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Preface

This volume contains a collection of articles on modern problems of topology,
geometry, and mathematical physics. It is the fifth in a series presenting works writ-
ten by members of Novikov’s Seminar and which were presented there between 2012
and 2014.1 The collection of articles, covering many aspects of seemingly unrelated
areas of modern mathematics and mathematical physics, reflects the main scien-
tific interests of one of the greatest mathematicians of our time—Sergey Petrovich
Novikov.

This issue is dedicated to Sergei Petrovich Novikov on the occasion of his 75th
birthday. The authors are thrilled by this opportunity to express their admiration
of Novikov’s mathematical genius.

Very conditionally, the contributed papers can be divided into four thematic
groups. The first one includes the works on geometry, algebraic geometry, and
topology.

Fedor Bogomolov and Christian Böhning investigate basic properties of uni-
formly rational varieties, i.e., those smooth varieties for which every point has a
Zariski open neighborhood isomorphic to an open subset of A

n. It is an open
question of Gromov whether all smooth rational varieties are uniformly rational.
Some potential criteria that might allow one to show that they form a proper sub-
class in the class of all smooth rational varieties are discussed. The authors prove
that small algebraic resolutions and big resolutions of nodal cubic threefolds are
uniformly rational.

In the work of Victor Buchstaber and Jelena Grbić new relations between al-
gebraic topology and the theory of Hopf algebras are explored. A new homotopy
invariant of a topological space X, taking for its value the isomorphism class (over
the integers) of the Hopf algebra H∗(ΩΣX;Z), is introduced and investigated. An
important application to toric topology is obtained: the authors found an obstruc-
tion for the realization of an algebra as the cohomology ring of a moment-angle
manifold associated to a simple polytope P .

The work by Ivan Dynnikov and Alexandra Skripchenko is devoted to the study
of a measured foliated 2-complex of thin type. It is known that all but finitely

1The four previous volumes of Novikov’s Seminar were published by the American Mathe-
matical Society in the series, Amer. Math. Soc. Translations, Series 2:

1. Topics in Topology and Mathematical Physics, vol. 170, 1995;
2. Solitons, Geometry and Topology: On the Crossroad, vol. 179, 1997;
3. Geometry, Topology, and Mathematical Physics, S. P. Novikov’s Seminar, 2002–2003,

vol. 212, 2004;
4. Geometry, Topology, and Mathematical Physics, S. P. Novikov’s Seminar, 2006–2007,

vol. 224, 2008.
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many leaves of such foliation are quasi-isometric to an infinite tree with at most
two topological ends. The authors show that if the foliation is co-oriented and the
associated R-tree is self-similar, then a typical leaf has exactly one topological end.
The first example of a foliated 2-complex of thin type whose typical leaf has exactly
two topological ends is constructed.

The paper by Alexander Gaifullin is devoted to the classical geometry of com-
plexes. For n ≥ 4, the square of the volume of an n-simplex satisfies a polynomial
relation with coefficients depending on the squares of the areas of two-faces of this
simplex. The author computes the minimal degree of such a polynomial relation
and proves that the volume an n-simplex satisfies a monic polynomial relation with
coefficients depending on the areas of two-faces of this simplex if and only if n is
even and n ≥ 6. For other n the leading coefficients of polynomial relations satisfied
by the volume are studied.

In the work by Igor Krichever a generalization of the amoeba and the Ronkin
function of a plane algebraic curve for a pair of harmonic functions on an algebraic
curve with punctures is proposed. Extremal properties of M -curves are proved and
connected with the spectral theory of difference operators with positive coefficients.

The work by H. M. Khudaverdian and Th. Th. Voronov is devoted to natural
differential-geometric constructions on the algebra of densities, which is a commu-
tative algebra canonically associated with a given manifold or supermanifold. It is
based on results of the authors and includes a recent result due to their student
A. Biggs, which states that an arbitrary even Poisson structure on M possesses a
canonical lifting to the algebra of densities.

The second thematic group of contributions contains work on integrable systems
and their Whitham perturbation theory.

In this work, M. Boiti, F. Pempinelli, and A. K. Pogrebkov formulate direct and
inverse scattering problems for the heat operator with a potential being a perturba-
tion of an arbitrary N soliton potential. The authors introduce Jost solutions and
spectral data and present their properties. Then, giving the time evolution of the
spectral data, the initial value problem of the Kadomtsev–Petviashvili II equation
for a solution describing N solitons perturbed by a generic smooth fast decaying
potential is linearized.

Vladimir Dragovich in his paper presents some classical and modern examples
of famous integrable systems from the point of view of two-valued correspondences
and two-valued Buchstaber–Novikov groups, including the Kowalevski top, billiards
within ellipses, and QRT maps.

In his paper, Boris Dubrovin outlines two approaches to the construction of
integrable hierarchies associated with the theory of Gromov–Witten invariants of
smooth projective varieties. The author argues that a comparison of these two ap-
proaches yields nontrivial constraints on Chern numbers of varieties with semisimple
quantum cohomology.

Andrei Maltsev considers features of the Hamiltonian formulation of the
Whitham method in the presence of pseudo-phases. An analog of the averag-
ing procedure of the Poisson bracket with a reduced number of first integrals is
suggested. The averaged bracket gives a Poisson structure for the corresponding
Whitham system having a form similar to the structures arising in the presence of
ordinary phases.
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The work by Maxim Pavlov and Sergey Tsarev is devoted to a study of clas-
sical mechanical systems with one-and-a-half degrees of freedom that are Liouville
integrable. Examples of such systems with first integrals with nonpolynomial de-
pendency with respect to momentum are constructed using the method of hydro-
dynamic reductions of the corresponding one-dimensional Vlasov kinetic equation.

In his paper Andrey Mironov studies self-adjoint rank two commuting ordinary
differential operators. Such operators with trigonometric, elliptic, and rapid decay
coefficients are constructed. The spectral curve of the Lamé operator and rank two
solutions of soliton equations are discussed.

Oleg Mokhov constructs examples of commuting scalar ordinary differential
operators with polynomial coefficients that are related to a spectral curve of arbi-
trary genus g > 0 and to an arbitrary rank r > 1 of the vector bundle of common
eigenfunctions of the commuting operators over the spectral curve. This solves
completely the well-known existence problem for commuting operators of arbitrary
genus and arbitrary rank with polynomial coefficients.

The third group of works is devoted to integrable structures in topological
quantum field theories.

Leonid Chekhov and Marta Mazzocco determine the explicit quantum ordering
for a special class of quantum geodesic functions corresponding to geodesics joining
exactly two orbifold points or holes on a noncompact Riemann surface. Some special
cases are discussed in which these quantum geodesic functions form subalgebras
of some abstract algebras defined by the reflection equation. In particular they
explore an interesting relation between the deformed Uq(sl2) and the Zhedanov
algebra AW (3).

G. Kemp and A.Veselov introduce some discrete analogues of the Dirac mag-
netic monopole on a unit sphere S2 and explain how to compute the corresponding
spectrum using the representation theory of finite groups. The main examples are
certain magnetic Laplacians on the regular polyhedral graphs, coming from induced
representations of the binary polyhedral groups.

In the work by Armen Sergeev and Iulia Beloshapka, the twistor description
of harmonic maps of the Riemann sphere into the Hilbert–Schmidt Grassmannian
is given. The study of such maps is motivated by the harmonic spheres conjecture
formulated in the beginning of the paper.

The fourth thematic group contains works devoted to algebraic methods in
topological field theory and the theory of integrable systems.

The work of Andrei Alexeeevski and Sergey Natanzon is devoted to the exten-
sion of the notion of algebras of conjugacy classes of partial elements introduced
earlier by Ivanov and Kerov for the infinite permutation group S∞. As was shown
by Mironov, Morozov, and Natanzon, the completion of the algebra of conjugacy
classes of partial elements in S∞ is isomorphic to the direct product of centers of
group algebras of groups Sn. This isomorphism was explored in a construction of
infinite dimensional Cardy–Frobenius algebra corresponding to asymptotic Hurwitz
numbers. In the present work, it is proven that completion of the algebras associ-
ated for a wide class of infinite goups is isomorphic to the direct product of centers
of group algebras of relevant subgroups.

Oleg Sheinman constructs Lax operator algebras for the root system G2 and
arbitrary finite genus Riemann surfaces and the Tyurin data.
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The editors are grateful to Oleg Sheinman for all his help with preparing this
volume.

V. M. Buchstaber

B. A. Dubrovin

I. Krichever
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