


Reviews  
on Condensed  
Matter Physics

Michael V. Sadovskii
Institute of Electrophysics, Russian Academy of Sciences

Volume 1



	
	

УДК		538.9	
							S		12	

	
	

	
Michael 	V. 	Sadovskii 	

Reviews	on	Condensed	Matter	Physics	(in	Two	Volumes),	Vol.	1.	
Ekaterinburg,	2022.	–	308	p.	

ISBN		978‐5‐907502‐81‐9	

	

В	 издании	 представлены	 избранные	 обзорные	 работы	 академика	 РАН	
М.В.	Садовского.		

I	 том	 охватывает	 обзоры,	 опубликованные	 в	 1980–2000	 гг.	 и	 посвящен‐
ные	физике	сильно	неупорядоченных	систем:	теории	перехода	полупровод‐
ник–металл	в	жидких	полупроводниках,	теории	локализации	и	андерсонов‐
ского	 перехода	 металл–диэлектрик,	 а	 также	 анализу	 сверхпроводимости	
вблизи	такого	перехода.	

Во	II	томе	представлены	обзоры,	опубликованные	в	2001–2022	гг.	и,	в	
основном,	 посвященные	 исследованию	 высокотемпературной	 сверхпрово‐
димости.	Эти	работы	охватывают	достаточно	широкий	круг	проблем	(псев‐
дощелевое	состояние,	сильные	электронные	корреляции),	возникающих	при	
описании	 сверхпроводимости	 и	 нормального	 состояния	 в	 высокотемпера‐
турных	сверхпроводниках.	

Издание	может	 быть	 полезно	 специалистам	 в	 области	физики	 неупоря‐
доченных	и	сильнокоррелированных	систем,	физики	высокотемпературной	
сверхпроводимости,	 студентам	 соответствующих	 специальностей,	 а	 также	
всем	интересующимся	физикой	конденсированного	состояния.	

	

	

ISBN		978‐5‐907502‐81‐9	

 

©	M.V.	Sadovskii,	2022 
 



Lena
Текст



CONTENTS	

	
	

	

Preface		........................................................................................................................................................................................		5	

V.A.	Alekseev,	A.A.	Andreev,	M.V.	Sadovskii	
Semiconductor–Metal	Transition	in	Liquid	Semiconductors		

Sov. Phys. – Uspekhi, v. 23, No. 9, 551–575 (1980)		.........................................................................................................		7	

M.V.	Sadovskii		
Electron	Localization	in	Disordered	Systems:	Critical	Behavior		
and	Macroscopic	Manifestations		

Sov. Phys. – Uspekhi, v. 24, No. 2, 96–115 (1981)		........................................................................................................		32	

M.V.	Sadovskii		
Theory	of	Electron	Localization	in	Disordered	Systems	

Sov. Sci. Rev. A. Physics Reviews, Ed. by I.M. Khalatnikov, v. 7, 1–130,  

Harwood Academic Publishers, NY, 1986		......................................................................................................................		52	

M.V.	Sadovskii		
Superconductivity	and	Localization		

Physics Reports, v. 282, No. 5&6, 225–348 (1997)		....................................................................................................		183	

	

4



PREFACE	

	
	

	

Michael	Sadovskii	will	be	75	on	February	25th,	2023.	His	entire	scientific	career	is	inseparable	
from	 the	Russian	Academy	of	Sciences.	He	graduated	 from	Ural	State	University	 in	Sverdlovsk	 in	
1971	and	entered	 the	postgraduate	studies	at	 the	Department	of	Theory	of	 the	Lebedev	Physical	
Institute	in	Moscow,	where	his	scientific	advisor	was	Leonid	Keldysh.	This	determined	the	direction	
of	 his	 studies	 for	many	 subsequent	 years.	 From	 1974	 to	 1987	 he	was	 a	 research	worker	 at	 the	
Institute	of	Metal	Physics	of	the	USSR	Academy	of	Sciences,	and	in	1987	he	enrolled	at	the	Institute	
of	 Electrophysics	 of	 the	 Russian	 Academy	 of	 Sciences,	 both	 at	 his	 hometown	 Sverdlovsk	 (now	
Ekaterinburg),	where	he	organized	a	Laboratory	of	Theoretical	Physics	and	headed	it	for	30	years.	
At	most	difficult	time	for	the	Russian	science	(1993–2002),	he	was	Deputy	Director	of	the	Institute	
of	Electrophysics.	From	1991	to	2010,	Michael	Sadovskii	also	worked	as	Professor	at	the	Chair	of	
Theoretical	Physics	of	Ural	State	University.	

M.V.	Sadovskii	is	the	author	of	nearly	200	scientific	publications,	including	five	monographs	
and	a	number	of	fundamental	reviews.	The	main	areas	of	his	scientific	activity	that	he	started	when	
a	postgraduate	student	at	Lebedev	Institute	are	electron	theory	of	disordered	systems	and	theory	
of	 superconductivity.	 He	 proposed	 a	 number	 of	 exactly	 solvable	 models	 of	 one‐dimensional	
electron	systems,	 including	 the	original	model	of	 the	pseudogap	state	 in	 the	 fluctuation	region	of	
the	 Peierls	 transition	 accompanied	 by	 the	 formation	 of	 short‐range	 order	 charge	 density	 waves	
exhibiting	 non‐Fermi	 liquid	 behavior.	 Later	 on,	 these	 studies	 became	 of	 great	 importance	 in	
connection	with	 the	problem	of	describing	pseudogaps	 in	high‐temperature	 superconductors.	He	
made	a	significant	contribution	to	the	theory	of	electron	localization	in	disordered	systems.	He	was	
one	of	 the	 first	 to	 apply	arguments	 to	 this	problem	based	on	 the	 scaling	 ideas	 and	 the	 instanton	
approach.	 In	 his	 studies,	 he	 developed	 the	 self‐consistent	 localization	 theory,	 which	 became	 the	
most	 important	 practical	 tool	 for	 solving	 localization	 problems	 in	 disordered	 systems.	 Together	
with	 Lev	 Bulaevskii	 he	 proposed	 for	 the	 first	 time	 a	 generalization	 of	 the	 theory	 of	 "dirty"	
superconductors	to	the	case	of	systems	with	very	short	mean	free	paths	near	the	metal–insulator	
localization	 transition.	 In	 particular,	 in	 these	 studies	 he	 presented	 a	 microscopic	 derivation	 of	
Ginzburg–Landau	expansion	coefficients	in	the	region	of	strong	disorder	and	predicted	for	the	first	
time	the	possibility	of	realizing	superconductivity	in	the	Anderson	insulator	phase.	He	was	also	the	
first	to	demonstrate	the	importance	of	local	density	of	states	fluctuations	near	the	superconductor–
insulator	transition,	leading	to	a	highly	inhomogeneous	state	of	superconductors	in	the	vicinity	of	
this	transition.	

In	1987,	 after	 the	discovery	of	high‐temperature	 superconductivity	 in	 cuprates,	M.V.	Sadovskii	
became	 actively	 engaged	 in	 the	 study	 of	 this	 new	 class	 of	 superconductors.	 Together	 with	 his	
students,	 he	 carried	 out	 an	 extensive	 series	 of	 works	 devoted	 to	 clearing	 up	 the	 nature	 of	 the	
pseudogap	 state	 in	 high‐temperature	 superconductors.	 In	 particular,	 he	 generalized	 the	 one‐
dimensional	 pseudogap	 models	 proposed	 by	 him	 before	 to	 the	 two‐dimensional	 case.	 In	 recent	
years,	 he	 proposed	 a	 new	 approach	 in	 the	 physics	 of	 strongly	 correlated	 electron	 systems	 that	
allowed	the	inclusion	of	arbitrary	"external"	interactions	in	the	dynamic	mean‐field	theory	(DMFT	+	
Sigma	approximation).	This	approach	was	intensely	exploited	by	him	and	his	colleagues	to	describe	
the	 properties	 of	 the	 pseudogap	 state	 in	 high‐temperature	 superconductors,	 including	 those	
obtained	in	calculations	of	the	electron	properties	of	real	HTSCs,	i.e.,	compounds	based	on	copper	
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oxides	(the	LDA	+	DMFT	+	Sigma	method),	and	also	 in	 the	analysis	of	 the	general	problem	of	 the	
metal–insulator	transition	in	disordered	systems	with	strong	electron	correlations	(Mott–Anderson	
transition).	This	approach	was	also	actively	developed	by	his	group	to	describe	the	region	of	BCS‐
Bose	crossover	in	the	disordered	attractive	Hubbard	model,	which	is	fairly	pressing	for	a	new	class	
of	high‐temperature	superconductors.	

After	 the	 discovery	 in	 2008	 of	 high‐temperature	 superconductivity	 in	 pnictides	 and	 iron	
chalcogenides,	M.V.	Sadovskii	supervised	the	pioneering	LDA	and	LDA	+	DMFT	calculations	of	the	
electronic	spectra	of	these	systems	that	proved	to	be	highly	consistent	with	ARPES	experiments	and	
played	the	decisive	role	in	the	formation	of	the	"standard"	model	of	the	electronic	spectrum	of	new	
superconductors.	Recently	he	 started	 the	new	 field	of	 research	on	 the	 limits	of	Eliashberg	 theory	
and	the	so	called	"Planckian	relaxation"	in	metals.	

In	1994,	M.V.	Sadovskii	was	elected	a	Corresponding	Member,	and	 in	2003	a	Full	Member	of	
the	Russian	Academy	of	Sciences.	For	many	years,	he	has	been	a	Member	of	Presidium	of	the	RAS	
Ural	Branch	and	a	Member	of	 the	Bureau	of	 the	Physics	Department	of	 the	RAS.	 In	2002,	he	was	
awarded	the	RAS	A.G.	Stoletov	Physics	Prize.	In	2016	he	was	honoured	by	first	V.L.	Ginzburg	Gold	
Medal	 of	 RAS	 "for	 theoretical	 studies	 of	 high‐temperature	 superconductors".	 In	 2018	 he	 was	
awarded	 S.V.	 Vonsovsky	 Gold	 Medal	 of	 the	 RAS	 Ural	 Branch.	 He	 actively	 works	 at	 the	 editorial	
boards	of	the	leading	Russian	physical	journals	–	JETP	and	Physics	Uspekhi.		

In	 2013,	 M.V.	Sadovskii	 was	 among	 the	 members	 of	 the	 RAS	 who	 opposed	 the	 destructive	
government	 reform	 of	 the	 Academy	 of	 Sciences	 and	 initiated	 the	 authoritative	 "July	 1st	 Club",	
uniting	the	opponents	of	this	reform.		

In	these	two	volumes	we	publish	the	selected	reviews	on	condensed	matter	physics	written	by	
Michael	 Sadovskii	 during	 his	 career	 in	 physics.	 The	material	 is	 presented	 in	 chronological	 order	
(Volume	1	contains	reviews	written	in	1980–1997,	while	Volume	2	–	reviews	published	in	2000–
2022).	

Only	English	versions	of	the	review	are	presented,	though	most	(but	not	all)	of	these	reviews	
are	also	available	in	Russian.	These	reviews	actually	reflect	almost	all	scientific	interests	of	Michael	
Sadovskii	and	contain	almost	all	his	major	 results,	 as	well	as	 the	results	obtained	by	many	other	
authors.	We	believe	that	the	material	presented	is	 in	no	sense	obsolete	and	will	be	of	 interest	 for	
many	readers	involved	in	modern	studies	on	condensed	matter	theory.		
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