MeXayHapoaHOU
nabopatopus
«3epKanbHaa CMMMeTPUA U
ABTOMOPOHbIE POPMBbI»









HOBbIE MPUMEHEHWUA '3C BKTKOYAKOT:

* HEORKUOAHHBIE HOBbIE PEAJTM3ALUNIN KNACCUNYHECKNX TTOTOKOB
YACTHbIX ANODEPEHLUMANBHBIX YPABHEHUW U UX MPUMEHEHMNA

BTEOMETPUU
e HEOXKMOAHHBIE CBA3U C APUOMETUKOM

e HEOKMOAHHBIE CBA3U C JIOTMKOW U C HECTAHOAPTHBIM
AHAJIN3OM

* [PUMEHEHNA K TEOPNI SANDPILES N KTACCUHECKUM
ANHAMWYECKNM CUCTEMAM






e KPOME HAYYHbIX 3AAY Mbl CTABUM MEPEA COBOW 3AJA4YM OBPA3OBAHUA
MOJ1IOAbIX YHEHBIX U NMPUBJIEHEHUA CAMbBIX OOAPEHHbBIX CTYAEHTOB K
PABOTE B JIABOPATOPUI.

* Mbl NPUAOHKWIN BONBbLUNE YCUINA ANA BOBJIEYEHWA HALLWX MONTOAbIX
COTPYOHUKOB K CAMbIM NEPEAOBLIM AOCTUKEHUAM COBPEMEHHOW
MATEMATUKRN.



bbl/T OPTAHMN3OBAHDbI:

1. WHAYTYPAUMOHHAA KOH®EPEHUMA NAEOPATOPUWN 3EPKAJIBHOWU
CUMMETPUN N ABTOMOP®HbIX POPM.

2. WKOJTA-KOH®EPEHUWA «ANTEBPBI JIU, ANTEBPANYECKUE TPYNIbl U
TEOPNA NHBAPUAHTOB».

3. MEXOYHAPOOHbIA CEMUHAP « MOTMBbI, MEPUOMbI U L-OYHKLINMW».

4. TIEPBAA JIETHAA MATEMATUYECKAA HAYYHAA LLKOJIA HA ®OHTAHKE
«TEOMETPWNA 2017» (I. CAHKT-TETEPBYPT)

5. MEXOYHAPOOHAA KOH®EPEHUWMA «APUPMETUKA, TEOMETPUA,
ABTOMOP®HbIE POPMbl N PUSNKAN».

6. MEXAYHAPOOHAA KOH®EPEHUWMA «3EPKAJIBHAA CUMMETPUA N EE
MPUNOKEHUAN.

7. MEXOYHAPOOHASA 3UMHASA LUKOJA «CTATUCTUYECKUE CYMMDbI U
ABTOMOP®HbIE ®OPMbl». (I. AYEHA)



bbl/T OPTAHMN3OBAHDbI:

10.

11.

12.

13.
14.

MEXOAYHAPOOAHAA HAYHYHAA KOHOEPEHUNA « ABTOMOP®HbIE POPMbI U
ANTEBPANYECKAA TEOMETPUA» (I CAHKT-NETEPBYPT)

LLIKOJTA NEPEOBBIX UCC/EAOBAHMI 418 MONOAbIX MATEMATUKOB «TEOPUS
XOXKA — CTAPOE W HOBOED.

HAYYHAA LWKOJTA-KOH®EPEHUMA A1 MONOAbIX YHEHbIX « MOAOY/TAPHbIE
®OPMbI» (I. CAHKT-METEPBYPT).

MEXOYHAPOOAHAA HAYHHAA KOHOEPEHUWA «AITEBPANYECKAA TEOMETPUA U EE
NPUNOXKEHUA» (I CAHKT-METEPBYPT).

MEXOYHAPOOHAA CUBUPCKAA NETHAA LWKOJTIA « COBPEMEHHAA TEOMETPUAX (T.
HOBOCUBUPCK).

CUMMNO3UNYM «HOBEMNLIUE AOCTUKEHWA B TEOPUM PACCTOEHNIN XUTTCA®.

MOJTIOAEXHbIM CUMMO3UYM MO ANTTEBEPANYECKOM TEOMETPUM (. CAHKT-
METEPBYPT).



bbl/T OPTAHMN3OBAHDbI:

15.

16.
17.

18.

19.

20.

21.
22.

BTOPOW COBMECTHbIN HAYYHbIV MONOAEXHBIA CEMUHAP MOCKBA—CAHKT-
METEPBYPT.

«POCCUNCKO-KOPEMCKAA KOHDEPEHLIMA MO ANTEEPAUYECKOMN TEOMETPUN ».

MEXOYHAPOOAHAA KOHPEPEHUWNA «BUPAUNOHAJIBHAA TEOMETPUA, METPUKU
KONEPA-SUHLUTENMHA N BbIPOXKAOEHUA».

MEXAOYHAPOOHAA KOH®EPEHLMA «KTO ECTb KTO B COBPEMEHHOM
FOMOJIOTUHECKOU CUMMETPUN ».

MEXOYHAPOAHAA KOHOEPEHLMSA «BUPALIMOHAIBHAA TEOMETPUA U
BbIPOYKAEHMA METPUK K3NEPA-IMHLUTEMHAY.

MEXOYHAPOOAHAA KOH®EPEHUWNA «BUPALUNOHAJIBHAA TEOMETPUA U
MHOTOOBPA3NA PAHO».

JIETHAA MATEMATUYECKAA WWKONA MO AZTTEBPE N TEOPUN YNCEN (BOPOHOBO).

BTOPASl MEXAYHAPOOHAA CUBMPCKASA NIETHAA LWKOAA « COBPEMEHHAS
FEOMETPMA 2019» (I. HOBOCUBEMPCK).



* HAYYHbIE COTPYOHUKU MJI3C YCNELLUHO PYROBOAAT
CTYOEHTAMW ®AKYJIbTETA MATEMATUKU HXY BLLS (A.
[MPUXOAbKO, A. KAJIMbIHNH, A. KPEKOB, A. THOPUH, H. CAXAPOBA,
. AKOBJIEB, 4. AAJIEP, A. KOHOBA/IOB U AP.)

e IABOPATOPMA MPEAOCTAB/IAET UM YHUKAJSIbHYIO
BO3MOMHOCTb COTPYAHUYATb C IMAEPAMU MUPOBOW
MATEMATUKM (MAKCUM KOHLIEBWMY (IHES) , IEHU YPY (HARVARD),
TONY PANTEV (UPENN), ®UAUMN TPUDDUTC (UNIVERSITY OF
MIAMI), HAMAMKEN XUTYMH (OXFORD), AXKOH MOPTAH (SIMONS
CENTER).






Scientific Achievements and
Future Plans



Category theory is a major part of mathematics going back to the
beginning of 20" century.

It was a major part of algebra. In our work, we have advanced category
theory as a major part of modern mathematics with many applications.

| will discuss two of these applications.



1. Algebraic number theory

x*+1=0
has no integer solutions, i.e. forx = 1,2,3,4 ...
has complex solutions x = =i.
x4 +y%=-1

has no integer solutions
has complex solutions, e.g. x =i,y = 0.



2. Algebraic geometry

solutionsof x3 + y3 + z3 +t3 + w3 =1 = R%, Q*?

Q= {S‘p,q € 7Z,q F O}.

We do not know.

Another problem:
x2+y2+2%2—-3xyz=0

has solutions (1,1,1), (1,1,2), ... called Markov triples.

Markov’s Conjecture
Every Markov number is the biggest number in a unique Markov triple.



Solving Equations

quadratic az® + bxr +¢c =0

Berlin Papyrus 2050 BC

cubic ax® + bz L ecx +d =0

Tartaglia Cardano 1525

" +yt+ 2 =0,n=5

Fermat 1637, Wiles 1994: no integral solution == 0,0,0

[O/

Faltings 1984: only finite integral solutions e.g. 1,1,2

(>

solutions

higher structures




$3_|_y3_|_33_|_w3

U C (5

Griffiths 1972: No

2 4 =1
>
> 2

Grothendick 1970

Derived categories

)

$3—|—y3—|—33—|—w3:1

I

Fukaya categories

Kontsgevich




How does it work?

x3+y3+z23+t3+w3=1
T HMS
Disc

Location of points determines

x3+y3+z23+3+w3=1+ R*



HMS
U

Self Organized Criticality



Proportional Growth and Patterns in nature

L4596 A. Rastelli, H. von Kdnel ! Surface Science 515 (2002 ) L493-L408

(3 1523)

T0x70x11 nm?

(T2 6)

—T00]

(42023) 120x120x27 nm®




The Sandpile Cellular Automaton




/00m In

Figure: Notice the thin graphs inside the triangles



Look again

MAJOR FLOWS BY TRUCK TO, FROM, AND WITHIN TEXAS: 2010

~ — 3

¢
s IV




Flat surfaces and stability structures
L. Katzarkov

Publications mathématiques de I'lHES
017, vol 126, issue 1, pp.247-318.
imp factor 3.804

Supersymmetric Casimir energy and SL(3, Z)
V. Spiridonov

Journal of High Energy Physics.

2017. No. 07.p. 6, art.41,pp.0-20

imp. factor 4.992

On the derived categories of degree d hypersurface fibrations
L. Katzarkov

Mathematische Annalen

June 2018, Volume 371, Issue 1-2, pp 337-370,

imp. factor 1.231

Landau—Ginzburg Hodge numbers for mirrors of del Pezzo surfaces
V. Prizhalkovskii

Advances in mathematics

2018, Volume 329, 30 April 2018, Pages 189-216

imp. factor 1.372.



Relative Milnor K-groups and differential forms of split nilpotent extensions
D. Tyurin

N3B. PAH. Cep. MaTem., 82:5 (2018). Izv. Math., 82:5 880-913

impact factor 0.923

Antysymmetric paramodular forms of weights 2 and 3

V. Grizenko
International Mathematics Research Notices

rnz011, https://doi.org/10.1093/imrn/rnz011
Imp factor 1.452.

Tropical Homology
Mathematische Annalen
June 2019, Volume 374, Issue 1-2, pp 963—1006 DOI 10.1007/s00208-018-1685-9.

impact factor 1.356



10.

Relative Calabi-Yau structures

C. Brav Compositio
Mathematica 155, Issue 2, (2019), 372--412, https://doi.org/10.1112/5S0010437X19007024

impact factors 1.301

Omega-theorems for the Riemann zeta function and its derivatives near the line Res=1
A. Kalminin

Acta Arithmetica

2018. Vol. 186. No. 3. P. 201-217.

Impact factor 0,476

On the homotopy finiteness of DG categories

O romoTonnyeckomn KoHeyHocTn DG-KaTeropum

A. Efimov

RUSS MATH SURV, YMH, 2019, Tom 74, BbinycK 3(447),cTpanunubl 63-94
impact factor 2.038.



Future Plans

HMS/AF

— /[ =

Further
Theoretical
Developments
Efimov
Katzarkov
Auroux
(Harvard)

P=W
Conjecture

Katzarkov
Prizhalkovskii

Applications
Kontsevich
Katzarkov
Yakovlev

Stability Conditions
Automorphisms
Grizenko

Katzarkov
Kontsevich

Lupercio
Katzarkov
Roman




KoHpepeHumnmn

LLIKoAbI
CoTpyaHMNYECTBO C MHOCTPAHbIMMN UHCTUTYTaMM
IHES,
Harvard,
UPenn,
IMSA Miami,

IMC Sofia.
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