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New results

[1] Êîíñòðóêöèÿ ïîâåðõíîñòè Ýíðèêâåñà ñòåïåíè 16 êàê ëèíåéíîå ñå÷åíèå ñîåäèíåíèÿ äâóõ ïîâåðõíîñòåé
Âåðîíåçå.

Ðàíåå ÿ ïîñòðîèë íåñêîëüêî ãëàäêèõ òð¼õìåðíûõ ìíîãîîáðàçèé Êàëàáè�ßó, êàê ëèíåéíûå ñå÷åíèÿ
ñîåäèíåíèé ïàð òð¼õìåðíûõ ìíîãîîáðàçèé äåëü Ïåööî, è èçó÷èë èõ ñâîéñòâà. Îäèí èç òîíêèõ ìîìåíòîâ
çàêëþ÷àëñÿ â òîì, ÷òî íå ïðî âñå ïðèìåðû áûëî ïîíÿòíî, îäíîñâÿçíû ëè îíè � êàê ïðàâèëî îäíîñâÿçíîñòü
ïîëó÷àåòñÿ âûâåñòè ïðèìåíåíèåì òåîðåìû Áàðòà�Ëåôøåöà, íî îäèí ïðèìåð íàñòîé÷èâî óêëîíÿëñÿ îò îáëàñòè
ïðèìåíèìîñòè ëþáîé òåîðåìû òàêîãî òèïà. Â ýòîì ïðèìåðå òð¼õìåðíîå ìíîãîîáðàçèå Êàëàáè�ßó ñ b2 = 1
èìååò àíîìàëüíî áîëüøóþ ñòåïåíü 64, è ïîëó÷àåòñÿ êàê ëèíåéíîå ñå÷åíèå ñîåäèíåíèÿ äâóõ òð¼õìåðíûõ
ìíîãîîáðàçèé Âåðîíåçå â P9. Îêàçàëîñü, ÷òî ýòî ìíîãîîáðàçèå Êàëàáè�ßó èìååò íåðàçâåòâë¼ííîå äâóëèñòíîå
íàêðûòèå, ÿâëÿþùååñÿ ñïåöèàëüíûì ãëàäêèì ïîëíûì ïåðåñå÷åíèåì êâàäðèê, è âñ¼ ýòî ïîòîìó, ÷òî ñîåäèíåíèå
äâóõ ìíîãîîáðàçèé Âåðîíåçå ÿâëÿåòñÿ ôàêòîðîì ïðîåêòèâíîãî ïðîñòðàíñòâà ïî èíâîëþöèè.

Ïîýòîìó ÿ ïîñìîòðåë íà ïðèìåð â ïðåäûäóùåé ðàçìåðíîñòè, òî åñòü íà ëèíåéíîå ñå÷åíèå ñîåäèíåíèÿ
äâóõ ïîâåðõíîñòåé Âåðîíåçå. Àíàëîãè÷íûå ðàññóæäåíèÿ ïîêàçûâàþò, ÷òî ýòî ïîâåðõíîñòü Ýíðèêâåñà â å¼
ïðîåêòèâíîé ìîäåëè, çàäàííîé ïîëÿðèçàöèåé ñòåïåíè 16. Ïðåèìóùåñòâî òàêîãî îïèñàíèÿ, ïî ñðàâíåíèþ
ñ îïèñàíèåì ïðîñòî êàê ôàêòîðà îò ïåðåñå÷åíèÿ òð¼õ êâàäðèê ïî ñâîáîäíîé èíâîëþöèè, â òîì, ÷òî
ïîâåðõíîñòü Âåðîíåçå èìååò èíòåðåñíîå ïðîåêòèâíî-äâîéñòâåííîå ìíîãîîáðàçèå, à èìåííî ÷åò¼ðåõìåðíóþ
äåòåðìèíàíòàëüíóþ êóáèêó, çàäàííóþ óðàâíåíèåì detM = 0.

Òàêèì îáðàçîì, ïî îäíèì è òåì æå ëèíåéíî-àëãåáðàè÷åñêèì äàííûì ìîæíî ïîñòðîèòü äâà ãåîìåòðè÷åñêèõ
îáúåêòà: ïîâåðõíîñòü Ýíðèêâåñà, ïîëó÷åííóþ êàê ëèíåéíîå ñå÷åíèå ñîåäèíåíèÿ äâóõ ïîâåðõíîñòåé Âåðîíåçå
ïðîñòðàíñòâîì P(W ) êîðàçìåðíîñòè òðè, è ðàöèîíàëüíóþ ýëëèïòè÷åñêóþ ïîâåðõíîñòü, ñîîòâåòñòâóþùóþ
ïó÷êó êóáèê α detM1 + β detM2 = 0 íà ïðîåêòèâíîé ïëîñêîñòè P(W⊥). Áîëåå òîãî, ó ðàöèîíàëüíîé
ýëëèïòè÷åñêîé ïîâåðõíîñòè äâà ñëîÿ (íàä òî÷êàìè (1 : 0) è (0 : 1)) âûäåëåííûå. Åñòåñòâåííî ïðåäïîëîæèòü,
÷òî ïîâåðõíîñòü Ýíðèêâåñà ïîëó÷àåòñÿ èç ðàöèîíàëüíîé ëîãàðèôìè÷åñêèì ïðåîáðàçîâàíèåì â âûäåëåííûõ
ñëîÿõ. Ýòî ñåé÷àñ ïîêàçûâàþò Åâãåíèé Ìàðøàêîâ è Åâãåíèé Åôèìåíêî.

[2] Ãèïåðêåëåðîâû ìíîãîîáðàçèÿ è ìîäóëÿðíûå ôîðìû
This June we did some experiments with Duco van Straten that suggest the following. One-dimensional moduli

spaces of lattice-polarised hyperk�ahler manifolds tend to be the usual modular curves with respect to some con-
gruence subgroups in SL(2,R), and the periods of the respective Picard�Fuchs equations are the usual modular
forms. First of all, this suggests that the respective hyperk�ahler manifolds with large Picard number are isoge-
neous to powers of elliptic curves, similarly to the theory of Inose�Shioda and Morrison. Also mirror symmetry
together with explicit computations of the respective di�erential equations and periods might help with providing
new constructions of hyperk�ahler manifolds polarised by a single ample divisor.

Interestingly, this theory also works for abelian varieties. Periods of the mirror-dual family cannot literally
coincide with any rational curve counting, since there is obviously physically no rational curves. Instead it is believed
that they can be seen on the symplectic side as some open Gromov�Witten invariants, counting holomorphic disc
(maybe in some tropical limit). In the particular case of the Jacobians of hyper-elliptic curves, one can do explicit
computations of �rational curves� using the abelian/non-abelian correspondence of Bertram�Ciocan-Fontanine�
Kim�Sabbah and obtain some particular di�erential equations and modular forms (some powers of theta-functon).
This is the subject of Artem Kalmyko�'s diploma.

Similarly, explicit computations for Beauville�Donagi's fourfold and the model of Enriques surface above produce
some explicit modular forms. Now we are trying to identify what kind of modular forms (or, more generally,
di�erential equations with vanishing Yukawa couplings) are possible to obtain by this construction, later we plan
to invert it to obtain new descriptions of polarised manifolds.

Papers
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[1] With L. Katzarkov, A. Mellit, E. Shinder
Derived categories of Keum's fake projective planes
Advances in Mathematics 278 (2015) 238�253.

In this paper we conjecture that derived categories of coherent sheaves on fake projective n-spaces have a semi-
orthogonal decomposition into a collection of n + 1 exceptional objects and a category with vanishing Hochschild
homology. We prove this for fake projective planes with non-abelian automorphism group (such as Keum's surface).
Then by passing to equivariant categories we construct new examples of phantom categories with both Hochschild
homology and Grothendieck group vanishing.

[2] With A. Mellit and M. Smirnov
Dubrovin's conjecture for IG(2, 6)
International Mathematics Research Notices 2015 (18): 8847�8859.

We show that the big quantum cohomology of the symplectic isotropic Grassmanian IG(2, 6) is generically
semisimple, whereas its small quantum cohomology is known to be non-semisimple. This gives yet another case
where Dubrovin's conjecture holds and stresses the need to consider the big quantum cohomology in its formulation.

[3] With V. Golyshev and H. Iritani
Gamma classes and quantum cohomology of Fano manifolds: Gamma conjectures
arXiv:1404.6407 and IPMU 10-0200, to appear in Duke Mathematical Journal.

We propose Gamma Conjectures for Fano manifolds which can be thought of as a square root of the index
theorem. Studying the exponential asymptotics of solutions to the quantum di�erential equation, we associate a
principal asymptotic class AF to a Fano manifold F . We say that F satis�es Gamma Conjecture I if AF equals the
Gamma class Γ̂F . When the quantum cohomology of F is semisimple, we say that F satis�es Gamma Conjecture
II if the columns of the central connection matrix of the quantum cohomology are formed by Γ̂FCh(Ei) for an
exceptional collection Ei in the derived category of coherent sheaves Db

coh(F ). Gamma Conjecture II re�nes part
(3) of Dubrovin's conjecture. We prove Gamma Conjectures for projective spaces and Grassmannians.

[4] With T. Coates, A. Corti, A. Kasprzyk
Quantum periods for 3-dimensional Fano manifolds
arXiv:1303.3288 and IPMU 13-0113, to appear in Geometry and Topology.

The quantum period of a variety X is a generating function for certain Gromov�Witten invariants of X which
plays an important role in mirror symmetry. In this paper we compute the quantum periods of all 3-dimensional
Fano manifolds. In particular we show that 3-dimensional Fano manifolds with very ample anticanonical bundle have
mirrors given by a collection of Laurent polynomials called Minkowski polynomials. This was conjectured in joint
work with Golyshev. It suggests a new approach to the classi�cation of Fano manifolds: by proving an appropriate
mirror theorem and then classifying Fano mirrors. Our methods are likely to be of independent interest. We rework
the Mori�Mukai classi�cation of 3-dimensional Fano manifolds, showing that each of them can be expressed as the
zero locus of a section of a homogeneous vector bundle over a GIT quotient V/G, where G is a product of groups
of the form GLn(C) and V is a representation of G. When G = GL1(C)r, this expresses the Fano 3-fold as a
toric complete intersection; in the remaining cases, it expresses the Fano 3-fold as a tautological subvariety of a
Grassmannian, partial �ag manifold, or projective bundle thereon. We then compute the quantum periods using
the Quantum Lefschetz Hyperplane Theorem of Coates�Givental and the Abelian/non-Abelian correspondence of
Bertram�Ciocan-Fontanine�Kim�Sabbah.

[5] Degenerations, transitions and quantum cohomology
to appear in Tropical Aspects in Geometry, Topology and Physics, Mathematisches Forschungsinstitut Oberwol-

fach, Report No. 23/2015, DOI: 10.4171/OWR/2015/23

Given a singular variety I discuss the relations between quantum cohomology of its resolution and smoothing.
In particular, I explain how toric degenerations helps with computing Gromov-Witten invariants, and the role of
this story in "Fanosearch" program.

[6] With T. Coates, A. Kasprzyk, A. Strangeway
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Quantum Periods For Certain Four-Dimensional Fano Manifolds
arXiv:1406.4891, submitted to Documenta Mathematica

We collect a list of known four-dimensional Fano manifolds and compute their quantum periods. This list
includes all four-dimensional Fano manifolds of index greater than one, all four-dimensional toric Fano manifolds,
all four-dimensional products of lower-dimensional Fano manifolds, and certain complete intersections in projective
bundles.

[7] With H. Iritani
Gamma conjecture via mirror symmetry
arXiv:1508.00719, submitted to the proceedings of the conference �Primitive Forms and Related Subjects� at IPMU

(Feb 2014), to be published in a volume of Advanced Studies in Pure Mathematics

[8] With E. Shinder
On a zeta-function of a dg-category
arXiv:1506.05831

We de�ne a zeta-function of a pre-triangulated dg-category and investigate its relationship with the motivic
zeta-function in the geometric case.

[9] With I. Karzhemanov and E. Shinder
Acyclicity of non-linearizable line bundles on fake projective planes
IPMU 15-0202

On the projective plane there is a unique cubic root of the canonical bundle and this root is acyclic. On fake
projective planes such root exists and is unique if there are no 3-torsion divisors (and usually exists but not unique
otherwise). Earlier we conjectured that any such cubic root (assuming it exists) must be acyclic. In the present note
we give a new short proof of this statement and show acyclicity of some other line bundles on those fake projective
planes with at least 9 automorphisms. Similarly to our earlier work we employ simple representation theory for
non-abelian �nite groups. The novelty stems from the idea that if some line bundle is non-linearizable with respect
to a �nite abelian group, then it should be linearized by a �nite (non-abelian) Heisenberg group. Our argument
also exploits J. Rogawski's vanishing theorem and the linearization of an auxiliary line bundle.

Scienti�c conferences and seminar talks

[1] Conference NoGAGS, Berlin, December 21�22,
Talk �Hyperk�ahler manifolds and modular forms�
[2] Conference Magadan Algebraic Geometry International Conference, Magadan, December 6�12,
Talk �Counting rational curves on abelian varieties�
[3] Conference Categorical and analytic invariants in Algebraic geometry II, Kashiwa, November 16 � 20,
Talk �Counting rational curves on abelian varieties�
[4] Conference Categorical and analytic invariants in Algebraic geometry 1, Moscow, September 14 � 18
Talk �Joins and Hadamard products�
[5] Conference Second SwissMAP Geometry and Topology Conference, Les Diablerets, June 23�26
Talk �Calculus of algebraic dynamics�
[6] Conference Amplitudes, Motives and beyond, Mainz, June 01�12
Talk �Exceptional minuscule graphs and motives�
[7] Conference Twenty-second G�okova Geometry/Topology Conference, G�okova, May 25�30
Talk �Homotopy quantization�
[8] Conference Topics in Geometry, Istanbul, May 18�22
Talk �Branched covers and columns of Golyshev�Mendeleev's table�
Talk �Joins and Hadamard products�
[9] Conference Tropical Aspects in Geometry, Topology and Physics, MF, Oberwolfach, April 26�May 02
Talk �Degenerations, transitions and quantum cohomology�
[10] Conference New techniques in birational geometry, Stony Brook, March 07�11
Talk �A tentative integer-valued birational invariant of threefolds�
[11] First SwissMAP Geometry and Topology conference, Engelberg, January 18�23
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Talk �Re�ned counting of holomorphic discs bounded on Lagrangian torus on a surface�
[12] Conference Algebraic geometry and complex analysis for young Russian mathematicians , Koryazhma,

Russia, August 17 � 22
Talk �Class of a cubic in the Grothendieck�Levine ring�
[13] Conference �Baikal readings�, Irkutsk, March 16�27
Talk �On the origin of groups�
[14] Talk Quantum indices of real curves and non-commutative Ginzburg-Landau potentia at �Riemannian sur-

faces, Lie algebras and mathematical physics seminar, Moscow, December 18 (Independent University of Moscow)
[15] Talk Markov triples and exotic tori on a plane at �Homotopy seminar�, Moscow, December 14 (HSE)
[16] Talk Homotopy quantization at �Homotopy seminar�, Moscow, December 7 (HSE)
[17] Talk Quantum, re�ned, tropical, real, and homotopic at �Algebraic Geometry seminar�, Moscow, December

4 (Laboratory of Algebraic Geometry at HSE)
[18] Talk Mirror Moonshine at Automorphic Forms and their applications, Moscow, December 1 (HSE)
[19] Talk Measurements of varieties at University of Chicago Algebraic Geometry Seminar, Chicago, October 20

(University of Chicago)
[20] Talk What is moonshine? at S�eminaire �Fables G�eometriques�, villa Batelle, Carouge, September 28 (Uni-

versit�e de Gen�eve)
[21] Talk Geometric moonshines at Automorphic Forms and their applications, Moscow, September 15 (HSE)
[22] Talk Gamma function in symplectic topology at Geometric structures on manifolds, Moscow, September 3

(HSE)
[23] Talk A zeta-function of a dg-category, Trieste, July 13 (ICTP)
[24] Talk The conifold point, conjecture O, and related problems at �Summer Tropical Seminar�, Bonn, June 9
[25] Talk Artin-Mumford, Ingalls-Kuznetsov and Hosono-Takagi at �Algebraic geometry seminar�, Vienna, May

8 (University of Vienna)
[26] Talk �Branched covers and the explanation for miraculous "Golyshev�Mendeleev's table"� at S�eminaire de

G�eom�etrie Tropicale, Paris, April 6 (Universit�e Pierre et Marie Curie)
[27] Talk �On zeta-function of a category� at �Geometric structures on manifolds�, Moscow, March 15 (Laboratory

of Algebraic Geometry at HSE)
[28] Talk �An explicit construction of Miura's varieties� at �Algebraic Geometry seminar�, Moscow, February 13

(Laboratory of Algebraic Geometry at HSE)
[29] Talk �An explicit construction of Miura's varieties� at Algebraic Geometry seminar, Stony Brook, February

4 (Stony Brook University)

Teaching

[1] Proofs of Irrationality. Independent University of Moscow, students from 3 year, September-December 2015,
1.5 hours per week.

Program:

(1) Rationality, stable rationality, retract-rationality, unirationality, rational connectedness.
(2) Examples of rational varieties. Rationality of intersection of two quadrics.
(3) Birational invariants. Resolution of singularities and weak decomposition theorem. Holomorphic contravari-

ant tensors.
(4) Castelnuovo's rationality criterium.
(5) Rationality of surfaces over non-algebraically-closed �elds. Del Pezzo �brations.
(6) Conic bundles, discriminant. Double covers and Prym varieties. Intermediate Jacobian of a conic bundle.
(7) Artin�Mumford's example of stably irrational unirational threefold. Torsion in homology. Brauer group.
(8) Clemens�Gri�ths's proof of irrationality of a smooth cubic threefold. Variety of lines on a cubic hypersur-

face. Weil's intermediate Jacobian and Gri�ths's component.
(9) Iskovskikh�Manin's proof of irrationality of a smooth quartic threefold. Method of maximal singularities.

Birational rigidity.
(10) Koll�ar's method: holomorphic forms in �nite characteristic.
(11) Voisin's degeneration method. Stable irrationality of a very general double cover of P3 branched in a quartic.
(12) Beauville's proofs using Voisin's degeneration method.
(13) Work of Colliot-Th�el�ene and Pirutka. Stable irrationality of a very general quartic threefold.
(14) Stable irrationality of a very general quartic fourfold after Totaro.
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[2] Algebraic Surfaces, National Research University Higher School of Economics (in IUM), students from 3 year,
September 2015 - June 2016, 1.5 hours per week.

Program:

(1) Basics of minimal model programme will be introduced as soon as they will be required. Canonical bun-
dle, adjunction formula. Divisors and curves, Picard and Neron�Severi groups, K�ahler and Mori cones.
Criteria of ampleness. Hodge structure of surfaces, Hodge index theorem. Vanishing theorems, Serre du-
ality. Kodaira dimension. Finite generation of canonical and Cox rings. Blowups and exceptional curves.
Castelnuovo contraction theorem. Cone theorem, extremal rays, contraction theorem. Minimal models.
Canonical models and canonical singularities.

(2) Uniruled surfaces. Rational surfaces. Castelnuovo's rationality criterium. Hesse pencil and other interesting
pencils. Del Pezzo surfaces, lines on them, exceptional root systems. Rational Jacobian elliptic surfaces.
Du Val singularities. Rational elliptic surfaces without a section. Halphen pencils. Conic bundles, ruled
surfaces, Tsen theorem, projectivization of vector bundles. Hirzebruch surfaces. Scrolls. Coble surfaces.
Severi�Brauer varieties.

(3) Kodaira dimension zero. Abelian surfaces. Bielliptic surfaces. Kummer surfaces. K3 surfaces. Torelli
theorem. Enriques surfaces. Reye and Cayley models. Connection with Coble surfaces.

(4) Kodaira dimension one, elliptic surfaces. Neron�Kodaira�Tate classi�cation of minimal models of elliptic
curves over a local �eld. Mordell�Weil group, Shioda�Tate formula. Theory of Jacobian elliptic surfaces.
Ogg�Shafarevich theory, principal homogeneous spaces over elliptic curves.

(5) Surfaces of general type. Surfaces with pg = q = 0. Example: Godeaux surface. Campedelli surfaces.
Barlow surface. Determinantal quintics and Catanese surfaces. Beauville surfaces. Bidisc quotients.
Bogomolov�Miyaoka�Yau inequality. Ball quotients. Mostow rigidity. Fake projective planes. Rigid
con�gurations of lines on a plane, and other rigid con�gurations. Fiberations by higher genus curves,
Shafarevich and Mordell conjectures. A proof of Shafarevich conjecture. Parshin's trick and a proof of
Mordell conjecture.

[3] Seminar �Diversity of manifolds�, National Research University Higher School of Economics (in IUM), students
from 3 year, September 2015 - June 2016, 1.5 hours per week.

[4] With V. Gritsenko
Seminar �Automorphic forms and their applications�, National Research University Higher School of Economics

(joint with Poncelet lab), students from 3 year, September 2015 - June 2016, 2 hours per week.
[5] With M. Verbitsky and V. Zhgoon
Seminar �Geometric structures on complex manifolds�, National Research University Higher School of Economics

(in IUM), students from 3 year, September 2015 - June 2016, 3 hours per week.

Íàó÷íîå ðóêîâîäñòâî.

[1] Àðò¼ì Ïðèõîäüêî, äèïëîìíèê â ÍÌÓ è àñïèðàíò 1 ãîäà â ÍÌÓ è íà ìàòôàêå ÂØÝ.
In his diploma project Artem studies the group of algebraic 2-cycles on a smooth 4-dimensional cubic hypersurface

with large group of automorphisms. For one of the cases of interest (namely, for the unique smooth cubic fourfold
with an automorphism of order 11), he calculated the group of Tate cycles (using point counting) and has shown
that it is 21-dimensional. Then he proved that the group of Hodge 2-cycles of that cubic is 21-dimensional as well.
Since Hodge conjecture in this case is proven, the algebraic 2-cycles are 21-dimensional. Now Artem studies the
lattice of 2-cycles of this cubic in connection with the questions of its rationality, in particular now he is checking
whether it satis�es the conditions of Hassett, Kuznetsov and Galkin�Shinder. Artem is a skilled programmer,
and in his work he e�ectively combines the computer experiments with application of deep theories that he learnt
and many original clever ideas. Apart from his diploma project Artem is doing some research on his own, often
consulting me with various interesting questions and constructions.

Òàêæå Àðò¼ì çàíèìàåòñÿ ñëåäóþùåé çàäà÷åé: åñëè f(x) : X → A1 è g(y) : Y → A1 � ïàðà ïðîåêòèâíûõ
ìîðôèçìîâ, êàê êîìïàêòèôèöèðîâàòü èõ ñóììó Ñåáàñòüÿíè�Òîìà f(x) + g(y) : X × Y → A1?

[2] Ïàâåë Ïîïîâ, àñïèðàíò 1 ãîäà â ÍÌÓ è íà ìàòôàêå ÂØÝ.
Ïàøà èçó÷àåò êàê ìîãóò áûòü óñòðîåíû ìíîãîîáðàçèÿ èíñòàíòîíîâ, ñòàáèëüíûõ âåêòîðíûõ ðàññëîåíèé

è ñòàáèëüíûõ ïó÷êîâ áåç êðó÷åíèÿ íà ìíîãîîáðàçèÿõ, íåðàçâåòâëåííî íàêðûâàåìûõ êîìïëåêñíûì øàðîì.
Ìû íàäååìñÿ, ÷òî ðàññìîòðåíèå ýòèõ ìíîãîîáðàçèé ïîçâîëèò äàòü êîíöåïòóàëüíîå äîêàçàòåëüñòâî òåîðåìû
ïðîïîðöèîíàëüíîñòè Õèðöåáðóõà, òàêæå ïðîÿñíèò ÷òî-òî ïðî çàíóëåíèå (èëè ñóùåñòâîâàíèå) àâòîìîðôíûõ
ôîðì êðèòè÷åñêèõ âåñîâ äëÿ ãðóïï SU(n, 1), è ìîæåò áûòü ïîìîæåò äîêàçàòü ñóùåñòâîâàíèå èñêëþ÷èòåëüíûõ
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íàáîðîâ è ôàíòîìîâ íà ëîæíûõ ïðîåêòèâíûõ ïðîñòðàíñòâàõ (òàê íàçûâàåìàÿ ãèïîòåçà Ãàëêèíà�Êàöàðêîâà�
Ìåëëèòà�Øèíäåðà).

[3] Äìèòðèé Øâåöîâ, äèïëîìíèê ìàãèñòðàòóðû ÂØÝ.
Îñíîâíûå îáëàñòè èíòåðåñîâ Äèìû ëåæàò â ýëåìåíòàðíîé ãåîìåòðèè, òðîïè÷åñêîé ãåîìåòðèè, è

àëãåáðàè÷åñêîé òåîðèè ÷èñåë, êîòîðóþ îí ñåé÷àñ î÷åíü õî÷åò îñâîèòü.
Â êóðñîâîé ðàáîòå �Àðèôìåòè÷åñêè ýêâèâàëåíòíûå ïîëÿ, è ñðàâíåíèå äçåòà-ôóíêöèé ìíîãîîáðàçèé íàä

íèìè�, íàïèñàííîé âåñíîé 2015 ãîäà, Äèìà èçó÷àë âîïðîñ �ìîæíî ëè óñëûøàòü ôîðìó ÷èñëîâîãî ïîëÿ ïîñëå
çàìåíû áàçû?�. Äâà ÷èñëîâûõ ïîëÿ íàçûâàþòñÿ àðèôìåòè÷åñêè ýêâèâàëåíòíûìè, åñëè èõ äçåòà-ôóíêöèè
Äåäåêèíäà ðàâíû. Èçâåñòíî, ÷òî òàêèå ïàðû íåèçîìîðôíûõ ïîëåé K è K ′ ñóùåñòâóþò, è îáëàäàþò òàêèì
ñâîéñòâîì: èõ íîðìàëèçàöèè ñîâïàäàþò (îáîçíà÷èì ýòî ïîëå ÷åðåç L), à òðîéêà ãðóïï Ãàëóà Gal(L/Q),
Gal(L/K), Gal(L/K ′) ÿâëÿåòñÿ òàê íàçûâàåìîé òðîéêîé Ãàññìàíà, òî åñòü ïðåäñòàâëåíèÿ, ïîëó÷åííûå êàê
èíäóöèðîâàííûå ñ äâóõ ìåíüøèõ ïîäãðóïï íà îáùóþ áîëüøóþ èçîìîðôíû. Òàêàÿ æå êîíñòðóêöèÿ òðîåê
Ãàññìàíà îáñëóæèâàåò è êîíñòðóêöèþ Ñóíàäû, ïîçâîëÿþùóþ äàòü îòðèöàòåëüíûé îòâåò íà âîïðîñ �ìîæíî
ëè óñëûøàòü ôîðìó áàðàáàíà?�, òî åñòü ñóùåñòâóþò ëè ïàðû íåèçîìåòðè÷íûõ ðèìàíîâûõ ìíîãîîáðàçèé
ñ ñîâïàäàþùèìè ñïåêòðàìè îïåðàòîðà Ëàïëàñà. Äèìà ðàçîáðàëñÿ ñ òåì, ÷òî ìîæíî ñêàçàòü ïðî ïàðó
àðèôìåòè÷åñêè ýêâèâàëåíòíûõ ïîëåé, è èçó÷àë âîïðîñ î òîì, ïðè êàêèõ çàìåíàõ áàçû ýêâèâàëåíòíîñòü
ñîõðàíÿåòñÿ, à ïðè êàêèõ íåò. Äðóãèìè ñëîâàìè, åñëè çàäàíî ìíîãîîáðàçèå X íàä ïîëåì ðàöèîíàëüíûõ
÷èñåë Q, ÷òî ìîæíî ñêàçàòü ïðî äçåòà-ôóíêöèè X íàä K è íàä K ′?

Äèïëîìíàÿ ðàáîòà Äèìû ñâÿçàíû ñ äèïëîìíîé ðàáîòîé Àðò¼ìà Ïðèõîäüêî. (Äîêàçàííàÿ) ãèïîòåçà
Ñåððà óòâåðæäàåò, ÷òî âñå äâóìåðíûå ïðåäñòàâëåíèÿ Ãàëóà ìîäóëÿðíû, òî åñòü îáðàòíîå ïðåîáðàçîâàíèå
Ìåëëèíà îò èõ L-ôóíêöèè ÿâëÿåòñÿ Ãåêêå-ñîáñòâåííîé ìîäóëÿðíîé ôîðìîé. Â ÷àñòíîñòè, ýòî îçíà÷àåò ÷òî
äëÿ ëþáîãî ìíîãîîáðàçèÿ X/Q, ó êîòîðîãî �ìíîãî� àëãåáðàè÷åñêèõ n-öèêëîâ ïðåäñòàâëåíèå Ãàëóà H2n(X)
ÿâëÿåòñÿ ìîäóëÿðíûì ñ òî÷íîñòüþ äî L-ôóíêöèé ìîòèâîâ Àðòèíà�Òåéòà. Òàêèì îáðàçîì, åñëè çàäàíî êàêîå-
òî àëãåáðàè÷åñêîå ìíîãîîáðàçèå X, îïðåäåë¼ííîå íàä ïîëåì ðàöèîíàëüíûõ ÷èñåë Q, åñëè äëÿ êàêîãî-òî
n ðàçíîñòü âòîðîãî ÷èñëà Áåòòè bn(X) è ðàíãà ÷èñëà àëãåáðàè÷åñêèõ öèêëîâ ðàâíà äâóì, òîãäà îáðàòíîå
ïðåîáðàçîâàíèå Ìåëëèíà îò L-ôóíêöèè Ln(X) ÿâëÿåòñÿ ìîäóëÿðíîé ôîðìîé âåñà n + 1, ñ òî÷íîñòüþ äî
L-ôóíêöèé Àðòèíà. ×åòûð¼õìåðíàÿ êóáèêà Ôåðìà, èçó÷àâøàÿñÿ ìíîãèìè, à òàêæå (ïîñëå ðåçóëüòàòîâ À.
Ïðèõîäüêî) ÷åòûð¼õìåðíàÿ êóáèêà ñ àâòîìîðôèçìîì ïîðÿäêà 11, êàê ðàç îáëàäàþò òðåáóåìûì ñâîéñòâîì
�ìàëîñòè�. Âñòà¼ò âîïðîñ: íàéòè ìîäóëÿðíûå ôîðìû, ñîîòâåòñòâóþùèå ÷åòûð¼õìåðíûì êóáèêàì ñ 21-ìåðíîé
ãðóïïîé òåéòîâûõ öèêëîâ. Íàïðèìåð, äëÿ êóáèêè, èññëåäîâàííîé Àðò¼ìîì Ïðèõîäüêî, äîëæíà ïîëó÷èòüñÿ
åäèíñòâåííàÿ CM -ôîðìà óðîâíÿ 3 è âåñà 27. Óñòàíîâëåíèåì ýòîãî âîïðîñà Äèìà â íàñòîÿøèé ìîìåíò è
çàíÿò.

[4] Àíäðåé Äàâûäîâ, äèïëîìíèê áàêàëàâðèàòà ìàòôàêà ÂØÝ.
Òåìà äèïëîìà: �Ïðîèçâîäíàÿ êàòåãîðèÿ ìíîãîîáðàçèÿ ïðÿìûõ íà êóáè÷åñêîé ãèïåðïîâåðõíîñòè� (�Derived

category of the variety of lines on a cubic hypersurface�).
Ìîÿ ðàáîòà arXiv:1405.5154 (ñîâìåñòíî ñ Å. Øèíäåðîì) íà÷àëàñü ñ ïîïûòêè äîêàçàòü (íåîïóáëèêîâàííóþ)

ãèïîòåçó: îãðàíè÷åííàÿ ïðîèçâîäíàÿ êàòåãîðèÿ êîãåðåíòíûõ ïó÷êîâ ó ìíîãîîáðàçèÿ ïðÿìûõ íà ãëàäêîé
÷åòûð¼õìåðíîé êóáè÷åñêîé ãèïåðïîâåðõíîñòè ýêâèâàëåíòíà ñèììåòðè÷åñêîìó êâàäðàòó (â ñìûñëå Ãàíòåð
è Êàïðàíîâà) îò êàòåãîðèè Êóçíåöîâà (äîïóñòèìîé ïîäêàòåãîðèè â îãðàíè÷åííîé ïðîèçâîäíîé êàòåãîðèè
êîãåðåíòíûõ ïó÷êîâ íà ñàìîé êóáèêå, îðòîãîíàëüíîé ê èñêëþ÷èòåëüíîìó íàáîðó èç òð¼õ ëèíåéíûõ
ðàññëîåíèé). Ýòà ãèïîòåçà äî ñèõ ïîð îòêðûòà, íî ìû ñìîãëè äîêàçàòü, ÷òî ñîîòâåòñòâóþùåå ðàâåíñòâî
èìååò ìåñòî â êîëüöå Ãðîòåíäèêà îò êàòåãîðèé. Äëÿ ýòîãî íóæíî ñêîìáèíèðîâàòü ôîðìóëó, äîêàçàííàÿ â ýòîé
ðàáîòå, ñ ôîðìóëîé, ñâÿçûâàþùåé îáû÷íûå è êàòåãîðíûå ñèììåòðè÷åñêèå êâàäðàòû (îíà ñôîðìóëèðîâàíà
â ïåðâîé âåðñèè ïðåïðèíòà arXiv:1506.05831, è ìû äîáàâèì å¼ íåñëîæíîå äîêàçàòåëüñòâî â îáíîâë¼ííóþ
âåðñèþ).

Àíäðåé ïûòàåòñÿ äîêàçàòü èñõîäíóþ ãèïîòåçó ïðî ýêâèâàëåíòíîñòü êàòåãîðèé, âûäåëèâ ãåîìåòðè÷åñêîå
ñîäåðæàíèå èç äâóõ íàøèõ ôîðìóë, è ñêîìáèíèðîâàâ ýòî.

[5] Åâãåíèé Åôèìåíêî, ñòóäåíò 4 êóðñà ìàòôàêà ÂØÝ.
Òåìà äèïëîìà: �Ëîãàðèôìè÷åñêèå ïðåîáðàçîâàíèÿ è ïðîåêòèâíàÿ äâîéñòâåííîñòü� (�Logarithmic transfor-

mations and projective duality�). Ýòî ïîïûòêà ïîíÿòü ñâÿçü, îïèñàííóþ â íà÷àëå îò÷¼òà.
[6] Àðòåì Êàëìûêîâ, äèïëîìíèê áàêàëàâðèàòà ìàòôàêà ÂØÝ.
Àðò¼ì çàíèìàåòñÿ ñèìïëåêòè÷åñêèé è òðîïè÷åñêîé ãåîìåòðèÿìè, çåðêàëüíîé ñèììåòðèåé (â ñòèëå SYZ è

áîëåå äîñòóïíûìè äëÿ âû÷èñëåíèé òðîïè÷åñêèìè àíàëîãàìè), èíòåðåñóåòñÿ áèðàöèîíàëüíîé ãåîìåòðèåé.
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Âåñíîé 2015 ãîäà Àðò¼ì íàïèñàë êóðñîâóþ ðàáîòó ïðî çåðêàëüíóþ ñèììåòðèþ äëÿ àôôèííûõ ïîâåðõíîñòåé
Êàëàáè-ßó ñ ìàêñèìàëüíîé ãðàíèöåé. Îêàçûâàåòñÿ, ÷òî äëÿ ýòîãî êëàññà ìíîãîîáðàçèé, Ãðîññ�Õàêèíã�
Êèë�Êîíöåâè÷ ïðåäëîæèëè êîíêðåòíóþ àëãåáðî-ãåîìåòðè÷åñêóþ êîíñòðóêöèþ (âïðî÷åì, èñïîëüçóþùóþ
ýëåìåíòû èñ÷èñëèòåëüíîé ãåîìåòðèè) äëÿ ïîñòðîåíèÿ çåðêàëüíîãî äâîéñòâåííîãî ïàðòíåðà. Èäåÿ âîñõîäèò
ê SYZ-êîíñòðóêöèè çåðêàëüíîé ñèììåòðèè (ñêîìáèíèðîâàííîé ñ íåñêîëüêèìè èäåÿìè ãîìîëîãè÷åñêîé
çåðêàëüíîé ñèììåòðèè), ðàññìîòðåííîé â òðîïè÷åñêîì ïðåäåëå. Ñòàðòóÿ ñ ïîâåðõíîñòè òàêîãî òèïà, ñòðîèòñÿ
áåñêîíå÷íîìåðíîå ïðîñòðàíñòâî ñ ÿâíûì áàçèñîì, ïðîíóìåðîâàííûì ñïåöèàëüíûìè íîðìèðîâàíèÿìè ïîëÿ
ôóíêöèé èñõîäíîé ïîâåðõíîñòè, íà êîòîðîì ââîäèòñÿ ñòðóêòóðà ôðîáåíèóñîâîé àëãåáðû, èñïîëüçóþùàÿ
íåêîòîðûå ñïåöèàëüíûå èíâàðèàíòû Ãðîìîâà�Âèòòåíà êàê ñòðóêòóðíûå êîíñòàíòû. Ñïåêòð ýòîé àëãåáðû
ýòî çåðêàëüíî äâîéñòâåííàÿ ïîâåðõíîñòü. Â ñâîåé ðàáîòå Àðò¼ì ðàçîáðàë êàê ýòà êîíñòðóêöèÿ ðàáîòàåò íà
ïðèìåðå àôôèííîé ïîâåðõíîñòè äåëü Ïåööî ñòåïåíè 5, òî åñòü äîïîëíåíèÿ ïðîåêòèâíîé ïîâåðõíîñòè äåëü
Ïåööî ñòåïåíè 5 äî ïÿòèóãîëüíèêà (−1)-êðèâûõ.

Ñåé÷àñ Àðò¼ì ïèøåò äèïëîìíóþ ðàáîòó ïðî çåðêàëüíóþ ñèììåòðèþ äëÿ ÿêîáèàíîâ ãèïåðýëëèïòè÷åñêèõ
êðèâûõ.

[7] Àëåêñàíäðà Ìàçóðîâà, äèïëîìíèöà áàêàëàâðèàòà ìàòôàêà ÂØÝ.
Òåìà äèïëîìà: �Èñêëþ÷èòåëüíûå íàáîðû íà èñêëþ÷èòåëüíûõ ìèêðîâåñîâûõ ìíîãîîáðàçèÿõ� (�Exceptional

collections on exceptional minuscule varieties�).
Êóçíåöîâ è Ïîëèùóê ïîêàçàëè, ÷òî íà âñåõ îäíîðîäíûõ ìíîãîîáðàçèÿõ âèäà G/P , ãäå G ýòî

ïîëóïðîñòàÿ àëãåáðàè÷åñêàÿ ãðóïïà êëàññè÷åñêîãî òèïà (SL, SO, Sp), à P ýòî ïàðàáîëè÷åñêàÿ ïîäãðóïïà.
Àíàëîãè÷íûé ðåçóëüòàò îæèäàåòñÿ è íà âñåõ èñêëþ÷èòåëüíûõ îäíîðîäíûõ ìíîãîîáðàçèÿõ, â òîì ÷èñëå è íà
ìèêðîâåñîâûõ. Ñóùåñòâóåò âñåãî äâà èñêëþ÷èòåëüíûõ ìèêðîâåñîâûõ ìíîãîîáðàçèÿ: äëÿ ãðóïïû E6 ýòî òàê
íàçûâàåìàÿ ïëîñêîñòü Êåëè (èëè îêòîíèîííàÿ ïðîåêòèâíàÿ ïëîñêîñòü), à äëÿ E7 ýòî 27-ìåðíîå ìíîãîîáðàçèå
Ôðåéäåíòàëÿ. Èñêëþ÷èòåëüíûå íàáîðû íà ïëîñêîñòè Êåëè áûëè ïîñòðîåíû Ìàíèâåëåì è Ìàíèâåëåì�Ôàåíöè
arXiv:1201.6327, âî âòîðîì ñëó÷àå èñêëþ÷èòåëüíûé íàáîð ëåôøåöåâ, è àâòîðàì óäàëîñü äîêàçàòü åãî ïîëíîòó.
Åäèíñòâåííîå èñêëþ÷èòåëüíîå ìèêðîâåñîâîå ìíîãîîáðàçèå, èñêëþ÷èòåëüíîãî íàáîðà íà êîòîðîì ïîêà åù¼
íå ïîñòðîåíî, ýòî ìíîãîîáðàçèå Ôðåéäåíòàëÿ � ñàìîå ïîñëåäíåå è ñàìîå èíòåðåñíîå èç èñêëþ÷èòåëüíûõ
ìèêðîâåñîâûõ ìíîãîîáðàçèé. Ñàøà ïûòàåòñÿ ïîñòðîèòü íà í¼ì ëåôøåöåâ èñêëþ÷èòåëüíûé íàáîð.

Ìèêðîâåñîâûå ìíîãîîáðàçèÿ, â êàêîì-òî ñìûñëå, ñàìûå ïðîñòûå èç âñåõ îäíîðîäíûõ ìíîãîîáðàçèé, è
áîëüøàÿ ÷àñòü èõ ãåîìåòðèè êîäèðóåòñÿ ãðàôàìè Õàññå è Áðþà. Åñòü îæèäàíèå, ÷òî ñóùåñòâóåò èíäóêòèâíàÿ
êîíñòðóêöèÿ èñêëþ÷èòåëüíîãî íàáîðà, êàæäûé øàã êîòîðîé ïîâûøàåò ðàíã ãðóïïû íà îäèí, è íàáîð íà
ìíîãîîáðàçèè Ôðåéäåíòàëÿ ïîëó÷èòñÿ çà ÷åòûðå øàãà, íà÷èíàÿ ñ ãåîìåòðèè P1 × P2.

[8] Åâãåíèé Ìàðøàêîâ, äèïëîìíèê áàêàëàâðèàòà ìàòôàêà ÂØÝ.
Æåíÿ çàíèìàåòñÿ àëãåáðàè÷åñêîé è áèðàöèîíàëüíîé ãåîìåòðèåé, à òàêæå àêòèâíî ðàçâèâàþùåéñÿ

îáëàñòüþ êëàñòåðíîé ãåîìåòðèè (ãåîìåòðè÷åñêèé ïîäõîä ê ïîÿâèâøèìñÿ 10 ëåò íàçàä êëàñòåðíûì àëãåáðàì).
Âåñíîé 2015 ãîäà Æåíÿ íàïèñàë êóðñîâóþ ðàáîòó ïðî ðàçíûå àñïåêòû ïîâåðõíîñòè äåëü Ïåööî ñòåïåíè

ïÿòü, êëàññè÷åñêèå è íîâûå: ðàöèîíàëüíîñòü íàä ïðîèçâîëüíûì ïîëåì, êðèâûå íà ýòîé ïîâåðõíîñòè, ñâÿçü ñ
êëàñòåðíûìè àëãåáðàìè, ñòðóêòóðà êëàñòåðíîãî ìíîãîîáðàçèÿ.

Ñåé÷àñ Æåíÿ ïèøåò äèïëîìíóþ ðàáîòó ïðî ïîâåðõíîñòè Ýíðèêâåñà ñòåïåíè 16 è ïó÷êè ïëîñêèõ êðèâûõ,
ïîäðîáíåå ïðî ýòó çàäà÷ó íàïèñàíî â íà÷àëå îò÷¼òà.
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