Bcesonon AHaTonbeBnYy MoCKaneHKo

(26.09.1928 — 02.04.2018)

2 anpena 2018 roga Ha 90-m rogy *KU3HM CKOH4YancAa Bcesonog AHaTonbeBnd MOCKaneHKo - akagemuk AH
Pecnybnnkmn Mongosa, 3aseayrowmii OTAenom CTaTUCTUYECKON OU3MKM MHCTUTYTa NpUKNAgHON GU3KMKM
AHM, MHoronetHun coTpygHuUK Jlabopatopum TeopeTuyeckor ¢m3mkm wum. H. borontobosa npu
Ob6beANHEHHOM WHCTUTYTE AAEepHbIX uccnegoBaHun B [ybHe. B.A. MockaneHKo gonrve roapl ABAAJCA
MonHomouHbiM npeacTaButenem Pecnybnvkn Mongosa B OUAWN, BHec 6onblioi BKAag B pasBuTUe
COTPYyAHMYECTBA HayyHbIX LUeHTpoB Mongasum ¢ OWUAWN, aKkTMBHO cOAencTBOBas B  WMCMONb30BAHWUM
BO3MOXKHOCTeN NHCTUTYTa ANA NOATOTOBKM HAaUMOHAbHbIX HAy4YHbIX KagpoB.

IN MEMORIAM OF ACADEMICIAN VSEVOLOD MOSKALENKO
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On the 2nd of April, 2018, the Moldovan and international scientific community lost an outstanding member
of highest value and a person of great integrity—academician Vsevolod Moskalenko. For those who knew him,
he will remain an example to look up to in many respects, while his scientific and public legacy accumulating
over 60 years of dedicated work will remain a source of inspiration and a model to follow for many
generations of physicists to come. Being one of the founders of the school of theoretical and mathematical
physics in Moldova, Vsevolod Moskalenko was a teacher, a colleague, a leader, and a friend to many of us.
Science was the passion of his entire life also because the uncompromising search for truth and beauty was
one of the defining features of his personality. He was never concerned with looking for easy paths or ways to
achieve a guaranteed success; on the contrary, he was always attracted by the hardest problems and was
never discouraged by difficulties. It was his talent, solid education, will power, and hard work that every time
drove him through the apparently unsurmountable complexity to reveal, in the end, the beauty hidden behind
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a scientific puzzle. For me, as a fresh applicant for postgraduate studentship about 35 years ago, the
encounter with his style of work was an unforgettable experience right from the beginning. In the
introductory discussion, he briefly told that, together with his team, they were studying a completely new
type of disorder in magnetic systems, referred to as spin glasses, which can not be explained in terms of
standard quantum statistics. | was told that there is no overall magnetization, but still the state seems to have
some hidden long-range order in it, and that some researchers—Edwards and Anderson—proposed a “replica
trick” that could allow grappling with this puzzle. Until | could get hold of any details in this “before the
Google” era and after many “from scratch” attempts to derive what this “trick” might be about, my curiosity
was fully ignited. The years that followed were a journey full of hard work and new paradoxes in this
fascinating field, during which Vsevolod Moskalenko led us by his own example and enthusiasm. He
developed an original and rigorous field theoretic method for understanding the phenomena taking place in
this fundamental state, which later found numerous interesting and unexpected applications. For instance,
starting from the Hopfield model of the neural cell, it turned out to be important for understanding the
mechanisms of associative memory and properties of neural networks, which later evolved into a distinct
research field. It is yet another example of how the value of a deep mind can be appreciated even more with
the passage of time.

Twin brothers Vsevolod and Sveatoslav Moskalenko were born on the 26th of September, 1928 in the village
of Bravicea of the Orhei county of Romania (at present, the Republic of Moldova). The village is about 70 km
away from Chisinau; by that time, it had a population of a few thousands and a primary school where the
brothers studied in 1935-1939. Then, they studied in “B.P. Hasdeu” high school and later in “A. Russo” high
school in Chisinau until 1944, when the school was evacuated to Craiova, where they continued their studies
at “Carol I” National College (1944-1945). After World War I, they came back to Orhei, where they finished a
secondary school with excellence in 1946. In summer of the same year, their fascination with natural sciences
brought them to Chisinau State University and they became students of the Faculty of Physical and
Mathematical Sciences. However, in that period, the joy of studies came with tremendous hardships for their
family: they had already lost their father who was arrested in 1940 and died in the dungeons of NKVD in 1941;
after the war, they suffered from poor living conditions and severe illnesses that posed a real threat to their
physical existence. Still, the strength and independence of their character crystallized from the turmoil of this
dramatic life experience.

After graduating from the Chisinau State University with excellency in 1951, Vsevolod Moskalenko worked at
the university, first as an assistant and later as a lecturer; he taught regular and special courses in Theoretical
Physics for the next 10 years (1951-1960). During this period, he continued the studies as a trainee and then
as a postgraduate student (1957-1959) of famous academician N.N. Bogolubov and professor S.V. Tyablikov
at Moscow State university and at Steklov Institute of Mathematics of the USSR Academy of Sciences. It was
the time when the puzzle of superconductivity was being unraveled by the joint effort of the elite theorists
including the scientific supervisors of the young postgraduate student. In 1958, shortly after the Nobel
winning BCS theory of superconductivity and the insightful formulation by N.N. Bogolubov were published,
Vsevolod Moskalenko submited his milestone work, in which, unlike the BCS, superconducting charge carriers
belong to different energy bands, for publication. A year later, a similar work was submitted to Physical
Review Letters by Suhl, Matthias, and Walker, and the two papers were published in 1959. In the same year,
Vsevolod Moskalenko defended his candidate's dissertation at Steklov institute. The elegant theory of
multiple-band superconductivity proposed by him was later developed by him together with several
generations of his students and colleagues in Chisinau. In some important aspects, this theory predicted a
behavior even qualitatively different from BCS (e.g., sensitivity to nonmagnetic impurities). Quite recently,
after the discovery of novel materials, the theory has received a brilliant experimental confirmation; at
present, it plays a key role in the upsurge of research on some priority topics, such as unconventional and
high-Tc superconductors.



In 1961, Vsevolod Moskalenko became Head of the Department of Theoretical Physics of the newly-formed
Institute of Physics and Mathematics of the Moldovan Academy of Sciences. Being a member of the
“Bogolyubov's school,” Vsevolod Moskalenko built up what will later become a “school” of his name in
Chisinau and thus established a strong relationship between the two schools. Their scientific collaboration
continued actually until the last years of academician N.N. Bogolubov, when their common work on the
existence of superconductivity in the Hubbard model was published in the Theoretical and Mathematical
Physics journal (1991). In 1964-1966, Vsevolod Moskalenko carried out post-doctoral studies under
supervision of N.N. Bogolubov at Moscow State University and then defended his doctoral dissertation in
physics and mathematics at Steklov institute in 1967. These close contacts contributed to the broadening of
collaboration in both scientific and organizational areas. With the natural growth of the Academy, the
Department changed its name for the Department of Statistical Physics of Institute of Applied Physics.
Moldova received support for training of young researchers in new areas, such as Elementary Particles Physics
and Nuclear Physics, in connection with ongoing research at Joint Institute for Nuclear Research in Dubna
(JINR, Russia). Numerous visits and direct collaborations with many renowned scientists, among which D.N.
Zubareyv, Y.A. Tserkovnikov, N.M. Plakida, E.E. Tareeva, and V.M. Loktev, and participation at conferences and
seminars provided an invaluable boost to the development of theoretical physics in Moldova. Vsevolod
Moskalenko became a member of the USSR Academy of Sciences Scientific Councils on Solid State Theory and
Low Temperature Physics. In 1970 Vsevolod Moskalenko was elected corresponding-member of the
Moldovan Academy of Sciences; in 1976, he became full member; in 1971 he received the title of Professor in
Physics and Mathematics. In 1972 the bureau of the Mathematical Section of the USSR Academy of Sciences
chaired by academician N.N. Bogolubov had a session in Chisinau in recognition of the achievements of
Moldovan colleagues. Vsevolod Moskalenko used the authority he earned to promote international
collaboration with important international scientific centers, such as JINR (Russia), National Institute of
Physics and Nuclear Engineering (Romania), Duisburg University (Germany), NorthEastern University of China,
International Center for Theoretical Physics in Trieste, and the University of Salerno (ltaly). For over a decade
(1990-2004) academician Vsevolod Moskalenko was the Plenipotentiary representative of the Republic of
Moldova and a member of the Scientific Council of the JINR. In appreciation of his long-time contribution, he
received the title of “Doctor Honoris Causa” of the Joint Institute for Nuclear Research (Russia, 2009).

His educational activity spread from the organization of regular scientific seminars at Institute of Applied
Physics till direct involvement, at the school level, as Chairman of the Scientific Society of Schoolchildren
“Viitorul.” | have this experience of my own and remember well what an important role was played by the
stimulating atmosphere created in those times for the upbringing of young researchers. It was at one of these
seminars in the 1980s when we learned about the recent discovery of high-temperature superconductors. The
exceptional importance of this discovery was immediately clear then. Still, up till present days, the problem of
the mechanism of high-Tc phenomenon remains one of the central topics in physics, multipleband
superconductivity being one of the lines of thought. Nevertheless, Vsevolod Moskalenko initiated the
exploration of the completely new paradigm requiring a deep revision of the basics of the standard condensed
matter theory: strongly correlated electronic states and inapplicability of the single-particle picture of
excitations and the concept of Fermi liquid. This courageous decision was motivated by the necessity to
understand the anomalous properties of the new materials in their normal phase first. He developed an
original and rigorous field-theoretic diagram perturbation method, which allowed him to implement this
paradigm and study many aspects of these systems, such as magnetic and charge ordering, Mott—Hubbard
metal—-insulator transition, interaction with phonons, and some features of the superconducting transition.

Vsevolod Moskalenko was a scientific adviser for 20 doctoral and 5 doctor habilitation theses; he published
over 200 scientific papers and 6 monographs in various domains of the Quantum Theory of Solids to which his
major scientific achievements belong: theory of polaron, bipolaron; theory of low temperature
superconductors with energy bands overlapping on the Fermi surface and superconducting alloys; coexistence
of superconductivity CDW, SDW, and spin glass phases; methods of quantum Green’s functions; theory of spin



and quadrupole glasses; theory of high-Tc superconductivity and strongly correlated electron systems based
on the new diagram technique with application to one- and three-band Hubbard Model, Periodic Anderson
Model and Hubbard—Holstein electron—phonon systems; using this theory, he showed a possibility of a new
mechanism of superconducting pairing for strong electron—phonon coupling due to exchange of phonon
clouds between polarons. His lifelong merits were praised by highest national distinctions, such as the State
Prize for Science and Technology of the SSRM (1981), Order of Honour and ,,Dimitrie Cantemir” Medal, Order
of the Republic (1996), and honorary title “Om Emerit” (“Emeritus Person”) of the Republic of Moldova.

Despite poor health and immense complexity of the scientific task, he continued to work on his new theory till
the last days giving us an ultimate example of the victory of spirit over flesh. Academician Vsevolod
Moskalenko, through his works and through his spiritual example, will remain part of the national heritage for
the generations to come.

Dr. Sergiu Cojocaru, Department of Theoretical Physics, Horia Hulu.

NMAMATU AKAOEMWKA BCEBO/IOAA MOCKANEHKO
AnekmpoHHas obpabomka mamepuanos [ElectronicProcessingofMaterials] 54(4) 65-70 (2018)

B sTom roay He ctano BceBonoga AHaTonbeBMYa MOCKaneHKo, BUAHOro yyeHoro-pusnka, akagemmka AHM,
BHECLUEro OrPOMHbIN BKAa4, B pa3BUTME HayKM. DT BOCMOMMHAHMA NMOMOIYT YMTATENAM KypHana nobaumke
03HAaKOMMUTBLCA C IMAEPOM B TEOPETUYECKON M MmaTemaTuyeckon pusmke Mongosbl.

HemHozo o cebe A, MockaneHKo Bceeonod AHamonbeesuy, podusnca 26 ceHmabpa 1928 2. e cene bpasu4a
Opezeesckozo ye30a beccapabuu (moz2da PymeiHus, celivac amo Kanapawckuli patioH Pecnybauku Mondoea),
MO0008AHUH, epaxdaHuH Pecnybauxku Mondosa.

Podumenu: omeu, MockaneHko AHamonul EmunesHosu4, 1900 200a poxcdeHusa, u mame, Hamanes
KapabemosHa, 1906 200a poxdeHusa. Omey paboman MeaKum CAyHawum u ydyumesnem, a mams bbina
domoxo3salikol, 3amem yyumenoHuyel. B 1940 2. npu cosemckoli enacmu omey bbia penpeccuposaH u nozub



8 Y/IAle. Mamb npu nomMmowu cecmep omuya u ceoeli cecmpbl 8blpacmuna Hac, 08yx bpameesbsiuzHeyo8s.
Mame ymepna 21 Hoabpsa 1999 e. bpam Ceamocnas 80 MHO20M pa30esius Mmoo cyobby.

B 1946 2. s nocmynun Ha nepsvili Kypc GHuU3UKO-mamemamu4yeckozo akyaemema KuWuHe8cKozo
eocyHusepcumema (KI'Y), omkpoiswezoca 8 mom xce 200y, Komopsili OKOHYUA ¢ omauduem 8 1951 2. C
ceHmaAbpsa 1957 no mali 1959 2. npoxodun acnupaHmypy 8 MY um. M.B. /lomoHOco8a o0 pyKosoocmeom
akademuka H.H. boeonwbosa, a 8 mae 1959 eo. 3awumun KaHOUGAmMCcKyro ouccepmauyuro 8
Mamemamuyeckom uHcmumyme um. B. A. Cmeknosa AH CCCP e Mockee.

Jlecamb nem 3aHumMasca npernooasamesnsckoli 0easmenobHocmoto 8 KIY, a ¢ aHeapsa 1961 e. pabomaro 8
Akademuu Hayk Mosndosel: cHa4yana 8 00AXHOCMU 3a8. omoesnoM meopemuyeckol ¢u3uku MIHcmumyma
(PU3UKU U Mamemamuku, 3amem 3a8. omoesoMm MHcmumyma mMamemamuKu U, HOKOHel, 3a8. omoesom
cmamucmuyeckol ¢huzuxku u meopuu A0pa IHcmumyma npukaadHol ¢pusuxku AH Pecniybauxku Mosnooesa.

B 1964-1966 22. npoxodun dokmopaHmypy 8 MIY um. M.B. JlTomoHocosa nod pykosoocmeom aKademuKa
H.H. boeonwbosa, u 8 Hoabpe 1967 e. 3awumun OOKMOPCKy0 oduccepmauyuto 8 MamemamuyecKkom
uHcmumyme um. B.A. Cmeknoea. B 1971 2. MHe 6biq10 Npuc8oeHO 38aHUE npogheccopa no meopemuveckoli u
mamemamuyeckol ¢usuke. B 1970 2. bbin u3zbpaH YneHom-koppecrnoHoeHmom AH Mondosesl, a 8 1976 2. —
delicmaumesibHbIM 41€HOM, 8 060UX Cy4aax eOUHO21ACHO.

B 1950 e. #ceHunca Ha 3neoHope BacunvesHe llona 1925 2o0a poxcdeHus, umero 0s8yx douepeli: TamobsaHy,
1953 200a poxdeHusa, u BepoHuKy, 1955 200a poxcdeHuAa. B Hacmosuwee spemsa TambaHa — Oupekmop
¢unuana HayyHo-uccnedosamenscko2o UHcmumyma AdepHol ¢usuku MIY e e. [ybHa MocKkoscKoli
obnacmu, a BepoHuka pabomaem Hay4YHoIM COMPYOHUKOM 8 MHCmumyme ceepx4yucmbix sewecms 8 2.
HuxcHuli Hos2opod. Y meHs uemasepo 8HYKO8 U 00HA MpasHy4Kd.

B 1970 e. a co30an emopyto cembto. Mos emopas weHa MockaneHko Tamapa [MemposHa (1938 2o00a
poxcdeHusa) nocne maxcenoli 6oneszHu ckoH4anace 16 dekabps 1995 e.

OCHOBHYIO HAY4YHYH 0esimesibHOCMb COYemas C 8bINOAHEHUEeM PA3/uYHbIX 0683aHHOCMel, MAKUX KAK 4Y/eH
npobriemHoix cosemos lpeszuduyma AH CCCP no meopuu meepdo20 mesna u husuke HU3KUX memriepamyp,
yneH [Mpe3uduyma AH Mondosbl (1990-1996 2z2.), opeaHuzamop Bcecoro3Hol KoHghepeHyuu no ¢husuke
HU3Kux memnepamyp (KuwuHes, 1982 =2.). bbin npedcedamenem HayyHo20 obwecmsea y4yaujuxca
«Buumopyn» u cosemoes o 3awjume KaHoudamckux u 0oKkmopckux ouccepmauyuti. C 1991 no 2004 2. sensancs
MoAHOMOYHbLIM npedcmasumenem npasumenscmea Pecnybauku Mondosa e OMAN. C 1 uwona 1996 e. no
HacmosAuwee spems pabomaro no KOHMpakmy 8 J/labopamopuu meopemu4eckol ¢puzuku OUAN e kayecmee
2/108HO020 HAYYHO20 COMPYOHUKQ.

B 1980 2. mHe 6bina npucyxoeHa ocydapcmeeHHas npemus Mondosbl no Hayke u mexHuke. B 1981 .
HaepaxcoeH opdeHom «3HaKk [loyema», a 8 1996 2. — evicweli eocydapcmeeHHOU Haepadoli Mosnodosbi
OpoeHom Pecnybauxku. C 2002 e. f8aat0Cb 3acayxceHHbIM Oeamenem Pecnybauku Mondosa. B 1990 e.
KpamkospemeHHO u 8 1992-1993 22. 8 meyeHue nosayeo0a paboman npuaawWeHHbIM Mpogeccopom 8
YaHuyyHbockom Cegepo-BocmouHom yHusepcumeme Kumas.

B 1997-2008 22. umen 2paHmel 8 pPAMKax rnpoepammel «lelizeHbepz-/laHOay» 004 compyoHuyecmeda C
omdesom meopemudeckol ¢puauku YHusepcumema [ylicbypea-3cceHa. C 1999 e. no Hacmosauwee spems
compyodHu4Yaro ¢ MHcmumymom meopemu4eckol ¢pusuku YHusepcumema CanepHo. B 1989-1993 2z2. bbin
YnieHOM peodKonne2uu MypHana «Teopemuyeckaa U MamemMamuyeckasa ¢usuka», ¢ 1994 2. — 4yneH
pedKosneauu «Romanian Journal of Physics».

MHoro onybnuxkosaHo 6osee 400 Hay4Hbix cmameli 8 nPoguAbHbLIX HYPHAMAAX U wecmb MoHozpaguli rno
meopuu ceepxnposoouMOoCcmu U CrIUHOBbIM CMEK/1aM.

Bcesonon MockaneHko, 2008 r.



Jinpep B TeOpeTUUECKOI M MaTemaTuyecKoii ¢pusmke Pecnybamkn Mongosa

Mocne OKOHYaHMA ¢ oTamumem B 1951 1. ¢u3MKOo-maTemaTnyeckoro ¢akynbreta KULWMHEBCKOro
rocygapcreeHHoro yHusepcuteTa (KIY) BceBonog MoCKaneHKO KaK CaMblii BblAAMOWMACA BbIMYCKHUK Obin
OCTaB/IEH B YHUBEPCUTETE, rae paboTtan B ONKHOCTM acCUCTEHTA. Ben 3aHATUA No TeopeTnyeckon dpusmnke m
CaMOCTOATE/NIbHO 3aHWMANCA Teopuen NoNApPoHOB. Pewatouwiee 3HavyeHMe B HAYYHOM XKU3HWU MMeNno ero
3HAKOMCTBO C paboTamu WKoAbl Bblgatoweroca ¢usnKa-TeopeTnka U matematmka H.H. borontobosa u ero
Henpeoao/IMMan TAra K 3TOM BE/IMKOW LWKOMe, CO34aHHOM B MOCKOBCKOM rocyAapCTBEHHOM YHUBepcUTeTe
um. M.B. JlTomoHocoBa U B MatemaTtnyeckom nHcTuTyTe nm. B.A. Cteknosa AH CCCP. BcnomumHato, 4To nepsas
Hay4yHaa CTaTbA MO TeopuM NONAPOHOB, onybanMKoBaHHaa BceBosogom AHatonbeBuyem, H6bla OTMeYeHa B
0630pe XaKkeHa MO TeopuMW MONAPOHOB, M3LAHHOM 3a pybexom W nepenedyaTaHHOM B KypHane «Ycnexu
du3Myeckmx Hayk». Kak monogoi nepcnekTnBHbI pU3NK-TeopeTnK Becesonog MockaneHko B 1958—1959 rr.
6bln HanpaBleH Ha ABYXNETHIOK CTaXXMPOBKY B MOCKBY, rae BAWACA B BbIAAMOLWMNCA KONNEKTUB,
BO3r/N1aBAAeMbIi akagemukom H.H. Boronto6oBbiM, MMeAa NpU 3TOM YXKe ONbIT CaMOCTOATE/IbHOM Hay4yHOM
PaboTbl, YTO OKa3a/soCb KpaiiHe BaXHbIM WM MO3BOJIU/IO €MY BKIOUYMTLCA B MHTEHCUMBHYIO PaboTy Hay4HbIX
CEMWHApPOB Konnektmea. OrpoMHan CaMoOOTBEPXKEHHaA npenoaaBaTeNibCKaA U HaydyHaa ApTaHbAH M3'paboTa
nocne okoHyaHua KIY npespatvna BceBonoga AHaTO/NbeBMYA B MOJIOAOFO aKTUBHOrO (PU3MKATEOPETUKA,
KOTOpPbIA MeyTan nonactb B wWKony H.H. boronto6osa nogobHo Tomy, Kak [ FackoHu cTapancsa nonactb B pA4bl
KOponeBCKMX MylwkKeTepos [e TpeBnna BO BpemeHa KapauHana Puwenbe. 3T ycmama Bcesonopa
AHaToO/NIbeBMYA OKa3aNMUCb BO3HArpaxKAeHHbIMM Tem, 4YTO OH OKa3ancAa B 3Be3gHble AnAa Teopuu
cBepxnposoamMmocTh roabl (1957-1959) B8 Mockse, rae obcy»aanncb BONpochl, 61M3KMe K Teopum NoAspoHOB
n GunonapoHos, KoTopbiMmn BceBonog AHaToNbeBMY 3aHMMancAa B KuwuHese. HanomHum, yto B 1957 .
BapguHbim, Kynepom u Wpuddepom (BKLL) 6bina cozgaHa MUKPOCKOMMYECKas TEOPUSA CBEPXMPOBOANMOCTH,
cnycta 50 neT nocne sKCNepUMEHTaNbHOro OTKPbITUA CamMoro siBneHuA. Teopua BKL 6bina ocHoBaHa Ha uaee
Kynepa o cBA3bIBaHMW ABYX 3/1E€KTPOHOB C MPOTUBOMONOMHbLIMU CAMHAMM U MMMYAbCAaMU B OKPECTHOCTU
aHeprum ®epmum B napbl 6harogapa NpuUTANKeHUIO Yepe3 GoHOHbl. O3HAKOMIEHME C 3TOM PaboTol BbI3BANO
OFPOMHbIN PEe30HAHC U Oypl Ha cCemMmMHapax, B Hay4dHbIXx Kpyrax Mocksbl u gpyrux ropogos Coto3a. Ha
CeMmHapax bypannm amckyccmm, n Bce Bblin OXBaYeHbl KeNaHNEeM BKAOUYUTLCA B 3Ty paboTy, HAaMTK HOBble
nNpoJoMAKeHNA N dusnyeckne cnegcrTemnaA. bblo ACHO, YTO B 3TOM KMMALLEM KOT/1e POXKAAKTCA HOBblE NAEN U
0XMAATCA  HeBepoATHble  pe3ynbTaTbl. OCOBEHHO 3TO  KAacanocb  ABYX  BblAAMOLWMXCA  LUKOA
dun3mkoBTEOPETUKOB MOCKBbI, BO3rNaB/aseMbix akagemukamu J1.[. JlaHaay u H.H. Borono6osbim, mexay
KOTOPbIMM CYLLECTBOBAJI0 NOCTOAHHOE COMEPHNYECTBO, MEXAY NPOYNM, MOXOXKee Ha NPOTUBOCTOAHME MeXKAY
rBapAmven KapAnHana u Mywketepamu Kopoaa. MpoBoxy 3Ty Nnapannenb, 4Tobbl Nyylue NokasaTb atmocoepy,
LLaPMBLLYIO Ha ceMUHapax MOCKBbI, U B KAKMX HAaNPAXKEHHbIX YCI0BMAX NpUXoAnnocb pabotaTtb n nybankosaTb
B TO Bpems pe3ynbTaTbl. Yke B 1958 r. H.H. Boronob6osbim, B.B. Tonmayesbim n [.B. LLMpKoBbIM Obin
pa3paboTaH HOBbLIM MeTOL, B TEOPUW CBEPXMPOBOLAMMOCTM, OCHOBAHHbIA Ha WMAEE O KOrepeHTHbIX
MaKpPOCKOMUYECKUX COCTOAHMUAX, 0Opa3oBaHHbIX W3 KYMEepoOBCKMX Map, BBeAEHWEe KOTopblXx Oblno
OCYLLLECTB/IEHO C MOMOLLbIO YHUTAPHOrO KOrepeHTHOro npeobpasoBaHuA. ITo NnpeobpasoBaHMe SKBUBANEHTHO
ToMy, KoTopoe H.H. Boronto6oB8 ncnonb3oBan B CBOE MUKPOCKONMYECKON Teopumn cBepxTekydyectn 8 1947 r.,
C TON pasHULEN, YTO paHee MCMNONb30BaHHble bo3e onepaTopbl U YACTULLbI CBEPXTEKYYEN XKUAKOCTU Oblan
4ynctble 6030HbI, 3 TENEPb COMPUKOCHYINCH C 603e-3NHIITEMHOBCKMM KOHAEHCATOM M3 COCTaBHbIX 6030HOB,
06pa3oBaHHbIX KYNEPOBCKMMM MNapamu, OMNMCAHME KOTOPbIX MNPOMCXOAUNO HA A3blke GEepMUEBCKUX
onepatopos. YausutenoHo, 4yto H.H. BorontoboBy yaanocb B CTO/Nb KOPOTKMMA CPOK cO34aTb
yCOBEPLUEHCTBOBAHHYO TEOPUIO CBEPXMPOBOAMMOCTM, NOTOMY YTO OHA Ha3mpoBanacb Ha TOM Ke naee, Kak u
€ro MWKpOCKOMu4yeckaa Teopua cBepxTekydyecTu. Oba ABNEHMA OCHOBaHbl Ha CyulecTBOBaHWM 6o03e-
SMHWTEMNHOBCKON KOHAEHCALUMU YUCTbIX MAWM COCTaBHbIX 6030HOB. MpK onucaHuM ucnonb3yoT 6o3e- nam
depmun-onepatopbl. Ho nepBoHavanbHan naea n noaxoa AatuposaHbl 1947 r. Takne yHUKanbHble cobbiTMA B



HayKe B/AMAIOT He TONbKO HA HEeMnocpeAcTBEHHbIX WX Y4acTHMKOB. OHM MNoaob6HbI B3pbiBY CBEPXHOBOWM
ranakTMKM B acTpodm3nKke, NPUBOSALLEMY K PE3KMM M3MeHeHUAM B npupoge. CobbiTmA, nponcxoamsune B
MockBe Ha cemuHapax akagemuka [1.J1. Kanuubl B WHCTUTYTE ¢u3myeckmx npobnem AH CCCP, Ha
OO6LWEMOCKOBCKOM CEMUHAPE, PYKOBOAMMOM aKaaeMuKom B.J1. TmH3byprom B PU3MYECKOM MHCTUTYTE MM.
MN.H. Nebepesa AH CCCP, BonHOBa/N He TONbKO PpU3MKOB MOCKBbI. 332 HUMU CEAUIN U B APYrUX ropodax
Coto3a. B 310 Bpemsa s yunnaca B acnupaHtype B r. Kuese 8 MHcTUTyTE dun3nkn AH YCCP noa pykoBOoACTBOM
3ameyaTenbHoOro ¢pmusnkaTeopeTnka n yenoseka nposdeccopa K.b. ToAnbiro 1 NOMHIO 3Ty HEOObIYHYIO, KaK Obl
HasNeKTPU30BaHHYD aTMmocdepy, KOTopada MNOBAMANA Ha BCex Hac. He yamBuTenbHO, 4YTO B 3TO Bpems
BO3HMKANM HOBble MAeu, OblN NONyYeHbl HOBble Hay4yHble pe3y/bTaTbl, KOTOPblE CTaAM KAACCUYECKMMM.
JocTaTo4HO HAaNOMHWUTL, YyTO B WKone J1.A. JlaHaay Torga MOJIOAOM TanaHTAMBBLIA (U3NK-TeopeTuK A.A.
AbpuKocos B 1958 r. co3gan Teoputo CBEPXNPOBOAHNMKOB BTOPOro poAa M BBEN MOHATUE BUXPEBbIX HUTEN,
NPOHM3bIBAOLWMX CBEPXNPOBOAHNK. BnocneacTeBum oHM 6bian HazBaHbl HUTAMKM ABpUKocoBa. B 3To e Bpems
Ha cemuHape, pykosoaMmom H.H. Borontob6osbiMm, 6blna noctaBneHa 3agaya o0606uweHna  Teopuu
ceepxnposognumoctM  BKLW  Ha cnydam  peanbHblX  CBEPXNPOBOAHWMKOB C  MEPEKPbIBAOLMMUCA
SHepreTUYeCKMMM 30Hamu. Toraa 3Ta 3aZaya Kasanacb akageMUYecKomr, HO B HACTOALLEe BPeMA CTana KpaliHe
Heobxoaumoit. OHa 6blna peweHa B.A. MockaneHko B 1958 rogy B Bo3pacte 30 feT, CTaxepom-
nccneposatenem u3 KIY, npousarowmm B CTyAeHYECKOM obwexuntun MIY, oTKasaBWMMCA OT NETHEro
OTNYCKa M MOCTOAHHO TPYAMBLUMMCS Hafg peleHuMem TpygHoi npobnembl. O CMX NOP He 3HAlO, KaK 3TO
NMPOM30LLSIO U YXKE HUKOrAa He y3Hato, HO eMy yAanocb pewunTb 3Ty 3aga4y, U K 1 oktabpa 1958 r. pabota
nocTynuMaa B neyatb. PaboTa oKasanacb HACTO/IbKO Ba*KHOM, YTO Ha ee OCHOBe OH 3awutua B 1959 roay
KaHAMAATCKYy0, a B 1967 roay QAOKTOPCKYD aucceptaumio Ha CneumannsmpoBaHHbIX COBETaxX MNpw
MaTemaTuyeckom MHCTUTYTEe MM. B.A. CreknoBa. B HacTosliee Bpems ABYX30HHaA uan bonee obuian
MHOr030HHan TeOPUA CBEPXMPOBOANMOCTM, pa3paboTaHHan Bcesonogom AHatonbeBnyem B 1958 roay, ctana
K/laccuyeckoi. Ha ee ocHoBe, B npoLecce pas3Butua n 0606uieHnna, 8 Mongose BO3HMK/AA CaMoCToATeEIbHasA
Hay4yHad LWKoNa, Bo3rnasnsemaa npodeccopom, AOKTOPOM XabuamtaT PpuaMKomaTemaTvyeckux Hayk M.E.
ManucTpaHT. YKe 3alimuieHbl CeMb AOKTOPCKUMX AMCCepTauMi M ABe HAXogATCA B CTaAuW 3aBepLUeHMA.
Bbicokoe MHeHue H.H. boronwoboBa o BceBonoae AHaTONbEBMYE HEOMUAAHHO CbhIrPano peLlatoLLyro
MONOXMUTENbHYIO POSb B MOEN HayyHol cyabbe. B Havane 1960 r. H.H. boronto6os npuexan B UHCTUTYT
¢u3nKM B . Knes, U BCe, KTO }Kelan, MOr KpPaTKO M3N0XWUTb CBOM pe3ynbTaTbl HA YYEHOM coBeTe C ero
ydyactmem. Al pacckasan o TOM, YTO NPUMEHUAN ero NOMAPHYI MOAeNb MeTansa U npuwen K BbiBOAY O
CyLLEeCTBOBAHUM BMIKCUTOHOB, @ Ha Ha3e ero MMKPOCKOMMUYECKON TEOPUM CBEPXTEKYYECTU — O BO3MOXKHOM
603€e-3MHIUTEMHOBCKOM KOHAEHCAUMN U CBEPXTEKYYEeCTU 3SKCUTOHOB. Hago ckasaTb, YTO B rogbl MOEro
npebbiBaHMAa B KueBe OblM 3KCNEpUMEHTaZIbHO OOHApY!KeHbl 3KCUTOHbI B MOYNPOBOAHMKAX M CO34aHbl
Nnasepbl, Heobxoanmble ana Bo306yKaeHNA 6ONbLIMX NNOTHOCTEN SKCUTOHOB.

Bosspawanacb K BbicTynaeHuto nepeg H.H. Borontob6oBbiMm € A0KNaZOM, KOTOPbIA Cbifpan ANA MeHs
peLaloLwyo poab, CKaxy, 4to HuKkona HuKkonaesmy 3agymanca v ckasan TONbKo ogHy ¢pasy: «lMonapHasa
MoAeNnb MeTanna naxHeT HadTannHom». OHa Mmena ABOMHOW cmbicn. Mopgenb 6bina paspaboTtaHa Ha
npumepe MOJIEKYNAPHOro KpUcTanna HapTannHa, U, Kpome Toro, 3To 03Ha4YaNo, YTO MoAenb ycTapena. A ywen
PacCTPOEHHbIM, HO MOU KOANErM M Apy3bA NO acnupaHType yrosopuan nogontn K H.H. Borontobosy wu
noroBoputb. BcnomuHaa Te wu3ymuTenbHble rogbl y4ebbl B acnMpaHType, CKa)Ky, 4To y Hac 6bin
WMHTepPHALUMOHaNbHbIN KONNEKTUB: A 13 KnwmHesa, bopuc LiekBasa n3 Tounucu, Oxkapyna Abakapos n3 baky,
Uropb boiko, KOpa Craspaku n Anekcent JemnaeHko n3 Knesa, EpmaxaH McmatoB 13 TawkKeHTa. [a n cam
MNHCTUTYT, PacrnoNOXEHHbIN Ha XMBOMUCHOM Kpato [onoceeBcKoro neca, obnagan NpekpacHoOm HayyHoW
6ubnunotekon. Korga a nogowen Kk H.H. borontoboBy 1 cKasan, YTo ANA 3aWMUTbl Y MEHA HET OMMOHEHTA U
ONMNOHMPYIOLLLEM OpraHM3aLLMn, OH OTBETUA: ONNOHMPYIOLLEN opraHM3aument byaet MatemaTMyeCcKMn MHCTUTYT
um. B.A. CTeknoBa, OT €ro UMeHM nognuuwy fA, a onnoHeHTOM — npodeccop BuKtop fleononbaosny BoHY-
bpyeBuu, 3aBegyowmnin Kadpegpon ¢usnkmM nonynposogHukos MIY, a ¢ HMM noroBopto. Tak B TeyeHue
HECKONIbKMX MWHYT, Kak no BoawebcTBy, Kak A agymato, bGnarogapAa Hespumomy npucytcTeuio 6Hpata
BceBonoga, pewwnnacb mosa cyabba. K moemy cTbigy, A TOraa He OLEHMA NO AOCTOMHCTBY Bennume H.H.



borontoboBa, M, BCMOMMWHAA CAydYMBLUEeCsA, OO CUX MOP OLIE/NIOMJIEH ero AeMOKPaTU3MOM, MPOCTOTON U
pacrnosioXeHnem K Awasm. Tenepb MNOHATHO, NpoAo/KaTenem, NpeacTaBUTENIeM KaKoW Bblgatouleiics
Hay4yHOW WKo/Abl akagemuka H.H. borontoboBa ABnseTcs akagemuk BceBonog AHaTosibeBuY MoCKasieHKO,
KOTOPbIM NEPEeHAN U Pa3BUA ee Nydlune HaydHble TPAANLMK, BbICOKUIM HaydHbIl YPOBEHb, TPeboBaTE/IbHOCTb K
cebe M AeMOKpaTM3M B OOLLEHMWN C KONNEramu, COTPYAHUKamMM 1 acnupaHTamu. 3a 60 net paboTtbl BceBonog
MocKaneHKo co3aan B Pecnybnmke MongoBa HaydHYIO LLKOJY MO TEOPETUUYECKOM N MaTemaTuyeckol Gusmke,
B pamMKax KOTOPOM NoAroToB/IEHO ABaALAaTb AOKTOPOB U NATb AOKTOPOB Xabuamtat ¢pusmMKo-maTteMaTUUYECKMX
Hayk. bonee TOro, M3 cocTaBa OCHOBHOIO KOJINEKTMBA BO3HWK/AQ CAMOCTOATE/IbHAA HAyyHaa LWKOAa Mo
MHOr030HHOW TEOPUU CBEPXNPOBOAMMOCTU, Bo3rnasnaemas npodpeccopom M.E. MannctpaHxr.

Akagemuk Cearocnas MocKaneHko

MonHomouHbIN NpeacrasuTenb Pecnybankn Mongosa B OUAU

AkagemuKk B. MoOCKaneHKO cbirpan BaKHyl0 posb B GOPMUPOBAHUWM U MOALEPMKAHUWU MEXKAYHAPOLHOIO
NPecTuKa HaLWMOHANbHON HAayKM MNyTEM YKPEenaeHua U PaclMpPeHus COTPYAHWMYECTBA HaWMX GU3MKOB C
O6beaANHEHHbIM UHCTUTYTOM AAEPHbIX UCCNefoBaHui B [ybHe.

OUAN — opHa M3 ABYX HayyHbIX OpraHu3auuit EBponbl (Hapagy ¢ EBponeickMm UEeHTpoOM AfepHbIX
nccneposaHunii LLEPH (CERN)), kKoTopbie pacnonaratoT Heobxoaumon WMHOPACTPYKTYpoOn Ana uccienoBaHuAa
dyHAAMEHTaIbHbIX CBOMCTB BELLeCcTBA. TM ABa LEeHTpa 6bian co3gaHbl B cepeamHe 50-x rogos 20-ro Beka
MCXOAA M3 OCO3HAHMA Toro @¢akTa, 4YTO AAEepHAA HAyKa HEe MOXKeT OrpaHUYMTbCA KAaCCUYEeCKMMU
NabopaTopHbIMM UCCNEA0BAHUAMMU U TONBKO LUMPOKOE COTPYAHMYECTBO C 0bbeguMHeHMem NoTeHuMana u
NHOPACTPYKTYPbLI ANA UCCAEA0BAHUNA MOXKET obecneunTb apdeKTMBHOE pa3BnTne 3Ton obnactn Hayku. LLEPH
6bin co3aaH B 1954 roay, a OMAN ocHoBaH B 1956 r. 18 cTpaHaMmu-yupeautTensimum, B Tom ymcne Pecnybnmka
MonaoBsa, U NATbIO aCCOLMMPOBAHHBIMK YneHamn. 3a 60 NeT MHCTUTYT BHEC HEOLLEHUMbI BKNaZ B pa3BuTHe
COBpeMeHHOMN GUINYECKON N XMMUYECKOM HayKW. [loCTaTOYHO OTMETUTb, YTO MOJIOBMHA OTKPbITUIA B 061acTh
COBpPEMEHHON saaepHOM OU3NKK, 3aperucTpMpoBaHHbIX B 6ObiBwem Cosetckom Cotose (okono 40),
npuHagnexmnt OUAN. NMpru3HaHa NPUOPUTETHOCTb MHCTUTYTA B OTKPbITUM BCEX 3/1EMEHTOB C HOMepamu oT 102
00 107 U NNUOHEPCKUIMA CUHTE3 31eMeHTOB ¢ Homepamu 113 go 118, kak n 6onee 400 HOBbIX M3OTOMOB.
dnemeHT 105 Ha3BaH [lybHUI B yecTb ropoaa, rae oH 6bin OTKPLIT. InemeHT 114 HasBaH PnepoBuil B YeCTb
ocHoBaTesna Jlabopatopuu agepHbiX peakunii akagemuka . dneposa, a anemeHTbl 115 1 118 HocAT Ha3BaHUA
MocKkoBuit 1 OraHecCoOH COOTBETCTBEHHO.

Mpouecc npusneyeHua ¢pmnsnkos M3 Pecnybankn Mongosa K uccnegosanuam OUAU 6bin MHUMLUMKMpPOBAH B 60-e
rogbl akagemMukom B. MocKaneHKo, Mma KOTOPOro Mo npaBy MOXeT ObiTb MPUYMCAEHO K 30/10TOMY
nokoneHnto OUAN. MNocne npucyxaeHna crteneHn OOKTopa HayK Bcesonog MockaneHKO BO3BpalLaeTcsa B
Mongosy, cHadana B [ocyHMBepPCUTET, NOTOM B MHCTUTYT GU3NKM M MaTEMATUKN U NHCTUTYT NpUKNaLHOM
du3nKn. B atoT nepuosa cbopmmpoBanacb nepeas naeaga ¢éusmkos-agepwmkos: K. N'yamma, M. basHat, /1.
JoroTtapy n ap., KOTOpbIM NPEACTOAN0 pa3BMBaTb NOAOOHble MccaeaoBaHua B KuwunHese. Bnocnepctsum
obnactb uMccnenoBaHWMM, BbIMONHAEMbIX MOAABCKMMM yyeHbIMM B [lybHe, pacwwmpuaacb No HOBbIM
HanpaBAEeHUAM, TAKUM KaK GU3MKA KOHAEHCUPOBAHHbIX Cpes, HaHOMaTepuasbl U HAHOTEXHONOMUK, XUMUA,
paanobuonorua, sKkonorna, meauunHa u gp.

[ oKrop xab. Bauecnas Ypcaku B. A.

MocKaneHko B [ly6He



HayuyHbir nyTb BceBonoaa AHaTonbeBMya MockasneHKo 6bin TecHo cBaszaH ¢ OUAN n Oy6Hoi. OH Hayan
pabotaTtb B [lybHe B JlTabopaTtopuun Teopetnyeckon ¢usmkm um. H.H. boronobosa (/ITP) ONAUN B nrone 1996
roga. K aTomy BpemeHM 3a MHOro NneT CBOeN HayyHOM W neparornyeckon aeAtenbHoctn B Mongose B.A.
MOCKaNeHKO y)Ke BHeC BblAAMOWMIACA BKNAL B PasBUTME  CTAaTUCTUYECKOM PU3NKU U OUBUKM
KOHOEHCMPOBAHHOTO COCTOAHUA W BOCMMTAN LEeN0e MOKONEHWE MONOAbIX YyyeHbiX. MM 6biinv nonyyeHsi
OoCHOBOMoONaratowme pesyabTaTbl B TEOPUU MNONAPOHOB W SKCUTOHOB. 3HAYUTENbHbIX Yycnexos B.A.
MocKaneHKo yaanocb AOCTUYbL B UCCNEA0BaHUM HEynopAaLOYEeHHbIX CUCTEM — CMIMHOBbLIX U KBAZpPYMNOJbHbIX
cTekon. PyHaameHTaNbHbIN BKNAA B PAa3BUTME TEOPUM CBEPXMNPOBOAMMOCTU Obl BHeCceH B.A. MocKaneHko B
1958 roay, Koraa um Bnepsble B Mupe Hbina chopmyanpoBaHa ABYX30HHAA TEOPUA CBEPXMPOBOANUMOCTH.
[anbHenwee pa3suTue 3To Teopmn B pabotax B.A. MOCKaneHKo 1 ero coTpyaHUKOB 0OHapyXno, 4To Takne
CBEPXMNPOBOAHUKN C NEPEKPbIBAIOLLMMUCA 30HAMM 061a4at0T HeOObIYaHbIMUK CBOMCTBaMKU. B nonHol mepe
3Ta TeopUA NOYYNNA CBOE NOATBEPNKAEHNE B HEAABHUX IKCMEPUMEHTAX B COEANHEHNN AMbBOopUAa MarHua c
PEKOPAHOM ANA 3N1eKTPOH-GOHOHHbIX CBEPXMPOBOAHNKOB TeMnepaTypoun nepexoaa B 40 rpagycos KenbBuHa.
Mosatomy HeyausuTenbHo, 4Tto B.A.  MoOCKaneHKo Cpa3y e MNpUCTYNUA K  WUCCAEeAO0BAHMUIO
BbICOKOTEMMEPATYPHOM CBEPXMPOBOAMMOCTM B KynpaTHbIX COeAMHEHWUAX, OTKpbIToM begHopuem u
Mtionnepom B 1986 rogy.

PeweHne npobnembl BbICOKOTEMMEPATYPHOM CBEPXNPOBOAMMOCTM TECHO CBA3AHO C MOCTPOEHUMEM TEOPUU
CUNIbHO KOPPENMPOBAHHbIX 3N1EKTPOHHbIX CUCTEM, KOTOPAaA fAB/AETCA B HACTOALLEE BPEMA LEHTPasIbHOM
npobnemoit GU3MKM KOHAEHCUPOBAHHbLIX cpen. be3 pa3spaboTkM 3TOM TEopMM HEBO3MOXMKHO MOHUMaHMe
MHOrMX YHAAMEHTANbHbIX MPOLLECCOB, OMPeAensAtoWmx BblCOKOTEMMNEPATYPHYIO CBEPXMNPOBOANMOCTD,
bU3KKY TAXKeNbIX PEPMUOHOB, ABIEHNE MMTAHTCKOTO MAarHUTOCONPOTUBAEHUA U PALA APYIUX.

B.A. MocKaneHKo c coTpygHMKamu pa3paboTan HOBbIA NoAxoA4 B TEOPUW CUAbHO KOPPEennpoBaHHbIX
3/IEKTPOHOB, MCMONb3YHOWNA OPUTMHANBbHYIO AMarpamMMHYI0 TEXHUKY Ana moaenn Xabbappa, OCHOBHOM
MOZENN CUNbHO KOPPENUPOBAHHbBIX INEKTPOHHbIX cucTem. MUm Bbina copmynnpoBaHa HOBaA KOHLENUUA O
KOpPPEenALMOHHbIX QYHKLMAX KaK HOCUTENen BCEX KBAHTOBbLIX CMMHOBbIX, 3apAA0BbIX M NAPHbIX GAYKTyaLuuni
CUCTEMbI, HAa OCHOBAaHMW KOTOPOWM YAANOCb YCTAHOBUTb YypaBHeHMe Tuna [akicoHa ANA NOAHbIX
OZHOYACTMYHbIX MPOMaraTopos.

HoBbli1 AMarpamMmmHbIit meTod, NepBOHaYabHO NPeasioKeHHbIM A1a 0AHO30HHOM moaenu Xabbapaa, 3aTem
0b6o06LiaeTca Ha bonee CNOXKHblE CUCTEMDI, TAKME KaK nepuoanyeckas moaenb AHAEPCOHa, 0O4HOMNPUMECHan
mopaenb AHAEpPCOHa, Tpex3oHHasa moaenb Xabbapaa, mogens Xabbapaa-XoscTeliHa n gpyrue.

ﬂ,aHHblm MmeToa nccneagoBaHuA nNo3sosina YCTaHOBUTL pAL CYWECTBEHHbIX HAaYYHbIX Pe3ya1ibTaTOB, KaCakoWnXCcA
TepMmoanHaMUN4YeCKUX CBOWCTB nceneaoBaHHbIX CUCTEM, TAKUX ¢a3OBbIX I'IDEBan.I,EHMl‘;I, KaK nepexon metann-
ANINEKTPUK, CcocyllecTtBOBaHME BOJIHbI CMMUHOBOM MAOTHOCTU U ceepxnposoanMocCTun. 3HaUNTENbHDIN BKNaA4
6blN BHECEH UM B pa3pa60TKy Teopuu NOJIAPOHOB B CUJIbHO KOPPENMPOBAHHbIX CUCTemMax. Bce 3T HayyHble
nccnenoBaHuA 6b11N B 3HAYNTENbHOM CTeNeHU BbiNoaHeHbl B.A. MocKaneHKo B ,U,Y6He.

HayyHble pocTuxKeHus B.A. MOCKa/NIEHKO XOpOWO M3BECTHbl Cpeau 3apybekHbiX Y4YeHbIX, aKTUBHOE
COTPYAHMYECTBO C KOTOpbiMM B [epmaHun, UTanmu, PymbiHUM U gpyrmx cTpaHax NPUHEC/IO eMy MUPOBYIO
N3BECTHOCTb.

Konnern no OUAN

HayuHble pocTukeHua B.A. MOCKaNEHKO NONYYMAM LUMPOKOE MpPU3HAHME U MPUHECN eMy MNAAHETAPHYH
M3BECTHOCTb. DTO HaBCErAa OCTAHETCA B YAMBUTE/NIbHO KPAaCMBOM, HEMO3HAHHOM M MHOroobellatolem mupe
Haykn. @PunurpaHHoe BnageHWe MaTeMaTMYeCKMM annapatom yAuBAAnO, a ero pabotbl no
CBEPXNPOBOAMMOCTM  CNABUANCL OPUrMHANBHOCTBIO WM OCHOBATENIbHOCTbIO, CYMTAZIMCb W OCTAlOTCA



KNacCMYeCcKMMn. ITO APKOe CBUAETENbCTBO TOrO, HACKO/MbKO Hago ObiTb NpeAaHHbIM HAayKe U BEPHO eM
CNYXUTb. BcnomuHaeTca ero KpUTUYECKUMIA aHanu3 Pe3ynbTaToB, B TOM 4YMUCAE aAMUHUCTPATUBHbLIX, 4TO,
6e3ycnoBHO, nomorano B pabote. Mpownun roabl, BO3PacTHbIE BEXW OTPa3MAINCL B ybeneHHOW ceguMHamm
rosioBe, Ho Aywou B.A. MocKa/ieHKO Bcerga oCcTaBasica MO0AbIM, APKMM, BblAENAOWMMCA cpeamn apyrux. Mol
OCMPOTENN, U UCKPEHHE COXPAaHUM NamMATb O ero ryboKkoM NPOHUKHOBEHMW B CYyTb PU3MUYECKUX ABNEHUI, 0O
WHTeNNeKTyane B 0bLleHnn, o fo6poXKenaTelbHOM OTHOLWEHUU K IIOASAM U KU3HU. Bce Mbl BEAOMbI MbIC/bIO
1 BEPOW, YTO akaaeMUK BceBosiog MocKaieHKO BOBCE He ymep, a NPOCTOo nepecTtasn bbiTb cpean Hac.

FnasHbIpeaaKTopakagemukMupuabonora

CONTRIBUTION OF ACADEMICIAN VSEVOLOD MOSKALENKO TO THE DEVELOPMENT OF CONDENSED
MATTER THEORY
Journal of the Physical Sciences, 2(3) 223-227 (2003)

... V.A.Moskaleko started (1955) his carrier in theoretical physics with a generalization of the well known
Bogoliubov (1950) adiabatic theory of polarons by considering two particles interacting with quantum scalar
field of optical phonons. He examined the problem of translational and fluctuational motion of bipolarons and
excitons. (Proceedings of Chisinau State University (Uchen.Zapisky Kishinev Gos. Univ. (UZKGU) 1955, 17, p.
103-114)). In this work he has achieved the correct treatment of the translational motion by incorporating
conservation of full momentum of the system on any step of the perturbation theory. The effective mass of
the polarized exciton has been obtained. The weak coupling theory of an exciton interacting with phonons
was published by him in Sov. Phys.JETP Zh. Exp.Teor.Fiz.(ZETF). 1956, 30, p.959-960. This result has been
included in Haken's review on exciton problem and added by Zubarev to the Russian edition of Ter Haar
monograph. Another challenge was the theory of thermal excitation of polarons. By assuming a strong
electronphonon interaction, he has proven the possibility of multi-phonon transitions between 1s-2p states of
a polaron (ZETF, 1958, 34, p.346-358). To improve this treatment he resorted to the method of Feynman path
integrals and developed the theory of an exciton surrounded by phonons for arbitrary interaction strength.
His paper entitled "The energy of exciton in ionic crystals" appeared in Sov. Phys. Dokl. Akad. Nauk SSSR (DAN)
1958, 119, p. 678- 681.

A further development of Bogoliubov's polaron theory has been proposed by Prof. Tiablikov and
V.A.Moskalenko in the Proceedings of Chisinau State University (UZKGU) 1960, 55, p.113-127. In this paper
the authors were concerned with the energy spectrum of renormalized phonons. They succeeded to obtain a
considerable simplification of Bogoliubov's quantum field equations and to reveal the transfer of the three
degrees of freedom from the field to the moving polaron. In 1964 he developed the theory of optical bands in
materials containing F-centres which described correctly the temperature dependence of the optical band
width (Sov. Physics Optics and Spectroscopy, 1964, 17, nr.5, p. 728-733). V. Moskalenko has formulated the
first systematic diagram technique treatment for electronphonon systems with weak interaction, using
skeleton diagrams for the vertex, electron and phonon self-energy operators.

... His quantum theoretical analysis of the thermodynamic properties of anharmonic crystal lattices using
diagram technique for temperature Green functions (Sov. Phys. Solid State Physics, 1963, 4, p. 575) came
prior to the widely known work by Maradudin. However the most remarkable successes came in the late
fifties — the era of superconductivity. In that period Vsevolod Moskalenko was a postgraduate at the Moscow
State University and at the Steklov Mathematical Institute (IX 1957-V 1959). He was interested in microscopic
mechanisms of superconductivity ("low temperature materials"). Starting from the Frohlich Hamiltonian of



the electron-phonon system, he used the procedure of eliminating of the phonon coordinates from the grand
canonical partition function. In this way he obtained the thermodynamic potential of the electron subsystem
which included the retardation effect and thus has achieved a generalization of Bogoliubov superconductivity
equations (Dokl.Akad.Nauk SSSR, 1958,123,p. 433-436). He also proposed an original approach incorporating
renormalization of the phonon Green function and the screening of the Coulomb interaction in the same
polarization operator on an equal footing. This allowed to investigate the influence of the Coulomb interaction
on the critical temperature of the superconductors (Dokl.Akad.Nauk SSSR, 1962, 147, p. 1340-1343). At the
same time he attempted such a generalisation of the microscopic theory of Bardeen, Cooper and Schrieffer
(BCS) and Bogoliubov, which would take into account the real properties of metals. In October 1958, he
submitted his new theory which assumed the existence of overlapping electron bands to Fiz. Met.Metalloved.
In this theory both intra- and inter-band interactions between electron Cooper pairs are taken into account,
leading to formation of respective bound electron. An increase of critical temperature Tc of superconducting
transition was predicted to occur due to the inter-band interaction. At the same time a violation of the
universal formulae of BCS theory was established (e.g., for the jump of electron thermal capacity at the critical
temperature). After one year, in October 1959, the paper appeared in Fiz. Met.Metalloved. 8, p.503-513. In
November 16 1959 Shul, Matthias and Walker submitted their short version of the theory of
superconductivity with overlapping bands to Phys.Rev.Lett., 3, p.552. This paper was published on December
15, 1959 and, with some exceptions, up to present day it remains the only one quoted in the western
literature, despite being published later and presenting a less complete treatment of the problem than the
paper by Moskalenko. The main idea of V.A.Moskalenko, on the existence in real metals of the intra - and
inter - band transitions of cooper pairs was later developed in a large amount of papers which followed during
the years. Several new effects have been discovered already at the beginning of this exploration. Thus it was
found that the thermodynamic properties of the two-band superconductors with nonmagnetic impurities are
largely affected due to the inter-band scattering of conduction electrons by impurities, in contrast to the
behaviour of the one band isotropical model according to Anderson's theorem (Zh.Eksp.Teor.Fiz. 1965, 49,
p.770-780). When the non-magnetic impurity concentration is increased, the critical temperature Tc, the
energy gap and order parameters drop down, but the superconductivity can't be destroyed. Magnetic
impurities introduce an additional spin-flip mechanism of electron scattering (Zh.Eksp.Teor.Fiz. 1966, 55,
p.724-725). The properties of the alloy are altered considerably both by intra-band and inter-band scattering
processes. The concentration of magnetic impurity has a special critical value for the destruction of the energy
gap (gapless superconductivity) and then the next value for the vanishing of the superconductivity exists, as it
occurs in the one band isotropic superconductor. During development of the two-band theory many
properties have been studied in detail. This layed the ground for later possible applications of the theory to
specific materials.In the paper Fiz.Met.Metalloved., 1975, 39,p.1145-1149, V. Moskalenko has discussed the
failure of the attempts to obtain experimentally the two gap superconductor materials in that period. The
experimental success was obtained later, in 1980. In view of the present resurgence of interest to these
issues, related to recent technological progress, we find it important to mention the main results here. The
dependence of the order parameters and Tc on nonmagnetic impurity concentration was obtained in
Fiz.Met.Metalloved. 1967, 23,p.585-596. The role of localized magnetic states was elucidated in Phys. Lett.
1968, 27A, p.266-267; the influence of magnetic impurities on the persistent currents in Ibid 1968, 27A,p.295-
296; the tunneling effect between the 8 two-band superconductors with nonmagnetic impurities in
Fiz.Met.Metalloved., 1968, 25, p.385-389; the dependence of Hc on nonmagnetic impurities in
Fiz.Met.Metalloved.27, p.415-418; the absorption of sound in Ibid 1968, 25, 653-657. The influence of
paramagnetic impurity on thermodynamics of these materials was studied in Physica Status Solidi, 1969, 32,
p.545-549 and the theory of light absorption in Teor. Mat. Fiz., 1970, 2, 383-398. A considerable effort has
been devoted to the elaboration of a new method of theoretical investigation of the density of states (DOS) of
superconducting alloys, since the knowledge of the correct DOS is very important for the evaluation of the
experimentally measured quantities and their dependence on the impurity concentration and temperature.
The results have been summarized in the monograph "The method of investigation of the density of electronic



states in superconducting alloys" (in Russian, Chisinau, Stiinta, 1974, 148 pages). Various kinetic properties
have been studied on the basis of this method. Thermal conductivity of alloys with nonmagnetic localized
states (Fiz.Tverdogo Tela, 1974, 16, p.2900-2901); the DOS and kinetic coefficients of superconducting alloys
with transition metals impurity (Teor. Mat. Fiz. 1976, 27, p. 392-405); influence of the magnetic impurity on
the tunneling contact (Phys. Lett, 1977 61A, p.329-330); superconductivity of spin glasses (Phys.Lett. 1979,
69A, p. 377-378); reentrant superconductivity in a disordered two-band system (Teor.Mat. Fiz.1983, 55 p.431-
447); coexistence of superconductivity and dielectric phase (Fiz.Tverdogo tela, 1985, 27, p.2006-2012). Several
summary monographs have been published: V.A.Moscalenco "Electromagnetic and kinetic properties of
superconducting alloys with overlapping energy bands", Chisinau, Stiinta, 1976, 264 pages; V.A.Moscalenco,
Y.N.Nica, D.F.Digor "Tunneling properties of superconducting alloys", Chisinau, Stiinta, 1978, 82 pages;
V.A.Moscalenco L.Z.Kon and M.Palistrant "Low temperature properties of the metals with pecularities of band
spectrum", Chisinau, Stiinta, 1989, 285 pages.

... After the seminal paper by S.F. Edwards and P.W. Anderson (EA)(J. Phys. F, 1975, 5, p.965), which
pinpointed the main physical mechanisms, many theorists were trying to construct an adequate framework
for the description of the physical properties of glassy materials. V. Moskalenko proposed a new approach to
this problem which was based on the principle of stationarity of the free energy of spin glasses against the
variation of the on-site magnetic moments (Dokl. Akad.Nauk SSSR, 1981, 260, p.68-72). This idea was
implemented through a novel field theoretical digram perturbation method for disordered systems with
guenched disorder, which served as reliable tool for the description of many properties of such materials. It
allowed to study the spin wave excitations in spin glasses (Phys.Lett 1981, 82A, p.143-144), the distribution of
local magnetic fields (Fiz.Niz.Temp., 1983, 9, p.653-656), the dynamics in the presence of an 9 external field
(Phys.Lett, 1984, 102A, p.434-436), the clustering properties (Fiz. Niz.Temp., 1988, 14, p.486-492),
thermodynamic properties (monograph "On the theory of metallic spin glasses", Chisinau, Stiinta, 1985, 185
pages). The universality of this powerful approach has been proved by its generalization to orientational
systems (Teor.Matem.Fiz., 1987, 71, p.129-14), which allowed to describe the low temperature behaviour of
the solid mixture of ortho and para hydrogen. An overview of the approach is contained in the book "Mean
field method in the theory of spin and quadrupole glasses systems" Chisinau, Stiinta, 1990, 282 pages. After
discovery of high temperature superconductivity. No surprise that V. Moskalenko could not stay aside and,
together with his team, he has fully engaged in this battle. It became clear from the very beginning that
traditional methods are insufficient to handle the immense complexity of the problem. One of the directions
continued the earlier investigations of the multi-band strategy, which is most suitable for these oxide
compounds with a rich band structure. This was demonstrated in the paper by V.Moskalenko in Physics C,
1988, 153-155, p. 1185-1186, where the possibility of increasing the transition temperature of
superconducting compounds was investigated. The influence of the oxygen disorder on HTSC was studied by
using two band model, in Sol.Stat.Commun, 1989, 69, p.747-750. The properties of superconducting materials
with anisotropic energy gap were investigated in Sverhprovodimost, Fiz. Khim.Tehn., 1989, 5, p. 5-10. The
influence of hybridization of electronic states on the properties of high Tc superconductors was studied in Fiz.
Niz. Temp., 1990, 16, p. 1518-1523. The detailed study of the influence of the peculiarities of the band
structure on the HTSC materials was undertaken in Usp. Fiz, Nauk, 1991, 161, p. 155-178. A qualitatively new
aspect of the problem was the essential role of the strong electron correlations in these materials, an
argument first put forward by Anderson in 1987. In an attempt to address this fundamental difficulty, V.
Moskalenko arrived to formulate a qualitatively new strong coupling diagram perturbation theory in which
the kinetic energy of electrons is the small parameter of the theory in agreement to the experimental
situation. This required a radical reformulation of the whole device of the perturbative approach (Teor. Mat.
Fiz.1990, 83, p. 428-437). It is based on the generalized Wick theorem for statistical averages of Fermi
operator products. This theorem differs from the ordinary one by additional terms containing irreducible
many-particle Green functions, the on-site cumulants accounting for the strong local Coulomb interaction. The
superconducting phase transition was discussed in a series of joint papers together with N.N.Bogoliubov:
Teor. Mat., Fiz., 1991, 86, p. 16-30; Dokl. Akad.Nauk, 1991, 316, p. 1107-1111 and in Teor. Mat., Fiz., 1992, 92,



p. 182-190. This approach was further generalized to include the presence of antiferromagnetic correlations in
these materials (Fiz. Niz.Temp., 1991, 17, p. 1227-1230) as well as for the two-band Hubbard model (Teor.
Mat. Fiz. 1992, 92, p. 270-282). The effect of the coupling to phonons of a system of strongly correlated
electrons has been discussed in Teor. Mat. Fiz. 1995 103, p. 138-160. The new diagram technique and
canonical transformations has been developed and applied to a wide range of questions concerning the
presence of the strong Coulomb repulsion of electrons and the strong interaction of electrons with phonons.
The influence of this interaction on the parameters that control the metal-insulator or superconducting phase
transition has been established. Special investigation has been devoted to the problem of strongly correlated
electrons with phonons (Theoretical and Mathematical Physics Vol.103, p.455 (1995); Vol.111, p.744(1997);
Vol.113, p.432, (1997); Phys.Rev. B 59, p.619 (1999) and Physica B, vol.259-261, (1999). The interaction with
nondispersive optical phonon has been transformed to the problem of mobile polarons. This strong correlated
problem is handled with proposed new diagram technique. A collective mode of phonon clouds which
surround the polarons has been proved. The influence of the emission and absorption of this mode by
polarons has been investigated. The new idea that the polarons exchanging phonon clouds can lead to
polaron pairing and superconductivity has been elaborated. The fact that the frequency of the collective mode
of phonon clouds is larger than the 10 bare frequency then determines the superconducting transition
temperature of high-Tc materials (Zh.Exp.Theor. Fiz.124, N2 (2003); Theor.Math.Phys 130, p.270 (2002).
Another kind of activity has been devoted to the cell representation of three-band Hubbard model. The new
conception of diagonalizing fermions for oxygen holes has been introduced. The diagonalization of this
subsystem is realised before the introducing of the Wannier orthogonalized orbitals of these holes which
results in lower energy of Zhang and Rice singlet (Physics of Elementary Particles and Atomic nuclei, Dubna,
vol.33, p.964, (2002)). The new approach to periodic Anderson model using new diagram technique has been
elaborated in normal and superconducting phases.(Jour.Low.Temp.Phys.,105, p.633 (1996); Theor.Math.Phys.
110, p.243 (1997)); Theor.Math.Phys. 116,p.1094 (1998). The hopping perturbation treatment of the periodic
Anderson model has been elaborated with special canonical transformation method for treating the atomic
limit of this model and with special investigation of the possibility of superconducting pairing has been
discussed in the papers Theor.Math.Phys. 121, p.1654 (1999); Phys.Rev.B 63, 245119 (2001);
Theor.Math.Phys. 127, p.664, (2001)).
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