Preface

The idea to write this book came to my mind after two advanced lecture courses
which I have read in summer semesters of the year 2010 as Leverhulme visiting
professor in Loughborough University UK and of the year 2011 as a visiting
professor in LTPMS-Orsay (associated with the University Paris-Sud).

The first Chapters of this book had the approbation during 16 years of my
pedagogical work as a Professor on Galitskii chair of Theoretical Nuclear Physics
in Moscow Engineering Physical Institute and during autumn semester of the year
1994 in the University of Amsterdam.

The course is based on the original research work where I actively participated
and contributed as a principal scientist and a group leader in P.L. Kapitza Institute
for Physical Problems in Moscow during 30 years of my scientific career. It
includes the set of eight lectures and eight seminars which cover several important
topics of the modern condensed matter physics, namely:

Quantum hydrodynamics of fermionic and bosonic superfluids and supersolids;

BCS-BEC crossover in ultracold quantum gases;

e Non-phonon mechanisms of superconductivity in high-7¢ materials and other
unconventional superconductors;

e Nanoscale phase separation in CMR-materials, heavy-fermions, and other
strongly correlated electron systems;

e Mesoscopic electron transport in multi-band and phase-separated metallic and

oxide compounds.

I hope the book will be useful for undergraduate students of the senior courses,
postgraduate students, and postdocs specializing in solid-state and low-tempera-
ture physics.

I am very grateful to my teachers, colleagues and pupils, first of all to
A. S. Alexandrov, A. F. Andreev, A. G. Aronov, S. Balibar, M. A. Baranov,
H. Beck, J. G. Bednorz, 1. V. Brodsky, P. Brussard, H. W. Capel, H. Capellman,
M. Capezzalli, R. Combescot, A. V. Chubukov, V. N. Devyatko, D. V. Efremov,
M. A. Efremov, I. A. Fomin, R. Fresard, G. Frossati, P. Fulde, B. Halperin,
Yu. A. Izumov, V. V. Kabanov, Yu. Kagan, L. V. Keldysh, A. V. Klaptsov,
Yu. V. Kopaev, K. I. Kugel, D. I. Khomskii, Yu. A. Kosevich, F. V. Kusmartsev,
A.V. Kuznetsov, A. I. Larkin, N. P. Laverov, Yu. E. Lozovik, I. M. Lifshitz,



vi Preface

Maekawa, M. S. Mar’enko, B. E. Meierovich, A. P. Menushenkov, M. Mezard,
Nozieres, S. L. Ogarkov, V. M. Osadchiev, A. V. Ozharovskii, A. Ya. Parshin,
P. Pitaevskii, N. M. Plakida, F. Pobell, N. V. Prokof’ev, A. M. M. Pruisken,
L. Rakhmanov, T. M. Rice, G. Sawatzky, A. O. Sboychakov, T. Schneider,
V. Shlyapnikov, S. Stringari, V. V. Val'’kov, C. M. Varma, D. Vollhardt,
G. E. Volovik, J. T. M. Walraven, G. Wendin, Ch. van Weert, P. Wolfle, and Ya.
B. Zeldovich, who encouraged me to start writing this book and greatly improved
its quality during our intensive scientific collaboration, numerous and sometimes
very hot discussions both in Moscow and abroad. I am also very grateful to
my family for their patience during the work on this book and acknowledge

very important technical support from my assistants M. M. Markina and
A. M. Padokhin.
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