpaBUJIaM.
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JAMHAMUWUYECKHE CUCTEMBI
HHUC s eryaeHTOB 3-rO Kypca U cTaplue

PYKOBOOUTEJIb: 10. C. UibsAlleHKO.
YUYEBHASA HAT'PY3KA: aBa cemectpa 2018/19 yu.r., oqHa napa B HeJeJo, 3 Kpeaura 3a ceMecTp.

OITUCAHMHE: CeMUHap NOCBAIIEH TEOPUU JUHAMUYECKHX CHCTEM B ee pa3HBIX acleKTax: MHOIOMepHbIe qu-
HaMHYecKre CHCTEMBI M Xa0C, TEOPHs aTTPAKTOpPOB, nuddepeHLnalbHble YpaBHEeHN Ha IJIOCKOCTH, KOM-
mJiekcHele quddepeHIraabHble ypaBHeHUs, Teopyus oudypkanuii. CeMuHap npecjieyeT ABe IeJIi: HayYnuTh
MJIIINX YYaCTHUKOB a3aM Iepevyrc/IeHHBIX TeOpull; BOBJIeUb BCEX YUACTHUKOB B COBpeMeHHbIe UCCiieloBa-
HUAL.

NPEABAPHUTEJIbHAA ITOATOTOBKA: MaremaTuieckuii aHau3 u guddepeHiiiaibHble YpaBHEHUs.
ITPOTPAMMA: Mo3auka U3 NepeuricjIeHHbIX BEIIIE TeOpUN

YYEBHHUKMU: I'ykenxenmep [x., Xoamc I1. HenmHeliHble Ko1eb6aHuA, JUHaAMHAYeCKHe CUCTeMBbl 1 Oudypranuu
BEKTOPHBIX NoJ1eli; ApHOJibA B. [lonoHUTe NIbHEBIE TJ1aBh Teopun AuddepeHnaNibHbIX ypaBHeHU; UbsAIeHKO
10., JIu Beury, HenokanbHble 6udypkanuy; Unpamenko 0., Akosenko C., AHammTH4yeckas teopus nuddepeH-

[[MaJIbHBIX YpaBHEHUM.

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

PYKOBOOUTEJIb: C. O. 'opunHCKUIA.

YUYEBHAA HATPY3KA: BeceHHUI1 cemectp 2018/19 yu.r., oqgHa napa B HefjeJIl0, 3 KpeZuTa 3a ceMecTp.

OIIMCAHHME: Kiaccuueckasa Teopusa l'ajmya uzydaeT CUMMETPUN MHOXECTBA pellleHUH MOJIMHOMUAIbHBIX
ypaBHEHUI, COOTBETCTBYIOIINME TPYIIBl CUMMETPUI SABJIAIOTCA KOHeYHBIMU rpynnamu. JuddepeHiiuaibHas
Teopus ['ajiya u3yvyaet CMMMETPUH MPOCTPAHCTBA pelleHuN 00BIKHOBEeHHBIX AuddepeHIua bHbIX YPaBHEHUI.
[Tpu 3TOM I'pymIbl CHMMETPUI OKa3bIBalOTCA aarebpandyeckuMu rpynnamu. JuddepeniuaabHyio Teoputio ['a-
JIya MOXHO BOCIIPHUHUMATh Kak aarebpo-reoMeTpruuecKuii moaxo k ucciegosaunio OJ1Y. JlaHHas Teopuid BO3-
HUKJIa ellle B paboTax BeJIUKUX KjiaccukoB XIX Beka, moToM Oblj1a cTporo obocHoBaHa O. KoJTYMHBIM B IEPBOi
nojioBuHe XX Beka, U MPOAOJKaeT aKTUBHO Pa3BHUBATHCA U B HAIIM AHU, UMes MHOXECTBO MPUJIOKEHUN B
aHaJu3e, reOMeTpUM, TaMUJIbTOHOBON MeXaHUKe U apu¢pMeTHKe.

NMPEABAPHUTEJIBHASA IIOATOTOBKA: OT ciymaTesiel noTpedyeTcsa 3HaHWe KJIacChueckon Teopuu I'anya,
OCHOBHBIX MOHATUHN ajreOpsl (IPymIibl, KOJIbLA, Measlbl), 3HAKOMCTBO C OCHOBHBIMU MOHATUAMHU aQPUHHOU
anrebpanyeckoil reoMeTpum (COOTBETCTBHE MeXAy KoJibaMu 1 apPUHHBIMU cXeMaMM, HeNpUBOANMOCTb,
pPa3MepHOCTh, IJ1afKOCTh apPUHHBIX CXeM), 3HaHHE OCHOB KOMILJIEKCHOTO aHaiu3a (rojoMopgHele QyHKINH,
PHIMaHOBHI [TIOBEPXHOCTH), BjIafleHre OOIKUMHU NOHATUAMU reoMeTpun (MHOrooopasus, paccjioeHus, MydKn),
a TakXxe 3JieMeHTapHoe 3HaKoMcTBO ¢ OJ[Y. OnbIT UCIOIb30BaHNA A3bIKA TeOpUU KaTteropuil (mpeacTaBUMbIe
(¢yHKTODHI, abejieBbl KaTerop1uu) Takxe IMoJjie3eH, HO CTPOro 06s3aTesIbHBIM He sIBJIeTCH.

ITPOI'PAMMA:

JAuddepeHumnaabHbe KOJIbLA, 014, MOAYJIN

JIuneliHble anrebpanyeckue rpynnel, aaredps Xonda

Teopus Ilukapa — Beccro, paspemmmocts OZ1Y B JIMyBUJLJIEBBIX QYHKIIMAX

Kateropuu TaHHaKH, COOTBETCTBYIOIAsA UHTepIIpeTalysa auddepeHnmraabHol Teopun 'anya
OY nap noJsem psagos JlopaHa

[Tpo6sema Pumana — I'mis6epra, MoHOApOMUA U AuddepeHIiraibHble rpynmnsl ['agya
®enomeH Ctokca, MaTtpuliel CTokca

O6parnas 3agava quddepeHiraapbHol Teopyuu I'amya

¥ ® N o 0o~ W=

ObdEeKTH 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 quddepeHnuaabaylo anredpy, M.: «MHOcTpaHHasA JuTepaTypa», 1959.

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

IOPAJOK OLIEHUBAHMUA: B TeueHne ceMecTpa CyliaTeaaM OyAyT JaBaThCsA 3a/1a4v Ha JIOM, pellleHHe KO-
TOPBIX MOXHO OyJeT c/1aBaTh B MMCbMeHHON (opMe. B KoHIle cemecTpa OyeT YCTHHIN 3K3aMeH, BKJIIOUAIOITHi
TeopeTuyecKue BOMPOCH U 3aaaud. [Ipu BEICTaBJIEHUU UTOTOBOU OLIEHKU OYAYT yUUTHIBATHCA PElIEHHBIE 3a4a-
Y1 B TeUEHUE ceMecTpa U OlleHKa 3a 3k3aMeH (IIpU 3TOM MOXET OKa3aThCs, UTO PElIEHHBIX B TEUEHME ceMecTpa
3a/1a¥ yXe JJOCTAaTOYHO JJIs MOJTy4YeHH s BhICIIero 6asisa).
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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 2018/19 yu.r., ABe mapsl B HeJieJI10, 6 KpeUTOB 3a cEMeCTp.

OIIMCAHHME: Kypc 3aymMaH Kak NMpoAoJKeHHe CTaHJapTHOTO TPEXCEMECTPOBOTO Kypca aiare0phl, YUTaeMo-
ro Ha (paxkysbTeTe MaTeMaTuku. OH BKJIIOYaeT B ceOs 3JieMeHTapHOe BBeJeHre B KOMMYTAaTUBHYIO ajaredopy
(Bw1oths Ao TeopeM I'mnpbepTa o 6asuce, 06 MHBApHaHTaX U O HYJIIX) U 3JIeMeHTapHOe BBeJeHUe B HEKOM-
MYyTaTUBHYIO aiaredpy (B OCHOBHOM TeOpeMYy IJIOTHOCTH U ee CJIE[ACTBUA B TEOPUHM TpeICTaBJIeHNN KOHEUYHBIX
rpynm). dopmar: jgekua + ceMuHap KaxAyl HeJesllo.

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

o Kosbila riaBHBIX ueasioB. @aktopuasbHbeie kojblia. [lose yacTHeix. Jlemma T'aycca. IIpusHak JiizeH-
ImITelHa.

o Pe3ysbTaHT U AUCKpUMUHAHT. TeopeMa Be3y M1 KpUBBIX.

o Moaynu Haf KoJbLiaMU: onpenesieHre U npuMepsl. Teopemsl XKopaaHa — 'enpaepa u Kpysia — [muara.
Teopema 0 MOAyJIAX HaJ KOJIbIIaMU TJIABHBIX WEAJIOB U ee MPUJIOKEeHU .

o Ilesple pacmnpenus kosel. Lleno3aMkHyTOCTh. KoJiblia ILiesibIX ajreOpanyecKux pacmypeHui. Llesbie
anrebpanyeckue yuca.

o HerepoBnl koJibila. Teopema I'misbepra o Oasuce.

o Teopema I'mnbp6epta 00 MHBapraHTax (AJ1A KOHEYHOU rpynmnsl). TeopemMa 0 CUMMeTpHUYeCKHUX MHOTo4JIe-
Hax.

o Teopema I'mnpbepTa 0 HyJIAX
o AnreOphl Hag nojieM U MoAyiiu HaA Humu. Ilpumeprl. Jlemma Ilypa.

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

o [IpencraByieHnsa KOHeUHBIX rpynil. Teopema Maiike. OpTOroHaJbHOCTb XapaKTEPOB.
o UHayiupoBaHHbIe NipeficTaBiieHus. [IBolicTBeHHOCTh dpobeHnyca

o [IpefcraByieHuA cUMMeTpUYeCcKoU rpymnmnsl. J[BoricTBeHHOCTH [llypa — Betina.

YYEBHHUKNA:

1. C. Jlenr, «Anre6pa»

2. B. JI. Ban-gep-BapjeH, «AnreGpay.

IIOPAJJOK OLIEHUBAHUWSI: UTOroBas OIleHKa CKJIaJiplBaeTcA U3 cpeqHero 6asuia 3a MucbMeHHble KOHTPOJIb-
Hble paboTsl (c BecoM 0.2), MmrcbMeHHbIe JoMalTHue 3a/iaHuA (¢ Becom 0.2), KOJIJIOKByMa B KOHIIE 3-TO MOIYJIsA
(c Becom 0.2) u ycTHOTO 3K3aMeHa B KoHIle ceMecTpa (¢ Becom 0.4). AbTepHAaTUBHBIM CITIOCOOOM IMOJIyYEHNA
UTOTOBOI olleHKH 10 6aJ1JI0B ABJIAETCA c/laua BcexX 3ajlay U3 JINCTKA MOBHIIIIEHHON CJIOXKHOCTH (3a4aun caloTCs
YCTHO JIEKTOPY).

KOMMEHTAPHHM: Kypc unrascs BecHoit 2019 roga, MaTepuassl CM. Ha
https://math.hse.ru/add_chapt algebral819
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MN3BPAHHBIE I'JIABBI ,Z[I/ICKPETHOfI MATEMATHUKH
HHUC s eryaeHTOB 1-rO0 Kypca ¥ crapiue

PYKOBOJUTEJIb: U. B. ApraMKuH.

YYEBHAS HAT'PY3KA: BeceHHul ceMectp 2018/19 yu.r., oqHa napa B HefieJiio, 3 KpequTa 3a ceMecTp.

OITMCAHHME: Ilog qUCKpeTHON MaTeMaTHKOU B Halllel cTpaHe OOBIYHO MOHMMAKT coOpaHue pa3pO3HEHHBIX
MaTeMaTHUYeCKHX CI0KeTOB, OKa3aBILINXCA MOJIE3HEIMU B MH(pOpMAaTHKe WA CMeXHBIX IPUKJIaAHbIX 00J1aCTAX.
HekoTopele 13 3THX CI0XKETOB BXOJAT B 00s13aTesIbHbIe KypChl MAaTeMaTHUYeCKO! JIOTUKU 1 AUCKPEeTHOHN MaTeMa-
TUKY, ynTaeMble B 6akasiaBpuarte. Ha Hamem ceMrHape o0CyXJal0TcA He BOIIeAIIe B 3T KypChl KOHCTPYK-
1[4, MMeMolIe, TeM He MeHee, 3aMeTHOe 3HaueHHe Kak B MaTeMaTHKe, TaK U B IPUJIOXKEeHUAX.

IMPEABAPHUTEJIBHAA ITOAT'OTOBKA: HeT.

ITPOTPAMMA:

o BysneBwl ¢pyHkIUU U TeopeMa Ilocta o pyHKIMOHATIBHOM NOJTHOTe. DTa TeopeMa AaéT 3(GeKTUBHBIN OT-

BeT Ha CJIeqyIOIIUI BOMIPOC: MOXKHO JIK JitoOyio 6yieBy GyHKIMIO (0T JiI000r0 Yrcja nepeMeHHbIX) BhIpa-
3UTh C IOMOIIBIO OTIepalli KOMIIO3UIINY Yepes3 3aJaHHbI Habop GyHKIUI. Y JUBUTEIBHO, YTO Ha TaKOH
BOIIPOC HMMeeTCs MIPOCTOU U cofiepXKaTeJIbHBIN OTBET, O3BOJIAILINI, HanpuMep, IpUAyMaTh (PyHKI[HIO
OT /ABYX IlepeMeHHBIX, Yepe3 KOTOPYI0 MOXHO BBIPa3UTh JII00YI0 PYHKIMIO.

KoHeuHsble moJis. TeopeMa O TOM, UYTO MYJIbTUIIJIMKATHUBHAA I'PYIIIIa KOHEYHOT'O II0JIA ABJIACTCA MUKJINYE-
CKOﬁ, IMMO3BOJIAET CTPOUTH AJIMHHBIC IEPUOJNYECKNE ITIOCTIEA0BATEIIbHOCTHU, IIOBCEMECTHO MCIIOJIb3yEMBIE
B paanrOJIOKallNK, CUCTEMAX OINO3HABAHWA ((CBOfI-qY)KOfI)) nUT.O.

Teopema ®opaa — dasikepcoHa 0 MaKCMMaJIbHOM TOTOKe B TPAHCIIOPTHOU ceTu. Peub umetr o Takoi
3aJlaue: MMeeTcsA HeKOoTopas ceThb Aopor (TpyOonpoBOAOB), COeANHAIIINX NYHKTH A 1 B. ¥V kaxaou no-
poru (TpyObl) ecTh CBOSI MaKCHMaJIbHasA MPOIYCKHAasA CIOCOOHOCTh — HauboJiblliee YKMCJIO aBTOMOOMIIEH
(6appenieii HepTH) KOTOpble MOTYT IPOMTH MO 3TOU mopore (Tpybe) 3a uyac. TpebyeTcsa opraHn3oBaTh
nBukeHue (mepekauky HedTu) TakuM o06pa3oM, 4TOOH! oblilee YKCIIo aBToMobOumelt (bappeseit HedpTH),
nonajaromlee 3a yac u3 A B b, Ob710 MakCUMaJIbHO BO3MOXHBIM. OKa3bplBaeTCs, MHOT'ME Ba)KHEIE pe3yJib-
TaThl U aJITOPUTMBI TeOpuu rpadoB, Kak MpUKJIagHbIE, TAK U YMCTO MaTeMaTHuyeckue, CBA3aHbl C 3TUM
KpyTroM HJeN.

YYEBHHUKHA:

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

B. B. benos, E. M. Bopo6reB, B. E. Illatanos. Teopus rpados. M.: Beicmi. mkosa, 1976.
M. Ceamu, K. Txynanupamas. I'padsl, cetu u aaroputmsel. M: Mup, 1984.

A. . KoctpukuH. OCHOBHI ajreOpHl.

baptn, bupkrod. CoBpemeHnHas npukjagHasn anredpa. 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 AOMalllHee 3aJaHue, olleHruBaeMoe oT 0 Ao 7; oleHKa 6 wuau 7
3a BOBpeMsA CaHHOe 3aJlaHKe MOXXeT OBITh MOBHIIIEHA 3a CYeT JOMOJHUTEJIbHBIX 0ajijioB, HAUHUCJIAEMBIX 3a
pacckas peleHUH 3a1a4y Ha cemuHape (ot 0,5 10 1 6asiia 3a 3a7jauy B 3aBUCUMOCTU OT ee CJIOXKHOCTH) U 3a
ayJUTOPHYIO0 KOHTPOJIbHYIO paboTy.
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U3BPAHHBIE I'JIABBI MATEMATHYECKOM DKOHOMMKH
HHUC niisa eryaeHTOB 3-rO Kypca U crapiue

PYKOBOOUTEJIb: M. H. JleBUH.
YUYEBHAA HAT'PY3KA: oceHHui cemecTp 2018/19 yu.r., Be mapsl B HefleJIl0, 6 KpeIUTOB 3a ceMecCTp.

OITMCAHHME: Kypc opueHTHpPOBaH Ha CTyAeHTOB 3 —4 Kypca 6akajaBpuara, CTyIeHTOB MarucTparyphsl U ac-
IIMPAHTOB, a TaKXXe BCeX MHTEPeCYIINXCsA COBpeMEeHHbIMH TpobJjieMaMi 5KOHOMUYeCKOl TeoOpuu U Npume-
HeHUeM MaTeMaTH4ecKux MojeJsiell A uccaeoBaHusA COlMaIbHO-39KOHOMUYECKUX cucTteM. Ilpeanosaraercsa
O3HAaKOMMTb CTYA€HTOB C OCHOBHBIMHU KOHIIENINAMHU COBPEMEHHOUN 5KOHOMUYECKOU TeOpUU U OOCYIUTh aKTy-
aJIbHBIEe BOIIPOCHI KOHCTPYUPOBAHUA U UCIIOJIb30BaHUA MaTeMaTUYeCKUX MoJieJiell AjiA IPUHATHUA S5KOHOMUYe-
CKMX U MOJIMTUYECKUX, NHANBUAYAIbHBIX 1 KOJUIEKTUBHBIX pelleHUll B yCJIOBUAX OTPaHUYeHHON palloHalb-
HOCTHU, aCUMMeTpuu uHdOopMaIu U peHTOOpUEeHTHPOBAHHOT O NIoBefleHUA. Hapsaay ¢ TeopeTuieckuMu MoJe-
J1AMU OyyT pacCMOTpeHBI IPUKJIaJHble COLMAIbHO-DKOHOMUYECKHe MOAesIN 1 3JIeMeHThl IOBeJeHUYeCKON U
1@ poBoil skoHOMUK. OHA U3 3aJjau Kypca — HAy4YUTb I0JIb30BAThCA MaTeMaTH4eCKUM UHCTpYMeHTapueM
JUUIA pa3paboTKU U UCCJIeJOBAaHUA COLMAIbHO-9KOHOMMYECKUX U NMOJIMTIKOHOMUYECKUX sABJIeHUH. Kypc ocHo-
BbIBaeTCs HAa COBpPeMeHHBIX 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 «ITapajoK-
COBY, WJUTIO3UI 1 OLIMOOYHBIX pelleHU.

o Momesn 3KOHOMUYECKOTO pPaBHOBECHs M HepaBHOBecU:A. DKOHOMUKA Aeduiinra, ouepeneil U nIpuBUie-
UL

o DJIEMEHTHI TeOpUHU Urp. AccumMMeTpruyHas U HenoJiHasA nH¢opManus.

o HeomnpeneseHHOCTb U puck. PaBHOBecrie Ha (PMHAHCOBBIX PHIHKAX.

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

o TeHeBBle PHIHKH, (9KOHOMUKA JKYHIJIey», MOAeNIN aiAUKTUBHOIO IIOBeIeHN .

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

o DKOHOMHUKA MHCTUTYTOB. HOpMBI, TpaauIiuu 1 MOpaJib.

o Moaenu MeXOyHapoJHON TOProBJIM U MeXIyHapOAHOMN MOJUTUKMU.

o DBOJIIOIIMOHHAsA d3KOHOMUKA. JJuddy3usa MHHOBAIIUN U «CO3UaTe/IbHOE pa3pylieHuey.
o Moaenn 5KOHOMHUYEeCKOr0 pocTa U pasBUTHUA.

o DKOHOMUKA 3HAHUI1 U UHTEPHET-3KOHOMUKA.

YYEBHHUKHA:

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

2. A. Xunmas. l'ocyjapcTBO U 3JKOHOMUYECKas MOJIMTUKA. BO3MOXHOCTU U OrpaHUYeHUsA ynpaBjieHusa. M.:
Uzpn. lom I'Y BIIS, 2009.
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3. M. . JleBuH, B.JI. Makapos, A. M. Py6uroB. MaTemaTtuuyeckre MOAeJI1 SKOHOMHUYECKOTO B3auMOAei-
ctBuA. M.: ®usmataut, 1993.

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

IMOPsIOK OLIEHHMBAHMUSI: popma KOHTposia — pedepar, oneHuBawmuiics no 10-6anpHoN mKaae U 10
niKajie «IJI0X0, YAOBJIeTBOPUTEIbHO, XOPOLIO, OTJIMYHON.
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KATErOPHUHU U YHUBEPCAJIbHAS AJITEBPA
HHUC s eTyAeHTOB 2-r0 Kypca U cTapiue

PYKOBOOUTEJIb: B. b. lllexTmaH.
YYEBHASA HATPY3KA: oceHHuH ceMmecTp 2018/19 yu.r., oqHa napa B HeZieJiio, 3 KpequTa 3a ceMecTp.

OIIMCAHMUE: byneTr gaHO KOPOTKOe BBeJeHUeE B [iBe OOLIMpHBIe 00J1acTH Ha IpaHUlle MaTeMaTHu4yecKoH Jio-
ruku ¢ nHbopMaTukoil. Teopus KaTeropuil NposBJsAeTcs BO Bcex 00J1acTAX COBPeMeHHON MaTeMaTHUK{; OHa
JA€T NPOCTOM A3BIK JJIA ONIMCAHNS CXOHBIX AABJIECHUI. YHHUBepcasbHas ajrebpa n3y4aeT KaTeropuu abCTpaKT-
HBIX ajre6p 1 MopGU3MOB; OHU BO3HUKAIOT KAaK B IPMBBIYHOM MaTeMaTHU4eCKOM KOHTeKCTe (TpyIibl, KOJIbIa,
MOJAYJIM), TaK U B Jioruke (peméTky, OyJyieBbl aareOpbl) U nHpopMaTHKe (TUIMBI JaHHBIX, ajareOpsl TEPMOB).
3aHaTuA OyayT IpoxoAuTh B GopMe criernkypca.

MPEABAPUTEJIBHAA IOATOTOBKA: 6a3oBble Kypchl IIEPBOTO rojia 6akajiaBpuara: ajrebpa, aHau3, TO-
M0JIOT U, JIOTHKA.

ITPOTPAMMA:

[

Karteropuu u ¢yHkTopbl. CyMMBI, IPOU3BeeHNs, Ipe/iesibl. DKBUBAJIEHTHOCTb KaTeropui.
o Mopdusm ¢pyHkTopoB. [IpencraBumocTs, jemma MoHensl. ConpskéHHble QYHKTOPHI.

o AnreOpbl ¥ KOHI'PYSHIWU.

[}

Muoroo6pa3sus 1 sKBalOHaJIbHBIE Teopun. Teopema Bupkroda 0 MHOroo6pasusx.
o [lepenuceiBaHre TEpMOB. YHUPUKALHSAL.

o PemeTku u OyJieBBl ajareopsl.

YYEBHHUKHA:

o C. MakuetiH. KaTeropuu i paboTatomero marematuka. M., 2004.

o II. KoH. YHUBepcanpHasa anredpa. 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 OLIEHHMBAHMU: HakonsieHHas oljeHKa = (YKUCJIO peméHHbIX 3a7a4) X 10 /12. Ecsiu 3Ta oneHka
He MeHee 8, OHA paBHA UTOrOBOM. MIHaue: NTOroBas orjeHKa = (YMCJI0 peméHHBIX 3a71a49) X 0.75 + olleHKa 3a
sk3ameH X 0.5. OkpyrjeHue o GjrKaiIero 1esoro.
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KBAHTOBAS TEOPUSI
y4eOHas1 QUCIHUIUJIMHA IS CTYEHTOB 3-TO Kypca M cTapiie

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

YUYEBHAA HAT'PY3KA: oceHHui cemecTp 2018/19 yu.r., Be mapsl B HefleJIl0, 6 KpeIUTOB 3a ceMecCTp.
OIIMCAHHME: 3TO NpoAoJDKeHre Kypca «BBefjeHre B KBAHTOBYI0 TEOPUIO).

IIPEABAPHUTEJIBHASA ITOATOTOBKA: Kypc «BBefileH1le B KBAHTOBYI0 TEOPUIOY.

ITPOTPAMMA:

—_

. CynepcuMMeTpUYHaA KBaHTOBas MeXaHUKa.
KBaHTOBaHMeE 3JIEKTPOMarHUTHOTO IOJIA € KJIaCCUYeCKUM BHEIIHUM UCTOYHUKOM.
Mopens Kangetipel — JlererTa.

30HHasA CTPYKTypa OAHOMEPHBIX CHCTEM.

AR S

KBaHnTOBasa nupopmaruka.

YYEBHHUKNA:

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

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

IMOPsITOK OLIEHUBAHUWS: olieHKa BBICTaBJIAETCA IO pe3yJsbTaTaM TPEX MHUCbMEHHBIX KOHTPOJIBHBIX paboT
U1 OJHOI'0 KOJUUIOKBUyMa.
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KBAHTOBASA TEOPUA ITOJIA
HHUC niisa eryaeHTOB 3-rO Kypca U crapiue

PYKOBOOUTEJID: A. I'. CeMéHOB.
YYEBHASA HAT'PY3KA: BeceHHUII ceMecTp 2018/19 yu.r., ABe mapsl B HeJieJIi0, 6 KpeAUTOB 3a CEMeCTp.

OITMCAHHME: B HacToslllee BpeMsi KBAaHTOBas TEOPHUs I0JIA ABJIAETCA OCHOBHBIM CPEJICTBOM ONMCAHUA ABJle-
HUH MPOUCXOJALIMX B MUKPOMUpeE: B3aUMOJEHCTBUSA 3JIEeMEHTAPHBIX YACTHI], CTPOEHHUe aJipOHOB U T.II. Eé
MeTOJbl INPOKO HCIOJIb3YIOTCA U B APYrux 006J1acTAX TeopeTUu4ecKor GU3NKN: KOHJEHCUPOBAaHHOE COCTOS-
HUe Bell[eCTBa, cTaTUCTUYecKas MeXaHUKa, Teopys TypOyJIeHTHOCTU U Ap. [IoMrmo 3TOro, KBaHTOBas TeOpUs
[IOJIA CJIyXKUT BaXHEHNINUM CTHUMYJIOM AJIA Pa3BUTHA MHOXECTBA COBPEMEHHBIX MaTeMaTUYeCKNUX UCCIIeI0Ba-
Hui. Kypc NOCBAIIEH M3yUYeHNI0 OCHOBHBIX Hiell 1 METONOB KBaHTOBOIM TeOpUM I0JIA, a Takke 00CyXAEHUI0
IIpUMeHeHUs e€ MOAXOA0B K pa3InuHbIM 00J1aCTAM COBPeMEeHHO! TeoOpeTHYeCcKol 1 MaTeMaTu4ecKon GU3NKU.
Byner pacckazaHO O KBAaHTOBaHUU CKaJIAPHBIX U KaJIMOPOBOYHBIN Teopuil, MeTolie (pyHKIMOHAIBHOTO NHTe-
IrpUPOBaHUsA, IOCTPOEHUHN TEOPHUU BO3MYIleHUH U auarpaMmMax ®deiiaMana, (1 + 1)-MepHBIX TOYHO pelllaeMbIX
Teopusx, a Tak ke 0 IPUMeHEeHNH 3TUX OJAXO0A0B B Pa3JIMYHBIX 00JIaCTAX COBPEMEHHON HayKU.

IIPEABAPUTEJIBHAS ITOATOTOBKA: 'aMUJIbTOHOBA MEXaHUKA, Y PaBHEHUs C YaCTHBIMU IPOU3BOAHBIMU,
I'pynnel u anre6pst JIu, Kitaccnueckas teopus noJisA, KBaHToBasa MexaHuUKa.

ITPOI'PAMMA:
o Teopus noJdA, cuMMeTpuu, GusndecKre peajiusannm.
o CKaJIApHOE T0JIe 1 ero KBaHTOBaHUe (OIlepaTopHBIN MOAXOM).
o HabGmogaemsele u S-maTpurnia.
o Mero pyHKIIMOHAJIBHOTO UHTEIPUPOBaHUA.
o Papn Teopum Bo3MylleHNI 1 nocTpoeHre MefHMaHOBCKUX JUarpaMM.
o KasnGpoBouHbIe NOJII U OCOOEHHOCTU X KBAHTOBAHUSA.
o AGeseBbl 1 HeabesieBbl TeopuM, TPIOK Dagneesa — [lonmosa.
o MepMHOHHBI B KBAHTOBOM TEOPUH MOJIA.
o BeckoHe4YHOCTH B KBAHTOBOI T€OPHHU IOJIA U METObl PabOTHl C HUMHU.
o dusnueckue 3¢dextol B KO/l 1 MOEIbHEIX cCUCTEMAaX.
o (1 + 1)-MepHBIe CUCTEMEL.
o [IpumeHeHUe MeTO0B KBAaHTOBOM TEOPUH MOJISA B CMEXHBIX 00JIacTsX.

o MHTepecHble HenepTypOaTUBHEIE ABJIEHUS B MOJIeJIbHBIX cucTeMax ([Ipy HaJInYuy BpeMeHN).

YYEBHUKH:
1. M. [leckun, M. lIpenep. BeegeHue B KBAaHTOBYI0 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: JeTtanpHOe cofepxaHue Kypca OyZeT BapbUpOBAaThCA OT COCTaBa U YPOBHA CJIyIIaTesiel.

IIOPAOOK OLIEHUBAHMUA: oueHka pasHa 0.4 H + 0.6 E, rne H — cpelHsAA OLiEHKa [0 BCeM JOMAallHUM
KOHTPOJIbHBIM B CEMECTPE, a E — o1jeHKa 3a sk3aMeH. OKpyrJjieHHe B MEHbBIIYI0 CTOPOHY, HO Ha 3K3aMeHe eCTh
BO3MOXHOCTb [JIJI OBBIIIEHUA OLIEHKU MTyTEM OOCYXIOEeHUA U pelleHuA 3ajad.
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KJIACCUYECKAS TEOPUS I10J1A
y4eOHas1 QUCIHUIUJIMHA IS CTYEHTOB 3-TO Kypca M cTapiie

JIEKTOP: II. 1. lynnH-bapkoBcKkuil.
YUYEBHAA HATPY3KA: BeceHHUI cemecTp 2018/19 yu.r., IBe mapsl B HeieJi0, 6 KpeJUTOB 3a ceMecCTp.

OIIMCAHMUE: Kiaccuueckas Teopus I0JIA ABJIAETCA OJHUM U3 KpaeyroJibHbIX KaMHell TeopeTuieckoil Gpusu-
KU, U [IpY1 3TOM BKJII04aeT B ce0s MHOTME MHTEPeCHbIe MaTeMaThuiecKue naen. Bee noTeHnuaabHeIe CylmaTesin
yKe U TaK B TOW UJIA UHOM CTelleHU 3HaKOMBI C OJJHUM U3 IPUMepPOB TEOPUU [10JIs — TeOpUel 3JIeKTPOMarHuT-
Horo noJisA (koTopas u OyeT OCHOBHOI 1eJIblo 00CyXIeHuii B paMKax JaHHOTo Kypca). Teopus noJis usyvaer
crcTeMBl ¢ 6eCKOHeYHEIM (YCJIOBHO ITOBOPs, KOHTUHYaJIbHBIM) YMCJIOM CTeleHel cBOOOBL: Y [I0JIA eCcTh AVHA-
MMYeCKU MeHslleecs 3HaueHre B KaXA0U TOUKe IIPOCTPaHCTBa.

B maHHOM Kypce OyayT HamOMHEHBI MaTeMaThdeckre (hOpPMYJIMPOBKHM OCHOBHBIX HEOOXOOUMBIX (u3uye-
CKUX MPUHIMIIOB; OyIeT JaHO KpaTKoe BBeAEHUE B CIIENUAJIbHYIO TEOPUI0 OTHOCUTEIBHOCTH (OMMCHIBAIOIIYTO
MIPOCTPAHCTBO-BPEMsI, B KOTOPOM XHBET 3JIEKTPOMArHuTHoe 1oJie). []es1bio Kypca, B 4aCTHOCTHU, ABJIAETCSA 00-
CyXXOEeHUe TOro, KaK IMOJIyYyaTh B IBHOM BHJle KOHKPETHBIE YPaBHEHU:, MMO3BOJIAIOIIIE ONKCHBATH peasibHbIe
ABJIEHUA B GU3NYECKOM MUpE, CBS3aHHBIE C MTOBEIEHNEM 3JIEKTPOMArHUTHOTO TOJISL.

I[Tpu sToM Takxe OyAyT oOCyXOaThCs NHTEpeCHble abCTpaKTHble MaTeMaTHuyeckue KOHCTpykuuu. Hanpumep,
Oyaet obcyxxaaTbcsa Teopus fAHra — Musiica, 4acTHBIM CJIydaeM KOTOPOH fIBJIAeTCA TeOPHs 3JIeKTPOMarHuTHOIO
nosiA. Teopus fAHra-Mwusiica GopMypyeTcs B TePMUHAX CBA3HOCTEN Ha IJIaBHBIX paccjioeHusax (rpy6o ro-
BOp#, paccJIOeHUsAX, Ha KOTOPHIX AelCTBYIOT Irpynmnsl JIn). [Ipy 3ToOM 2JIeKTpoAMHaMKKa COOTBETCTBYeT I'pyIIIie
U(1) (To ecTs, rpyIiie MOBOPOTOB OKPYyXHOCTH). K CJIOBY, 10Jis, COOTBETCTBYIOIINE ABYM U3 TPEX OCTABIINXCS
(pyHOaMeHTaJIbHbIX B3aMMOJAENCTBUA B NpupoAde (CHJIbHOMY U cj1aboMy) TOXe ONKCHIBAIOTCA TeopusaMu AH-
ra—MuwJica, TOJIBKO IJIA Apyrux rpymi Jiu (mpaBja, Ha o0CcyXIeHre CUJIBHOTO 1 ¢J1aboro B3auMo/IecTBUl B
paMKax JaHHOTO Kypca yXe He XBaTUT BpeMeHH). B pamkax kypca OyQyT HallOMHEHEBI Bce HeoOxoqumele 6a3o-
Bble CBeJleHUs Mpo IpyIsl JIu U r1aBHble paccjoeHus, XKejJaTeJIbHO TOJIBKO o0Iiee 3HaKOMCTBO C TJIaiKUMU
MHOT000pa3uAMU.

Kypc HacToATeIbHO PpEKOMEHIyeTCs TeM, KTO YUUTCS WUJIU IJIAHUPYET YUUThCA IO HalpaBJieHUo «MaTeMaTHKa
1 MaTeMaTuyeckas Gu3rKay, HO TaKKe PEKOMEHIYETCSA U BCEM OCTAJIbHBIM, KOTO UHTEPECYIOT YIOMSHYThIE
BhIllIe (2 TakXKe HUXE B MpOrpaMMe Kypca) MaTeMaTHu4eckue 1 (pu3nueckrie BOMPOCHL.

MMPEABAPHUTEJIBHAS ITOAI'OTOBKA: ceMeCTPOBBIU Kypc «MexaHuKay A 2-ro roga 6akanaBpuara, Kypc
«MHoroob6pa3sus» 2-ro roga 6akajaspuara, Kypc «JuddepeHiinaabHble ypaBHEHMA» 2-T0 ToAa OakaiaBpuara.
Taxke xeJjlaTesJIbHO 3HAKOMCTBO C OCHOBAMHU TeOopuu rpynn u anredp Jlu u ux npencrasjieHuil. Ha jeknuax
OydeT JaHO KpaTKoe HallOMHHaHNUe HYXHBIX (PaKToB.

ITPOTPAMMA:

1. JlarpanxeBa (hOPMYJIMPOBKA KJIACCHYECKOH MeXaHWKH (HaroMUHaHWE): TIPUHITUII HAauMeHbIero Jer-
CTBU4, NlepBasA TeopeMa Hétep, 3akoHBI cCOXpaHEHUA U I'PYIIL CUMMETPUM MeXaHU4YeCKON CHUCTEMBL.

2. OCHOBHI cllellaJIbHOM TEOPUU OTHOCUTEJIBHOCTH: IPUHIMII OTHOCUTEJIbHOCTU DUHINTEeHA, IpOCTpaH-
¢TBO MuHKOBCKOro, rpynnel u anreopsl Jlopenna u Ilyankape. CBoOoAHAA peATUBUCTCKAA YacTULA.
JeiicTBUe U CUMMETPUU PeIATUBUCTCKOU CTPYHEI.

3. [IpenenpHEBIN Iepexol OT MeXaHUYECKOU K I0JIeBOH cucTteMe. CKaJiIpHOe BelllecTBeHHoe IoJsie. Obmee
penieHue ypaBHeHUs KiteliHa-T'opoHa.

4. TIpuHIUIT HAaUMEHBIEro JIEHCTBUA B TIOJIEBBIX MOJIEJIAX, epBas TeopemMa HéTep, coXpaHAMIIUECA TOKU
1 3apsanabl. TeH30p 3HEPTUU-UMITYJIbCAa CKAJIIPHOTO TIOJIA.
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5. O6mas Teopusa Axra—Mwuiuica, CBA3HOCTh B IJIABHOM PacC/IOEHUNY, KPUBH3HA CBA3HOCTHU.

6. CBOOOOHOE 3JIEKTPOMAarHUTHOeE MoJle Kak npuMep abeyieBoi Teopuu fHra—Musica. 4-BeKTOp MOTEHIU-
aJjia ¥ TeH30p HaNpsXKEHHOCTH, ypaBHeHNA Makcsesia. KannbpoBouyHasa nHBapraHTHOCTh. KyioHOBCKas
KanmOpoBkKa. [Ty1ockre BOJIHHI.

7. PejIATUBUCTCKAA YacCTUlla BO BHEIITHEM SJIEKTPOMArdHvTHOM I10JIE€. YPABHEHUWA ABXEHNA, CH1JIa JIopeHua.
ypaBHEHI/IH JABHXKEHUA 3JIEKTPOMArHuTHOI'O I10JIA B IIPUCYTCTBUH 3apAA0B 11 TOKOB.

8. 3aKoH coxpaHeHMsA dHepruu B dJIeKTpoAuHaMUKe. [IJTOTHOCTh 3Hepruy U NJIOTHOCTU MOTOKA 3HEpPruu
3JIEKTPOMarHUTHOTO NoJiA, BekTop IlofiHTrHra. TeH30p SHepruu-uMIyJibca 3JeKTPOMarHuTHOTO MOJIA.

9. 3anaspgpiBaromias QyHKIMA I'puHa BOJIHOBOI'O ypaBHEHUs, IToTeHIMasb JlneHapa-—Bruxepra TouedyHOro
3aps/Ja U COOTBETCTBYIOLIYE HANIPSOKEHHOCTH NOJIed. DJIeKTpUYecKoe AUIIOJIbHOE U3JlyuyeHue, YIJI0Boe U
4acTOTHOE pacnpefesieHre ero MHTeHCUBHOCTH.

YYEBHHUKN:

[}

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

o P. ®efinman, P. JletitoH, M. Canjc, «JJekTpoauHaMmuka. deliHMaHOBCKUE JIEKIWU MO GU3MKey, 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, «O6o0meHse QyHKIIMKU B MaTeMaThuieckor dusukey, Mocksa, Hayka, 1979.

[}

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

IIOPAJOK OLIEHUBAHUSI: OneHrBaHNe OCHOBBIBAETCA Ha CAEeAYIOIUX YeThIpeX OIleHKaX:

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

o C € [0,5] - olieHKa 3a caMOCTOsATeIbHbIe pabOoTH Ha ceMrHapax (IIpoBOAVMBIE Pa3 B HECKOJIBKO 3aHATUI),
BellecTBeHHOoe uncjo Mexay 0 u 5,

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

[TosHAsA OlLleHKa BBHIYMCJAETCA MO cjeayoleil popmye:

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

JK3aMeEH.

KOMMEHTAPHM: Hukakyx crenyanabHbIX 3HAHUH 110 ¢usuke ot ciaymaTesiell Kypca He moTpedyeTcs.
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KOMIIJIEKCHASI TEOMETPHUA
y4eOHas QUCHMILIMHA [Jis CTyIeHTOB 3-ro Kypca U crapuie
JIEKTOP: A. B. IleHCKOIi.
VYEBHASA HATPY3KA: oceHHHMH ceMecTp 2018/19 yu.r., ABe mapsl B HeeJl0, 6 KpeIUTOB 3a cEMECTP.

OIIMCAHMUE: KoMIuiekcHas reOMeTpUsl — BecbMa aKTyasIbHBIN M aKTUBHO Pa3BUBAIOLIUIICA pa3fiesl reoMeT-
pUM, N3y4arnnuii KOMIUJIEKCHO aHaJINTH4YecKre MHOrooopasus 1 rojoMopdHble BeKTODHBIE PAacCI0eHUA Ha
HUX. Byqyun TecHO cBA3aHHOH ¢ auddepeHIraTIbHON U ajredpandyeckoll reoMmeTpuen, ajrebpanieckom To-
[I0JIOrMey, reoMeTpU4eCKUM aHaJIM30M 1 COBPEMEHHOH MaTeMaTh4ecKol (prU3NKOoH, KOMILJIEKCHAsA reoMeTpus
ABJIsIeTCS KpacUBOU U MpUBJIeKaTeJIbHOU 00J1aCcThi0 B CaMOM LleHTpe cOBpeMeHHOU MaTeMaTuku. IIpenarae-
MBII KyPC HOCTYXUT PYHAAMEHTOM 1A JaJIbHENIero CaMOCTOATEIbHOIO N3yUYeHUs IIpeiMeTa 0 IIpeJiara-
eMol JIuTeparype.

IIPEABAPHUTEJIbHAS ITOATOTOBKA: Tpu roaa 6akajiaBpuara (riagkrue MHoroobpasus, auddepeHnuaib-
Has reoMeTpus, KOMILJIEKCHBIN aHaJIM3 OJHOU NepeMeHHOMH, ajrebpandecKas TOMOJIOTHS)

ITPOTPAMMA!:

o OcHOBHI TeopuU GYHKIMI HECKOJIBKHX KOMIIJIEKCHBIX IIepeMeHHBIX
o ITy4ky ¥ UX KOTOMOJIOTHU
o Ob6usactu B C"*: nuddepennnanbabie GOpMBI, KOMILIEKCHBIE I 9PMUTOBBI CTPYKTYPHL.

o KomriekcHble MHOroo6pasus, roJIoMop@Hble BEeKTOPHBIE pacCIOeHHs, JIMHEelHble PacCJI0eHUsA U JUBU-
30pHl, pa3ayTus, 3J1eMeHTH AuddepeHIaabHON reOMeTprH.

o KasiepoBel MHOrOOOpasus, Teopusa Xomaxa, TeopeMs! Jlepena.

o IuddepeHnuyanbHas reoMeTpUA: S5PMUTOBEI BEKTOPHBIE PaCcC/IOEHNs, NBONCTBEHHOCTh Ceppa, CBA3HO-
CTU, KpUBU3HA, KJIacChl YxxeHsd, rOJIOHOMUS.

o TeopeMsl XuplieOpyxa—Pumana—Poxa u Kogaupsr.
o Jlebopmanyu KOMIJIEKCHBIX CTPYKTYP.
YYEBHHUKH:

o D. Huybrechts, Complex Geometry — An Introduction

(]

I1. 'pudpdute, Jx. Xappuc, [IpuHiiune! aarebpanieckoll reoMeTpUM, B 2-X TOMax.

[}

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

o

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

o P. ¥Yase, JubdepenipanbHOe NCUKCIEHNE Ha KOMIJIEKCHBIX MHOTO00pa3usax.

IMOPsSIIOK OLIEHMBAHMUSI: uTOoroBas OLeHKa paBHa cpefHeMy apudMeTHYeCKOMy HaKOIJIEHHOHN OLieH-
KU U OIleHKM 3a 3K3aMeH. HakorljieHHas olieHKa BwIuucidercsa no ¢gopmysie 0,4 (pabora Ha ceMuHapax) +
0, 6 (camocToATeIbHOE pellleHNe 3a7a4 U3 JIMCTKOB). Bce oKpyriieHns Nponu3BOAATCA N0 CTAaHAAPTHHIM IIpaBU-
JIaM.

KOMMEHTAPHM: B kauecTBe OCHOBHOTO yueOHMKA IJITAHUPYETCS KHUra XenopexTca, ABJIAIIIAACA pacIiy-
PEHHBIM U3JI0)KEHNEeM TOJOBOrO Kypca JIeKI[Ui, TPOUMTAaHHOrO UM B YHuBepcutete KénpHa. MBI Hameemcs
U3Yy4UTh €€ 3a OOVH CEMeCTp IIpU ABYX 3aHATUAX B HeJeJIlo, PeJIOKNUB 4acTh MaTepuasia B BUe 3aaay A
CaMOCTOATEJIbHOI'O PELIEHMA.
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JIMHEMHOE ITPOTPAMMMPOBAHUE
HHUC s eTyAeHTOB 2-r0 Kypca U cTapiue

PYKOBOJUTEJIb: A. B. KosieCHUKOB.
YUYEBHAA HAT'PY3KA: oceHHHi cemecTp 2018/19 yu.r., Be nmapsl B HefleJIl0, 6 KpeIUTOB 3a ceMecTp.

OITUCAHHME: JluHeliHOe NporpaMMHpOBaHNe — pa3fel TEOPUN ONTUMU3ALNUM, U3YyYaLUUX CIelaIbHbINI
KJIacc 3a7ja4 — HaXO0X/IeHHe SKCTPeMYyMOB JIMHEHBIX GYHKIMI Ha BBITYKJIBIX MHOXeCTBaX (Kak KOHEYHOMeED-
HBIX, TaK 1 0eCKOHEYHOMEePHBIX). JInHeliHOe porpaMMIpOBaHUe 3apOANJIOCh KaK NMPUKJIaAHAsA AUCIUIINHA,
C MpUJIOXKEHUAMU (B MepPBYI0 oyepe/ib) K 5KOHOMUKE, HO OHO MMeeT IJIyOOKHe CBA3M CO MHOTUMU 33/lauaMU
aHasu3a, reoMeTpuy, JUCKPEeTHON MaTeMaTHKH, a TakKe YHCJIeHHbBIMU MeToJjaMu 1 ajroputMmamu. Hacros-
M Kypc IpeficTaBjseT co00i BBeJeHNe B JIMHENHOe NMPOrpaMMUPOBAaHUE U CTAaBUT CBOEN I1[eJibl0 OCBETUTh
MHoroo0pasue cBsi3ell U NpUJI0XKeHUH JIMHEHHOr0 IporpaMMUpPOBaHNA.

NPEABAPHUTEJIbBHAA IIOATIOTOBKA: MaTeMaTHYeCKUI aHAIU3 U JiMHelHas ajrebpa B oObéMe MepBOro
Kypca

ITPOTPAMMA:

1. JIuneliHOoe nporpamMupoBaHue. IlocTtaHoBKa 3aaun ¥ 6a30Bble CBOMCTBA.

Knaccruueckue 3ajauy JIMHEMHOro IporpaMMUpoOBaHus (3afgava o guere, TPAHCIIOPTHAA 3afava u Ap.).
DJIEMEHTHI BHINYKJIOro aHaausa. TeopeMma Kapareonopuy, TeopemMa 06 OTAE€JIMMOCTH.

Brinykiible MHOrorpaHHuku. KpaitHue Touku. Teopema Bupxroda o 6ucroxacTuueckux MaTpuLax.
Teopema 0 MUHUMAaKCe.

JIBOIICTBEHHOCTH B JINHEMHOM IMPOrPaMMHUPOBAHUN.

N o~ w b

Jpyrue npuiioxeHus MUHUMakca. JIByosibHble rpadsl (Teopemsl Kénura, Xosia). Urpel ¢ HyJieBoi cyM-
MOJA.

8. CumMiiekc-MeTon.

9. Jpyrue anroputMsl (0630pHO).
10. TpaHcnopTHBIE MOTOKU B ceTsax. Teopema ®opaa— danpkepcoHa.
11. LlenounciieHHOe JUHENHOe IporpaMMUpPOBaHue.
12. Obmas TeopeMa 0 MUHUMaKce™.

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

YYEBHHUKHU: OCHOBHbEIE 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. AJITOPUTMBEL U CJIOXHOCTh. 1982.

Thttps://en.wikipedia.org/wiki/Albert W. Tucker
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JlonosiHMUTEe S IbHOE YTEeHHEe

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

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

KOMMEHTAPHM: J1A noHMMaHUs HeKOTOPHIX (HEMHOI'MX) CIOXKETOB Kypca XkeJjiaTeJIbHO (HO Heo0A3aTeIbHO)
3HAKOMCTBO ¢ (PYHKI[MOHAJIbHBIM aHAJIU30M.

IIOPAOOK OLTEHUBAHMUA: B TeueHne ceMecTpa CTyAeHTaM IpejjlaraeTcA peliaTh 3aJa4y U3 YeTblpex JIMCT-
KOB. DK3aMeH COCTOMT M3 ABYyX4YaCOBOI KOHTPOJIbHOI paboTHl ¢ IATHIO 3ajadamu (1o 2 6ajuia 3a Kaxnayio).
OkoHuaTeJIbHasA OIleHKa BRIYUCIIAETCA T0 cyeayoileil popmyse E - 0.4 + H - 0.06, rie — oljeHKa 3a IMChbMEH-
HBIH 5Kk3aMeH (o 10-6ayuibHON 1mIKasie), a H — MNpOLeHT NpaBUJIbHO PelI€HHBIX 3a[ay B TeYeHHe ceMecTpa
(okpyryIeHHBI B CTOPOHY yBeJIMUeHus [0 uucia, geysmerocsa Ha 10). [id cTyqeHTOB, NOCelaBIInX JIEKIIUU
B TeuyeHMe CeMecTpa, OKpyTJleHre UTOTOBOM OlLleHKM MPOU3BOAUTCA B GOJIBIIYIO CTOPOHY, AJIA MOCETHUBIINX
MeHee IOJIOBUHBI JIeKIUi — B MEeHbIIYIO.
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MATEMATHKA AJIA ITIPATMATHUKA
y4eOHas1 QUCIHUIUJIMHA IS CTYEHTOB 3-TO Kypca M cTapiie

JIEKTOP: A. B. XoxJ10B.
YUYEBHAA HATPY3KA: BeceHHUI cemecTp 2018/19 yu.r., IBe mapsl B HeieJi0, 6 KpeJUTOB 3a ceMecCTp.

OITMCAHHME: «B OBITOBOM CMBICJIE TTpAarMaTUK — 3TO YeJIOBEK, KOTOPBII BBICTPANBAaET CBOIO CHICTEMY

B3IJIA0B HA XM3Hb B aCleKTe MOJTyYeHUs MPAKTUIECKU TOJIE3HBIX PE3YJIhTATOBY
(u3 Buxuneduu)

[TpakTHyeckoe MCIOJIb30BaHUE MaTeMaTUYeCKHUX KOHCTPYKLUUH Hen30eXHO CBA3aHO C KOHEYHOCTBI0 U JUC-
KPEeTHOCTBI0, B TO BpeMs Kak u3ydeHne MaTemMaTUK BO MHOI'OM OIIMPAeTCsA Ha ONMCAaHNA HeITPEPBIBHBIX 00beK-
TOB; [10JIE3HO 3HATh, KAK UMEHHO peaIn3yI0TCs HEKOTOphle HellpephlBHBIE KOHCTPYKIMU Ha MpakTuke. Hanpu-
Mep, NosiBJIeHNe U(POBHIX CTAHAAPTOB IIPHBEJIO K TOMY, YTO 06pab0oTKa HeIpePHIBHBIX BO BpeMeH! CUT'HAJIOB
cTaJia TUIIOBOM 3a/jaueli Aj1A IpPOrpaMMUCTOB. B Kypce OyyT pacCMOTpeHbl IPUMepPH! paclpoCTPaHEHHBIX Ma-
TeMaTU4eCKUX Mojiesiell B UX AUCKPEeTHBIX U HellpephIBHBIX BapHaHTaX, COOTBETCTBHE (OPMYJI U B3aIMOCBA3b
3(ddeKToB, XapaKTePHBIX AJIA KaXxJA0ro BapuaHTa. [Ipumepsl Oy1yT 06beJTHEHBI B HECKOJIBKO OT/IeJIbHBIX CIO-
KeTOB, [IPeAIoJiaraeTcs, YTo i OOJIBIINHCTBA MPUMEPOB OyIyT MPOCUYUTAHBI BU3yasIbHbIE NHTEPIIPETAIIH.

ITPEABAPUTEJIBHAA ITOATOTOBKA: nipeariosiaraeTcsa 3HaKOMCTBO CO CTaHAapTHHIMU BBOAHBIMU KypcaMU
aHasnu3a, ajreOpsl, TeOpPUN BEPOATHOCTEN M OOBIKHOBEHHBIX AuddepeHI[na bHbIX YPaBHEHUI; XeaTeIbHbI

3JIeMeHTapHBle HaBBIKU paboTH ¢ python nian Matlab (111 HHBIM HHTepIipeTaTopoM GopMy1).

ITPOTPAMMA!:

CIOXKET MEPBBIM: quddepeHnnupoBaHmie

[}

Lludposas perucrparys, UMIYJIbCHBIN 6a31C U ONMCAHUA B HEM MCKaXXeHUI CHUTHAJIA B CJIOMCTHIX
cpenax (akycTuueckoe 30HUPOBAaHUE).

o OmepaTop cABUra U ero KOHeYHOMepHas MofeJib, [uddepeHIpoBaHNe B AUCKPETHOM BpeMeH! U
KpyroBBI€ YaCTOTHL.

o (opMyJsia 3aMeHbl KOOPAMHAT OT YaCTOTHOrO 0a3uca K UMIyJIbCHOMY U npeoOpa3oBanue Oypre.
o [IpemgenpHBIe EepexXObl, aIbACUHT U CBA3b C MPUBBIYHBIMU U3 aHau3a ¢opmysiamu Dypee.

o YacToTHble PUIBTPH M UX MPAKTHUYECKOE TIOCTPOeHUE (Ha ypOBHE ITPOrPAaMMHOT0 KO/1a).

o Teopema otcuetoB KoresibHukoBa — llleHHOHA.

o HekxoTopsie 00001ieHNsA: ABOMCTBEHHOCTh [IOHTpATMHA, ciiyyall JIMHEWHBIX auddepeHInaIbHbIX
OIlepaToOpPOB U IIPUMEPH M3 YpaBHEHNI MaTeMaTu4eCcKoi (pU3nKu.

o BricTpoe npeobpaszoBanre dypbe U ero Bepcuu AJis pa3jIUyYHBIX IPOCTHIX AesuTesiell. HekoTopsie
naeun AjiAd HEKOMMYTATUBHBIX TPy U POJIb CUMMETPUIA.

o (Ecnu 6yaet Bpemsa U uHTepec) CurHas u mryM, npobjeMa oTAeeHUs moMex 1 Teopema IlleHHOHa.
Tomorpadus, npeobpasoBanue PajoHa u cBsA3b ¢ npeobpa3zoBanremMm dypoe. Ctatbsa TepeHca Tao,
MOJIyuuBINasa OoJiee, YeM YeTBIPHAAIATh THICAY IIUTUPOBAHUN, U €€ CMBICIL.

CIOXKET BTOPOM: MHTErprpoBaHue

o YcpeJHeHUe 10 MHOXeCTBaM CUTHAJIOB M MHTErpUpOBaHNe [0 MHOXECTBY HellpephIBHBIX QYHKLINHI
Ha oTpe3ke. Mepa BuHepa u ee HocuTeIu.

o IIpakTHvecKre MOJEJM eCTeCTBO3HAHUA, MPUBOAAIINE K NHTETPUPOBAHUIO MO (PYHKIMOHATIBHBIM
IPOCTPAHCTBAM.
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o CBOHCTBA OPOYHOBCKUX TPAeKTOPUU U IPHUMeEPH! ABHBIX aHAJINTUYECKNX BBIUKMCJIEHUI NHTErpajioB

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

o (Ecsiu Oygmet BpeMs u nHTepec) TpaekTopun cjIydaiiHOTo GJIy>KOaHus M0 pelleTkaM pa3MepHOCTeN

2, 3 u Gosbllle, KJIIOYEBBIe OTJINYMA OT OJJHOMEpHOro ciydas. CBA3b ¢ ypaBHEeHUAMU MaTeMaruue-
CKOU (pU3UKU.

CIOXET TPETUM: CTOXaCTUYECKUIA MUP

o (mpu HeobxoaUMOCTH) O0G30P HEKOTOPHIX METOAOB BHIUUCJIEHUI B TEOPUM BEPOATHOCTEN — MOMEH-

TBI, ACUMIITOTHUKH, CBOYICTBA CMeceH U T. II.

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

Mopenu kJjlaccruuyeckoll MexaHUKH U MapKoBCKHe Mojeu. BuHepoBckuil mpolecc U (pusndeckoe
OpPOYHOBCKOE JBUXXEHUE.

CroxacTuueckue ypaBHeHUs, ypaBHeHUe UTo 1 1eMMa UTo. BelunciieHNA KOMIIbIOTEPHBIE U aHAJIU-
TUYeCKUe.

IupokoynoTpeOrMBle cTOXacTUUYeCcKHe MOJAesd 1 NpeAcTaBiieHHe ux pemleHu. Juddy3ruoHHbIE
ypaBHeHus. [Topoxpaatoruii mporecc BuHepa.

CroxacTrueckye MHTerpajsl 1 OTJINYNTeIbHaA crienuduka GopMyJl CTOXacTUYeCKOro Mupa ot ¢Gop-
MyJI MaTeMaTHU4eCcKOro aHajausa.

YUYEBHUKMU: [IprMepsl 3aMCTBOBaHBI U3 MHOXECTBA IIpeIMeTHO-CIIeIMaJIN3upPOBaHHBIX KHUT, CTaTell U MO-
Horpaduii — MpouTeHue JI0O0ro U3 UCTOUHUKOB BOBce He TpebyeTcs. OCHOBHBIE UAeU U3JI0XKEeHUI B3ATH U3

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

2. P. BieixyT. «BeICcTpBIE aropuTMBbI 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/

IIOPAOK OLIEHUBAHUSI: 50% 3a pelleHre JoMaMHUX 3a4a4 v 50% 3a UTOTOBBIN 5K3aMeH, BCe OKPYTJIEHUA
MIPOUCXOAT IO CTaHAAPTHBIM IMpaBusiaM (710 OJimXKaiIiero 1[eJioro, MoJyliesblie OKPYTJIAIOTCA BBEPX).

KOMMEHTAPHUM: Kypc 3agymaH [uia pacmmpeHHs Kpyrosopa B 00J1acTAX IPHMEHEHUA MaTeMaTH4eCKUX

MoOJeJieH.

54


https://www.twirpx.com/file/2483780/

MATEMATHKA ITPOILIECCOB B PAHHEM BCEJIEHHOM
HHUC niisa eryaeHTOB 3-rO Kypca U crapiue

PYKOBOOUTEJIb: K. II. 3p10uH.
YUYEBHAA HATPY3KA: BeceHHU# cemecTp 2018/19 yu.r., oiHa napa B HefjeJio, 3 KpeauTa 3a ceMecTp.

OITMCAHHE: B Kypce npefnoJiaraercs U3ja0XUTh COBpeMeHHOe COCTOsIHMe 3HaHui o BceseHHoil. Byer 06-
CyXJaThCsA: JUHAMUKA «TEMHOU MaTepUN», IPUBOAANIAA K BOSHUKHOBEHUIO HEJINHEHHBIX CTPYKTYD, OyIeT u3-
JIoXeHa Teopus MHQJIALMY BCeJIEHHOW, pacCMOTpeHAa TeopUs reHepaliy ClieKTpa NepBUYHBIX QIIyKTyaluil.

NMPEABAPHUTEJIBHASA ITIOATI'OTOBKA: MaTeMaTU4ecKuil aHanus, audpdepeHnnanbabie ypasHeHusa, TOKII.

ITPOTPAMMA:

1. OpHOpoAHAaA M U30TPONHAs BCeJIeHHas

l'opsiuas BcesieHHas, KpaTKas TelioBas UCTOPUA.

[Tponieccel 06pa3oBaHusA IEPBUYHOIO COCTaBa XMMUYECKUX 3JIeMEHTOB
HeonHOpoaHOCTH BO BCEJIEHHOU, TEOpUA I'PaBUTALIOHHON HEYCTOMYNBOCTU

Teopusa uHGIAIUN

AL S i

Bo3H1KHOBeHMe NepBUYHBIX QJIYKTyauui

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

MOPANOK OLIEHUBAHUAA: 0.5 (mokian + paboTta Ha cemuHape) + 0.5 (3k3aMeH), OKpyTJisieTca A0 Osvkan-
IIeT0 MEeJIOT0, TOJIyIlesibie 3HaUYeHNs OKPYTJIAIOTCS BBEPX.
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MATEMATHKA ®U3WYECKUX SIBJIEHUM
HHUC s eryaeHTOB 1-rO0 Kypca ¥ crapiue

PYKOBOOUTEJIb: II. U. Apcees.
YUYEBHAA HATPY3KA: BeceHHHU# cemecTp 2018/19 yu.r., oHa napa B HeJjeJio, 3 KpeauTa 3a ceMecTp.

OITUCAHHME: Kypc 0 cBA3U peasibHBIX GU3NUECKUX ABJIEHUI 1 MaTeMaTU4eCKUX MeTO/I0B X ONMICAHUA, O BO3-
HUKHOBEHUU OIIpefleJIeHHBIX MaTeMaTU4eCKUX CTPYKTYp M3 3aKOHOB (pM3MKH, B IepBYyI0 04epedb B MeXaHUKe,
3JIeKTpOCTaTHKe, 3JIeKTpOAUHaMIKe. B Kypce o6cyxaalTcsa Takye Belly, Kak CBA3b BTOPOro 3akoHa HeioTo-
Ha ¢ JlarpaHxeBbIM GOpMaInN3MOM, ABMXEHHE «II0 IPsAMOI» N0 KPUBOJIMHENHOU IOBEPXHOCTH, IOBe/eHue
rMpOCKONa, 5KBUBAJIEHTHOCTb 3aKkoHa KysioHa Teopeme I'aycca u 1.1

IIPEABAPHUTEJIbBHAS ITIOAT'OTOBKA: xejlaTeJIbHO 3HaHWE OCHOB MaTaHaIn3a U NOHUMaHu1e MPOCTHIX AUd-
(pepeHIIATBPHBIX YpaBHEHUU. 3aHATUA pacCUMTaHBl CKOpee Ha CTYAeHTOB 2-—3 KypcoB OakajiaBpuara, HO U
IOATOTOBJIEHHBIE IEPBOKYPCHUKU He JJOJKHBI BCTPETUTh CePhE3HBIX TPYJAHOCTEM.

ITPOTPAMMA:

1. MexaHuka

o BTOpOIjl 3aKOH HpIOTOHA-OCHOBA OIMCAaHMA KJIaCCUYECKOro JBUXKEHUA. HpI/IMepr JAVMHAMUKH. 3ako-
HBbI COXpaHEHUA U3 ypaBHeHI/Iﬁ JABHMXEHUA.

o OT 3aK0HOB Hbl0TOHA K J1arpaHxeBoi GpopMysiupoBKe. [IpuHINMIT HaMeHbIIero JeticTBUsA. 3aKOHBI
COXpaHeHNs C TOYKY 3peHUA JlarpaHXXeBoro noaxona.

o «CBOOOHOE» OBIKEHNE B KPHBOJIMHETHOM NPOCTpaHCTBe. J[BrkeHHe No cdepe M NOBEPXHOCTAM
BpaleHusa. OnucaHye ¢ IOMOILBI0 METPUKU.

o JIBrkeHHe ObICTPO Bpamaroumuxcsa Tesl. HeTpuBruaabHOCTh UX CBOOOAHOrO ABMXXEHUA. KAHTUHUHTY-
WTUBHOE) NIOBeJleHre TPOCKoIa.

2. DJjieKTpocTaTuKa

o 3akoH KyJioHa kak npsaMoe caeicTBre dKcrepuMeHTa. IIoHATHe MOTOKa BEKTOPHOTO MOJIA. DKBUBA-
JIEHTHOCTb TeopeMsI ['aycca «dKkcrepruMeHTaIbHON» GopMyJHpoBKe 3aKkoHa KynoHa. /[uBepreHnus
BEKTOpPHOro noJs , AuddepeHnuanbHasa GopmynarpoBka 3akoHa KyinoHa. YpaBHeHusa Jlansaca u
IIyaccoHa.

o PemreHune 3ajjau 5J1eKTPOCTAaTUKU C MOMOIIbI0 TeopeMsl I'aycca. Ilosie 3apsxeHHBIX IJIOCKOCTeN U
crepxHell. [loHATHE 0 AByMepHOI 11 OAHOMEPHO! 3JIEKTPOCTaTUKe U cieluduieckux «3akoHax Ky-
JIoHay». 3apAAbl HaJ NOBEPXHOCTHIO MeTaJsla.

o DJIEKTpUYECKOe TI0JIe B AN3JIEKTpUKaX. [IoBEpXHOCTHbIE 3apsAgbl M TPAaHUYHBIE YCIIOBUA AJIA DJIeK-
TPUYECKOTO II0JIs1 B HEOOHOPOIHOM cucTeMe. MeTto[ 3apsAI0B n300paxeHuilt — Gusmuveckoe perie-
HIe 33J]JaY¥l O HAaXOXIeHNH pelleHusA quddepeHIaIbHOr0 YpaBHEHNA ¢ TPAHUYHBIMU YCIJIOBUAMU.

3. DJyieKTpoAuMHaMUKa
o B3aumopericTBue TOKOB. DKCIieprMeHTaIbHbIe 3aKOHBI DpcTea u Amnepa. Cuiia, JelicTByomias Ha

TOK B MarHUTHOM 1moJie. Cuia .HOPEHLIa. I[BI/I)KCHI/Ie YaCTULbl B MAarHnTHOM IIOJIE.

o IToHATHE BEKTOPHOTrO MOTeHI[asa. POTop BeKTOpHOro moJis, popmysa Crokca. CBOMICTBA BEKTOP-
HOT'0 TIOTEHI[MAaJIa, CPAaBHEHHE CO CKAJIIPHBIM NoTeHIraaoM. JquddepeHnuanpHas GopMyIpoBKa
3aKOHOB 3JIEKTPOMAarHeTu3Ma IpH YCJIOBUU CTAIIOHAPHOCTU TOKOB.

o )IarpachI/IaH YaCTHIIbI, BBaHMOﬂeﬁCTBymmeﬁ C SJIEKTPOMArHMTHBIM ITIOJIEM.
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o 3akoH ®apapes, ero uHTerpajbHaa u AuddepeHnnanbHan GopmyanpoBku. CrucreMa ypaBHEHUHN
Makcsesuia. Eme pa3 ux ¢uzndeckuii CMbIC/I U MaTeMaTtudeckas ¢GopMyrpoBka. [TosHbil Jlarpas-
’KMaH 3JIEKTPOMAarHUTHOT'O N0JI1 — BO3MOXXHOCTb BBIBOJAA YPABHEHUI 3JIeKTPOAMHAMHUKY 13 HOBBIX
IIPUHIWIIOB.

o YpaBHEeHU: 3JIEKTPOMAarHUTHBIX BOJIH U3 ypaBHeHUH MakcBesiia. DJieKTpOMarHUuTHbIe BOJIHHI B Cpe-
Je. 'paHuYHbBIe yCI0BUA Ha IOBEPXHOCTH pasfesia ABYX Cpef.

o OTpaxxeHHe OT MOBEPXHOCTU pasfesa ABYX cpel. [IBa MeToda pelleHusA 3aaui 06 OTPaXeHUH OT
IJIOCKOIIAPAJUIeIbHOMN IUTACTUHBIL. [I0BEPXHOCTHBIE BOJTHBI

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

YYEBHHUKNA:

1. ®etinmat P., Jletiton P., Cangc M. deiinmaHoBckue jekiuu mo pusuxke — M.: Mup, 1967
ApHouipa B. . MaTemaTHuecKrie METO bl KJIaCCUUeCKOM MeXaHUuKu — M.: ®uamataur, 1974
Jlanpay JI. [., Jlugpmun E. M. Teopetuueckasa ¢usuka — M.: dusmatiaut, 2004

TamwMm U. E. OcHOBH Teopuu 3JieKTpruuecTBa — M.: T'oc. U3[. TEXHUKO-TeOpeTU4eCcKo JuTepaTypsl, 1956

AR

Tuxonos A. H., Camapckuii A. A. YpaBHeHusA MmateMatnueckou ¢pusmku. — M.: Hayka, 1977

KOMMEHTAPH:

IMMOPAJOK OLIEHUBAHUWSA: CTYJEHTH CAAIOT 33JaYy IO JBYM CIIMCKAM M OTBEYal0T HA JIOTIOJIHUTEJIbHEIE
Bompockl. HauncsieHne 6aJiyioB cieymonee:

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

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

o

N,, ot 0 no 10, 3a cgaHHBIE B YeTBEPTOM MOAYJIe 3a4a4uu
o @5, oT 0 0 5, 3a OTBETH HA JOIMOJIHUTEbHBIE BOIPOCH B YeTBEPTOM MOLYJIE

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

Htorosas oneHka S = (N1 + N, + Q1 + Q, + W) /3. OkpyrjeHnue no cTaHOapTHEIM IIpaBUjIaM.
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MAIIMHHOE OBYUYEHUWE
y4eOHas1 QUCIHUIUIMHA U1 CTYEHTOB 3-TO Kypca M cTapiie

JIEKTOP: H. B. Illypos.
VYEBHAA HATPY3KA: BeceHHUII ceMecTp 2018/19 yu.r., ABe maphl B He/leJI10, 6 KpeUTOB 3a CEMeCTpP.

OIIMCAHMUE: B 2019 rogy HaligéTcsa MaJlo Jioiel, KOTopble Obl He CJIBIIIAIU O MAlITHHOM O0y4YeHUH, HO TeX,
KTO MOHMMAET, YTO 3TO TaKoe, ropa3fo MeHblle. MammHHOe o0ydueHure HCIOJIb3YEeTCA B TeX CydasaX, Koraa
BaM HYXHO HAyUUThCA pellaTh KaKoH-TO Kjacc 3ajad, AJis KOTOPOro TPYJHO HamlucaTh SIBHBIA aJrOpUTM pe-
IeHs, HO MPY 3TOM MOXHO HaWTH MHOXeCTBO IPHUMEPOB C MPaBUJIbHBIMU OTBeTaMU. Tak, HEBO3MOXHO HpeJi-
CTaBUTH cebe HAIMCAHHBIN BPYYHYI0 aJITOPUTM, KOTOPBIH OBLJT ObI ClTOCOO6EH OTJINYUTD (POTOrpaduio KOMKU OT
doTorpadun cobaky, HO €ciav y BaC €CTb JOCTAaTOYHOE KoJndecTBO (poTtorpaduil Tex U APyrux, Bbl MOXeTe
KCITI0JIb30BaTh MaIIMHHOE 00yYeHMe, YTOOBI IOCTPOUTH TaKOM aJITOPUTM aBTOMaTHUUYECKU.

NPEABAPHUTEJIbHAA ITOATI'OTOBKA: JuHeliHas ajarebpa, MaTreMaTU4eCcKui aHaau3 (OJHOMEpHBI U MHO-
TOMEPHBIIT), TeOpUs BepOATHOCTEN — cJIyliaTesieil He JOJIKHBI IyTaTh CJI0OBA «TUNEPILJIOCKOCTDY, «I'PAgUeHT»,
«IJIOTHOCTH BEPOAATHOCTU» U «KOBapHalIOHHAA MaTpuIiay. Mel Takxe Oy/ieM [IporpaMMHUPOBATh — OCHOBHBIM
A3BIKOM Ha Kypce Oyzer Python 3, xejlaTeJIbHO 3HaTh OUOJIMOTEKU numpy U pandas.

IMPOTPAMMA: B kypce Mbl OyeM o0Cy>XAaTh pa3Hble MEeTOAbl MAIlIMHHOIO O0yYeHUsA — HauMHasA ¢ JIMHeNHBIX
perpeccuil 4 iepeBbeB pellleHni U 3aKaHYNBasA COBPEMEHHBIMU HeHPOCEeTEBBIMU apXUTEKTypaMu. Mbl HAaUHEM
C TEOpeTUYeCKOM OCHOBBI KaXJOT0 MeTO[a, MOCMOTPUM, Kak OH paboTaeT Ha IPOCTHIX IIpUMepax, a 3aTeM
nepeniéM K MpakTUieckoil paboTe ¢ peaJbHBIMUA JaHHBIMU.

1. O630p 3agay MamurHHOTrO 06y4eHusA. [ToctaHOBKa 3afauu «0O0y4yeHus ¢ yuuresaeMy (supervised learning).
Metop k 6mmmxanmux cocefeid. IIpobisema nepeobydenus. IIpokiATre pa3MepHOCTH.

Perpeccun u kinaccudukatopsl. JInHeliHble MoAenu. Peryssapusanus.

MeTtoap! onTuMu3anuu. I'pailueHTHBIN CIIyCK U ero MoAuduKanuu.

Pemaromue gepesbs. ByTcTpan u 6arrunr. CiydarliHele jieca. ['pagueHTHBIN OyCTHHT.
MeToA ONOPHBEIX BEKTOPOB.

HetipoHHble ceTu U rjiybokoe oOyueHue.

N ok~ w N

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

8. Jpyrue 3ajauu 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 BHUNCIIAETCA KaK CPEAHEB3BEIIEHHOE OT OLIEHKU 3a TEKYIIYI0
paboty (40%), oleHKU 3a KOHTPOJIbHYI0 paboty (30%) u oieHku 3a 3k3ameH (30%). OneHka 3a TeKyIIyIo
paboTy ¢opMuUpyeTcsa Kak cpefHee OIeHOK 3a JOMAaIlHWe 3afaHuA U Jpyrue GOpMBI TeKyIlero KOHTPOJIA.
B uyucio gomalrHux 3aJaHuil MOTYT OBITh BKJIIOUEHBI COPEBHOBaHMA M0 MallMHHOMY oOydeHui0. MiTtoropas
OLIEHKA OKPyTrJiAeTcA apupMeTUYeCKU, OCTaJIbHbIE OL[EHKU He OKPYTJIAITCA.

KOMMEHTAPHM: Brl MoXeTe IOCMOTpeTh Ha CTpaHMIly Kypca 2018-19 yueGHoro rofa:
http://wiki.cs.hse.ru/?curid=15880\protect\char”007D\relax.
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METO,HI)I CBOPA U AHAJIN3A COI.IPIOJIOI‘PI‘-IECKOfI HNHOOPMAIINU
y4eOHas1 QUCIHUIUJIMHA IS CTYEHTOB 3-TO Kypca M cTapiie

JIEKTOP: Jl. C. lllIMmepJiuHTr.
VYEBHAA HATPY3KA: BeceHHUI1 ceMecTp 2018/19 yu.r., ABe maphl B HeieJII0, 6 KPeUTOB 3a CEMECTP.

OITMCAHHME: OcBoeHue MaTeprasia Kypca JOCTaBJsAeT CTaTUCTUYECKYI0 IIOATOTOBKY OyAyIero BEITyCKHUKA K
RD (Research and Development) B 06y1acTi COL{AJIbHBIX U TYMaHUTAPHBIX HAyK 1 UX MPUJIOXKEHUH. BoImyckHU-
KM, HayuuBIIrecs cOopy 1 06paboTke JaHHBIX «COLMAJIbHBIX M TYMaHUTAPHBIX UCCIIeJOBAHMIT), B HANOOJIbIIeH
CTelleHU OTBEeYaloT 3amnpocaM HauboJsiee IMPeCcTUXKHBIX paboroaaresienl. IlpeniaraemMas yyeOHas AUCLUILINHA
IIpeHa3HaveHa /J1 03HaKOMJIeHHsA 6aKkagaBpoB C OCHOBHBIMH UAEAMU U NOHATUAMMU B COLIMOJIOTUU, IPH 3TOM
JleslaeTcs akIeHT Ha IpUMeHeHNU 3HaHUU 10 crnenuaabHoCcTu «MaTeMaTuKay B COLIOJIOTUY, BEICTPANUBAIOTCS
CBA3U MeXy AByMs AUCHUIUIMHAMY, AeMOHCTPUPYIOTCA aKTyaslbHbIe 3aa4 B COLIMOJIOTY, PelllaeMbIX KOM-
IIJIEKCHBIM MeXAVCIUIIMHAPHBIM MeToAOM. [IpeacTaBJieHHbIN BhIlIe TOAX0, IpeAyCMaTPUBAIOIIUI yaadyHoe
coueTaHUe COLMAIbHBIX 1 MAaTEMAaTUKO-CTaTUCTUYECKUX 3HAHUI 1 HABBIKOB, K ITIOATOTOBKe O0akaJaBpOB, Maru-
CTPOB, ACIMPAHTOB U APYI'UX CHEUaINCTOB o0ecrneunBaeT ObICTPhIN IPOodeCcCHOHaIbHBINA U KApbePHBIN POCT.

IIPEABAPHUTEJIBHASA ITOATOTOBKA: OCHOBH 0011IeCTBO3HAHUA, UCTOPUA, Priocodus, JuHeiHaA anredpa
Y aHaJIUTUYecKas reoMeTpus, MaTeMaTUYeCKUI aHaJIn3, TeOpUs BepOATHOCTEH 1 MaTeMaThYecKas CTaTUCTH-
Ka, JUCKpeTHas MaTeMaThuKa

ITPOTPAMMA:

1. Marematuyeckasa cTaTUCTUKa B corrosoruu: saeMeHTs MC 1 MO u MmogennpoBaHus B Buje, yA00HOM
IJ1 IpYUMEHEHUs B COL[MaJIbHBIX HAyKax.

. OcHOBHBIE TOHATUA U T€opeTru4YeCKre pa3aesibl B COLIUOJIOTH.
. Kimaccuueckue 3agauyn MaTeMaTHYeCKOH CTaTUCTUKU B IMPUJIOXKEHNU K COMAaJIbHBIM HayKaM.
. Hp06neMa IIOVICKa B AA pacClipeaeyICHuA.

. CBoOopHBIE OT pacnpeesieHNs MeTOIbl — HellapaMeTpuKa.

2
3
4
5
6. PacnpocTpaHeHHbIe 3a[Jaull 1 METO/Ibl UX PelleHusl.
7. DKCIepTHbIE OLIeHKU: MaTeMaTHU4ecKre MeTO/Ibl.

8. JlucKpeTHbIe METOABl B MaTeMaTUYeCKOI CTaTUCTUKE U SKCIIEPTHBIX OI[eHKaX.
9. O6paboTKa JaHHBIX 9KCIIEPTHBIX OL[€HOK.

0

10. KauecTBeHHbBIE METObI B COLIMIOJIOTHH.

YYEBHHUKNA:

1. Twopun 0.H., MakapoB A.A., CumonoBa I''U. Teopus BeposaTHoOcTel, YueOHOoe nocobue, M.: MIIMHO,
2009.

2. Bospmies JI.H., CmupHoB H.B. Ta6iuis MaTemMaTudeckoi cratuctuku. M.: Hayka, 1983. Mcnosb3ytoTcs
HeoOXoAVMble TaOJIUIIBL.

3. Usuenko I'.'U., Mensenes 10.1. Beegenue B MmaTeMaTruueckyro ctatuctuky. M.: JIKH, 2010.

4. Xanpg A. MatemaTnueckas CTaTUCTHKA C TEXHUYECKUMU ITpuiioxxeHuamu. Ilep. ¢ anra. M.: WJI, 1956.
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5. Twopun I0.H., Makapos A.A. AHai1M3 JaHHBIX HA KoMIbloTepe, - M.: MITHMO, 2016.
6. Xomnengep M., Bynd . Henapamerpuueckre METOABI CTAaTUCTUKU. — M.: @UHAHCH U CTaTUCTHKA, 1983.

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

8. ApoH P. Dransl pa3BuTus coruosiorudeckoi meicau. M.: [Tporpecc YHuepc, 1993. BeiGopouHO Mo yka-
3aHMIO TpernojaBaTesis.

9. Mmepsaunr J[.C. u gp. dKcrnepTHBIe olleHKU. MeTosl u npuMeHeHue. (0630p) — B kH.: CTaTucTuveckue
MeTOAbl aHAJIM3a SKCIEPTHHIX OLIEHOK. YUeHble 3al1CKU 10 cTaTucTuke, T. 29. Hayu. pea. 0.H. Twopus,
A.A. ®penkens — M.: «Hayka», 1977 — c. 290-382.

10. Bepx K. Teopus rpadoB u eé npumeHeHus. M.: 3gaTesibcTBO MHOCTpaHHOU JsuTepatypsl, 1962 r. Oc-
HOBHBbIE NIOHATHUA U ONpe/iesIeHus.

11. Hxeccen P. Metons! ctatuctudeckux obcsenosanuii / [lep. ¢ anri.; nof pex. u ¢ npeauci. E.M. YeTwip-
KHHa. M.: ®uHaHCH U cTaTHUCTHKA, 1985.

12. Mwopkreiim 3. Counosiorus. Ee mpeaMeTt, MeTo/I, pegHasHaueHue. M., 1995. 3-e uza. — M., 2008. IIpe-
JUCJIOBUS KO BTOPOMY U NIepBOMY U3daHusAM, Beenenue, I'1asa 1.

13. bukes I1., Jokcym K. MaTemarudeckas craTucTuka. Beim. 1. M.: ®uUHAHCH U cTaTUCTUKA, 1983.
14. Cebep [x. JInHeNHBIN perpecCMOHHBIN aHanus. - M.: Mup, 1980.

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

16. YeboTapes I1.F0. MeToan! JialljlacOBCKOM TeOpUM OprpadoB B CTPYKTYPHOM aHaJIU3e CUCTEM: HOKT. JHC.
¢-M. H. 110 cienuasnibHOCcTU 05.13.01 UITY PAH. — M., 2008.

17. Apos B.A. CtpaTteruu u MeToAbl Ka4eCTBEHHOrO aHanu3a AaHHbX. Conuosorusa: 4M, 1991, Nel, c. 14-
31.

IMOPAJOK OLIEHHUBAHMA: uTorosas oTMeTKa paBHa
0.2 (momarmHee 3aganue + cemuHapsl) + 0.3 (3cce) + 0.5 (oTBeT Ha 3auete),

OKpYyTJIeHle BBepX.
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ONITUMUBALIUA ®OPMBI
HHUC s eryaeHTOB 3-rO Kypca U cTaplue

PYKOBOOUTEJIb: E. O. CtenaHOB.

VYEBHAA HATPY3KA: 4-ii MoayJis 2018/19 yu.r., ABa 3aHATUA B He[eJ0, 3 KpeaUTa.

OIIMCAHHME: 3asjaua Kypca — MO3HAaKOMUTH CJIyInaTesiell ¢ HauboJjiee xapaKTepHBIMU ONTUMM3alMOHHBIMU
3ajlayaM¥, B KOTOPBIX HEM3BECTHHIM SIBJISETCS MHOXECTBO He 3a[JaHHOM a priori CTPYKTYPHI, a TakXe ¢ MeTo-
JaMu, puMeHsAeMBIMU JIJIA UCCieJOBaHMA uX pemieHuii. K Takum 3ajadyaM OTHOCATCH, HalpuMmep, 3ajjavya o
MHHMMAaJIbHOM MMOBEPXHOCTH, a’spoJuHaMuueckas 3agavua HeioToHa, 3afava IllTeiiHepa, 3a1auii TOCTPOEHUA
OINTHUMAaJIbHBIX TPAHCIOPTHHBIX CeTel.

NPEABAPHUTEJIBHAA ITOATOTOBKA: MareMaTU4ecKuil U GYHKIMOHAIBHBIN aHam3, AuddepeHmaapHasn
reoMeTpHs U TONOJIOTUA B 00beMe NMEePBhIX JBYX-TPEX JieT OakajiaBpuara.

ITPOTPAMMA!:

L.

II.

III.

IV.

VL

VIL

3aayu ONTHMAJIBHOIO pasMelleHus pecypcoB. [locTaHOBKY 3afay 00 ONTUMAJIbHOM pa3MelleHUH pe-
cypcos (optimal location problems), k-center problem, k-median problem, 3a1aun onTUMaIbHOM yIIAKOB-
KU U T. II. 'ekcaronasibpHas sppuctuka. O6mas teopus ['-cxogqumoctu. [Ipumep BoiuncyieHus ['-nipeaesib-
HOU 3aJjau¥ JJ1 OOHOU M3 3aJayd ONTHMAJIbHOTO pasMelleHusa pecypcoB, IpefesibHOe pacipefesieHre
pecypcoB. JluHaMH4eckoe pa3MelleHus pecypcoB (KpaTKOCPOYHOe IJIaHMPOBaHUe), CpaBHeHUe ¢ 3aja-
yell KakyTaHu fejieHNUsa OTPe3KOB.

3apmaua Ilreiinepa. Mepel Xaycmopda. Jiunmunessl ¢yHknuu. CrnpamiifemMble MHOXecTBa. DOPMYyJIbI
Iomaau u komomaau. Teopema Biamke, Teopema I'ostaba n nx moaudukanuu. CyliecTBOBaHHe pe-
meHun 3agavu llreiiHepa. OCHOBHI TOIIOJIOTMU KPUBHIX. TOIOJIOrMYecKre U reoMeTpruYecKrue CBOMCTBA
mTeliHepoBCcKUX ceTell. HekoTophle ABHbIE IPHMEPHL.

3afayu oNTHMMH3aLUU OOHOMEPHHBIX O0BEeKTOB (KpHBHIX). DYHKIMOHAJ CpeJHEro U MaKCHMaJIbHOI'O
paccrosHuil. 3agavya Monxa—KaHTopoBuua 06 onTUMaJibHOM IepeHoce Macchl. 3ajaya 06 onTHuMu3a-
I[Y TPAHCIOPTHOM ceTu. 3aAaya 06 ONTUMaJIbHOM ra3onpoBoje HauMeHblel AWHEL. CylecTBOBaHNUeE,
TOIOJIOTMYECKNe 1 reOMeTpUYecKre CBOVICTBA pelleHn.

3amaua HeioToHa 0 Tesle HaUMeHbIIero CONpoTUBJIeHNA. Boimykisle GyHkimu. CyiiecTBoOBaHNe B Kjiacce
BBIYKJIBIX popM. HeBbimykJibie popmbl. Bu BHITYKJIOTO Tejia HAaMeHbILIero COMpOTHUBIIEHN .

3ajava 0 MUHMMAaJIbHOM NoBepxHOoCTU. DyHKIMM orpaHu4YeHHON Bapuaiuu. [lepumerp. MHoxecTBa Ka-
yyonmnosiyu. Teopema o koMnakTHOcTU. CyljecTBOBaHHWE MHOXXeCTBa MUHMMAJIbHOTO IleprMeTpa. Ypas-
HeHle MUHUMAaJIbHOU ITOBEPXHOCTH.

3agauu 06 onTuMuU3aIuu cobcTBeHHBIX yncesi. Co6CTBeHHBIE UKcIa Janjiacuada (i 3agaun Jupuxiie
u 1Uia 3agaun Hefimana). 3agaun o0 ontuMu3anuu QyHKLUOHAJIOB, 3aBUCAIMINX OT COOCTBEHHBIX UH-
ces1. CyiiecTBOBaHUe pellleHUH B CliellMaIbHBIX KjlaccaXx MHOXecCTB. Pejtakcarusa. CxoauMocTs o Mosco
(pyHKUMOHATBHBIX IPocTpaHCTB. CylllecTBOBaHKE pellleHUl ocjiabJieHHON 3aavuu.

3ajaya 0 MaKCHMAaJIbHOU KECTKOCTU IUIacTUHBL. CyllecTBoBaHUe pelleHU. ®@opMyJia MOHOTOHHOCTH.
PerysnaprocTs pemiennii. Kimaccudukanusa ocoOBIX TOYEK.

Tewmsr [IV]-[VII] npensaratorcs Ha BEIOOD ciiymiaTeseii (6yieT BeiOpaHa ofHA WJIN J[BE)
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YYEBHHUKNA:

1. 3. Ixyctu. MrUHUMAaJsIbHble IOBEPXHOCTU U GYHKIMY 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. JlokasaTesabCTBO
u npunoxenus. M., YPCC, 2006.

IMOPAAOK OIIEHHUBAHMA: oLleHKa BBICTABJIAETCA II0 pe3yJjbTaTaM yCTHOI'O DK3aMeHa.
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OCHOBHBIE ITIOHATUA MATEMATHUKHU
HHUC s eryaeHTOB 1-rO0 Kypca ¥ crapiue

PYKOBOJUTEJIU: 0. M. Bypmas, C. M. JIbBOBCKHIA.
VUYEBHAA HAT'PY3KA: oceHHui ceMecTp 2018/19 yu.r., oiHA mapa B HeJieJio, 3 KpeauTa 3a ceMecTp.

OITMCAHMUE: J3TO ceMUHap [Jis NepBOKYPCHUKOB, MOCBAMEHHBIN TOMY, KaK «paboTaeT» MaTeMartuka. Mul Oy-
JieM oOCyXaaTh TeMBI M3 CaMbIX pa3HbIX o0JIacTell — aHaIM3a, TeOMeTpPHUU, anrebpel, KOMOMHATOPUKH, TEOPUU
quces U T.1. JIOKJIag 10 TeMe JUIMTCA OJHO 3aHATHe, B PEAKUX CJIydasx — ABa. HekoTopble JOKJIAAB! AeJIat0T
PYKOBOAUTEJIN CeMUHapa, HEKOTOpble — CJIyIiaTesy, HeKOTOpble — IIpUIJIallléHHbIe JOKJIaauuku. CeMuHap
MIO3BOJIUT CJIyLIATesIAM eIl pa3 OLIyTUTbh KPacoTy U pasHooOpasue MaTeMaTHUKU; OH TaKXke MOXeT IIOMOYb B
BBIOOpE TeMBbl U PYKOBOJUTEJISI KypPCOBOM pabOTHI.

IMTPEABAPUTEJIBHAA ITOAT'OTOBKA: HeT.

ITPOTPAMMA: HekoTopbie TeMBbl, 00CyX/JaeMble Ha ceMruHape (3TO 3aBeJOMO He TIOJTHBIN CIHCOK, OH MOXeT
BapbUpOBaTHCA OT rofja K ToAY):

o Pazpe3aHue 4eThIpeXMePHOro Kyba TpexMepHOH MUJIOH: YTO MOJIyYUTCS B CEUeHUM?
o KBajpaTu4HbBIN 3aKOH B3aMHOCTHU: KBaJpaTHble KOPHU 110 MOJYJII0 IPOCTOr0 YHCJIa.
o Kak pemarts Kybuieckue ypaBHEHHA U IMOYEMY 3TOTO HUKOT/]a He JeJialoT.

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 F'0JIOCOBAaHUA MO HECKOJIBKUM KaH-
ouaaTtypaM) U HeCcTaHIapTHBIM aHau3 (B KOTOPOM eCTh O€CKOHEYHO MaJible 4KcJia).

o IleHTaroHaJbHOE TOXIECTBO Diljlepa.

o Tpu B3aMMOCBSI3aHHBIX TEOPEMBI M3 TOIOJIOTMU: TeopeMa Bpayspa O HEMOABMKHOM TOYKE, OCHOBHAS
TeopeMa aJire6pbl U TeOpeMa O MPUYeChIBaHUU eXa.

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

IMOPANOK OLUEHUBAHMWA: 3aBHUCUT OT TOr'O, Aejiajl JIM YYaCTHHUK CEMUHapa AOKJIag U OT pe3yJjibTaTra 3a-
KJIIOUUTEIbHON KOHTPOJIbHOM paboThl. Ec/iM yyacTHUK ceMuUHapa cAeJiaj yCOelTHbN JOKIad, TO OH NoJydaeT
UTOroBYI0 oLleHKY 10 6as1J10B 1 He NOJIKEH IIKUCaTh 3aKJII0YNTEIbHYI0 KOHTPOJIbHYI0. EC/in yyacTHUK ceMUHapa
JOKJIaia He cAeJiajl Ui Jokja[ ObLI OUeHb HeyJauHbIM, TO UTOTOBasA OI[eHKa 3a ceMHHap paBHA OIleHKe 3a
3aKJIIOYUTEJIBHYI0O KOHTPOJIBHYIO.
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OCHOBBI D KOHOMETPUKHU
y4eOHas1 QUCIHUIUIMHA U1 CTYEHTOB 3-TO Kypca M cTapiie

JIEKTOP: U. B. BOCKOGOMHHKOB.
YUYEBHAA HATPY3KA: BeceHHUI cemecTp 2018/19 yu.r., IBe mapsl B HeAeJi0, 6 KpeJUTOB 3a ceMecCTp.

OITUCAHHME: llesib Kypca — paciiipeHye IpeACTaBJIeHN CTyJeHTa-MaTeMaTHhKa O POJI MaTeMaTUYeCKOTO
anmapara Teopuy BeposiTHOCTEH, MaTeMaTU4ecKON CTAaTUCTUKY, MaTeMaTUYecKO SKOHOMUKH U pAAa CMexX-
HBIX pa3eJIoB MaTEMATUKU B COBPEMEHHBIX SKOHOMUYECKUX MCCJIeJOBAHUAX. [[JIs 3TOr0 B Kypce OyAyT mpea-
cTaBJieHbl 6a30BbIe TIOHATUA TEOPUH BePOATHOCTEN 1 5)KOHOMUYECKO CTaTUCTHUKY, HeoOX0[UMBble [JIA anmapa-
Ta SKOHOMEeTPUKM; U3JIo)keHa 6a30Bas TeopusA SKOHOMeTpHUYeCKUX MeTo/I0B. IIpeArnoaraercsa ocBoeHHe Moji-
XOJIOB K pellleHUI0 TUITOBBIX SJKOHOMETPHYECKHX 3ajay, a TakXKe BEIPAOOTKA MPAKTUYeCKUX HABBIKOB PabOTEHI €
KOHOMHUYECKUMU JAHHBIMU W MHTEPIPETAIU Pe3yJIbTaTOB.

MMPEABAPHUTEJIbHAA ITOATOTOBKA: 3HaHIe OCHOB TEOPUU BEPOSATHOCTEN U MaTeMaTU4eCKON CTaTHUCTH-
KM, a TaKXe MaTeMaTUYeCcKoro aHajn3a U JUHEeHHO! anreOpsl

ITPOTPAMMA: B kypce OyAyT npeAcTaBjieHbl MOJEJIM KJIacCUueckol JIMHEeHON perpeccuu, pa3jinyHble Me-
TOZBI OLIEHKU [TapaMeTpOB U UX CTaTUCTUYeCKHe CBOICTBA, TPOBepPKa CTaTUCTUUYECKUX I'UIOTe3 U I0BepUTEJIb-
HBIX NHTEPBaJIOB I NapaMeTpoB perpeccur. Kypc Takxe coiepXXUT KpaTKoe BBefleHre B aHAJIN3 BpEMEHHBIX
PAMIOB U MaHeJIbHBIX JaHHBIX, MOXeJIH ¢ JUCKPETHBIMYU U CMeNIaHHBIMU 3aBHCUMBIMU IlepeMeHHBIMMU.

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

IOPAOK OLIEHUBAHUA: OueHka ckjiaJibiBaeTcs 13 6ajjioB, HabOpaHHBIX 3a TpoMexXyTouHyo (15%) u uto-
roByio (50%) KOHTpoJIbHBIE PabOTHI, SMOMPUYECKo foMaliHel paboTel (30%), a Takxke Tekyllell pabOTH Ha
ceMHHapax C BBINOJIHEHNEM HeOOoJIbIINX JoMaltHux 3agaHuil (5%). Kaxasiil Buj paboThl OlleHUBAETCs KOJIU-
yecTBOM 6assioB oT 0 1o 100. ViTorosas orjeHKa nmojy4aercsa Kak cpeJHee B3BellleHHOe C BeCaMU, YKa3aHHBIMU B
ckobkax. 'Torosas olieHKa OKpyTJiseTcs A0 Osukaliiero HauboJibliero 1ejioro uriciia. Hanpumep, UTOrOBBI
6amn 5,01 okpyradercs no 6.

KOMMEHTAPHM: Kypc npejnoiaraeT ocBoeHre 0CHOB paboTh ¢ 5KOHOMEeTpU4eckuM nakeToMm STATA.
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ITPOEKTHUBHAS AJITEBPAUYECKAS TEOMETPHUA
HHUC s eryaeHTOB 1-rO0 Kypca ¥ crapiue

PYKOBOAUTEJIb: U. B. ApramkuH, A. C. TUXOMHPOB.
YYEBHASA HATPY3KA: nBa ceMmectpa 2018/19 yu.r., oqHa napa B HeJjeJIl0, 3 KpeJuTa 3a ceMecTp.

OIIMCAHHME: B TeueHue nocjeqHUX MOJIyBeKa ajaredpandeckas reoMeTpusa okasasach B GOKyce Bcell CoBpe-
MeHHOI MaTeMaTUKH, U 3a 3TO BpeMs pa3BUJIMCh MOIIHelIIe TeXHUYecKe MeToibl, obecrnevyrBIiie KoJoc-
CaJIbHOE IPOABMXEHUE ajreOpanyeckol reomeTpun. OTo OypHOe pas3BUTHE MMeJI0O U OOOPOTHYI0 CTOPOHY,
IIOCKOJIBKY COBpeMeHHEBIe abCTpakTHble MEeTOABl B 3HAUUTEJIbHON Mepe BEITeCHUJIM U3 N0JIA 3peHus npo3pad-
Hble reoMeTprYecKre OCHOBAHUA 3TON HayKU. DT OCHOBAHUSA MO-NIPeXHEMY OCTaI0TCS OCHOBHBIM O00BEKTOM
HccaeloBaHNA, NICTOYHUKOM BCeX MHTYULIUH B aarebpanyeckol reoMeTpun, U IOTOMY OYeHb BaXHBI. 3ajava
ceMMHapa — paccKasaTh O reOMeTpUYecKUX HMCTOKax ajarebpandeckoil reomerpuu. [TosTomy cemuHap pac-
CUMTAaH KaK Ha CTyAeHTOB-MJIQQIIEKyPCHUKOB, UMEII[IX COBCEM 3JIeMeHTapHEIN HauyaIbHbBIN YPOBEHb, TaK U
Ha CTY[EHTOB CTapILIMX KypCOB, MaruCTpaHTOB U aCIMPAaHTOB, KOTOPHIE yXe€ UMEIOT Cepbe3HYI0 TeXHUYECKYI0
0a3y B asjirebpanueckoi reomeTpun (0OQHAKO, U AJ1A HUX 3HAKOMCTBO C HarJIAAHBIMU FeOMeTpHUYeCKNMU Kap-
TUHKaM{ HECOMHEHHO OyZeT MOJIe3HO).

IMPEABAPUTEJIBHASA ITOATOTOBKA: HeT
ITPOI'PAMMA:
1. 3apmauny, cBaA3aHHBIE ¢ TeopemaMmu Jlesapra, [lanmna, [Tackansa, u gp.
3agauu eBKJIMA0BAON U APYTUX T€OMETPU: pellleHre cpeicTBaMU TPOeKTUBHON reOMeTPUN.

Teopema Be3y, nHIEKCH NlepeceueHys, npapwia LleiTeHa.

HOJ'IHpr, recCraHbl, MIPpUHIINII ﬂBOﬁCTBEHHOCTH.

o > W N

JIuHeliHbIe PAIBI, JIMHEHHBIE CEYEHUsA U MPOEKINH, pa3AyTUs, JKONHBI, MyJIbTUCEKAHTHI, TPOEKTHBHbIE
KacaTeJIbHbIe TPOCTPAHCTBA K MHOT00Opa3usM.

[ToBepxHOCTU Aeb Ileriio, HOpMMHOTO0Opa3us, KBaJJpUKU.
JerepmuHanTaau, MHoroooOpasus Cerpe, BepoHese, nx MHOroo0Opa3us XopA.
I'paccmanuaHbl, MHOT006pasuA ¢jaroB, MHAYKIIMOHHAA Mpolieqypa NOCTPOEeHUA rpacCMaHUaHOB,

MHoromepHble KOHQUTYpaLUK MPsAMBIX.

© v »® N o

3amrbikaHus [ToHcesie u 3ajlaun KJ'IaCCI/I(l)I/IKaLII/II/I BEKTOPHBIX paCCﬂoeHI/Ifl.

11. TIpocTpaHCTBa «IOJHBIX» KBaJIpUK, «IIOJHBIX» TPEYTOJIbBHUKOB 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. IIpoekTuBHas reometpus, M., Beicmas mkomna, 1963.

6. X. C. M. Kokcrep. [eiicTBUuTebHasA MPOEKTUBHAsA IJIOCKOCTh. M., ®usmarrus, 1959.

IOPAOOK OLIEHUBAHUA: 50% 3a peliieHue JoMamHUX 3a4a4 1 50% 3a UTOrOBbIN 9K3aMeH, BCe OKPYTJIEHUS
MPOUCXOAAT IO CTAHJAPTHBIM MpaBmJiaM ([0 6JIMKaMIIero 1ejoro, MoJiyllesible OKPYTJISIOTCA BBEPX).
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PYUMAHOBBI [IOBEPXHOCTU U UHTETPUPYEMBbBIE CUCTEMBbI
HHUC s eryaeHTOB 3-rO Kypca U cTaplue

PYKOBOAUTEJIb: C. M. HaTaH30H.
YUYEBHAA HAT'PY3KA: oceHHui cemecTp 2018/19 yu.r., Be nmapsl B HefleJIl0, 6 KpeIUTOB 3a ceMecCTp.

OIIMCAHUME: PUMaHOBBIMYU MOBEPXHOCTAMU Ha3BIBAIOTCS OJHOMEPHBIE KOMILIEKCHbIe MHOrooopasus. Oco-
OEHHO BaXHbI KOMITAKTHBIE PUMaHOBHI [IOBEPXHOCTH, KOTOPHIM U OyIeT MOCBSAIIeHa 3HAYUTETbHAS YacTh Kypca.
Hx kaTeropus n3oMop¢Ha KaTeropuu KOMILJIEKCHBIX ajire0pandeckux KpuBbiX. C MOMeEHTa CBOEro MOSIBJIEHUSA
B cepequHe 19 Beka U 1o cell JeHb PUMAHOBBI IIOBEPXHOCTHY UTPAIOT ONPENESIAIONIYIO POJIb B PA3BUTUM PA3JINY-
HBIX pa3/ieJIoB MaTeMaTHKH, a MoCcJieHUE AeCATUJIETUS U MaTeMaTnyeckol ¢Gusnku. C puMaHOBBIX ITOBEPX-
HOCTel HaYMHAETCA ajredbpanyeckas reoMeTpus, TEOPUs KOMILIEKCHBIX MHOTO00pa3unii, TEOPUS MIPOCTPAHCTB
MMOCTOAHHOU KpUBU3HBL. OHU MOPOX/IAIOT BaXXHBIE PEIIEeHNA NMHTETPUPYEMBIX cicTeM. M3yvyeHre MpoCTpaHCTBa
MOJyJIell pUMaHOBHIX TIOBEPXHOCTEH SBJIAETCA OJHUM M3 TJIaBHBIX HallpaBJIeHUI COBpeMeHHOU MaTeMaTHKU.
BaxHOCTh PMMaHOBHBIX ITOBEPXHOCTEN MOATBEPXKeHa TaKXe 3HAUMTEbHBIM YUCIIOM (PUIICOBCKUX Meqaien,
TOJIyUYeHHBIX 3a JOCTUKEHUE B 3TOU 00J1acTu.

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

ITPOTPAMMA:

1. Yaudopmuszaius 1 MOLYJIM PUMaHOBBIX TOBEPXHOCTEN.

2. AnreGpaunveckue KpuBbie, OMIMHELHbIE COOTHOIeHUs PumaHa. Teopema Pumana — Poxa, Touku Belierip-
mTpacca.

3. AGeneBH TOpH, TaTa-PyHKIUHU, Teopema Abesid, 3agada obpaieHusa Akoou.

4. Uepapxus Kagomiuesa - [lersuamsuyuiu (KII), dyukiuu belikepa— Axuesepa, ajrebpo-reoMeTudecKye
pemeHus nepapxum KII.

YYEBHHUKHA:

1. @. I'puddwurc, Jx. Xappuc, [Ipunnunsl anredbpandeckou reomerpuu, M.: «Mwupy, 1982.
2. Jx. Cnpurep, BeefieHue B TeOpUI0 PUMaHOBBIX IIOBEPXHOCTEN.

3. KommiekcHbIN aHa M3, pUMaHOBH IOBEPXHOCTU U UHTerpupyemsoie cucremsl, M.: MITHMO, 2018

IIOPAJOK OLIEHUBAHHMA: OreHKa CKJIaAblBaeTCsa U3 OLIEHKHW paboThl B Te€UeHMHE ceMeCTpa U OLIEHKU 3a
ak3ameH c¢ Becamu 0,7 1 0,3 COOTBETCTBEHHO; OKPYIJIEHUE B I10JIb3Y CTYAEHTA.
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COBPEMEHHABIE ITPOBJIEMbBI MATEMATHUYECKOM JIOTUKH
HHUC s eryaeHTOB 3-rO Kypca U cTaplue

PYKOBOAUTEJIN: JI. [l. beknemuiues, B. b. lllexTman, []. C. llamkaHoB, A. B. KyauHos, 10. B. CaBaTtees.
YUYEBHASA HAT'PY3KA: aBa cemectpa 2018/19 yu.r., oqHa napa B HeJeJo, 3 Kpeaura 3a ceMecTp.

OITMCAHHME: llesnbio ceMrHapa ABJiseTCs 3HAKOMCTBO CJIylIaTesieil ¢ ”HTepeCcHbIMHU pe3yJibTaTaMU U IPOJIBU-
XEHUAMH N0CJIeJHEr0 BpeMeH! B MaTeMaTH4eCKo JIoThKe. BoJIbIIMHCTBO AOKJIai0B OyAyT 0630pHBIMH.

IMPEABAPUTEJIBHAA ITOATOTOBKA: OCHOBBI JIOTUKU Y TEOPUU MHOXECTB.

IIPOTPAMMA: [lokjaAsl Ha ceMUHape OyOyT KacaTbCA TaKUX TeM KakK MoOJajibHas JIOTHKA, TeOpHUA JOKa-
3aTeJIbCTB, JIAMOda-MCUUCIIeHe, TeOpUs UHIAYKTUBHBIX ONpejieleHNH, ceMaHTHUKa KOMIIBIOTEPHBIX SA3BIKOB U
T.II.

YVUYEBHUKMU: CripaBovHas KHUTa 0 MaTeMaTU4ecKor Jioruke. Pexn. J[x. Bapsaric.

IIOPAOOK OLIEHUBAHMUSI: Eciu CTyZleHT chesiall AOKJIad Ha ceMuHape, TO OH noJsiydaeT 10. B npotuBHOM
cJlydyae UTOroBas OIleHKa COBIAJaeT C OLIEHKOU 3a dK3aMeH.

KOMMEHTAPHﬁ: Hay‘-IHO-I/ICC.HeI[OBaTe.TIbCKI/Iﬁ CEMHHAp paCCYUTaH Ha CTyA€HTOB BTOPOI'O KypcCa 1 CTapiie,
HO B HEM TaKXe€ MOT'YyT IPUHATh y4aCTUA ocob60 3aHTEPECOBAaHHbIEC IIEPBOKYPCHUKM.
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TEOPUA KOAUPOBAHHUA KAK BBE/TEHVE B AJITEBPY U APUOMETUKY
y4JeOHas1 QUCIHUIUIMHA IS CTyEHTOB 1-ro Kypca u crapiie

JIEKTOP: B. A. I'punieHKO.
YUYEBHAA HAT'PY3KA: oceHHui cemecTp 2018/19 yu.r., Be mapsl B HefleJIl0, 6 KpeIUTOB 3a ceMecCTp.

OITMCAHHMUE: JluHeliHas ajrebpa 1 Teopus MHOI'OWIEHOB Ha IOJIeEM U3 [ABYX 3JIeMeHTOB HeMe[AJIeHHO IpH-
BOJAT HAC K TAKUM MaTeMaTU4eCcKuM OObeKTaM, KaKk KOHeuHas IJI0CKOCcTh DaHo, rpaccMaHuaH KOHEYHOMep-
HOT'0 IPOCTPAHCTBA, JIaHI'paHXHaH (OpToroHasbHEIE ceOe MOANPOCTPAHCTBO), pacuinpenue noys F,, npocras
auHenHas rpynna GL;(F,) u3 168 syiemMeHTOB. B fTaHHOM criellkypce Mbl IPOJOJIKKM 3TY JIMHUIO U3YYeHUs CO-
BpeMeHHO! anreOps! U aprudMeTUKU Ha IpruMepax 0a30BbIX BOIIPOCOB TEOPUU KOAVWPOBAHUA. DTa NIPUKJIaqHAaA
Teopus CBsi3aHa C Teopueli ['ajlya KOHeYHBIX 0JIeli, Teopuell XxapaKTepoB, KJIacCUYeCKUMU JIMHEHHBIMU U CIIO-
pagnuyecKuMu NpoCTHIMHU rpynnamMu. CiaymaTesny I03HaKOMUMCA TakKe ¢ CUCTeMaMy KOpHeH U UX rpynnamMu
Beiina, pemerkamu Humeliepa u JInua, AucKpeTHBHIM npeobpa3oBaHueM Dypbe, ynciaamu Kasu, MaTpuliamu
Anamapa. LlesieBas ayquTopus Clienikypca — CTYAEHTBI BTOPOI'O Kypca 1 MOTUBUPOBAaHHBIE CTYAEHTHI [IEPBOI'O

Kypca.

MMPEABAPHUTEJIBHAS ITOATI'OTOBKA: Ba3oBrle 3HaHue 10 ajrebpe: KOHEYHOMEPHOE JIMHEHOe [IPOCTpaH-
CTBO, KOJIbI]O MHOT'O4JIEHOB, (haKTOPrpyImna, GakTOpPKOJIbI[0, KBaApaTUyHas ¢popMa.

ITPOTPAMMA:

1. JIuHeliHBle KOABl U U WX AyaJibHble KOJBI KaK OOBEKTHI JIMHEHHOU ajreOpbl HaJ KOHEYHBIMU IOJIAMHU.
Metpuka XsmMuHra. COOTHOIIEHUS OPTOTOHAJIBHOCTH.

2. KoHeuHas MpoeKTHUBHAA IJIOCKOCTh DaHO 1 coBepllieHHBIN kKo XaMMuHTa. I'pynna aBToMopdr3MOB Kojia
X>MMUHTA.

3. LesnouucnenHsle pemeTku A, u D, 1 UX cuctemMsl KopHeil. I'pynna Beiiis cucremsl kopHeii. Kog XaMm-
MMHIa U YeTHas YHUMOAYJIApHasA peieTka Eg.

4. IlesournciieHHbIE pellleTKN U UX KOHEYHble AUCKPUMMHAHTHBIE IPYIINbl. PaclinpeHnsa 4eTHBIX LeJIOYNC-
JIEHHBIX pellleTOK. YHUMOYJIApHbIE pelleTky paHra 16 u 24 (pemetku Humeliepa).

5. TL1oTHBIE yIAaKOBKU €BKJIUA0OBA MPOCTPAHCTBA IIapaMHM.
6. Koa I'osuies n pemetka JIlnya. CoBepiieHHEIE KOOBI.

7. KoHeuHble 11014 ¥ HENIPUBOAVIMbBIE MHOT'OUJIEHBl HA KOHEYHBIMU I0JIAMU. BBeeHune B Teoputo 'asiya ko-
HeYHHIX ToJiel, aBToMopdu3M dpobenuyca. HempuBoiuMble MHOTO4JIeHB HaJ, KOHEYHBIM ToJieM. Mpe-
aJIbl U IUKJINYEeCKHe KOJIbI.

8. IIpeob6pa3oBanure Dypbe HA eAUHUYHOM KyOe. Koapl U Teoprsi MTHBAPUAHTOB.

YYEBPHHUKN:

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 UcIpaBJiAlonux omuodku. M.: CBaA3b, 1979.)

5. J. H. Conway and N. J. A. Sloane, Sphere Packings, Lattices and Groups. New York, NY, USA: Springer-
Verlag, 1999. (Konseii [Ix., C1osH H. YnakoBku mapos, penieTku u rpymnmsl. Mup, Tom 1, 2, 1990.)

MOPANOK OLIEHUBAHUAA: cpefHee apupMeTHYECKOe OLIeHOK 3a pab0Ty Ha ceMUHape U 3a TeOpeTUYeCKU
Kypc. OneHka 3a ceMrHap CKJIafblBaeTcA U3 0ajIoB, MOJIyYEeHHBIX 3a BO3MOXHEIN YCTHBIV JOKJIaM, BBHIINOJIHE-
HUe UHAUBUAYaJIbHOUI pabOThl, WU NMCbMEHHOTO pellleHns o0s3aTe/IbHbIX 3aad. OueHka 3a Kypc dopmupy-
eTcsa 13 6aJIJI0B M0 PellleHNI0 TeOPeTUYeCKUX 3a/1ad UM U3 OL[eHKH 3a YCTHHIM KOJUIOKBUYM B KOHIe Kypca.

KOMMEHTAPHH: Kypc sBiseTcs HOBbIM. CeMHUHAp 6yeT MOCBAIIEH pelleHuIo 3a4a4d U CTyeHYeCKUM JI0-
KJIaJaM, CBA3aHHBIM C TeMaMU Kypca. [IprMepHble TeMbl JOKJIa[0B: IJIOCKOCTh DaHo u anrebpa OKTaB, COOTHO-
[ieHre OPTOrOHAJIBHOCTHU U XapaKTepHl, 3aKOH B3aMHOCTH 1 aBToMopdu3M dpobeHnyca, KOAbl HaJl KOJIbLOM
Z [ 4Z, matpuisl Anamapa, rpynmnsl Matbse 1 kof I'ojutesi, KoHeuHOe ipeobpa3oBanue dypre u T. 1. HekoTo-
pble TeMbl MOT'YT OBITh pacIIpPeHbI 0 KypCcOBBIX paboT. TeMsl, CBA3aHHEIE, HAllpUMep, ¢ 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'. PRLICGHUKOB.
YUYEBHASA HAT'PY3KA: aBa cemectpa 2018/19 yu.r., oqHa napa B HeJeJo, 3 Kpeaura 3a ceMecTp.

OIIMCAHHE: CeMMrHap IOCBAIIeH pa300py pa3HBIX CIOXKETOB M3 TeOMETPUYECKON Teopuu IpencTaBJIeHU
KBAHTOBBIX I'PYNI U POACTBEHHBIX UM ajreOp. B uncie npoyero, miuaHupyeTca 00CyJUTh TEOPETUKO-TIPeACTaB-
JIeHYeCKHe CTPYKTYPHl Ha MPOCTPAHCTBAX MOMyJiel My4YKOB Ha ajireOpanueckoil moBepxHocTu. [IpocTeiimmm
MIpUMepPOM TaKoOU CTPYKTYPHI sIBJIssleTcsl CTPYKTypa npocTtpaHcTBa MPoka Ha KOroMoJIoTusax cxembl ['nipbepTa
Touek Ha ahPUHHO II0cKOoCcTH. O0001eHreM 3TOM KOHCTPYKLIUU ABJIAIOTCA KOoJT4aHHble MHOrooOpasusa Haka-
JxuMbl. Takxke nytaHupyeTca 00CyAuTh, HACKOJIBKO BO3MOXKHO, HeJlaBHUE pe3ysibTaTel Mayinka u OKyHbBKOBA
0 KBAaHTOBBIX KOTOMOJIOTUAX KOJTYaHHBIX MHOTO00Opa3nii U UX CBA3BIO C aH3aIlleM beTe B MAarHUTHBIX LIEMTOYKaX.
[Ipenmnosaraercs, 4YTO KaXXbll y4aCTHUK ceMHHAapa KaKylo-TO 4YacTh IPOrpaMMbl pa3bepeT caMOCTOSTEIbHO U
pacckaxeT Ha ceMUuHape.

IIPEABAPHUTEJIBHAS ITOATOTOBKA: cTaHAapTHBEIE KypCHI ajnreOpsl, rpymnn u aaredp JIu, u Tonojaoruu

ITPOTPAMMA!:

1. DxBHBapHaHTHBIE KOTOMOJIOTMU 1 3KBUBAapUaHTHasA -TeopuA. TeopeMa JioKan3anuu
Cxema I'mnbbepTa u anrebpa I'eiizeH6epra.

BepTekcHble ajreOphI.

Cxema I'm3ekepa u W-anre6pa.

KostuanHbBle MHOTO0Opa3usa U X KOrOMOJIOTUHN

CrabunpHble 060y10uky 1 RTT-nipe3eHTanyiss KBAHTOBBIX I'PYIII

N o 9 x> W N

OcTaibHOE 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.

YUYEBHAA HATPY3KA: BeceHHHU# cemecTp 2018/19 yu.r., oHa napa B HeJjeJio, 3 KpeauTa 3a ceMecTp.

OIIMCAHME: Teopus MyYKOB SBJISETCS CTAHAAPTHBIM MHCTPYMEHTOM M3YyUY€eHUs JIOKAJIbHBIX 00BEKTOB Ha pas-
JIMYHBIX MHOTO00Pa3uAX U MOJyYEeHUS C UX MOMOIIBI0 IJI006aIbHBIX MHBAPUAHTOB PacCMaTPUBAEMBIX MHOTO-
o6pasutii. OHa ABJIAeTCA XOpoIllell MOTHUBalMel J1A U3y4eHnsA rOMOJIOTH4YecKoi anredpsl. Mbl MO3HAKOMUMCS
C OCHOBHBIMHU MOHATUAMU TEOPUU MTyYKOB M MX KOTOMOJIOTUH, U IIOCTapaeMCsl BBIyUYHUTh BCe HEOOXOOUMBIE AJIA
3TOTO omnpeAesieHUsA U TeOPEeMBI U3 TOMOJIOTUYECKOH aireOphl.

IIPEABAPHUTEJIbBHAS IIOAT'OTOBKA: TpU ceMecTpa CTaHAapTHHIX KypCcOB ajreOphl, aHa/IN3a, reOMeTpuy,
TOIIOJIOTMU U clielKypc «BBefieHre B TEOPUIO KaTeropruil U TOMOJIOTUYECKYI0 anrebpyy.

ITPOTPAMMA!:

[Tyuku Ha TONOJIOTMYECKUX IpocTpaHcTBax. CjIou, 3TaJlbHOE IPOCTPAHCTBO MIPEAyYKa, Oy YKOBEIBAHNE.
[Tpsamoii u oOpaTHEIN 06pa3. AGesieBhl Iy UK.

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

I'nmobasnibHBIE cedeHUs, BAJbIE YK, pe30JibBeHTa ['ogemMana. Koromosiornu my4ykoB M ruIiepKOroMoJio-
Iy KOMIUIEKCOB I1y4ykoB. Koromosoruu Yexa.

ToHkune n maArkue nydyku. Ilydok auddepenumnanbHeix ¢GopM Ha riagkoM MHorooOpasuu: jemma [lyaH-
Kape u Teopema Jle Pama.

Briciiie npsMele 00passl IyYKOB, ClieKTpaJibHas ocjieJoBaTesIbHOCTh Jlepe.

CeueHMA U KOTOMOJIOTUY C KOMIIAKTHBIMU HOCUTEJISIMU.

KorepeHTHbIe ITyYkH B ajrebpandeckoil reOMeTpUM U UX reoMeTpuiecKre NpuIoXeHusl.
Karteropuu, pyHKTOPHI, IpeJIIyUYKH Ha KaTeropuu, jeMma FoHe bl, CONPsXEHHOCTH U (KO) Mpe/iesibl.

Tomnosioruu I'porenaAnKa, Myyky Ha caliTaxX, TeOpHUs CIIycKa.

YYEBHHUKMHA:

L]

(]

B. Fantechi et al, Fundamental algebraic geometry: Grothendieck’s EGA explained, Part 1.
P. XaprcxopH, Anre6pandeckas reoMeTpusl.
B. Iversen, Cohomology of Sheaves, parts I-III.

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

IMOPAOK OLTEHUBAHHA: 50% 3a penieHre AoMamHUX 3a7a4 ¥ 50% 3a UTOrOBBIL 5K3aMeH, BCe OKPyTJIeHUsA
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. IlIBapumMas.
YUYEBHAA HATPY3KA: BeceHHUI cemecTp 2018/19 yu.r., IBe mapsl B HeAeJi0, 6 KpeJUTOB 3a ceMecCTp.

OIIMCAHMUE: DneMeHTapHOe BBe[leHHe CpeJicTBaM{ aHa/i3a B TeOpHUI0 T3Ta-PyHKIUU — 3aMevaTesIbHBIN
KJIaCCHYeCKUH anmnapar A1 u3ydyeHusa Teopun pyHKIUI Ha PUMAHOBBIX IOBEPXHOCTAX (B YaCTHOCTU, JLIUII-
Tudeckux ¢yHKIu). Ero rioasHas neiap — o6CcyAUTh Ha IpUMepax, B 4€M IPUYMHBL MHTepeca K T3Ta-QyHKIUAM
CO CTOPOHBI ajirebpanvyecKoil reoMeTpun, TeOpUr MOIYJIAPHBIX QYHKIMU U GopM, TeOpUun urcesi, KOMOMHa-
TOPUKHU.

NPEABAPHUTEJIbHAA IIOATOTOBKA: ynTaemMble Ha MaTdake Kypchl aHaJii3a U reoMeTpUH, BBOLHBIN KypC
tonoJsioruu 1 TOKII.

ITPOTPAMMA:

[

. AHanuTH4YecKas Teopus: HyJU T3Ta-QyHKIUY, GOPMYJIH cJI0XeHus, popMyasl AkoOu.
Pasnoxenus B 6eCKOHEUHEIE TIPOXU3BEACHUA.

dJutunTrudeckrue QyHKIUU U TITa-PyHKIUU.

> W N

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

5. INpunoxeHus: MoayJssApHble GOPMBI, KOMOMHATOPHBIE TOXAECTBA.

YYEBHHUKN:

1. Yurrekep, BaTrcoH. Kypc coBpemeHHoro aHasauza (Tom 2, rjiassl 20, 21)

2. Mamdopga. Jlekiuu o TeTa-QyHKIUAX

MOPAOK OLIEHUBAHUI: UTorosas olleHka 3a nosyroaue pasHa 0.5 N+0.5 E, rie E — olleHKa 3a UTOTOBBIH
ak3aMmeH, a N = min(10; 0.1S5 + 0.9K), rae S — 4ucj0 ceMUHapoOB, KOTOphIe Brl moceTtuiy, a K — OLjeHKa 3a
KOHTPOJIbHYI0. Bce OKpyTjIeHUs NMPOUCXOOAT 10 OJIMXKaIIero 1ejioro yucsa.
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YPABHEHHSA C YACTHBIMH ITPOU3BOAHDBIMHA
y4eOHas1 QUCIHUIUIMHA U1 CTYEHTOB 3-TO Kypca M cTapiie

JIEKTOP: C. B. lllannoutHUKOB.

VYEBHAA HATPY3KA: BeceHHUI1 ceMecTp 2018/19 yu.r., ABe maphl B HeJieJII0, 6 KPeUTOB 3a CEMECTP.

OITMCAHHE: OrpoMHOe 4ucjIo GU3NYeCKUX, FeOMeTPUYECKNX, BEPOATHOCTHBIX 3a4a4 IPUBOLAT K IIOCTpOe-
HUIO U MCCJIeJOBAaHUIO pellleHNil ypaBHEHUN C YaCTHHIMU IIPOM3BOJHBIMHY, IPUYEM BaXXHEHIIYI0 pOJIb B TaKUX
HCCJIeJOBAHUAX UTPAIOT UAEeU U MeTo bl QYHKIMOHAJIBHOIO aHaiu3a. B HacTosmeM Kypce MBI He TOJIBKO IO-
3HAaKOMUMCA € TUIINYHBIMU NIpUMepaMu YpaBHEHUN U MeTOoJaMM UX pelleHUull, HO U 00CyAuM MpOCTpaHCTBa
CoboseBa U TeOpUIO MOJIYTPYIIII OIEPATOPOB.

IIPEABAPHUTEJIbHAS ITIOATOTOBKA: uHeliHad ajrebpa 1 MaTeMaTU4eCcKHil aHaJIu3

ITPOTPAMMA:

10.

. YPaBHeHI/IH C YaCTHBIMU ITPOM3BOAHBIMI B (I)I/IBI/I‘IGCKI/IX, reOMETPUYECKUX 1 BEPOATHOCTHBIX 3aJavdax.

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

O600meHHbIe QyHKIIMU 1 00001[eHHbBIe Tpou3BOAHEIE. [IpeobpasoBanne dypre. DyHmaMmeHTaIbBHOE pe-
meHue oneparopa Jlamiaca, oneparopa TemjIonpoBOJHOCTH, oneparopa Jlajsambepa.

[TpoctpancTtBa CobosieBa. HepaBeHcTBa CoboJieBa M TEOPEMBI BJIOKEHMUS.

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

[TpuHIMN MakcuMyMa AJiA KJIACCUYeCKUX U cO00JIeBCKUX pellleHui. AnbTepHaTuBa ®pearosbma.

KauecTBeHHbBIe CBOVICTBA pellleHU! 3JUIMITUYEeCKUX 1 TapaboInyecKuX ypaBHEHUI: TeOpeMBbl O CpeIHEM,
HepaBeHCTBO XapHakKa, réjpIepoBOCTh COO0JIEBCKUX PElIeHUH, MOBeJIeHNe pellleHni Ha 0eCKOHEeYHOCTH.

HeorpanuueHnHsle onepaTopsl. 3agaya llltypma — Jinysusuisa. Pacmupenne no @puapuxcy oneparopa Jla-
mwtaca. Teopema 'mnb6epra — [lIMuara u o6ocHoBaHKUe MeTona dypse.

[Monyrpynnel. Teopema Xusiie — Mocuasl. CBoMCTBa TENJIOBOM MOJIYTPYIIIL U NOJIYTpynnel OpHIITeHa —
Yenbexa.

HenuHeliHble ypaBHeHMs. TeopeMbl 0 HeNOABUXKHOU Touke. MOHOTOHHBIE onepaTopsl. BapualiuoHHbie
MeTo/pl. Pa3pyiieHue pemnieHui.

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. U IOMOJIH.
M.: BUHOM. JlabopaTopus 3Hanuii, 2005.

Muxaiinios B. I1. luddepeHiinanbHble ypaBHEeHNs B YaCTHBIX IPOU3BOAHBIX. [J1aBHaA peaakius GU3UKO-
MaTeMaTUueCcKoU JuTepaTypsl usg-sa «Haykay, 1976.
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IMMOPANOK OLIEHUBAHUA: OleHKa 3a Kypc CKJIaJbIlBaeTcs M3 HakomsleHHON oueHu (H) u oreHKu 3a 3k-
3ameH (3) o popmyse: 0.6 (H) + 0.4 (3). HakomieHHasA OlleHKa CKJIa[bIBaeTCA M3 OIEHOK 3a JIBe KOHTPOJIb-
Hble U KOJUIOKBUYM 10 (popmysie: 0.2 (kpl +kp2) + 0.6 (koJu1oKBUYyM). DK3aMeH MPOXOJUT B YCTHOU (opme,
JK3aMeHAIMOHHBIN 6UJIeT COCTOUT U3 TEOPETUYECKOro BOMIpoca U 3ajiaun. UToroBas oneHKa, olleHKa 3a JK3a-
MeH, HaKOIJIEHHAs OLIeHKA U OL[eHKU 3a KOHTPOJIbHBIE U KOJUIOKBUYM BBICTABJIAIOTCA 10 10-0ayIbHOM IIKaJIe.
OxpyrJieHrs TPOM3BOJIATCSA MO CTAHAAPTHOMY apu(pMeTAYECKOMY MPABUITY.
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dujocoorusa
y4eOHas1 QUCIHUIUIMHA IS CTYEHTOB 2-TO Kypca U cTapiie

JIEKTOP: A. B. MuxaiJiOBCKMH.
YUYEBHAA HAT'PY3KA: oceHHui cemecTp 2018/19 yu.r., Be nmapsl B HefleJIl0, 6 KpeIUTOB 3a ceMecCTp.

OITMCAHHME: Kypc npeqHa3HaueH Ui BCeX, KTO MHTEPECYeTCs UCTOpUell HOBOBPEMEHHOH eBPOIeriCKOI MBbIC-
JI1 U ee KyJIbTYPHBIM KOHTeKCTOM. Llesib 1 3a1aun Kypca — O3HaKOMJIEHHE CTYEHTOB C KJII0YeBBIMU MOMEH-
TaMy B pa3BUTHU eBporelickoil ¢umocodpuu snoxu BospoxaeHus u HoBoro BpeMeHU U UX KYJIbTYPHBIM U
UAeWHBIM TOATEKCTOM, U3yUeHue IJIaBHBIX HalpaBJeHUN 1 yUeHUH 3anajgHoeBponerickoii puiocodpuu 3Toro
nepuojia B ee CBA3M C Pa3BUTHEM MaTeMaTH4eCKOro eCTeCTBO3HAHUs, pACCMOTpeHHe OCHOBHBIX ITPOOJIEMHBIX
noJiell 1 MeTOA0JIOTMYeCKUX MOAXO0I0B. B 1leHTpe BHUMaHUA — He TOJIbKO MeTadu3nKa U Teopus MO3HaHUA
I'o66ca, Jlokka, Jlekapra, Jleiitbnuia, CnnHo3EL, ['eresia, HO U 3TUKO-NOJIMTUYecKas npobieMaTuka — oT «I'o-
cynaps» MakuaBeJuid U NMpoeKToB yTonuil Mopa u Kamnanessl Ao yuyeHuii 06 obiiecTBEeHHOM AOrOBOpe U
KOHIIeNIINK «KaTeropuyeckoro nMnepartrusay Kanrta. OCHOBHOe BHHMaHNe B paMKaxX CEMHUHApCKUX 3aHATUN
yAesnseTcsA aHaau3y KJacCM4eCcKUX TEeKCTOB BEeJIMKUX 3amaAHbix ¢uiocodos snoxu Bospoxaenus u Hosoro
BpEMeEHH.

IMPEABAPHUTEJIBHAA ITOAT'OTOBKA: HeT.

ITPOTPAMMA:

Paznen 1. ®dunocodus snoxu Bo3poxaeHns

Tema 1. MeTomoJiornueckoe BBeJeHUE.
Tema 2. KynbTrypHO-duiocodpckue oco6eHHOCTH 3110XU Bo3poxaeHus.

Tema 3. AHTponoleHTpu3M B ¢usiocodpun 3moxu Bospoxaerusa. TekcTH ajA 00CyXKAeHNA Ha ceMUHa-
pe: Hukonaii Kysanckuii. O6 yueHoM He3HaHuu (dparmenTsi). [Tuko gesisa Mupanmgosa. Peub o
JOCTOMHCTBE YeJIOBeKa.

Tema 4. Tloautuyeckasd u coluaibHaA ¢unocodpusa snoxu BozpoxaeHnd. TekcTsl AA 00CyXAeHNA Ha
cemuHape: Makuapesutu H. T'ocynapp (pparments). Mop T. 3oJioTast KHUTa, CTOJIb Xe ITOJIE3HAA,
Kak 3abaBHas, 0 HAWJTy4IlleM YCTPOMCTBE TOCy/lapcTBa U HOBOM OCTpOBe YTonus ((pparMeHTH).

Tema 5. ®unocodckoe 3HaueHue Pepopmanun n Koutppedopmsl. TeKCTh 4718 00CyXAeHUA Ha CeMUHa-
pe: dpa3m Portepmamckuii. JJuatpuba, uim paccyxiaeHue o cBobdojie Bosu (pparMeHTh). MapTuH
Jlrotep. Pa6cTBO Bosu (pparmeHTh!).

Paspesn II. Hayunas peBostoriusa XVI-XVII Bekos. TekcT Asia o6cyxaeHusa Ha ceMuHape: MoHTeHs M. Anosio-
rusa Paitmynga CabyHACKOTO.

Tema 6. Pa3BuTie 3KCHEPUMEHTAJBHOTO U MaTeMaTHU4eCKOr0 eCTeCTBO3HaHMA. TeKCTH JiA o0cyxae-
HUA Ha ceMuHape: bakoH. HoBriit OpraHoH (¢pparmenTsl). I'anmuseii. PaccyXmeHus 0 ABYX HOBBIX
Haykax (¢pparmeHTHl).

Tema 7. Panuonanusm u smnupusMm XVII-XVIII Bekos

Tema 8. ®dunocodusa Pene Hdekapta. TekcTsl Ajid o6CcyxaeHUA Ha ceMuHape: [lekapT. PaccyxaeHue o
metofe (bparMmeHTsl). JlekapT. Pa3MmellieHus o nepBoil ¢pusocodpun (GparMeHTEL).

Tema 9. Paumonasymam XVII Beka (CriuHo3a, Jletioauir). TekcTsl 1A o6cyXaeHus Ha cemuHape: CIIUHO-
3a. Otuka (dpparmenrtsr). Jleiiouur. Monanosorus [lepenucka Jlefionuna u Kinapka. (pparmeHTs).

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

Pazpesn II1. TMomutuueckasa puaocodpusa XVII-XVIII Bexkos. TekcTsl AjiA o0cyxaeHNsa Ha cemuHape: T. ['o66c¢.
JleBuadan. I'maswu XIII, XIV (yactuuno), XVII, XVIII Ix. Jlokk. [[Ba TpakTaTa o mpasjeHuu. Kuura 2.
I'nassr I-1V, VII (wacTU4HO)

Paznesn IV. ®unocodus snoxu [IpocsemnieHns

Tema 12. dunocodus dpanmysckoro IIpocpelenus. TekcTol OJisd oOcyXOeHUs Ha cemuHape: I1.-A.
T'onmp6ax. Cucrema npuponst (pparmentsi) HI.-JI. MonTeckbe. O nyxe 3akoHOB (hparmenThr) XK.—
XK. Pycco. O6 obiiectBeHHOM foroBope. KH. 1-2

Tema 13. ®unocodpus Hemelkoro [Ipocsemenusa. Ummanyua Kant. TekcTsl Aji o0CyXOeHUs HA CeEMU-
Hape: Kanrt. Kputuka uncroro pasyma. Beenenue Kaut. OCHOBOIIOJIOXKEHNA MeTa(pU3UKN HPAaBOB
(dbparmeHTsI)

VYEBHHUKMU: OCHOBHAs JINTEpaTypa:

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

2. [. U. Tpaposoii. Uctopus dusocodpuu: yueOHUK AJ1A CTyIeHTOB By30B. CpenHue Beka. Bo3poxaeHue.
Hosoe Bpems. M.: IOHUTHU-TAHA, 2015. https://znanium.com/catalog/product/872770.

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

JlomoTHUTE IbHAS JIUTEepaTypa:

1. Ucropusa punocopun: yued. nocobue 1A By30B nof perd. B. B. BacuibseBa, A. A. KpoTosa, []. 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. ®unocodsl HoBoro BpeMeHU: XU3Hb U Ujeu, yueb. nmocodue, coct.: A. B. KosmecHukoBa, B. B. Kysukos,
M. A. Hazaposa, C. C. Ceprees, M. B. Coduenko, C. U. Yepusix. Hoocubupck: U3a-so HI'AY, 2013.
https://znanium.com/catalog/product/515969.

IIOPAOOK OLIEHUBAHMA: utorosas oieHka pasHa 0,6 C + 0,4 E, rae C u E cyTh HaKOIJIEHHAasA OLleHKa U
OIleHKa 3a dk3aMeH o 10-tu 6aipHOM mKaie. HakomienHas ouenka C = S+0,1 (H{+H,+Hz+H,) cKJTagbIBaeT-
csA 13 OI[eHKU S 3a moceleHre U paboTy Ha ceMHHapax U olleHoK H; 3a momaniHue padboTsl. Kpurepuu onieHKU
paboTel Ha ceMUHapax yCTaHABJIMBAKTCA MpenofaBaTeseM, BeAyIUM CeMUHapCKUe 3aHATHSA, U O0bABJIAIOT-
CA Ha MEepPBOM CeMHHapCKOM 3aHATHM. CyMMapHBIU BKJIaJl OIIEHKU 3a ayJAUTOPHYI0 paboTy B HaKOILJIEHHYIO
OL[eHKY He MOJXeT IpeBhIaTh 6 6asioB.
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DJIEMEHTAPHOE BBEJEHHUE B KBAHTOBYIO TEOPHUIO I10JIA
HUC Ha aHIr/mMiicKOM A3bIKe IJiA CTyAeHTOB 1-ro Kypca u crapiie
(see also the description in English)

PYKOBOAUTEJIb: M. b. CKOIIeHKOB.
VYEBHAA HATPY3KA: oceHHHH ceMecTp 2018/19 yu.r., oqHa mapa B HeZleJio, 3 KpequTa 3a ceMecTp.

OITUCAHHE: Oxa3sbiBaeTcs, pajly’kHble pa3BOAbl HA MBUIbHBIX IY3BIPAX U JlaXXe CIIEKTP aToOMa MOXHO 00b-
SICHUTH C TIOMOIIbI0 OJHON OYeHb He3aTelJIMBON MoAesii. DTO Urpa, B KOTOPOH MO MPOCTHIM IIpaBmJiaM IO
KJIeTYaTOM JOCKe JIBIXXeTCs LIAallKa, a MBI cJieiuM 3a ee moBopotramMu. JTu «Ilamky deilHMaHay, ¢ HEKOTOPHI-
MU Cepbe3HBIMU OIOBOPKAaMHM, MOTYT OINKCATh BCe Ha CBeTe sABJIeHNsA, KpOMe aTOMHOIO sAApa U I'paBUTAIMU.

Hukakux npegBapuTesibHBIX 3HAHUI (GU3UKN He MOTpedyeTcs; JOCTaTOYHO BjiaJieHuA MIKOJIbHON MaTeMaTu-
KOM. B 4acTHOCTH, Kypc AOCTYIIeH NepBOKypcHUKaM. Mbl OyieM pemaTh 3a4ayu 10 MaTeMaTHKe U 00CyKAaTh
nx GU3NYeCcKuii CMBICII. A B pe3yJibTaTe MO3HAKOMHUMCA ¢ 6a30BbIMU UAEAMH KBAHTOBOU TEOPUY IOJIA.

IMPEABAPHUTEJIBHAA ITOAT'OTOBKA: HeT

ITPOTPAMMA:

1. Mamku deifiHMaHa - mpocTeliasa Mojesb ajekTpoHa. CrnuH. 3apsan. Macca. YpaBHeHue [upaka Ha
penieTke*. DKCIEpUMEHT Ha [BYX LiesiAx. YacTuyHoe oTpaxeHue cBeTa. CBob6oaHasA yactuua®. CrekTp
atoma®*. CxoauMocTs maniek deiiHMaHa K Teopuu J[upaka®.

2. Mamku ®eliHMaHa ¢ MarHUTHBIM ToJieM. TyHHebHbIN o9 dekT”. Juarpammel deliHMaHa™.

3. Urpyueynas Mofesb KaJIMOPOBOYHOI T€OPUM HA pelleTKe: 0OMeH ToBapaMu MexJy ropoaamMu. CsA3b
¢ MarHUTHBIM mNoJieM. KBaHTOBaHUe: ciydyaiiHble Kypchl oOMeHa ToBapaMu. TouHoe pelieHue 1- u 2-
MepHOU KaInuOpOBOYHOU TeOpHM Ha pelleTke”. YaepxaHue KBapkos*. MexaHnusm Xurrca®.

YYEBPHHUKN:

1. ®eitrMman P. KO/I. CTpaHHas Teopus cBeTa U BemlecTsa. Cep. «bubanoreuka «kKBanTy» Boil. 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 pasHa min(10, [L/15]), rae jarpaHxiuaH 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 olleHHBaeTcA U3 N/2 04KoB. 3a HEMOJIHOE pelleHre CTaBUTCA HeOoTpUIlaTesib-
Has J10J1 moJHoro. Beero 6yieT 2-4 KOHTPOJIbHBIX.

3. WpeanpHOE MUCbMEHHOE pellleHre OlleHUBAaeTCs U3 8 OYKOB. 3a HEMOJIHOE pellleHre CTaBUTCA, KakK Ipa-
BWIO, 0 OYKOB, B OTHAEJIBHBIX CJIy4yasaX — 7 OYKOB. Ecjii MMCbMEHHOE pelleHre OLiIeHeHO MeHee, YeM B 7
OYKOB, TO IOCJIe NOJIyYeHUs OLIEHKU C 3aMe4YaHUsIMU PEKOMEHIyeTCA HalMCaTh HOBYIO BEPCUIO pPellleHus,
HOoKa ouepeqHas Bepcus He OyZeT ouneHeHa B 7 Wiu 8 0ukoB. [IncbMeHHbIe pelleHts IPOBEPSIOTCA 00HO
8 0ge Helestu (y OOHOTO CTyJZleHTa). PekoMeHJaIMy 1Mo HanMCAaHUI0 WAeabHbIX MTUCbMEHHBIX pelleHNH:
http://www.mccme.ru/circles/oim/home/pism.pdf.
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. YcrHas 3agaya, cjaHHas Ha 3aHATUM — OT 1 40 3 04KOB (B 3aBHCHMOCTHU OT CJIOXKHOCTH).

. Ecou cTyneHT ctaBUT cebe IUTIOCUK 32 JOMAIIHIOKW 3a1a4y (He CJaHHYI0 YCTHO Ha IPOLLJIOM 3aHATUM),
TO 3TO 1 0uKo. Ecyini 3TO peieHue npoBepsieTcs (y I0CKU WM HA MecTe), TO «1» 3aMeHseTcsA Ha YUCIIO OT
—4 10 +4 B 3aBUCUMOCTHU OT TOT'0, HACKOJIBKO CJIOXKHA 3aJaya, HAaCKOJIbKO CePhe3HBI OMMOKH B peIeHUH
Y WICTIPABJIEHBI JITM OHM B MpoIiecce 00CyXIeH.

. HaxoxneHue He oOHapyXeHHOI paHee OMMOKA B 3aJaYHUKE 1O Kypcy — 1 OUKo.
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DJIEMEHTbBI ®PAKTAJIbHOM TEOMETPUU
HHUC s eryaeHTOB 1-rO0 Kypca ¥ crapiue

PYKOBOAUTEJIb: B. B. IlluxeeBa.
VYEBHAA HATPY3KA: 3-ii MoayJis 2018/19 yu.r., ABa 3aHATUA B HeJeJ0, 3 KpeaUTa.

OIIMCAHMUE: Kypc npeaHasHaueH Ui CTyAeHTOB MJIAQ[IIMX KypCOB U HM3JlaraeT HadajlbHble 3HAHUA, MO3-
BOJIAIOIINE B JaJibHENIIeM HMCIIOJIb30BaTh anmnapaT GpakTaJbHON reOMeTpUM [Jis pelleHus MPUKJIagHbIX 3a-
Jad. ByayT paccMoOTpeHbI IpUMepHl KJIacCUYeCcKUX AeTepMUHUPOBAaHHBIX (QpaKTayioB, BBeAEeHHl IIOHATHUS CHU-
creMbl uTepupoBaHHbix GyHKUu (CUD), nerepMuHUpOBaHHOTO ppakTajia Kak arrpakropa CU®D, kogoBoro
npocTpaHcTBa CU® 1 ppakTaspbHOU pa3MepHOCTH KOMIIAKTHOIO MHOXeCTBA. ByayT mccieioBaHEBI CBOICTBA
JVHAMUYeCcKUX CCTeM Ha aTTpaKTope 1 Ha KoJgoBoM npoctpaHcTBe CUD, paccMOTpeHHI AeTepMUHUPOBaHEIE U
CTOXacTH4ecKre MeTObl TOCTPoeH s (PpaKTasioB U METOABI BEIUKMCIIeHNUA (paKTaJIbHBIX pasMepHocTel. ByayT
paccMOTpeHbl MyJIbTHU(PAKTaJIbI, CIIEKTP 0000IMEHHBIX pasMepHOCTel PeHbr 1 IpUBeAeHbl IPUMEPHI IIpUMe-
HeHUsA annaparta GpakTajabHON reoMeTpUM B MPUKJIAAHBIX 3aJadax.

IMPEABAPHUTEJIbBHAA ITIOATOTOBKA: OCHOBHBIE IOHATUA OOIIEl TOIMOJIOTMY, Havajia JMHEeHHOHU anreOpsl

ITPOTPAMMA:

o Kitaccuueckue netrepMHHHpOBaHHBIEe (pakTanbl. KaHTOPOBO MHOXeCTBO, TPeyrojibHUK CepInnHCKOro,
kpuBas Koxa.

o MHoxecTBa JKiojina Kak KjaccuuecKuil arTpakTop. MHoXxecTBo MaHpepbbpoTa Kak 61bJiMoTeKa MHO-
xecTB JXroua.

o KoMmakTHbIE MHOXeCTBa U MeTpuKa Xaycaopda. Cxumariye npeodpa3oBaHusa U TeopeMa O HeITOBUX-
HOU TOUKe.

o CucrteMsl uTepupoBaHHbIX QyHKIM (CUD) u feTepMUHUPOBaHHBIe GpaKTasbsl — aTTpakTopsl CUD.
o CHCTeMBI UTEPUPOBAHHBIX QYHKIINH CO CI'YIEHUEM.

o Konmax-teopeMa Kak annapar AJid reHepanuu ¢GpakTaaoB.

o KomoBoe npoctpaHcTtBo CUD. AxnpecHasa QyHKIUA.

o DKBUBaJIEHTHOCTh KaHTOpOBa MHOXecTBa U atTpaktopa CUD.

o JIuHamMuyeckas cucrema casura Ha artpakrope CU®D.

o JluHaMHnueckas cucreMa Ha KogoBoM IpoctpaHcTBe. [loauaTraa CU® u guHaMuKa NOOHATON CHUCTEMBI.
o [ToHATHE XaOTUYHOW AMHAMHYECKOUN chUCTeMbl. XaOTUYHOCTh JMHAMUYECKOU CUCTEMEBI CABUTA.

o Peanuzaius ¢ppakrasa c 1MCIOJIb30BaHUEM reHepaTopa C/Iy4yaiiHbIX YHcCel.

o @pakTajibHas pasMepHOCTb. TeopeMa 0 ¢paKTajbHOI pa3MepHOCTU aTTpakTopa CU® ¢ nogobusamu.
o DKCIIepMMeEeHTAaJIbHOEe BHIUKCIIEHNE pasMEepPHOCTY (ppakTasa.

o MynbTHdpaKTaabHBIN CIEKTP U CIeKTp 0000IMEHHBIX pasMepHOCcTel PeHbu.

o IIpuMephl UCNOJIB30BAHNA MYJIbTU(PAKTAIBHOrO CIIEeKTPa B IPUKJIAIHBIX 3a/jauax.
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YYEBHHUKNA:

1. P. KpoHosep ®@pakTasibl U XaoC B JIUHAMUYECKUX CUCTEeMax
2. M. Barnsley, Fractals everywhere
3. E. ®enep, Opakrasisl

4. B. Boxokus, [. ITapmuH, ®@paxrtasns u MyabTudpakTaisl, yuebHoe nocodbue, xesck, 2001

IIOPAJOK OLIEHUBAHUIA: 0,5 pabora Ha cemuHapax + 0,5 sk3ameH
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DJIJIMIITUYECKHUE UHTETPAJIbI U DJIJIMIITUYECKHUE ®YHKIIUA
HUC Ha aHIJIMiiCKOM A3BIKe IJiA CTyA€HTOB 3-T0 Kypca U cTapiie
(see also the description in English)

PYKOBOJUTEJIb: T. Takebe.
YYEBHASA HAT'PY3KA: BeceHHHUl cemectp 2018/19 yu.r., oqHa napa B HefjeJiio, 3 KpequTa 3a ceMecTp.

OITMCAHME: Diummnrudeckas GQyHKIUA omnpefesisaeTcsa Kak ABOosKollepyuoAndyeckass MepoMopdHasa QyHKLINUA
Ha KOMILIEKCHOU MJI0CKOCTU. Teopus 3JLTUOTUYECKUX UHTErpaioB, Hauatasa @aHbAHO, diepoM, JlexaHapoM,
T'ayccom u ap. B XVIII Beke, ObLjIa NpeBpallieHa B Teopuio sjutnntrudeckux gyHknuii B XIX sexke A6eseM u fAko-
6u. 3atem Puman, Beiiepmtpacc u JInyBULIb pasBujid TEOPUIO NaJibllle, WCIOJIb3ys KOMIUJIEKCHBIN aHAJIN3.
OcHoBaHHas TakuM O0pa3oM TeopHs dJUITUNTHYeCKUX (QyHKIMI fABJAeTCA IPOTOTUIIOM COBpEMEHHOM areod-
panyecKkoy reoMeTpuu. DJUIMNTHYeCKre PYHKIMU U 3JUINNTUYECKUe MHTEerpasibl MOABJIAITCA B Pa3INYHBIX
3ajJjayax MaTeMaTuKy, a Takxe B pusnke. [IpyumMepsl: AjIMHA 3JIMIICA, apUGMETUKO-TeOMeTpHUUECKOe CpeliHee,
pelieHys GU3NYECKUX cricTeM (MasgTHUK, BOJTYOK, CKakajika, ypaBHeHue Knd), peleHue ypaBHeHUI MATOU
cTeleHu u Ap. B aToM Kypce MBI pacCMOTpHUM, MpeXe BCEero, aHaJIMTUYeCKre acleKThl U IIPUJIoXKeHM .

IIPEABAPHUTEJIBHAS ITOATOTOBKA: Kypchl aHanu3a u TOKIL.

ITPOTPAMMA:

—_

. BBeneHue

BemecTBeHHbIE 3JIMNTUYECKYE NHTErpaJIbl U AJIMHBL YT KPUBBIX
Kraccupukanys s/IMnTrYeCKUX NHTEerpajioB

[TpuoxeHUA 3JTUNTUYECKUX UHTErPaJioB

BemecTtBeHHbIe smunTudeckre GyHkuuu Axodu

PumMaHOBEI TOBEPXHOCTU ajireOpanuecknx QyHKIUN
DJIIUNTAYeCcKle KpUBhIe

KoMiILiekcHble 3/1JIMIITHYECKHE HWHTErpaJibl

© ® N o 0k~ W DN

Teopema Abensa— Akobu

—
e

O6was Teopus 3JUTUNTUYECKNUX QYHKINN
11. g-dyukuusa BeliepmTpacca
12. Tarta-pyHKUMU duIunTUYeckre GyHKuu Adkobu

13. KomiLiekcHbie

YUYEBHUKU: Mul He OyaeM cjIeJoBaTh KAKOMY-TO KOHKPETHOMY y4eOHUKY, OQHAKO, CIeAYIoL[e KHUTU MOTYT
OBITH MOJIE3HBI AJIA IOHUMAaHNUS IPOUCXOAIIEro:

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).

IOPAJJOK OLIEHUBAHUA: min(10, olleHKu 3a JoMarnrHue paboThl). Kaxkaas BeINOJIHEHHAA JOoMalIHAA pabo-
Ta orjeHuBaeTcs B 1 mau 2 6asia.

KOMMEHTAPHH: Ec/iu 4icII0 3aperucTpUpoBaHHbIX 10 MioHA 2019 T. cTyIeHTOoB oKaxkeTcsa MeHbne 10, HUC
OyJleT OTMEHEH.
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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 2018/19 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 2018/19 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 2018/19 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.

o

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 3'4 year students and higher

ADVISOR: M. V. Finkelberg.
LEARNING LOAD: Spring term of 2018/19 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 KypCca MMeeTcs ONMCcaHUe Ha PYyCCKOM)

ADVISOR: M. B. Skopenkov.

LEARNING LOAD: Fall term of 2018/19 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. ®entuman 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 2018/19 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:

(]

Algebraic Topology by A. Hatcher, freely available online at http:/www.math.cornell.edu/~hatcher/AT/
ATpage.html.

(]

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.
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o The Atiyah-Singer index theorem by P. Shanahan.

o Differential analysis on complex manifolds by R. O. Wells.

Occasionally we’ll use other sources as well.

GRADING RULES: 50% for assessed work + 50% for final written exam, rounded to the nearest integer,
halfintegers are rounded up.
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AN INTRODUCTION TO STACKS
a seminar for 3'4 year students and higher

ADVISORS: C. Brav, A. G. Gorinov.
LEARNING LOAD: Spring term of 2018/19 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&semlId=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 3'4 year students and higher

ADVISOR: A. B. Kalmynin.
LEARNING LOAD: two semesters of 2018/19 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, Erdés — 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 2018/19 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 2018/19 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 2018/19 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 9 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.
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CONVEX AND ALGEBRAIC GEOMETRY
a seminar for 2"4 year students and higher

ADVISORS: A. 1. Esterov, V. A. Kiritchenko, E. Yu. Smirnov.
LEARNING LOAD: Spring term of 2018/19 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 2018/19 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 9 K 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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ELECTRICAL VARIETIES
a seminar for 2" year students and higher

ADVISOR: V. G. Gorbounov.
LEARNING LOAD: Spring term of 2018/19 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 aTOrO KypCca MMeeTcs ONMcaHue Ha PyCCKOM)

ADVISOR: T. Takebe.
LEARNING LOAD: Spring term of 2018/19 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 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 3'4 year students and higher

LECTURER: A. Yu. Pirkovskii.
LEARNING LOAD: Spring term of 2018/19 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.

AR

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.

o > WD

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).
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FUNCTIONAL ANALYSIS AND NONCOMMUTATIVE GEOMETRY
a seminar for 3'! year students and higher

ADVISOR: A. Yu. Pirkovskii.

LEARNING LOAD: two semesters of 2018/19 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.

106



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.

107



HAMILTONIAN MECHANICS
a course for 3" year students and higher

LECTURER: I. M. Krichever.
LEARNING LOAD: Fall term of 2018/19 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. JTudpmmunu. Kypc Teopetnueckoii pusuky, T.1, Mexanuka. M.: Hayka, 1988.
2. B. . ApHoJsibai. MaTeMaTH4ecKre METO/IB KJIacCU4ecKol MexaHuKu. 3-e u3dza. 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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INTRODUCTION TO COMMUTATIVE ALGEBRA
a course for 2" year students and higher
(y 3TOrO KypCca MMeeTcs ONMCcaHUe Ha PYyCCKOM)

LECTURER: A. S. Khoroshkin.
LEARNING LOAD: Fall term of 2018/19 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 TpaHCLleHAEHTHOCTU
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 2018/19 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 given in February, March, April 2020
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INTRODUCTION TO ERGODIC THEORY
a seminar for 2"4 year students and higher
(y 3TOrO KypCca MMeeTcs ONMCcaHUe Ha PYyCCKOM)

ADVISOR: M. L. Blank.

LEARNING LOAD: Fall term of 2018/19 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 KypCca MMeeTcs ONMCcaHUe Ha PYyCCKOM)

ADVISOR: P. I. Dunin-Barkowski, A. A. Basalaev.
LEARNING LOAD: Spring term of 2018/19 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 + EJ),

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 2018/19 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 T 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 GALOIS THEORY
a course for 2" year students and higher

LECTURER: C. Brav.

LEARNING LOAD: Spring term of 2018/19 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:

(]

Review of polynomial rings and more general principal ideal domains.

[

Extensions of fields, algebraic and transcendental.

[

Splitting fields of polynomials and Galois groups.
o The fundamental theorem of Galois theory.

o 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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INTRODUCTION TO MATHEMATICAL STATISTICS
a course for 3'4 year students and higher

LECTURER: A. S. Skripchenko.
LEARNING LOAD: Module 2 of 2018/19 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. .Hal"YTI/IHJ «HarssaaHaa MmaTeMaThyecKas 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 KypCca MMeeTcs ONMCcCaHUe Ha PYyCCKOM)

LECTURER: S. M. LvovskKi.
LEARNING LOAD: Spring term of 2018/19 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 M 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 INTEGRABLE EQUATIONS
a seminar for 3'! year students and higher

ADVISOR: A. K. Pogrebkov.
LEARNING LOAD: Fall term of 2018/19 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. In our times ideas and results of this theory
penetrate in many branches of the modern mathematics: from string theory to the theory of Riemann surfaces.

PREREQUISITES: analysis of one and several real variables, theory of complex variable, linear algebra, theory
of linear partial differential equations.

SYLLABUS: Commutator identities on associative algebras; d-problem and dressing operators; Lax pairs;
Kadomtsev—Petviashvili equation; Soliton solutions of the KP equation; Two-dimensional reduction: KdV equa-
tion; Details of the Inverse scattering transform for KdV equation; Soliton solutions of the KdV equations, their
properties; dispersion relation and integrals of motion; IST as canonical transformation.

TEXTBOOKS: B. E. 3axapos, C. B. Manakos, C. I1. HoBukos, JI. I1. [TutaeBckuii, «Teopusa coMMTOHOB: MeToq
obpatHoil 3amauny, M., «Haykay, 1980; Francesco Calogero and Antonio Degasperis, «Spectral transform and
solitons: Tools to solve and investigate nonlinear evolution equationsy, vol. 1, N.-Holland, Amsterdam, 1982.

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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INTRODUCTION TO THE THEORY OF RANDOM PROCESSES
a seminar for 3" year students and higher
(y 3TOrO KypCca MMeeTcs ONMCcaHUe Ha PYyCCKOM)

ADVISOR: M. L. Blank.
LEARNING LOAD: Spring term of 2018/19 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 3'4 year students and higher

LECTURER: G. I. Olshanski.
LEARNING LOAD: Fall term of 2018/19 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 2018/19 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 2018/19 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
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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 3'4 year students and higher

ADVISOR: Kh. S. Nirov.
LEARNING LOAD: Fall term of 2018/19 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(sl3)).

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 2018/19 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 2018/19 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.

L]

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. (nepeBof ¢
pycckoro: U. . I'mxmaH, A. B. Ckopoxo. BeefieHne B Teopuio cJIy4aliHbIX Iiponeccos. 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 2018/19 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. . ®dpupg, K. Yienbek. UHCTaHTOHHBI U YeThlpexMepHble 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 2018/19 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.

o

«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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