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SLOW OSCILLATIONS IN LAYERED WEYL SEMIMETALS

G.O. Abdullaev!, Z.Z. Alisultanov'
'Amirkhanov institute of physics, DFRC, RAS, Makhachkala, Russia

Email: abd.gm90@yandex.ru

In this work we consider the quantum oscillation of magnetization and
conductivity in multilayer topological insulators in the presence of magnetic
impurities. This system is a simple example of 3-d Weyl semimetals [1]. The special
shape of the Fermi surface leads to the beating form of oscillation and the
temperature coefficient depends on the chemical potential p which caused by linear
dispersion law. In contrast for magnetization, for conductivity there appears
additional terms, the so-called slow oscillation term, which were observed in layered
structures with the usual dispersion law. Also, for Weyl semimetals there are terms
with new characteristic frequency. This frequency is associated with the shift of the
Dirac cones caused by symmetry breaking and is determined by the distance
between Weyl points.

This work was supported by the Russian Science Foundation grant 22-72-00110
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EFFECTS OF SOLUTION VISCOSITY ON THE GROWTH RATE OF
OVERCRITICAL GAS BUBBLES

E.V. Aksenova'!, A.K. Shchekin!, A.E. Kuchma'

ISaint Petersburg State University, Saint Petersburg, Russia
e.aksenova@spbu.ru, www.spbu.ru

An analytical and numerical study of diffusion growth of overcritical gas bubbles
at degassing of the supersaturated-by-gas solution with the explicit full-scale
influence of viscous forces on internal pressure in the bubbles has been presented.
At degassing of supersaturated-by-gas solution, we need to describe not only the
dependence of the gas bubble growth rate on the bubble radius and gas
supersaturation, but also control how the capillary and viscous effects change the
concentration profile of the dissolved gas in supersaturated liquid solution around
the growing bubble [1]. Using the approach, presented in [2] we have found how the
growth rate of overcritical bubbles depends on gas supersaturation, its diffusivity
and solubility in solution, solution viscosity, and surface tension at bubble surface.

We have derived analytical formulas for the bubble growth rate and the
correction function (which takes into account the balance in the number of gas
molecules that have left the liquid solution and came into the growing bubble) of
small overcritical gas bubbles at strong viscosity of the solution and full account of
capillary pressure in the bubbles as a function of the bubble radius. We have found
the asymptotic formulas for the case of low viscosity and small radius. Finally, we
obtained the formulas for the bubble growth rate and the correction function at large
overcritical radius.

We numerically evaluated the effects of viscous forces on the rate of gas bubble
growth at any radius of the overcritical bubble within the wide range of viscosities
of the supersaturated-by-gas solution and confirm all the asymptotic analytical
results.
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HESPMUTOBHI BENJIEBCKVE ®EPMUOHLI B
KOHAEHCUPOBAHHBIX CPEJAX

3.3. AnucynraHoB

Hnemumym ¢pusurxu JOUI] PAH, Mazxaukanra, Poccus

zaur0102Q@gmail.com

MpbI pasBuBaeM HE3PMHUTOB IM'aMUJILTOHOB (pOPMAIU3M IJIsl OIucaHus gep-
muonoB Beiia tunos III u IV, upepoxenusix B pabore [1]. Cuexrp ra-
MUJIBTOHHAHA MMEET HeOOBIYHBINA TUIl AHU30TPOIUH. A UMEHHO, SPMUTOBOCTH
TaMWJIBTOHNAHA CHJILHO 3aBUCUT OT HAIIPABJIEHUS B WMITYJIHCHOM IIPOCTPAH-
CTBE: JJjId OJHUX HAIIPABJIEHMI CIIEKTP BEINECTBEHHBINH, B OTJIMYHE OT JPY-
TUX HAIPABJIEHUIA, T/Ie OH CTAHOBUTCS KOMILIEKCHBIM. DTOT (paKT MPUBOIUT K
HETPUBUAJILHON a1nabaTHIeCKoi 9BOIONUH U HETPUBHAILHBIM 0COOEHHOCTIIM
ancia Yepra. Kpome Toro, Mbl mokKasbiBaeM, UTO HEIPMUTOB TaMIIHLTOHM-
aH MOKeT OBITH MOJIYYeH B paMKaxX OTHOYACTHIHON 38[a<N TOTOJIOTHIECKOM
30HHOI Teopun.Mbl HCCIIEIOBAIN YCTORINBOCTD HESPMUTOBBIX TOUEK Beiis.
HexkoTopbie mammm pe3yabTaThbl MOTYT OBITH TPUMEHEHB! U K JIPYTUM Oecrieste-
BBIM HESPMHUTOBBLIM 3JIEKTPOHHBIM COCTOSHUSM.

Pabora nogmep:kana rpaarom PH® 22-72-00110.

Crucok JiuTepaTypbl
[1] Nissinen, J. and Volovik, G. E., JETP Lett. 105 442 (2017)

[2] Z.Z. Alisultanov, E.G. Idrisov, Towards the theory of types III and IV
non-Hermitian Weyl fermions, arXiv:2110.13714



DENSE RANDOM PACKING WITH A POWER-LAW SIZE
DISTRIBUTION: THE STRUCTURE FACTOR,
MASS-RADIUS RELATION, AND PAIR DISTRIBUTION FUNCTION
A. Yu. Cherny', E. M. Anitas'?, and V. A. Osipov'

1 Joint Institute for Nuclear Research, Dubna, Russian Federation
2National Institute for Physics and Nuclear Engineering “Horia Hulubei”,
Bucharest-Magurele, Romania,

E-mail: anitas@theor.jinr.ru

We consider dense random packing of disks with a power-law distribution of radii
and investigate their correlation properties. We study the corresponding structure
factor, mass-radius relation and pair distribution function of the disk centers. A
toy model of dense segments in one dimension (1d) is solved exactly. It is shown
theoretically in 1d and numerically in 1d and 2d that such packing exhibits fractal
properties. It is found that the exponent of the power-law distribution and the fractal
dimension coincide. An approximate relation for the structure factor in arbitrary
dimension is derived, which can be used as a fitting formula in small-angle scattering.
The findings can be useful for understanding microstructural properties of various
systems like ultra-high performance concrete, high-internal-phase ratio emulsions or
biological systems.
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STRONGLY NONLINEAR DIFFUSION IN TURBULENT ENVIRONMENT:
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The field theoretic renormalization group is applied to the strongly nonlinear
stochastic advection-diffusion equation. The turbulent advection is modelled by the
Kazantsev—Kraichnan “rapid-change” ensemble. As a requirement of the
renormalizability, the model necessarily involves infinite number of coupling
constants (“charges”). The one-loop counterterm is calculated explicitly. The
corresponding renormalization group equation demonstrates existence of a pair of
two-dimensional surfaces of fixed points in the infinite-dimensional parameter
space. If the surfaces contain infrared attractive regions, the problem allows for the
large-scale, long-time scaling behaviour. For the first surface (advection is
irrelevant), the critical dimensions of the scalar field, the response field and the
frequency are nonuniversal (through the dependence on the effective couplings) but
satisfy certain exact identities. For the second surface (advection is relevant), the
dimensions are universal and they are found exactly

References

[1] N.V. Antonov, A.A. Babakin and P.I. Kakin, Strongly Nonlinear Diffusion
in Turbulent Environment: A Problem with Infinitely Many Couplings. Universe,
Vol. 8, pages 121-136 (2022)



RKKY INTERACTION IN 2D WEYL SEMIMETAL MODEL WITN
SPIN-ORBIT COUPLING

LV. Baramygina'?, R.A. Niyazov?>!, D.N. Aristov'?

" NRC “Kurchatov Institute” - PNPI, Gatchina, Russia
2 Department of Physics, St. Petersburg State University, St. Petersburg, Russia

yulia.baramygina@gmail.com

The RKKY interaction plays an important role in studying the properties of
systems with localized spins. It is usually considered as an effective exchange
interaction between two magnetic impurities in a non-magnetic host material. This
type of interaction is characterized by the oscillations with a frequency of 2kg (ky is
the Fermi momentum), at zero temperature the interaction decreases in a power-law
manner R (d is a dimensionality) [1]. In recent years, the RKKY interaction in such
promising materials as Weyl and Dirac semimetals has been actively studied. Due to
the unique spectrum of these materials, the RKKY interaction there differs from that
in other systems. Oscillations appear associated with the location of the Weyl or
Dirac points in the reciprocal space. As the effective Fermi momentum tends to zero,
a higher degree of decrease with distance is observed.

We consider the RKKY interaction in the two-dimensional model of the Dirac
semimetal proposed by S.M. Young and C.L. Kane [2]. This is the simplest model of
a 2D Dirac semimetal where highly symmetric points exist in the presence of
spin-orbit coupling. We have obtained analytical expressions for the RKKY
interaction Hamiltonian in the proposed model. The distance dependence in the
leading order agrees with the results for other two-dimensional systems. Both types
of oscillations described above are present. As the Fermi momentum tends to zero,
the RKKY interaction decreases with distance as R?. The same degree of decrease is
observed when studying this phenomenon in pure graphene [3]. The presence of
spin-orbit interaction leads to the magnetic anisotropy of the crystal. The tensor
structure of the magnetic susceptibility corresponds to the pseudo-dipole interaction.
In addition, there is an increase in the interaction along some directions.

We also study the problem of the influence of an external in-plane magnetic
field. Such a perturbation leads to the splitting of each Dirac point into a couple of
Weyl points. The presence of a magnetic field does not affect the general form of the
RKKY interaction. Only the character of the spatial anisotropy changes. Moreover,
oscillations appear with a period related to the amplitude of the magnetic field.
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Mpbr uccienoBa i TUHAMUAKY HAMATHUYIHUBAHUS I10JI, JEHCTBUEM UMITYJILCA
TOK& B (g - Iepexojie C IPAMOIl CBA3BIO MEXKJIy MarHUTHBIM MOMEHTOM U
CBEDXIIPOBOJIANIIIM TOKOM. PacCMOTPEHO COOTBETCTBUE MEKJIy BEJIMUHHO
HaMarHMYeHHOCTH B KOHIIE MMITYJIbCa M) U peajn3alueil IepeMarimInBaHus
BJIOJIb JIErKOit ocu peppomarteruka. C 1esbio BbIOOpa ONTUMAIBLHOIO IPSIMO-
YTOJIBHOIO HMMITYJIbCA CHTHAJIA, U JIEMEHTa HaMsTH, OBIIO MCCJIEI0BAHO
BJIMSIHUE IAPUHBI ¥ AMILJIUTY/bI CUTHAJIA Ha IEPEKJIIOYEHIe HAMArHIYEeHHOCTH.
IloxazaHbl HHTEPBAJIBI TAPAMETPOB IPSIMOYTOJIHHOIO MMITYJIbCa TOKa OTHOCH-
TeJIbHO KOTOPBIX IIePEKJIIOUeHNE OCTAeTCd yCTONINBBIM. TakKe, NCCIIeI0BAHO
BJINSIHAE PA3HLIX (DOPM HMITYJIbCA TOKA W UX BKJIQJ HA MEPEK/IOYeHue, Ha
OCHOBaHWMM KOTOPBIX BbIOpaHa onTuMaJsbHas dopma. Haiineno MunmmaabHOe

SHa4YeHUue UMITyJIbCa TOKa, IIPU KOTOPOM IIPOUCXOJUT II€PEBOPOT.



NUMERICAL MODELING OF THE CORRELATION
FUNCTIONS IN THE SIX-VERTEX MODEL
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We study numerically the one-point and two-point correlation functions [1]
of the height functions in the six-vertex model with domain wall boundary
conditions. The height functions and the correlation functions are calculated
by the Markov chain Monte-Carlo algorithm. Particular attention is paid
to the free fermionic point (A = 0), for which the correlation functions are
obtained analytically in the thermodynamic limit. A good agreement of the
exact and numerical results for the free fermionic point allows us to extend cal-
culations to the disordered (|A| < 1) phase and to monitor the logarithm-like
behavior of the two-point correlation functions there. For the antiferroelec-
tric (A < —1) phase, the exponential decrease of the two-point correlation
functions is observed.

The presented work is supported by the Russian Science Foundation,
grant 21-11-00141.
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CIIOHTAHHOE HAPYIHIEHUE CUMMETPHIU B
HEPABHOBECHOM KOHJAEHCATE IBYMEPHBIX
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B noknane obcyxkmaercs BO3MOYKHOCTH CIIOHTAHHOTO OOPA30BAHUS TEM-
HBIX COJIUTOHOB M BHUXpEl B MAKPOCKOIMYECKH KOIEPEHTHOW CHCTeME JBY-
MEPHBIX IIOJIIPUTOHOB (CMENIAHHBIX IKCUTOH-(POTOHHBIX MOJ), BO3OyKiae-
MBIX ILJIOCKON 3JIEKTPOMATHUTHOW BOJIHOM. BakyyMHBIE COCTOSIHUS CUCTEMBI
MIPEJICTABJISIIOT CODOIi TJIOCKUE BOJIHBI C YACTOTON BHEITHETO 1moJisd. [[oCcKoIb-
Ky 9Ta 4YacToTa He CBA3aHA C AMILINTYIOW KOHJEHCATA, HO BBICTYIAET Kak
OTJ/IEJIbHBIA TapaMeTp, CIEKTPhI JJIEMEHTAPHBIX BO30Y K IEHU JTOBOJILHO pas3-
HOOOpa3Hbl. BoromoboBcKuil crieKTp BO30YKIECHUN XapaKTEPEH TOJBKO JJIsi
OJTHOT'O U3 MHOTMX BO3MOXKHBIX COCTOSIHUII CUCTEMBI, HECMOTPSI Ha, TO YITO Iap-
HOE B3aHMOJIENCTBHE MEXK/Iy YaCTUIIAMU UMeeT OOBIYHBIN XapaKTep OTTaIKH-
BaHUs B pa3pexkeHHOM raze. C yBeJnYeHrneM aMILIATY/Ibl KOH/IEHCATAa MHUMASsT
YaCTh SHEPIUHU BO30YKJICHUIA MOXKET M3MEHSITh 3HAK, UTO PABHOCHJIHHO ITOTe-
pée yCTOWIMBOCTH JAHHOTO OJHOPOIHOIO COCTOsTHUA [1].

KutroueBast uziest COCTOUT B TOM, 9TO JIJIsl CHIUTHOPHOTO KOH/IEHCATA BAKYYM-
HbIE COCTOSIHUSI MOTYT PACHAJIATHCS HA JJOMEHBI ¢ IIPOTHUBOIIOIOXKHBIMU CIIMHA~
Mu +1 (OHE COOTBETCTBYIOT IPABO- U JIEBOIUPKYJISPHON TIOJISPU3AIIAN CBETA)
WM TIPOTUBONOIOXKHBIME haszamu. B mepBom ciydae oOpa3yioTcs MepUOIn-
deckue “‘cruHoBble pemerku”’, obsajaomue JaibiuM nopsiakoM [1,2], a Bo
BTOPOM — TOMOJIOTTYecKue BO30y2KIeHNs, CBA3aHHbIe ¢ HHBepcueil da3bl Ha
rpanure Mexay nomenamu [3]. Iloguepkuem, uro cnunoBbie u (a3oBble J10-
MEHbBI, COJUTOHBI M BUXPU BO3HUKAIOT JayKe TOTIA, KOTJIA CHUCTEMA B CBOEM
HAYAJBHOM COCTOSIHUM MMOJTHOCTHIO OJHOPOJIHA, CUMMETPHUYHA 110 CIIUHY U BO3-
Oy2K/1aeTcsl TAKOM YKe OJHOPOIHON M CHMMETPUYIHOH CBeTOBOI BosiHOI. Erme
OJ/INH BApUAHT YCTAHOBJIEHUs] PABHOBECHUsI [TOCJIE PACIajia BAaKyyMHOTO COCTO-

STHUST 38KJIIOYAECTCS B IIePeX0/ie K CIMHOBLIM aBTOKOJIE0aHUAM [4].

JImreparypa
[1] C.C. TaBpusos, YOH 190, 137 (2020)
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®A30BBIE NEPEXO/bI B CITJIABE NIs2NB3s [IPU CBEPXBBICOKUX
JABJIEHUAX

B.H. I'anumssxos, M.A. lopoHnna, A.B. MokuuH
Kasanckuii (Ilpusonocckuii) pedepanvhetit ynusepcumem, Kazans, Poccus
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Bunapaeiii crmaB  NigpNbsg  00mamaer sipko  BBIPaKEHHOW CIIOCOOHOCTHIO
00pa3oBbIBaTh ~ O0OBEMHOE  METAJUIMYECKOE  CTEKJO, 4TO  JeNlaeT  €ro
NpPUBJIEKATEIbHBIM A U3TOTOBJIECHMS KOHCTPYKLUMOHHBIX —MarepuanoB [1].
OyHKUMOHAIBHBIE CBOWCTBA 3TOrO CIJaBa 3aBHCAT OT TEPMOAMHAMUYECKHX
YCIIOBHl, B KOTOPBIX CHHTE3MPYETCSl W/WIM WCTONb3yeTca craB. [lostomy mis
NpaBWILHOTO onpeneieHns (YyHKUHMOHAIBHBIX BO3MOXHOCTEH 3TOro cIulaBa
HE00XO0IMMO 3HATh NeTaIbHYIO (p, T) (ha30ByIO AHArpaMMYy.

B Hacrosmeit paboTe Ha OCHOBE JaHHBIX MOJIEKYJIAPHO-IMHAMUYECKNX
pacuetoB BriepBbie omnpeneneHa (p, T) dasosas amarpamma criaBa NigNbsg mis
MIAPOKOTO  TEPMOJMHAMMYECKOro  Aauama3oHa. OmpeneneHel — TemmepaTypa
mukBuayca 17 W Temmeparypa cTekinoBaHus 1, Kak (yHKOMM IaBieHHUs p. MBI
MoKa3ajiu, 4YTO ToidyudeHHble 3aBucuMocTh 7Ti(p) u Te(p) BOCHPOU3BOAATCS
M3BECTHBIMH AMITUPUUECKIMU ypaBHeHNsIMH CuMoHna-I naTuesns. BoisiBnena obmacts
(azoBoro paccioenwus, KoTopasi HaGoaeTes NPy JaBieHusax Boime 1-107 atm. B
370t 0bmactTi Nb HaXxoAWTCS B XKHIKOM COCTOSTHWM, B TO Bpems kak Ni oOpasyer
MEPKOJISLNOHHYIO KPHUCTAJUTMUECKYIO CTPYKTYpY. DTOT pe3ysnbTaT MMEET Ba)KHOE
3HAaUYeHNe, TaK KaK MOKa3bIBaeT, YTO MABJIEHHE SABJISIETCS OJHWM M3 OCHOBHBIX
TEPMOIMHAMUYECKUX  MapamMeTpoB,  MO3BOJSIOLIMX  YMPaBiATh  (ha30BBIMHU
npeBpamennsmu B crutase NigpNbsg [2]. [ToaTomy pe3ynbTarsl HacTosIEeH padoTb
MOTYT CTaTh OTHPAaBHOI TOUKOW IJisl M3yueHHUs (a30BbIX MepexonoB B cucteme Ni-
Nb ¢ pa3znnaHoii KOHIEHTpanueit aToMoB Ni.

Pa6ora BeimonHeHa npu noanepxkke PH® (mpoexkt Nel9-12-00022-IT). ABM
BBIp@KaeT MNpu3HATENbHOCTh DOHAY pa3BUTHS TEOpeTHUecKoW (U3UKH W
mareMatuku «bazucy (Ne 20-1-2-38-1).
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TPEXITETJIEBBIE BBIYNCJIEHN A KPUTNTYECKNX
VHIEKCOB B MOJEJIN HAIIPABJIEHHOI
ITEPKOJIAIINN.
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Wccmemyercs KBaHTOBO-TIONEBAS MOJIEIh HAIIPABICHHON MEPKOJISIIINN, KO-
TOpasi OIMCHIBAET MIUPOKUN KJIACC HEPOBHOBECHBIX CTOXACTHYECKHUX IPOIEC-
coB. IlpoBejiena yibTpaduoieroBasi pEHOPMUPOBKA MOJIEJIM U TIOJIYIEHO pe-
HOPMTI'PYIIIIOBOE ypaBHEHUE JIsT KOPPEIANUOHHLIX (yHKImil. B pamkax e-
pa3JIoKeHUsl, B KOTOPOM IapaMeTp € XapaKTepu3yeT OTKJIOHEHHe pa3Mep-
HOCTH IIPOCTPAHCTBA OT €r0 BepPXHEro KPUTHYECKOTO 3HAYEHUsS] PABHOIO Ye-
TBIPEM, BIIEPBbIE B TPEXIETICBOM HPHUOIIKEHNH (C TOTHOCTBIO JI0 €3) Bbi-
9HC/IEHBI PEHOPMIPYTITIOBbIE (bYHKINN — f—QyHKINS U AaHOMAJIbHBIE pa3Mep-
HOCTH, W HalJeHbI KOOPAMHATHI MH(MPAKPACHO-YCTORINBON (PUKCHUPOBAHHOM
TOUYKH. BbrunciaeHne aHOMAJIBHBIX Pa3MEPHOCTEN MO3BOIMIIO HaiiTu (usnde-
CKU 3HAYUMbIEe KPDUTHIECKHE WHIEKChI, OIPEJIEISIONINe CTEIIEHHOE TIOBeeHne
mapamMeTpa MopsiKa, CPEeIeHKBAIPATHIECKOT0 pajinyca obiaka aKTHBHBIX Ya-
CTHUII, KOPPETIONNOHHBIX JJIIH, IMC/Ia aKTUBHBIX Y3JI0B U Jp. IPH TOAXO0IE K
TouKe pa30Boro mepexoja. [lepecymmupoBaHue MOJyI€HHBIX 110 € PSIJIOB JIJIsT
€ = 1 cooTBeTCTBYIONMEro (hU3NIECKON PAMEPHOCTH TPOCTPAHCTBA PABHOI
TpeM, MPHUBEJO K OYEeHb XOPOIIEeMY COTJIACHIO CO 3HAYEHUSIMU KPUTUIECKUX
WHJIEKCOB, MOJYIEHHBIX PA3HBIMU BUIHCIATETHHBIMA METOJAME C HCIIOIB30-
pannem Monte Carlo.
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STABLE DROPLETS AND BUBBLES
WITHIN THE FUNDAMENTAL MEASURE DFT

L.A. Gosteva, A.K. Shchekin
Saint Petersburg State University, Saint Petersburg, Russia

lagosteval999@gmail.com

It was predicted [1] that condensation in the Earth's atmosphere occurs at very
low vapor supersaturations due to the presence of submicron hydrophilic aerosols,
on which stable and critical droplets can form. Recently, with the use of the squared-
gradient density functional theory (DFT), we found [2,3] stable droplets and bubbles
around solid lyophilic and, respectively, lyophobic particles. Such droplets and
bubbles corresponded to the local minima of the system grand potential. This work
aims to validate these results within more rigorous fundamental measure DFT [4].

The density profiles in the fluid around spherical particles with different particle-
fluid interaction parameters were computed through numerical minimization of the
grand potential using classical DFT library [5]. Stable droplets as liquid films around
lyophilic particle in vapor are observed if the fluid chemical potential is less than
certain threshold value. Stable bubbles (vapor shells) form around lyophobic particle
in liquid if the fluid chemical potential is larger than another threshold value. If the
thresholds are reached, the stable and critical new phase nuclei coincide. New results
demonstrate visible structural layering in the density profiles in comparison with the
squared-gradient DFT profiles [2,3], but are in fair agreement with them.

This work was supported by the Russian Science Foundation under grant no. 22-
13-00151, https://rscf.ru/en/project/22-13-00151/.
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3EEMAHOBCKOE CIIMH-OPBUTAJIbHOE B3AMMO/JIEMCTBUE U
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METAJIJTAX U CBEPXITPOBOJHUKAX
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Hcnonb3ys cMMMeTpHiiHbIE apTYMEHTbI TEOPETUYECKH MoKa3aHo [ 1], 4To BO MHOTHX
MeTaulaXx ¢ aHTU(eppOMarHUTHbIM ymopsaoueHHeM 3(PQeKTHBHBIN g-(hakTop
HocuTeJieh 3apdana, Hammpumep, I/IBMepeHHHﬁ II0 MAar"HuTHBIM KBAaHTOBBLIM
OCHWIISAINSAM, paBeH Hyimo. IToT 3¢ dexT [ 1] ooHynenus 3 dexrusHoro g-pakropa
3JIEKTPOHOB MPOUCXOAWT W3-3a €r0 CHJIBHOM 3aBUCHMOCTH OT WMITYJIbCa U JaKe
CMEHbl 3HaKa Ha T[paHUIE MarHUTHOM 30HBI BproodHa, 00pa3oBaHHOM
aHTH(EepPOMarHUTHBIM YHOPAI0UYEHIEM.

OKcneprMeHTaNbHOe HCClieioBaHne 3Toro 3¢dexra nposomutcs [1] Hamm B
HECKOJIbKUX COCJMHEHWAX W CpaBHUBAaeTCAd C TMPEATOKEHHOW Teopueid. Mal
OOHApYX WM, YTO aHTH(EPPOMArHUTHOE COCTOSHHE CIOMCTOTO OPraHMYeCcKOro
npoBogHuka x-(BETS),FeBrs He mposiBIsfeT CNMHOBON MOMYNALMU OCLMUISALMNA
Illy6HukoBa-ge l'aaza, B OTIMYME OT MAPAMarHUTHOTO COCTOSHHSA TOTO K€
MaTepuana. OTO CBUAETENbCTBYET O BBIPOKIECHWUM ypoBHeil JlaHmay mo crhuHy,
npenckazaHHOe HamMH Ul aHTH(EepPOMarHUTHBIX MPOBOJHUKOB. AHAJOTUYHO, MBI
HE HAXOIWUM CIMHOBOI MOIYJSIUMM B YTJIOBOW 3aBMCHMOCTH MEIUIEHHBIX
ocumuanyii 1lyonnkoBa-ne 'aa3za B ONTHUManbHO JIETMPOBAHHOM JJIEKTPOHAMU
kynpare Nd,-Ce,CuO4. DTO yKa3blBaeT Ha HaJWIME HEEJEBCKOTO MOPSAKA B 3TOM
CBEPXITPOBOAHUKE JaXKe MPU ONTUMAJILHOM JIETUPOBAHHH.

Habmonaemsiit 3¢dext BmepBble SKCHEPUMEHTANLHO AEMOHCTPHUPYET eIe Tak
Ha3bIBaEMOE 3€eMaHOBCKOE CIMH-OpPOMTAJbHOE B3aMMOAEICTBHE — CBS3b CHMHA
3JIEKTPOHOB C WX OpOWTAllbHBIM [BMKEHUWEM U3-3a 3aBUcHMOCTH g(k). BoOmusu
rpaHuLbl MarHUTHOW 30HBI bBploniilo’Ha OHO OKa3bIBaeTCd HAaMHOTO CHJIbHEe
OOBIYHOTO  CIUH-OPOMTAJILHOTO  B3aMMOJCHMCTBUSA,  YTO  MOXET  UMeETb
MOTEHUMAJIbHbIE MPUI0KEHNS B CITUHTPOHUKE.
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SIMULATION OF CdSe NANOPLATELETS THROUGH THE DFT
CLUSTER CALCULATIONS
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Semiconductor nanoplatelets (NPL) demonstrate increasing interest last years
due to successes on the well-controlled synthesis of the few-layer ordered structures
of different binary compounds and their challenged features as designed quantum
wells [1,2]. In the first approximation, the electronic transitions of NPL may be
described by the simple quantum well model in which the well thickness is the main
parameter. However, real NPL are protected by surface shells and distorted from the
structure of bulk crystals due to the strong surface effects at extreme small sizes. In
the present work, structural and optical properties of CdSe NPL with protecting
ligands are simulated within the framework of DFT using the cluster approach
building the model structures of five atomic layers (Cd-Se-Cd-Se-Cd). The atomic
composition of the clusters is Cd,;Se;-R, where R=H, OH, SH, OCOH, and
OPO(OH),. The geometry of cluster structures with explicit effects due to the ligand
shells were calculated (Fig. 1). The electronic transitions were treated at the TDDFT
level for a number of the cluster excited states. The theoretical results are shown to
fit general trends of experiment. Principal points of these effects are: (i) the
remarkable lattice strain of the initial sphalerite-type CdSe due to the ligands and
(ii) decrease of electronic transition
energies (red shift of absorption bands)
for more polar ligands (-SH,
-OPO(OH),). The calculations
performed can predict new stable
low-dimensional structures of binary
chalcogenides and allow evaluate their
advanced optical applications.

The work was performed under :
support of the State Program of Fig. 1. The calculated cluster structure

Scientific Investigations of Belarus with CdySey; core and OH ligands.

“Nanostructure” (2021-2025). Cd - light yellow, Se — orange, O —red,
H — white.

References

[1] A.Antanovich, A.Achtstein, A.Matsukovich, A.Prudnikau, P. Bhaskar,
V. Gurin, M. Molinary, M. Artemyev. A strain-induced exciton transition energy
shift in CdSe nanoplatelets. Nanoscale, 9, 18042 (2017).

[2] M. Nasilowski, B.Mahler, E. Lhuillier, S. Ithurria, B. Dubertret.
Two-dimensional colloidal nanocrystals. Chem. Rev. 116, 10934 (2016).

15
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PaboTa mOCBsillleHa MHOTOJIETHEMY HCC/Ie[jOBaHUID OertampeobpasoBaTens,
Npe/CTaB/sioero U3 cebsi KapOMJOKPEMHHEBYHO CTPYKTYPY, BBIDAIIEHHYIO Ha
MO/JIOKKe KpPEeMHHUsI B Tmporecce 3HAOTakuuy [1]. PagmanvonHbie aedeKTsl,
MPOUCXO/IAILME OT Paciaja paJjioOM30TONOB, KOTOPbIE BCTPOEHBI BHYTPHU CTPYKTYPhI
B TpOLieCCe JIETMPOBAHUS HPHUBOJAT K 3BOJIOLUU CTPYKTYPbl U HU3MEHEHUI) eé
CBOMUCTB.

B pamKax COBpeMEeHHBIX IOJAXOJOB K MO/Ie/TMPOBAHHIO B MaTepUaOBeJeHHY,
Takux Kak, DFT-Mero/pl, MCC/IeI0BaHbl 3JIEKTPUYECKHWE CBOWMCTBA CTPYKTYphI B
3aBUCUMOCTH OT KOHIIEHTpAlMH JIETUDPYIOIIMX IPUMeCeH-NpoAyKTOB pachaja
yriepoza-14. [enaeTcsi MOMBbITKA NPUMEHEHUS] WHTENIEKTyalbHBIX TOAXO/0B K
aHanM3y JaHHBIX O JedeKTooOOpa3oBaHWU B CTPYKType. B JOMONMHEHWH K 3TOMY
paccMaTpUBAeTCsl BOMPOC TMOJIOXKEHUs P-N-Tlepexoja B CTPYKType W ONTHMH3ALUs
TapaMeTpOB /ISl SKCIIeEPUMEHTANTbHBIX JaHHBIX.

IMonyyeHHBbIE pe3y/bTaThl CTABATCS B CpaBHeHHe ¢ GerampeoOpa3oBarte/ssMi Ha
OCHOBE OT/JIMYHBIX OT KapOuja KpeMHUs TONYNPOBOJHUKOB M JPYTHX
PaJIMOU30TOIOB, a TaKXKe 0CODEHHOCTeH pa3MelleH!st HCTOYHUKOB HeTa-paciajioB C
1eJIbI0 yBe/imueHust 3¢ deKTHBHOCTU HeTanpeobpa3oBaHus.
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B nocnenmnee BpeMst B ONTHKE aKTHBHO U3YYAIOTCsS TaKWe UCKYCCTBEHHBIE
Cpenbl U MOKPBITHS KaK MeTaMaTepruaJsl 1 MetamoBepxuoctu. OHuM u3 Ba-
PUAHTOB «KHUPIUYIUKAY» JIJIsT CO3AHUS TAKUX CTPYKTYP MOXKET CTaTh JUMED
3 GJIM3KO PACIIOJIOKEHHBbIX HaHodacTuil. OXKUIJAETCs, YTO M3MEHEHUEM Pac-
CTOSTHHST MEXKJTy TaCTHIIAMHI MOXKHO YIPABJISATH HAOOPOM MO JUIMEPA — |UTO
CKazKeTcs Ha MAKPOCKOIIMYECKIX CBOMCTBAX MeTaMaTepruasa, — OJHAKO Ha BO-
IPOC O 3aKOHOMEPHOCTSIX, IO KOTOPBIM 3TO MPOUCXOJIUT, HA JAHHBIH MOMEHT
HET I€TKOr0 OTBETA.

Brimm skcrieprMeHTaIBHO HCCIIEIOBAHBI CIIEKTPHI PACCESHUS TIMEPOB Ha-
HOIMJINHIPOB U3 aMopdHOro kpemuns guamerpoM 140 aM u Bercoroit 150 mm,
HAXOJIAIIUXCS Ha TOJJIOXKKe 13 KBapia [1]. Usyuasice quMepsl ¢ pacCcTosiHIeM
ey nmanaapamu ot 10 o 110 am. Ha criekTpax nmeeTcst pe30HAHCHBIH THK
B obacTy jiytnH BotH 550—600 HM, YTO COOTBETCTBYET MATHUTHO-TATIOHHOMY
pesonancy. Habmionaercs paciiemuienne TaHnoro MUK Ha JBa, IPUIEM Dac-
CTOsIHUE MEK/Iy HUMU HEMOHOTOHHO 3aBHUCHUT OT PACCTOSHUS MEXKJIY IIHJINH-
JIpaMu B JIIMeEDe.

L7151 06 bsICHEHN S TTOJTY YeHHBIX KCIIEPUMEHTAIBHBIX JAHHBIX ObLIA ITOCTPO-
€Ha TeopHWs, OCHOBaHHas Ha MeTOJe CBA3aHHBIX aunosieit. IIpm momomu meé
ObLTa OOHApYIKEHA CIUPAJIEBUIHAST 3aBUCUMOCTD KOMILJIEKCHBIX COOCTBEHHBIX
YacTOT MOJI JIUMEPA OT PACCTOSHUS MEXKJY JACTUIIAMHU, ITO COOTBETCTBYET
pexumy c1aboil onTudeckoil cBsa3u [2] u 0ObACHIET HEMOHOTOHHOCTH DPAc-

IeIJICHU A, Ha6m0;1aeMy10 B 9KCIIEpUMEHTAJbHBLIX JaHHDbIX.
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Psan 6uomorndyeckux cucreM, HapuMep, KOJOHUU OaKTepHii, KOCSKU PhIO
WM CTaW TITHI], MOTYT PacCMaTPUBATHCS KaK CKOILIEHUsT YACTHUIL, CIIOCOOHBIX
peoOpa30BLIBATE BHYTPEHHUE WM BHEITHUE 3aIaChl SHEPIUH B HAIIPABJIEH-
noe jpuzkenue [1]. IIlupokuii HHTEpEC IPUBIEKAIOT U CXOKUE UCKYCCTBEHHDBIE
CpeJipl, HALIPUMED, U3 ABUXKYIIUXCS MUKpodacTur [2]. VX u3ydeHuio nocss-
MEH MOJIOMON, HO OYPHO PA3BUBAIONTUICS pa3/ies (PU3NUKHU KOHIEHCHPOBAHHO-
ro cocrosiuus — (usuka akTuBHOH Marepun (active matter). OminunressHol
0COOEHHOCTHIO TAKUX CHCTEM SIBJISETCS WX HEPABHOBECHOCTD, TIPUBOISIIAS K
MPOSIBJICHUIO PsI/la NHTEPECHBIX 3(PDEKTOB, B TOM YHCJIE PA3JIUIHBIX TTPOIEC-
COB CaMOOPTAHU3AIIIH.

B rmammoit pabore 3KCIIEPUMEHTAIHLHO UCCIIEIYIOTCS CKOILIEHUS U3 OOJIb-
IIIOT'0 YHCJIa, JIBUXKYIIUXCsST poboToB. B yacTHOCTH, paccMaTpuBaeTcs: (pa30BbIi
[ePEXO0JI, MEK /Ty ITOJIBUKHOMN ‘2KUJIKOCTHIO” U HEIIOIBUXKHBIM “TBEPJIbIM TeJIOM”
13 POOOTOB, MIOMEIIEHHBIX B OFPAHNYNTENBHBIN 6apbep — jamming transition.
BriepBrie 3KcriepuMeHTAIBHO OMPEIEIEHO KPUTHIECKOE 3HAYEHHE IIJIOTHOCTU
JIJIsI HACTYIIeHUsT jamming transition B cucreme m3 Kpyribix poOOTOB, Bpa-
IAIOIIUXCsT BOKPYT CBOEil OCH, a TaKyKe U3BJIeYeHbl KPUTUIECKHE HHJIIEKCHI,
OIUCHIBAIOIINE CTENeHHbIE 3aKOHBI M3MEeHEeHHUsI CPEJIHEr0 pa3Mepa KJIACTePOB
¥ TIOJIBUKHOCTH POOOTOB BOJIM3HU TOYKH (pa30BOro rnepexojia. Takzxke, paccMOT-
peHa cucTeMa U3 MOCTYIATEIbHO JBUKYIIIXCS POOOTOB BBITSIHYTO (DOPMBI U
WCCJIe/IOBaHA 3aBUCUMOCTDb 00pa30BaHusl TBEP/IOH (asbl B Takoil cucreme OT

AKTHUBHOCTHU JABU2KCHU A pO6OTOB.
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MACIHITABUPOBAHUE HAHOYUIIOB-TEHEPATOPOB AJIsA
BETABOJIbTAUKHA
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B pabote o0cyxmaetcs ypenudeHnue 3(h(HeKTUBHOCTH MPeoOpa3oBaHUs IHEPTUH
PaIMOHYKIUAOB B 3JEKTPUYECKYIO MMyTeM MeTaUIM3aliKl OeTaBOJbTaM4eCcKUX
HAHOYMIIOB-TEHEPAaTOpPOB Ha KapOuzae KpemHHMA. B  MonekynsipHoM cocTaBe
MOYyTIPOBOJHUKOBBIX ~ CTPYKTYp  KapOwWma KpeMHHs aroMbl  yriepona-14
()YHKLMOHAJBHO BBIMOJIHAIOT POJIb UCTOYHMKA SHEPrvH, a KOMIOHEHT pa3/iesieHus
HEpaBHOBECHBIX HOCHUTENEH TMOJyNPOBOJHUKOBOI TeTepoCTpyKTypoil crocobeH
HampsAMyl0  MpeoOpa3oBbIBaTh 3Ty OSHEPrH0 B 3JEKTPUYECKYl0  (opmy.
[Ipennaraemblii  BapWaHT  WCMOJHEHWs  MacIITAaOMpPOBaHWA  MeTaLTM3aunei
BBIpallleHHOI CTPYKTYpbl GeTa-npeoOpa3oBatens Ha paaunoHyknuae C-14 obnamaer
HOBM3HOW Omaromaps TOMYy, 4YTO HaHHBI PAagMOHYKIWA HWCIOJNB3YyeTcsd B
KOHLIEHTPAaLMM Ha YypOBHE Jierupylolleli npuMecH, 3aMellaiolleil aToMsl
cTabMIIBHOTO yTliepoaa-12 B MoJieKyJe KapOuma KpemMHHs, B HAHOYMIIAX-
reHepatopax pasMepoM MeHee | MM? Ha TOBEPXHOCTH TETEPOCTPYKTYpP C
IUIOTHOCTBIO Pa3MEIIEHNs OT CTa Ha cM2. B pesynbrate, IPUCYTCTBHE B HEGOMBLINX
KOJIMYECTBaX, ONUH aroM paauouzororna C-14 u Gonee Ha MWUIMOH aTOMOB
ycToiiunBoro pamuonszorona C-12, mpupaeT HOJYMPOBOAHUKOBOMY MaTepHUaLy
HOBbIE TMOJIE3HbIE B YHEPreTHMYECKOM OTHOIUEHWM CcBoicTBa. [IpobGiema cbopa
HOCHUTeNIell 3apsiia pemaeTcss MeTaJuln3alueil KOHTAKTHBIX TUIOLIAJOK YHIIOB.
Oco0EHHOCTBIO ABJIAETCS YMEHBIIEHUE YIEKTPOHHOTO CPOACTBA MPeoOPa30BaHHOTO
panvoHyKIuaoM KapOwuaga kpemHus. [laHHbI (akTop ompenenseTr B OCHOBHOM
addexTUBHOCTL cOOpa HocuTeneil 3apsaa.
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PA3SBUTUE TEPMOANHAMMWYECKNX U KUHETUYECKHUX MOI[EJIEFI
JJISI MU EJUJISIPHBIX CUCTEM
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SArnenne 00pa3oBaHUS yCTOWUYMBBIX arperaToB B pPacTBOpax MOBEPXHOCTHO-

akTHBHBIX BemecTs (ITAB), HazpIBaeMbIX MULIEIUIaMH, U3BECTHO YK€ OoJiee cTa JeT
W HAaOUI0 [IMPOKOE TMPUMEHEHWe B COBPEMEHHBIX TEXHOJOTHAX OUYNCTKH,
paszieNieHHs BEMIECTB M CHHTE3a HaHo4acTHL. OCHOBBI TEOPETHMYECKOTO OMUCAHMSA
KWHETUKH MULENI000pa3oBaHus ObIM 3amokeHbl B paboTrax AHMAHCCOHA, B
KOTOpBIX HCIMOJb30Balach HempepbiBHAs anmnpokcuManuns Pokkepa-Ilnanka ams
KOHEYHO-Pa3HOCTHBIX ypaBHEHUH Bekkepa-Jlgpunra, OTIVCHIBAIOITIX
MOJIEKYJISIPHBII MEXaHWM3M arperanui.

OpHako TpoW3BeAEHHbIE paHee 4YHCIEHHbIE pacdEéThl TMMOKa3bIBAIOT  UTO,
HECMOTPS Ha TO UTO AaHAINTHYECKas TEOpUs MOJIEKYJIIPHOTO MeXaHH3Ma
MULEJSIPHOM  pellakcaliil B pacTBOpax Kak co cgeprudecknMH, Tak W ¢
LWJIMHAPUYECKMH MULENJIaMU MPUBOAUT K XOPOLIEMY COIJIACHIO AJisI BPEMEHHU
MEJIEHHOH pelakcally, KayecTBO NMpeCKa3aHWil crekTpa ObICTPON penakcaluu
0CTaETCs HEY TOBJIETBOPUTEIbHBIM.

Hamu Obuta paspabotaHa o6mas aHaquTHYeCKas CXeMa Iepexoja K
HETPepbIBHOMY ONKCAHMIO MULEUISIPHOM  pejakcaluy, He HCMOJb3YIoIas
annpokcuMaluy Uil paboTbl arperaluud U KOd(QUIMEHTOB NPUCOEAUMHEHMS, B
paMKax KOTOpOM TIOJlydeHO YypaBHEHHE, OIpEeAeNsioulee CIeKTp ObICTpoid
penakcaury MULEIIISIPHBIX CUCTEM. DTO ypaBHEHHE ObUIO YCIELIHO NMPHMEHEHO B
AHAIMTUYECKUX U TOJyaHATUTUYECKUX pacyéTax CreKTpa ObICTPOii penakcaunu 1is
pasnUUYHBIX MHLEJUIIPHBIX cucTeM. C €ro MOMOINbIO MOJy4YEHbl PE3YJbTAThl,
XOpOIIO COIJIacyIoIMecs: € MpPeACKa3aHWsAMM, MOJYyYEHHbIMH TIPU YHUCJICHHOM
pewieHnn ypaBHeHuii bekkepa-Jl€punra.

DuHaHCHPOBaHHE PAGOTHI
Pabora Obuta BeIMonHEeHa mnpu (uHAHCOBOW monzepxkke MMM umenn Diinepa
(Cornamenue 075-15-2022- 287) u PODU (rpant Ne 20-03-00641_a)
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THERMALIZATION WITH NON-ZERO INITIAL
ANOMALOUS QUANTUM AVERAGES
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We discuss thermalization process in the kinetic approximation in the
presence of non—zero initial anomalous quantum expectation values on top of
an initial non—plankian (non—thermal) level population. Namely we derive a
system of “kinetic” equations for the level population and anomalous expecta-
tion values in four—-dimensional massive scalar field theory with ¢* self-interac-
tion. We show analytically in the linear approximation that for small initial
anomalous quantum average it relaxes down to zero. We show analytically
that this system does not have an equilibrium solution with non—zero time
independent anomalous expectation value.

In this paper we consider an initial state, containing non—plankian (non—
thermal) level population, which is expressed via Tr[ﬁaqf ag] = (a;‘ agy,
and anomalous averages, Tr[pagag] = (aqaq). Our goal is to show that
such a state will evolve in time towards the plankian level population, n, =
ﬁ, and zero anomalous average. The plankian distribution of modes, n,,
is over the Poincare invariant ground state. Namely we would like to see
thermalization process even for such an unusual initial state, which contains
anomalous averages.

To show this phenomenon we derive a system of kinetic equations for the
level-population and anomalous average. Then we show that this system has
a solution with zero anomalous average and plankian level-population only
for such modes, which diagonalize the free Hamiltonian. To derive the system
of the generalized kinetic equations we use the standard text book methods.
To have an analytic headway we consider spatially homogeneous states and
small initial anomalous averages. But we also derive the system of kinetic

equations for n, and x, without the latter assumptions.
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RENORMALIZATION GROUP ANALYSIS OF A
SELF-ORGANIZED CRITICAL SYSTEM: INTRINSIC
ANISOTROPY VS RANDOM ENVIRONMENT
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A system with self-organized criticality in a randomly moving environment
is studied within the field theoretic renormalization group. The system is
described by the anisotropic model of a “running sandpile” (continuous sto-
chastic equation) introduced by Hwa and Kardar in [1]. Moving environment is
modelled by the Navier-Stokes equation for a randomly stirred incompressible
fluid. Possible types of critical behaviour, associated with attractors of the
renormalization group equations, and their stability regions are identified
in the leading one-loop approximation. The model provides an example of
competition between strongly anisotropic intrinsic dynamics and external
isotropic disturbance by the random environment: depending on the relation
between the model parameters, the anisotropic Hwa-Kardar interaction is
either “washed away” by the moving environment or the competition between
the interactions results in a new “softly anisotropic” universality class. The
latter case is related to a line of fixed points that become infrared attractive
simultaneously. As the calculations are performed in one-loop approximation,
it is unclear whether the line of fixed points is indicative of non-universality

or if it is an artefact of approximation.
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ON THE HYDRODYNAMIC STIRRING OF A SCALAR FIELD
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Divers complex fluids—binary mixtures—are described by continuum field
equations, to which a stochastic noise is added to capture thermal and hy-
drodynamic fluctuations. This study reveals the interplay between critical
ordering and chaotic eddy flows. The Cahn—-Hilliard equation coupled to the
random Gaussian velocity field, which mimics Kolmogorov turbulence, is in-
vestigated on large scales via the functional renormalization group (FRG)
approach [1]. Numerical analysis was performed in the leading order of the
nonperturbative expansion for the FRG equation, possible scaling regimes

were obtained, and the respective universal exponents were estimated.
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HYBRID ORGANIC/INORGANIC NANOSTRUCTURES FOR
SPINTRONICS AND PHOTONICS
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Recent development of 2D materials opens a new way for the fabrication of low-
dimensional structures with desired properties via controllable way. The most
promising materials for nanoelectronics devices in the near future are graphene and
different heterostructures based on them. Thus, it is necessary to create mechanisms
of controlled modification of graphene electronic and magnetic properties to expand
the application of graphene. Previous studies showed that this can be done by
various techniques, for example, by using different substrates, mechanical
deformations, chemical functionalization, introducing of various defects in graphene
structure, and formation of heterostructures based on graphene. By combining
different two-dimensional (like graphene, BN) and quasi-two-dimensional materials
(for example, TMD) layered structures with van der Waals interlayer interaction can
be obtained. In such materials the properties of individual components can be not
only preserved but also new unique features can appear. Here the theoretical studies
of effective way of modifying of physical and chemical properties of 2D structures
via organic compounds and inorganic 2D materials functionalization were presented
[1,2]. Features of the atomic structure and physical and chemical properties in a pair
with possible ways for tuning of magnetic properties and shift the absorption spectra
toward the visible range of the wavelength was performed.

The work was supported by the Russian Science Foundation (No. 21-73-10238).
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Reaction-diffusion systems, where the reacting particles are subject to
diffusion processes, are one of the common examples of nonlinear statistical
systems. In low space dimensions d < 2 the usual description by means of
kinetic rate equations is not sufficient and the effect of density fluctuations
has to be taken into an account. Our aim here is to analyze specific multi-
species reaction-diffusion system with reactions A+ A — (0, A), A+ B — A at
and below its critical dimension d. = 2. In particular, we investigate effect of
thermal fluctuations on the reaction kinetics, which are generated by means of
random velocity field modelled by a stochastic Navier-Stokes equations. Our
main theoretical tool is perturbative field-theoretic renormalization group.
The analysis is performed to the first order of the perturbation scheme (one-
loop approximation).
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In this work we theoretically investigate the physics of one of the simplest
system, yet rich in physics, that can be constructed using spinor bosons: the 1D
ring lattice loaded with spinful hard-core bosons (HCB) [1]|. Our main focus is
the investigation of the ground state properties and the necessary condition for
occurrence of superfluidity in these systems. We solve the ¢ — J Hamiltonian of
the spinful hard-core bosonic ring in the Nagaoka limit. The energy spectrum
becomes quantized due to presence of spin, where each energy level
corresponds to a cyclic permutation state of the spin chains. The ground state
is true ferromagnetic when the ring contains N = 2, 3 spinful hard-core bosons;
for all other N it is a mixture of the ferromagnetic and non-ferromagnetic
states. This behaviour is different from the fermionic ring, where ground state
is true ferromagnetic only for N = 3. It is shown that the intrinsic spin
generated gauge fields are analogous to the synthetic gauge fields generated by
rotation of either the condensate or the confining potential. It is argued that
the low lying excited levels of the spin flipped states intrinsically support the
superfluidity. Possible ways to experimentally verify these results are also
discussed. We also discuss the application of this system. In Fig. 1a and 1b we
calculate the energy spectrum and the superfluid fraction in for N no. of
particles in L sites; v, p, and N, represent the spin block, permutation states,
and the size of the spinblock respectively.

-075 — — — - Pu/Ny=1/N
N=4,1=8 N=5,1.=8 . ]

e

—~— N=5 % N=6
N=3 - N=10
= N=21 — N=26

-125 0.8
w -150 0.6
o
0.4

0.2

b
<< e e

°
~
5
5

32 s
S

(a) Energy spectrum (b) Superfluid fractions

References

[1] M. A. Cazalilla, R. Citro, T. Giamarchi, E. Orignac, and M. Rigol, Re-
views of Modern Physics, 83, 1405 (2011)

The manuscript has been accepted in APS Physical Rev. A.

28



CONVERGENT PERTURBATION THEORY FOR ¢* AND
QED IN STRONG COUPLING LIMIT

M.V. Komarova!l

LSt. Petersburg State University, St. Petersburg, Russia

frommarina@mail.ru

Quantum field methods usually generate asymptotic perturbation series.
In this situation, strong coupling limit is an important tool for obtaining
numerical values such as resummation parameters, etc.

We present a method for studying the strong coupling asymptotics in
quantum field models. The widely known ¢* theory and QED are used as a
testing ground.

We applied the so-called formalism of convergent quantum field perturbation
series with an additional parameter. Here, the expansion is calculated in terms
of an auxiliary coupling constant, and the additional parameter can be chosen
arbitrarily. Such series turn out to be convergent in some known circle of
convergence with respect to the standard coupling constant. The size of the
circle of convergence is controlled by the value of the additional parameter. By
choosing this parameter in appropriate manner, one can determine numerical
values for arbitrarily large values of the standard coupling constant.

In the ¢* model, we calculated the strong coupling asymptotics for the
RG functions, refining the characteristics that caused discrepancies among
different authors. In QED, we applied a similar approach, which allowed us
to draw conclusions about the physical nature of the specific properties of the
beta function — the so-called "Landau pole"or the "Moscow zero".
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KPUTNYECKOE ITOBEJEHUWE KAIIEJIb BAH-JEP-BAAJIbCA
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[vHamuka u ¢parMeHTanusi ropsiueid CUCTeMbl BaH-Zep-Baambca KOHEUHBIX
pasMepoB (Kam/au) UCCAeAYIOTCS B paMKax MOAXOAA KNIaCCUUECKOW MOJIeKY/IsIpHOM
IUHAaMUKW. [TOKa3aHO, UTO NPH HEKOTOPBIX YC/IOBUSIX, ONPeJe/sieMbIX, TJIaBHBIM
oOpa3oM, HavyanbHOM SHeprueil Bo30y)KAeHUs, (parMeHTaLss aTOMHBIX ffep U
KJIACTEPOB IPOSIBIISIET KPUTHYECKOe TOBeJIeHHe. DTO TOBeJeHHe OCTaB/isieT CBOM
CUTHa/bl B KMHK/IIO3UBHBIX paclpefie/leHusAx [O MaccaM U YCJIOBHBIX MOMEHTax
oOpa3oBaHHbIX (parMeHTOB. CBsi3b MexJy HaO/MIO/aeMBbIM  KPUTHUECKUM
noBejieHyeM U (a3oBbIM NEPEXOZOM >KMJKOCTb-Ta3 BTOPOrO pojia UCCeAyeTcs C
WCIO/Ib30BaHUEM KareqbHOW Mozenu ®wuiepa A1 CPeJHUX paclpefeseHui
(hparMeHTOB MO Macce ¥ BBINOJHEHUs aHanu3a Kamnu A/ KOppesilIMOHHBIX U
(GNyKTyallMOHHBIX ~ CBOWCTB  pacipefesieHHd  ¢parmeHToB.  OG6CyskAaeTrcs
3aBUCHMOCTh CHUTHAJIOB KDPUTMYECKOTO TIOBEJEHHs OT pa3Mepa Karid. Peskoe
u3MeHeHHe CTabWILHOCTH Karleslb TIPY TeMIlepaTypax, COOTBETCTBYIOLMX KPUTHUECKOH
W33HTPOITe, TOKA3aHO Ha OCHOBe aHa/IM3a pa3MepoB HanbOJIbIIero OCKOJIKA.
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SJEKTPUUYECKHUM TOK MEXKJIY CYIIEPIIAPAMATHUTAMHU
B.H. Konapatbes'?
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PaccmoTtpena nuHaMuka OECCITMHOBBIX 3apPSDKEHHBIX KBa3MUACTHIL MEXKITY ABYMS
cyneprnapaMarHuTHeIMU HaHoyacTuiamu (CIIM), pactiosokeHHBIMH Ha PacCTOSTHAN
/. B nenocpenctBenHo# 61m3octn ot CIIM ¢ JokanbHONH HaMarHMYEHHOCTBIO TMPH
HanpsKEHHOCTH NoJist H cOoCTOsSIHUE KBa3NUYaCcTHLL COOTBETCTBYET ypoBHAM JlaHmay ¢
sHeprueii wp=up B/m , rae pg MarHetoH bopa u 3ddexkrtuBHas macca m B
eAMHULAX Macchl 3nekTpoHa. [Ilpm mapamnensHom HanpasneHun CIIM mosneit
3Heprusi ypoBHell JlaHmay mMoKasblBaeT TMJIaBHOE MPOCTPAHCTBEHHOE IOBEIEHUE,
KOrZa 3JeKTPUIECKOE COMPOTUBIIEHNE OMPENEISETCS BDEMEHEM PEeNTAKCALUH Tre .

Hdns antu mapajuienbHoil opueHTauuu CIIM ypoBHu JlaHpay, 3akpy4yeHHbIe
BBEpPX M BHH3, NepecekaroTcs. Takas reoMeTpusl Mmoapa3yMeBaeT OJIOKHpOBaHME
Toka. OQHako, B TOYKE KBazWIepeceueHHs ypoBHel mnepexon Jlanmay-3eHepa,
YaCTUYHO, BOCCTAHABIIMBAET AJIEKTPHUYECKYIO MPOBOAMMOCTb. [Ipm 3ToM, 3¢dexr
ruranTckoro mMarauroconpotusienus (I'MC) onpenensieTcsi OTHOLIEHHEM BpPEMEH
nposieta Mexay CIIM 1, W penakcauuu Trel , (Tp/ Trel ). Kornma ata BeanuuHa mana
I'MC moxeT 6bITh 60JbIIMM. Hanpumep, B citydae cooTHOWEHUS (Tp / Trel ) ~ 0,1 1
H~1xl'c curman I'MC wmoxer pocturate 100% maxke npu KOMHAaTHOMU
Temnepatype. Takwe CBOHCTBa BMeCTe C BO3MOXHOCTBIO THOKOTO MeEXaHW3Ma
pacrionoxxerus: CIIM Mo3BoJIAT peaan3oBaTh CUCTEMbI MPaHyJIMPOBAHHBIX JaTYUKOB
I'MC oco6eHHO BBICOKOH YyBCTBUTEILHOCTH.
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FIELD THEORETIC RENORMALIZATION STUDY OF INTERACTION
CORRECTIONS TO THE UNIVERSAL CONDUCTIVITY OF GRAPHENE

S. Teber, A.V. Kotikov

E-mail: kotikov@theor.jinr.ru

The two-loop interaction correction coefficient to the universal conductivity of
disorder-free intrinsic graphene is computed with the help of a field theoretic
renormalization  study using the Bogolubov-Parasuk-Hepp-Zimmermenn
prescription. Non-standard Ward identities imply that divergent subgraphs (related to
Fermi velocity renormalization) contribute to the renormalized optical conductivity.
A well-defined value is obtained: C =(19—67)/12=0.01 in agreement with the result
first obtained by Mishchenko and which is compatible with experimental
uncertainties.
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ELECTRICAL RESISTIVITY OF POLYCRYSTALLINE GRAPHENE:
EFFECT OF GRAIN-BOUNDARY-INDUCED STRAIN FIELDS

S.E. Krasavin'

' Bogoliubov Laboratory of Theoretical Physics, Joint Institute for Nuclear
Research, Dubna, Moscow Region, Russion Federation

sergey.e.krasavin@gmail.com

We have revealed the decisive role of grain-boundary-induced strain felds in
electron scattering in polycrystalline graphene. To this end, we have formulated the
model based on Boltzmann transport theory which properly takes into account the
microscopic structure of grain boundaries (GB) as a repeated sequence of
heptagon—pentagon pairs. We show that at naturally low GB charges the strain feld
scattering dominates and leads to physically reasonable and, what is important,
experimentally observable values of the electrical resistivity. It ranges from 0.1 to 10
kum for different types of symmetric GBs with a size of 1 pum and has a strong
dependence on misorientation angle. For low-angle highly charged GBs, two
scattering mechanisms may compete. The resistivity increases markedly with
decreasing GB size and reaches values of 60 kum and more. It is also very sensitive
to the presence of irregularities modeled by embedding of partial disclination
dipoles. With signifcant distortion, we found an increase in resistance by more than
an order of magnitude, which is directly related to the destruction of difraction on
the GB. Our fndings may be of interest both in the interpretation of experimental
data and in the design of electronic devices based on poly- and nanocrystalline
graphene.
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MOJAEJINMPOBAHWE CIIOHTAHHOI'O N3JIVUEHN I B
PAMKAX KBAHTOBOM SJIEKTPOANHAMMNYECKON
TEOPUN ®YHKIIMOHAJIA IIJIOTHOCTHU IIPA ITOMOIIIN
TEOPHUN OIITUMN3NPOBAHHOTI'O 9PEKTUBHOTI'O
IIOTEHIITAJIA

A. Kynmuc!, 1. Mopm?, M. TokaTnnr?

L Qusuneckut gaxyavmem, Ynueepcumem HTMO, Canxm-Ilemepbype,

197101, Poccus
2KERBASQUE, Basque Foundation for Science, 48009 Bilbao, Spain

E-mail, andrewkudlis@gmail.com

Tlocnenmame ycuexu B 06JIaCTH MOJAPUTOHHON XMMUH, 9aCTO HA3BIBAEMOI
K9I-xumueit [1, 2], Tpebyior or uccienoBareseil pasBUTHs TEOPETUIECKHUX
METOJIOB OIUCAHUS PEATUCTUIHBIX MHOIO9JIEKTPOHHBIX CUCTEM, KOTOPBIE CHJIb-
HO B3aUMOJIEHCTBYIOT CO CBETOM. B JJAHHOM JOKJIaJ1e MBI XOTe 1 Obl IIOKA3aTh,
KaKnM 00pa3oM HaM YJIAI0Ch 000OITNTH (pOpMAIN3M METO/Ia OIITHMA3HPOBAH-
HOro 3P QPEKTUBHOrO MOTEHIINAIA Ha CJIy4Yail HEIPEPhIBHOIO PaCIpeIe/IeHNs
GOTOHHBIX MOJI. DTO TO3BOIUIO HAM CMOIETHPOBATDH JIUCCUTATHBHYTIO JTUHA-
MHUKY 3JIEKTPOHHOM MOJICUCTEMBI, B3aUMOICHCTBYIOIIEH ¢ MOJaMK pe30HaTOpA,
B KOTOPOM IIPHCYTCTBYIOT morepu [3]. B gacTHOCTH, MBI IIpOBEpUIN CLOCOG-
HOCTD JAHHON TEXHUKHU YJIOBUTDH YHUCTO KBAHTOBOMEXAHUYECKHUE OCOOEHHOCTHU
9JIEKTPOH-(OTOHHOTO B3ANMO/IEHCTBH S, CBI3aHHOTO C CIIOHTAHHBIM U3JTy I€HHU-
eM U Iepejadeil SHeprum OT JEKTPOHOB K MOJaM pe3oHaTopa. Bouia mpoana-
JIN3MPOBaHa HeKas MOe/bHasl TPEXyPOBHEBasI CHCTEMA, ¢ OJHUM 3JICKTPOHOM,
CBABAHHBIM C poTOHAMU. TaKast MOIE/b SIB/ISIETCSA B HEKOM CMBICIE MUHUMATh-
HOM, T.K. IO3BOJISIET MUCKJIIOUYUTD KJIACCAYECKOE U3JIydIeHNe U3 PACCMOTPEHUS.
W3yunB 1Ba TUOUIHBIX CHEKTPATBLHBIX PACIpeIeTeHnst (DOTOHHBIX MO, MBI
OOHAPYKUJIA, YTO TEOPHUsl ONTUMHU3UPOBAHHOIO 3(PpPEKTUBHOrO IIOTEHIIAAJIA
JIEMOHCTPHUPYET KaK KAIeCTBEHHOE, TAK U KOJMIECTBEHHOE COTTIACUE C PE3Y/Ib-
TaTaMM, [OJIYYEHHBIMUI IIPH IIOMOIIM TOYHOrO pernenus ypapuenust [Ipemun-

repa B TOM CJIy9ae, KOTJa B CHCTEME JIOMAHUPYIOT OJHO(DOTOHHDBIE TTPOTIECCHI.
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RESONANCE PHENOMENA IN NANOMAGNET +
JOSEPHSON JUNCTION SYSTEM UNDER EXTERNAL
PERIODIC DRIVE

Kulikov K.V."2, M. Nashaat!?, M. Sameh?®, D. V. Anghel'* and
Yu. M. Shukrinov!?
LBLTP, JINR, Dubna, Moscow region, 141980, Russia,

2IDubna State University, Dubna, Russia,
3 Department of Physics, Faculty of Science, Cairo University, 12613, Giza,

Egypt, * Horia Hulubei National Institute for R€ D in Physics and Nuclear
Engineering, Mdagurele, Romania.

kulikov@theor.jinr.ru

We demonstrated resonance effects in a system of nanomagnet coupled
to the Josephson junction under the influence of external periodic drive. We
show that the applied periodic drive brings to the appearance of additional
resonance peaks, which positions determine by the driving frequency. The
heights of the resonance peaks depend on the driving amplitude as a Bessel
function. We develop a thorough analytical description that allows to classify
all possible resonances arising in the system. The obtained result provide a
method for controlling the resonance properties of the system. It has been
demonstrated that by changing the amplitude of periodic drive it is possible
to suppress the main ferromagnetic resonance and at the same time excite a
new one with required aplitude and frequency. We consider that the obtained
results open a wide field of research and applications related to the resonance
properties of hybrid structures. Such a realization might play a crucial role in
quantum information processing and spintronics.
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FUNCTIONAL RENORMALIZATION GROUP IN THE
HIGHLY NONLINEAR MODEL OF A GROWING PHASE
BOUNDARY

N.M. Lebedev!

L Joint Institute for Nuclear Research, Dubna, Russia

lebedev@theor.jinr.ru

In this contribution the application of the means of functional renormalization
group to the model describing a randomly growing phase boundary will be
discussed. The stochastic equation to be considered was introduced in [1] as
a modification of Kardar—Parisi-Zhang equation, while in [2] it was shown
that corresponding renormalizable field theory should include infinitely many
interaction terms. We will discuss how the critical properties of a model with
infinite number of interactions can be studied within the FRG framework and
present our first results on possible critical regimes.
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OBYUYEHME MATHUTHOY HEMPOHHOM CETH B IIPUCY TCTBHUA
CJIYUYAMHBIX BO3MYIIIEHUN

H. C. JIo6aHoB, B. M. Y3aun
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E-mail: igor.lobanov@metalab.ifmo.ru

B HacTosiljee BpeMsi aKTHBHO pa3padaThIBAIOTCS PeayM3aliiid HCKYCCTBEHHBIX
HEWPOHHBIX CeTel Ha OCHOBE HOBBLIX (PU3WUECKUX MPUHIIUIIOB C I[e/IbI0 TIOBBIIIEHNUS
5Hepro3(PPeKTUBHOCTA W BBIUMC/IUTETHHON MOLJHOCTH YCTPOMCTB, PpeIaroIiX
3aJjauil UCKYCCTBEHHOrO WHTe/iekTa [1]. MBI mpezjaraeM u3aiiH MarHUTHOU
HAHOCHCTEMBI, CIOCOOHON peasn30BaTh He TOJBKO BHIUMC/IEHUEe HeHPOHHOW CeTH,
HO U eé oOyueHue 6e3 WCHOMBb30BAHUS K/IACCUYECKUX KOMITBIOTEDPOB, UTO
HEBO3MOXXHO B OOJIBIIIMHCTBE a/IbTEPHATUBHBIX peayu3anuii. /s XpaHeHUs] BeCOB
HEMpPOHOB MBI HCHO/b3yeM 3(@QeKTbl TUCTepe3ruca B MarHUTHBIX CUCTEMax, a
obyyeHHMe CeTM OMNMUPAETCs Ha AWCCUMNALMIO, YTO TMO3BOJISIET HCIO/Ib30BaTh
3/IEKTPUUECKUE CXeMbl TOJIBKO [I/i BBOJ[A-BbIBOJA [aHHBIX. PaboTOCroCcoOGHOCTh
JIaHHOTO MOJXOAa WUIIOCTPUPYETCS C IOMOIIbI YHC/AEHHOIO MOJe/TUPOBAHUSA
MarHUTHON HeHAPOHHOH ceTH, CIOCOOHOM pelliaTh 3a7iaun Kiaccudukaum.

ObyueHve MarHUTHON HEMPOHHOM CeTH NPOWCXOAWT 3a CUeT IepeKTI0YeHUst
MeXy MeTacTabM/IbHBIMA COCTOSIHUSIMH, KOTOPBIE TaK)Ke MOTYT HPOUCXOJHUTh
C/TlyyaiHBIM 00pa3oM 3a CueT TeMMepaTypHbIX (iyKTyaluid. [lapaMeTpsl cUCTEMBI
NOoAOUPAIOTCSl TAKUM 006pa3oM, UToObl aKTUBAIIMOHHBIE Oaphephbl OBLIN JOCTATOYHO
BBICOKUMH, UTOOBI CE€Th TIOMHM/IA CBOM BeCa, OFHAKO AOCTATOUHO HU3KUMH, UTOOBI
obecrieunTb 3HEpro3deKTUBHOCTh yCTpoWCTBAa. Tak KaK YacTOTa OCHU/UISIIUN
OTJie/IbHBIX CIIMHOB HA MOPSIKU MeHblIle YaCTOThI TeMIlepaTypHBIX [1€PeX0/0B, MbI
UCIOb3yeM paHee pa3BUTble HaMH YHC/IEHHble METOZbI /JIs1 BHIYMC/IEHUS] YacTOT
Mepexo/j0B B paMKax TeOPHH TepexoiHoro cocTostHus [2]. Hamu nomyyeHs! my Ty C
HaVMeHbBIIMM TIePENaZioM JHEpPrdH, COOTBETCTBYIOLME Haubojee BepPOSTHOMY
MeXaHU3My Tepexofia MeXJy MeTacTaOWIBHBIMH COCTOSIHHUSIMM, HaWZeHbI
aKTHUBAL[MOHHBIE 0Oapbepbl /I CUCTEMBI C pa3sHbBIMHU COCTOSHUSIMH BXOZOB U
BBIXOZIOB, UTO TIO3BOJIM/IO OIIEHWTH [Wala3oH TeMIlepaTyp, B KOTOPDOM MarHWTHas
HeMpOHHas CeTb MOKeT (PyHKIMOHMUPOBAaTh, U U3yUUTh 3aBUCHMOCTb YCTOHUMBOCTU
CXeMbI OT ee (PU3UUECKOro pa3mMepa.

VccnenoBanue BBITIOTHEHO 3a cuet rpaHTa Poccutickoro HayyHoro ¢oHza Ne 22-
22-00565, https://rscf.ru/project/22-22-00565/.
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MAGNETIZATION DYNAMICS SIGNATURE ON IV CURVES OF
OVERDAMPED S/F/S JOSEPHSON JUNCTION
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It is well-known that there are no chaos and hysteresis in current-voltage
characteristics (CVC) of overdamped (i.e. without electrical capacitance) Josephson
junctions under external radiation [1]. In this work, we consider overdamped
superconductor-ferromagnet-superconductor Josephson junctions, where the
spin-orbit coupling is presented in the interlayer, thus, the junctions exhibit
anomalous Josephson effect with the current-phase relation Iy = I, sin(p—¢yo),
where g is the anomalous phase shift, [2, 3, 4, 5]. We demonstrate that in
such systems under external radiation chaotic regions and hysteric behavior
are presented in the CVC of junctions without capacity. We show how those
features are connected to the magnetization dynamics of the interlayer. The
connection between the magnetization dynamics and the CVC is controlled
by the particular form of the current phase relation of the junction I;(¢, m) =

I.(m)sin (¢ — @o) with m being the magnetization of the interlayer.
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AB INITIO GUIDED MINIMAL MODEL FOR THE “KITAEV”
MATERIAL BACO3(ASO,)2: IMPORTANCE OF DIRECT
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By considering two ab initio-based complementary approaches, we analyze
the electronic structure and extract effective spin models of BaCog(AsQy4)2, a
material which has been proposed as a possible candidate for Kitaev physics
[1, 2]. Both methods show that the dominant direct hopping makes the bond-
dependent Kitaev term negligible moving the material away from the sought-
after spin-liquid regime. As a result, we present a simple three-parameter
exchange model to describe the interactions of the lowest doublet of the
honeycomb cobaltate BaCoa(AsOy4)2. Remarkably, it is the third-neighbor
interactions, both isotropic and anisotropic, that are responsible for the standout
double-zigzag ground state of BaCos(AsQy )2, stabilized by quantum fluctuations.
A significantly large third-nearest neighbor hopping, observed in ab initio,
supports the importance of the third-neighbor interactions in the stabilization
of the unique ground state of BaCos(AsOy)s.
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QPPEKT KASUMUPA IJIAd JNPPAKIITMMTOHHBIX
PEINTETOK I TEOMETPUYECKWE ITEPEXObI
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B pa6orax [1, 2] paspaGoran Teoperndeckuil hOpMAIU3M s BHIUUCIIE-
Hug sHeprun Kasumupa AByX GECKOHEYHBLIX JUMPPAKIMOHHLIX PEIIETOK, IIe-
PUOIMYECKUX B 3aJaHHOM IIPOCTPAHCTBEHHOM HAIIPABJICHUU U Pa3IeIeHHBIX
BaKyyMHOMI IIeJIbIO.

B paGore [3] Buepsble ucciaeoBan HOBBIH Kiace (bUBNUECKHUX SBJIEHMIL:
reoMeTpuYecKue mepexoibl. dueprusd Kasumupa Ha eIuHUILy IIOMAINA IBYX
HJI€aJIbHO BBIPOBHEHHBIX OECKOHEUHBIX IU(MPAKIMOHHBIX PENIETOK OTINYACT-
C OT AHAJIOTUIHON BEJUYIUHBI JJI JBYX OCCKOHEUHBIX PENIETOK B IMPEIEsIe
OGECKOHETHO MAaJIoro yIJja MOBOPOTA OJHONW PEMeTKN OTHOCUTEIBLHO JIPYTOi.
Bosnukaer reomeTpudeckuii mepexo; paspbiB sHepruu Kazumupa mpu yrie
IIOBOPOTa, PABHOM HYJIIO.

CrencTBreM TeOMETPHIECKOTO MEPeX0jia sIBJISIETCS BO3MOXKHOCTDL CO371a-
HUST CKOJIb YTOTHO OOJIBINAX 3HAYEHUI KPYTAIIEro MOMEHTA Ha, €IUHUITY TLI0-
MAIN JJIsi KOHETHBIX JUQPPAKIMOHHLIX PEIIETOK MPU YBEIUYCHUN UX pasMe-
poB. JlamHoe CBONCTBO B3aMMOJIEHCTBYIONNX AU(MPAKIMOHHBIX PEIIETOK MO-
JKeT OBITH UCTIOIB30BAHO /111 3D MDEKTUBHON GECKOHTAKTHOI TepeIad KPyTs-
IMEro0 MOMEHTA B HAYKE M TEXHOJIOTHUSX.

VuacTtue aBropa B pabore MexXayHapomaHoit kondepennun "CoBpeMeHHbIe
npobsrembl Teopun Kouzgercuposanubix cper (TKC 2022)"momaepxkano mpo-
ektom PH® Ne 22 — 13 — 00151.
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With combined the numerical solution of the charge transport equations and the
Monte-Carlo ray tracing simulations complemented by the transfer-matrix method
the structure of organometallic halide perovskite solar cells (PSCs) was optimized in
order to reach a maximum power conversion efficiency (PCE) of the element with
different absorber purity [1]. The positive role of Lambertian photon scattering on
the back reflector as well as the negative role of charge generation in the hole-
transport material (HTM) were pointed out [2SolMat,3]. We compare the PSC
properties with wide and narrow band gap HTMs with various organic and inorganic
materials. PSCs with wide band gap HTMs has higher efficiencies in spite of the
fact that narrow band gap HTM PCSs has higher total absorption. This is due to an
excessive non-radiative recombination in highly doped HTM layer. Our analysis
demonstrates that at the moderate absorber purity (the diffusion length ~1 um) the
optimal thickness of the solar cell with the typical absorber CH3NH3Pbl; is ~300
nm, providing the maximal efficiency ~18.8% for the wide band gap HTM
(CuSCN).
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QUANTUM-QUASICLASSICAL APPROACH FOR FEW-BODY
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We discusses the efficient quantum-quasiclassical method developed by V.S.
Melezhik with co-authors [1-4], which has been successfully applied to calculate
various few-body processes and has made it possible to resolve a number of topical
problems in atomic [1,3-5], mesoatomic [2], and nuclear physics [6]. In this
approach, a few-body quantum problem is reduced to the simultaneous integration
of a system of coupled quantum and classical equations: the time-dependent
Schrédinger equation, which describes the quantum dynamics of slow light paricles,
and the classical Hamilton equations, describing the fast variables of heavy particles.

Recently [5], the approach was extended and adapted for quantitative
description of pair collisions of light slow Li atoms with heavy Yb' ions in the
confined geometry of the hybrid atom-ion trap. On the basis of these calculations, a
new method for sympathetic cooling of ions in a RF Paul trap was proposed: to use
cold buffer atoms for this purpose in the region of atom-ion confinement-induced
resonance [5].

This approach also made it possible to perform calculations of the breakup cross
sections into the low-energy region (up to 10 MeV/nucleon), inaccessible so far to
other methods, for the ""Be breakup on a heavy target [6].

The developed quantum-quasiclassical method opens new possibilities in the
investigation of other hot few-body quantum systems.
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in breakup of halo nuclei within the time-dependent approach. The European Phys. J.
A58, 34 (2022)
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RENORMALIZATION ANALYSIS OF THE VISCOSITY
COEFFICIENT ON THE VICINITY OF SUPERFLUID PHASE
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The superfluid phase transition is characterized by a disappearance of
viscosity and arising a turbulent fluctuations, which is traditionally described
by phenomenological models E and F of critical dynamics. However, considering
the compressibility of the fluid near phase transition effectively leads to a
reduction in the simple stochastic model A. This fact makes it possible to
analytically investigate the behavior of a damping of the viscosity coeflicient.
To study this problem, we employ the methods of field-theoretic renormalization
group, and the analysis is performed utilizing the perturbative e-expansion.
The critical exponent of viscosity is expressed via critical dimensions of composite
operators (CO) of two-component model A with the canonical dimensions
2,4,6 and 8. We carried out renormalization analysis for all aforementioned
operators and calculated the matrices of renormalization constants and critical
dimensions of CO with canonical dimension 8 in the first order of the perturbation
theory.
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MATHUTHBIE KBAHTOBBIE OCLHAJUJISLIMU BHY TPUCJIOEBOM
MPOBOAUMOCTU B KBA3ZUJABYMEPHBIX METAJIJIAX
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Mbl HaXxOAUM BbIPAKEHUS [T XOJIIOBCKOM BHY TPUCIIOEBOM MPOBOAUMOCTH
B KBa3MABYMEPHBIX MeETalaX, OMUChIBAIONIME €& KBAHTOBbIE W MeJUICHHbIE
OCUWIAUMKA B MarHUTHOM mosie. C yu&TOM paHee BBIBEICHHBIX BBIPKEHUMN ISt
JMaroHaJbHONW KOMIOHEHTHI TeH30pa MPOBOAMMOCTH [1], MONyUeHbI BbIpasKeHUsI
IUIsl TEH30pa MarHeToCOompoTHBJeHHUs. JlaHHas paboTa HaKOHEl| 3aKpOeT BOMPOC
BBIYHCIICHUS TPEXMEPHOTO TEH30pa MarHeTOCOMPOTHBIIEHUS BKyTe ¢ pabotamu [1,
2].

B pacuére ncmosb3yercs caMoCcoriacoBaHHOe OOPHOBCKOE MPHOIKEHHE.
[MpuMecH CYMTAIOTCA TOYEUHBIMM U CIIy4yaliHO pPa30pOCaHHBIMU MO O00BEMY
KBa3uAByMEPHOro MeTasia. [Ijisi BEIUMCIeHUS
XOJUTOBCKOH TIpOBOAMMOCTHY TipuMensieTcs popmyna Cmpuka-Crpenst [3].

Bornpoc BbIUKCICHNUS MATHUTHBIX KBAHTOBBIX M MEIECHHBIX OCLMJUISALMIA
MarHeTOCOMPOTHBIICHUsT MMeeT OOoJbIIoe MPaKTHIeCKOe 3HAYeHWe Ui aHain3a
MHOTOYHCIICHHBIX IKCIIEPUMEHTOB.

HccnenoBanue BbIMONHEHO NpU noanepxke rpanta POOU Ne 21-52-12027.
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Sanaua ucciieI0BaHNs NEPeXoa B CBEPXTEKydee COCTOSHUE MMEET OJITYIO
ncroputo. HemaBHo OBLIO MOKA3AHO, ITO MOJIEJIN, IPE/JIOZKEHHBIE JIJIsT OTINCAHUS
9TOro Iepexona, a UMeHHO Mojenu I\ E croxacTudecKoll TUHAMUKU IPU yUeTe
CKUMAEMOCTH KUJIKOCTH 3DPEKTUBHO PEAYIUPYIOTCS K 60J1€€ TPOCTON MOen
A croxacruyeckoit junamMuku. C JIpyroif CTOPOHBI, OIMCAHNE JAHHOTO IEPEX0/Ia
B hopmasin3me BpeMeHHbIX (DyHKI ['prHa Ipu KOHEIHON TeMIiepaType TaKKe
MPUBEJIO K MOJEJH, SKBUBAJEHTHON Mojgeaun A. JluHaMudeckuil KpUTHIECKU
WHJIEKC Z, OTBEYAIONIHil 32 yObIBAHIE BPEMEHN PEJIAKCAIIHI CUCTEMBI, BHIBEIEHHOM
13 paBHOBeCHs (DIYKTYAIlUsIMHU, OKA3bIBAETCS PABEH MHIEKCY z u3 Mojesan A.
Oanako Bompoc yeroitunsocTu HaiinenHoi MK ¢pukcupoBaHHON TOUYKY B MOJEIN
BpeMeHHbBIX DyHKIW [ puHA TpH KOHEYHOIT TeMIepaType He MOYXKeT ObITh CBEJIEH
K BOIIPOCY YCTOWYHUBOCTH B MO A, 9TO TOTPEHOBAJIO OTIEIHHOIO BHIYUCICHUST
COOCTBEHHBIX YUCEJI MATPUIIBI W OTBETCTBEHHBIX 38 YCTONINBOCTL. B cmity Toro,
9TO PAJIBI 1O € JJI1s COOCTBEHHBIX YMCEJI OKA3bIBAIOTCH aCUMITOTUYECKUMU, OBLIO
IIPOBEJIEHO IIePECY MMUPOBAHIE II0JIy YAIOIINUXCs PAZIOB. B nokiase OyieT KpaTko
n3J102KeH (hopMan3M BpeMeHHbIX (DYHKIWiT [ pruHa npu KOHEYHOIT TemMieparype,
[IPUBEJICHBI PE3YJIbTATHl BBIYUCICHUS Z WHIEKCA B 2X IMETJISAX U YyCTONIMBOCTHU
enuucreernoit UK dukcupoBannoit Touky B 3X meTIIsx.
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BOJIHBI
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PaccmartpuBaetcs nenTta rpadeHa KpecelsHOTO TUTIA HAHOMETPOBOH IUPHUHEI d B
3JIEKTPUYECKOM TMoJjie OUXpOoMaTUYECKOH BOJIHBI F ) = ﬁo coswyt + ﬁl cos w; t,
SIBIISTFOIIEMCST  CYTIEPIIO3UIMEe CHJIBHOTO HU3KOYAaCTOTHOTO W BO3MYIIAIOIIETO
BBICOKOYACTOTHOTrO nojeit (Fy » Fi, wg < w;) ¢ aMnauTyaamu Fy; U yacToTamu

g1, COOTBETCTBeHHO. O0a TONSA TOJAPH3OBAHBI TAPAIUIETFHO OCH JICHTBL

AHaIUTHYECKH UCCIIeNyeTCsl BEPOSTHOCTh MEKIION30HHOTO Tepexona w,f,l’) MEW Ty
JBIPOYHON U 3NEeKTpOHHOU N-Mu nonzoHamu. [lepexon MHOYUMPOBaH COBMECTHBIM
neiicTBueM o6oux mosteii ¢ yuactueM [ (HOTOHOB YacTOTHI Wy U (POTOHA C YACTOTOI
1.

MaTemMaTHYeCKHii MOAX0] OCHOBaH Ha HECTALMOHAPHOM YpaBHEHUH Jlupaka uis
3NIEKTPOHA, BUKYIIETOCS CO CKOPOCThIO DepMu Uy B TI0JIE ABYX BOJIH F(t) s JBYX
MOAPECETKAaX JICHTBI rpa(beHa U B IOBYX [HOOJIMHAX, OTHOCAIIMUXCA K JOBYM
HEIKBUBATCHTHBIM TOYKaM JlMpaka B MMIyJbCHOM mpocTpancTBe [1]. Cornacuo
pemieHnd 3TOTO YpaBHEHHMA B  PE30OHAHCHOM HpI/I6J'[I/DKeHI/II/I BEPOATHOCTH

1 .
MEXIOA30HHOTO Mepexona W,E] ) (t) ocuwinMpyetT BO BpeMEHH C 4acToTOi Pabu

(R)
Qup

HanpsKeHHOCTeH noneit Fy 4 ¥ IUpHHLI JIeHTHI d. [TokazaHo, 4To NpK ONpeneneHHOM

(Fy, F;, w,d). YcraHoBjeHa €€ 3aBUCUMOCTb OT YETHOCTH duciia (poToHOB [,

ycloBun crabast BOJTHA BBI3BIBAET YBEJIMUeHE 9acTOThl Pabu. OUeHKH, caeTaHHbIe
IS PEATMCTHYECKIX MHTEHCUBHOCTEN CBETOBBIX TOJIEM M INMPUH JIEHT, HAXOIATCS B
TIOJTHOM COOTBETCTBHMH C JaHHBIMU TIO OCIMJUISALNSIM PaOu B ciioe TpadeHa B ToJe
OMXPOMATHYECKOM 3JIEKTPOMArHUTHOM BOJTHBI [2].
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dazoBasi [uarpaMMa AbIPOYHO-IOTIMPOBAHHBIX KyIPAaTHBIX CBEPXIPOBOJHUKOB
JEMOHCTPUpPYET  MHOXecTBO (a3, cpemd  KOTOpbIX  [CEBAOLIeNeBas,
3apspoBoynopsimoueHrass  (3Y), cmepxmpoBomsmas (as3el, ¢a3sl ¢ Majoi
3JIEKTPOHHOI M OOJIBILOI IbIPOYHON MOBEpXHOCTbIO DepMH, (a3bl C MIOTHOCTHIO
HOCHTEJIEH, MPONOPLUUOHATILHON YPOBHIO nomnupoBaHus p u p+1. Cuuranoch, 4To
nepeble 1Be (a3bl KOHKYPHUPYIOT C TpeTbed, HO OAMHAKOBOE MOBEIEHHE HX
KPUTHYECKUX TeMIepaTyp Kak (DyHKUMI NONMMPOBaHMS YKas3bIBaeT HA WX OOLIyIO
npupony [1]. B 3V ¢daze Habmromaetcs Oosblias 3amopokeHHas nedopmarms
peweTkn [2]. TIpyn HanW4MKM AUCKPETHOTO YPOBHS HOCHUTENS B MONSAPU3ALHOHHOMN
MOTEHLNAJIbHONW SIME €r0 OCHOBHBIM COCTOSHHEM SIBIISIETCS aBTOJIOKAJIM30BAHHOE,
3V B Takux cuctemMax oOpa3oBaHO OMITONIIPOHHON >KUAKOCTHIO, COCYIIECTBYIOUIEH
TIPU BBICOKOM JIONTMPOBAaHHUN/TEMITEpAType C AeTOKATN30BaHHBIMI HOCUTENAMH [3].
Jnst moctpoeHus (a3oBOi TUarpaMMbl TaKOH CHCTEMBl MUHUMI3HPYETCS e
CBOOOMHAs 3HEPrHs OTHOCHUTEIBHO pazMepa OWIONApPOHa NPH HCMOIb30BaHUU
(yHKIMM pacrnpeneneHnsl UIS CHCTEMBbI COCYLIECTBYIOIIMX JIOKAJM30BAHHBIX W
JeJIOKANN30BaHHbIX Hocuteseil. [ns pacdyera Temmneparypbl bose-konpeHcanuu
OMIOJAPOHHOM JKUIKOCTM WCIONb30BaH CTaHOAPTHBIAH MeTon Teopun bose-
xuakocTy Jlanoay v criekTp Bo30ykaeHui OunossipoHHoit xuakoctu. [lomydenHas
(a3oBas AuarpaMma JEMOHCTPUPYET BCe MepeyUCIeHHble Bbllle (a3bl, UX MECTO Ha
JyarpaMMe COBIAJaeT C TAKOBBIM B KyIpaTax, KaK M pacCUMTaHHAs 3aBUCHMOCTb
MOCTOSIHHOM X0J1a paccMaTpUBaeMOil CUCTEMBI OT TEMIEPATYPbl U JOMUPOBAHUSL.
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IMosyuenue ClIMH-IOJ/ISIPH30BAHHOIO TOKA SIBJISIETCS OJHON U3 aKTyaJIbHBIX
3a/1ad TeOPETHIECKON 1 SKCIepIMeHTAIbHOM dusuku nanocucreM [1]. B gact-
HOCTH, MHBEPCHUs! CIUHOBON HOJISIPU3AIUY HeoOXoAuMa Jyist (DyHKIIMOHIPOBa-
HHsl JIOTHYECKUX 9JEMEHTOB KBAHTOBBIX KOMILIOTEPOB. Leneparus u abdek-
TUBHBIE OILEPAI[MU CO CIHH-IOJISIPH30BAHHLIM TOKOM B IIOJIYIPOBOJHUKOBBIX
CTPYKTypax 0e3 HCIOIb30BAHUS BHENIHENO MATHUTHOIO IOJIS IPEIbABIISIOT
BasKHble TpeOOBaHUS K HPUHIUIAM (DYHKINOHUPOBAHUS TAKUX IJIEMEHTOB.
Crun-op6uranbroe B3aumogeiicrsue tuma Berakosa-Pam6nr (COB) [2], 06y-
CJIOBJICHHOE MHBEPCHOH ACHMMETPHE(l CJIOMCTBIX €TEPOCTPYKTYP, HpeICcTaB-
JisteT cobOIl eCTeCTBEHHBII MeXaHN3M MAHUITYJISIIIUN CIIMHOM 3jieKTpona. Nusa-
puanTHOoCcTE COB 10 OTHOIIEHNIO K 0OOpAIEeHII0 BPEMEHU BEJIET K BHIPOXKIe-
umio Kpamepca. Kak pesyibrar, B IUPKyJISIpHOI KBAHTOBOI TOUYKE CYIIECTBY-
I0T JIByXKPaTHO BBIPOKJIEHHDBIE COCTOSHHS 110 3HAKY YITIOBOIO MOMEHTA, ISt
KOTOPBIX yIVIOBOII MOMEHT COCTOSIHUS SIBJISIETCSI XOPOIIMM KBAHTOBBIM YHCJIOM.
Ncnomnb3ys Janublit GaxT, B cIydae GAJIHCTHIECKOTO MEPEHOCA SJIEKTPOHOB
Yepe3 HMUPKYISIPHYIO KBAHTOBYIO TOUKY IIOCPEICTBOM KBAHTOBLIX KOHTAKTOB
B JIAHHOM COOOIIEHNH OOCY’KIAIOTCs: &)ONTUMAJIbHLIC YCJIOBUS PeaJIM3allii
IPOIECCa MHBEPCHN CIHHA 3JIeKTPOHA [3]; dbU3MdecKue NPUHIMILI pa3/ere-

HUsl 9JIEKTPOHOB II0 CIIMHY Yepe3 Pa3JInUHbIe KAHAJBI epeHoca [4].
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It is known that the rotation to the Euclidean space turns quantum field
theory into an equilibrium statistical physics.

Quantum particle field theory is based on unitarity of the S-matrix, Lorentz
invariance and renormalizability. Quantum statistical theory uses largely similar
methods. But in the submitted polemical report will be presented discrepancies
within the framework of equilibrium statistical physics with the mentioned
basic principles of elementary particle physics.

Formal Wick rotation is subject to verification for each specific model, as
the classics wrote. This check may turn out to be non-trivial, for example,
the rotation of a free oscillatory model does not lead to the Bose-Einstein
distribution (Planck for a black body).

An rotated equilibrium theory presupposes a heat bassin, the theory is
not closed, an analog of unitarity violation is the appearance of dissipation
without any additional physical properties of a heat bassin.

To describe specific phenomena of statistical physics (for example, critical
behavior) the model in question need not be neither Lorentz invariant nor

renormalizable.
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STRONG REPULSIVE INTERSPECIES INTERACTION EFFECTS IN
TWO-COMPONENT BOSE MIXTURE
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We have developed a self-consistent mean-field theory for a binary
homogeneous mixture of two-component Bose systems. This theory, being
conserving and gapless, imposes no restriction on the gas parameter v, and hence it
is valid for arbitrary strong interactions gab. The theory satisfies the generalized HP
theorem and takes into account anomalous densities o,, o5, and o.. The presented
approach is a kind of a self-consistent Hartree-Fock-Bogoliubov approximation;
hence it is the most general mean-field approximation.

We have obtained the phase diagram for this system at zero as well as at finite
temperatures for arbitrary gas parameters. The phase diagram at zero temperature on
the (gus, y) plane shows that the system may remain stable and miscible even at
8a/Qaa>1, provided the anomalous densities are properly taken into account.
Comparing this phase diagram with that at finite temperature (g.s, y, 7), we see that
the finite temperature can transform the phase-separated two-component BECs at
T=0 to a miscible state. This conclusion is in good agreement with the works by Roy
et al. [1], Ota et al. [2], and Shi et al. [3]. Our numerical results are also in good
agreement with experimental works [4], although new experimental measurements
for larger values of the interspecies coupling and y are required.
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Manipulation of Magnetic Moment Dynamics in Nanomagnet
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The anomalous Josephson structures with coupled superconducting and
magnetic characteristics allows the manipulation of magnetic properties by
Josephson current [1]. We investigate the effect of electromagnetic coupling in
nanomagnet - Josephson junction system [2, 3]. We show that the magnetic
field generated by the Josephson junction and external drive plays the role
of the oscillating force of the suspension point in the Kapitza pendulum
[3]. We demonstrate that at ferromagnetic resonance, an irregular easy axis
reorientation occurs due to several precessional motions that are related to
chaotic behavior and orbits with different periodicity in the ferromagnetic
resonance region [4]. This opens unique perspectives for the manipulation of

magnetic moment in hybrid superconducting systems and spintronics devices.
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HAHOCTPYKTYPbI B OBJIYYEHHBIX ITVIEHKAX
MNOABEIIEHHOT'O CVD-MYJIbTUTPA®EHA
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JlaHHast paboTa MoCBsIEHa IKCIIEPUMEHTAILHOMY HMCCIeI0BaHHIO ieHok CVD-
MyJabTUTpadeHa, HAHOCTPYKTYPHUPOBAHHBIX IMyTeM  OOJydeHHWs  ObICTPBIMH
TSOKEJIBIMU MOHaMU (Xe KCEHOH, 3Hepruu HoHOB 167 nubo 26 M»aB (31ekTpoHHbIe
notepu Se ~ 17.3 u 8§ ¥3B/HM, cooTBeTCTBeHHO). PaHee HaMu ObUTO OOHAPYKEHO,
YTO B OTCYTCTBUE TMOMJIOXKM HAHOCTPYKTypupoBaHue mmieHok CVD-rpagena
npoucxonut Hambonee >¢p¢exTnBHO [1]. B Xome mamHO# paboThl Hamu OBLTH
ucclieioBaHbl nojBeLeHHble mieHkn CVD-rpadena.

B 006mydeHHBIX TUIEHKAX OBLTH 0OHAPYKEHBI HAHOCTPYKTYPUPOBAHHBIC 00JIACTH
pasMepaMu € Pa3TUYHBIMU MEXKCIOMHBIMU PACCTOSHUSIMM, 3aBUCSIINMHU OT
HavyalibHO#M 3Heprum oOiyvaromux wWoHoB. Ilpm sHeprum woHoB 167 MdB B
obsydeHHbIXx CVD-miieHkax npeoOsiafiatoT HaHOCTPYKTYPBI € MEKIIOCKOCTHBIMU
paccrossHussMu 0.19-0.22 HM, HammumeMm oceil 5-ro mopsaka M XapakTepHbIMU
pa3mepamu 7-16 HM. TTogoGHbIe 00pa3oBaHKA XapaKTEepHbI I METEOPUTOB JIHOO
NETOHAIIMOHHBIX aMa3oB. [Ipu oOmyueHnn ¢ 3HEpTHeit noHOB 26 MaB xapakTepHO
npeobiafaHue  MEKIUIOCKOCTHBIX — PAacCTOSIHMIT B HAHOCTPYKTYpPUPOBAaHHBIX
obmactax ~ 0.24-0.27 aM, HaTu4aue oceit 4-To MopsAIKa M XapaKkTepHbIE pa3Mepsl ~8-
24 M. Takue o6nacT MOTYT OBITh MHTEPIPETUPOBAHBI KaK KPUCTAIINUTHI TpadeHa
¢ AA’-ynakoBkoii cioeB. Takum 00pa3oM, NOKa3aHO, YTO W3MEHsS KOJIMYECTBO
SHEpruM, IepenaBaeMoil OT MOHOB MaTepuajly, MOJKHO 3HAYMTENLHO BIMATH Ha
XapakTep HAHOCTPYKTYpHPOBaHUS MaTepuasa BOJM3H TPEKOB HOHOB.

Pabota BbinosiHena B pamkax npoekra PH® 22-19-00191.
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MAGNETICALLY CONTROLLED HELICAL CRYSTALS
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We study electron transport in an array of tunnel-coupled edge states arising in a
set of ordered antidots in a two-dimensional topological insulator. Similar systems
are already being studied experimentally [1].

The band structure of a one-dimensional crystal of such antidots was calculated
as a function of the magnetic flux. It is shown that the energy levels of an individual
antidot are broadened proportional to the tunnel coupling between them. They are
periodic ef,, =€ +47m and have the property ef,, (q+m) =g (q) +2m (see
Figure). dr

The band gaps arise. They is closed Ent2
when the magnetic flux is equal to the
integer and half-integer value of the

magnetic flux quantum. With an increase
in the deviation of the magnetic flux from
these values, the Dirac points merge. The
width of the band gaps is related to the
difference between the quantization axes
of electron spins in neighboring antidots.

Defects in such a crystal are studied. - 0 = e
For example, a defect in the form of a wall ’ q ‘
between the region of rings with a large radius and rings with a small one leads to the
formation of a localized topological state with an energy equal to the middle of the
band gap.

RFBR, project number 19-32-60077, funded the work of R.A.N. The Russian
Science Foundation funded the work of D.N.A. and V.Yu.K., Grant No. 20-12-00147.
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SHOT NOISE IN AHARONOV-BOHM INTERFEROMETERS
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We studied the dependence of the Fano factor of Aharonov-Bohm interferometers

on the magnetic field. The Fano factor 'Y
was calculated for the "ordinary" '
material. The dependence of the Fano
factor on the magnetic flux in units of a
flux quantum has a peak in half-integer
values for symmetric interferometer arms

and two peaks otherwise (see upper

NP
Figure). 0.0 0.2 0.4 qb 0.6 0.8 1.0

Further, we considered two-dimensional topological insulators (2D TIs). They are
naturally quantum interferometers if metal electrodes are attached to them.

Experimental measurement of the Fano factor for the edge states of 2D TI gives the
value F=0.29, which still does not have a good enough explanation [1]. The shot noise

is calculated, the analysis of the obtained

expression and its dependence on the
0.8

magnetic flux is carried out (see lower

Figure). The relative length of the arms “-ﬁm

does not affect the interference, and at “34

half-integer values of the flux,

antiresonances occur. "
The study was funded by the Russian ~ 09 - 04 g oo 04 15

Federation President Grant No. MK-

2918.2022.1.2 (R.A.N.). The Russian Science Foundation funded the work of D.N.A.

and V.Yu.K., Grant No. 20-12-00147.
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A five-loop renormalization group analysis of the effective high-temperature
superconducting phase transition model [1, 2, 3, 4] with two coupling constants
is considered with the aid of the convergent perturbation theory formalism
[5, 6, 7, 8]. The specific features of the renormalization group analysis when
using convergent perturbation theory series instead of traditional divergent
ones are shown. The fact that all initial states of all superconductors with
a high-temperature first-order phase transition lie on the same curve in the
phase plane of the coupling constants of the model is discussed. A system
of integral equations that connects the points on this curve and the physical
parameters of the model (temperature, attractive interaction constant, cutoff
parameter, and Fermi energy) is obtained.
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Until mid-2000s it was thought that crystal structures are fundamentally
unpredictable. This has changed, and a special role in this transformation was played
by our evolutionary method USPEX [1]. Thus method routinely allows one to
predict stable crystal structures for a given chemical composition and predict all
stable compounds formed by given elements. Here I will discuss:

*Discovery of novel chemical phenomena at high pressure: transparent non-metallic
allotrope of sodium [2], counterintuitive novel sodium chlorides [3], chemical
reactivity of helium [4], prediction and discovery of new high-temperature
superconducting polyhydrides [5,6], approaching room-temperature
superconductivity.

**Recent extension of crystal structure prediction to finite temperature [7], and first
results for planet-forming materials.

***Development of coevolutionary methods — COPEX (to predict all stable
compounds in very complex systems) [8] and Mendelevian search (navigating the
chemical space to find the material with desired properties) [9].
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Entanglement in 1D antiferromagnetic spin 1 Heisenberg XXX model with
external magnetic field B and single-ion anisotropy D is investigated. The
logarithmic negativity for nearest and non-nearest neighbors on the finite
chain with sizes N = 4 —8 in the ground state is obtained. The phase diagram
is presented for even N sizes in the B — D plane, and a specific triple point
is demonstrated. The behavior of logarithmic negativity LN on a finite chain
with sizes N = 4 — 8 for nearest, next nearest and next to next nearest
neighbors depending on external magnetic field B and single-ion anisotropy
D is considered at low temperatures. We also discussed the properties of the
logarithmic negativity of LN as a function of temperature T at an external
magnetic field and for a fixed single-ion anisotropy.
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BBICOKOTEMIIEPATYPHAS JIEKTPOHHO-ABIPOYHASA XKUJAKOCTb
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B nmocnennee Bpemss  OonblIO  MHTEpEC  MPEACTABISAIOT  MOHOCIOU
JIUXaNbKOreHUAOB mnepexoaHbix MetawioB(AIIM)[1]. KeasunBymepHas mnpupona
HOcHUTeNell Toka, 3JEKTPOHOB W JAbIpok, B JI[IM obecrieunBaeT Oonee CHIbHOE
B3aUMOJIEICTBHE TIO CPABHEHHWIO C OOBEMHBIMU MOJNYNMPOBOAHMKaMH. Tak B
MoHOcioe MoS2 HaOmomanack CHJIBHO — CBA3aHHAs 3JIEKTPOHHO-IBIPOYHAS
sxunkoctsb (/1K) ¢ kpuruueckoit temneparypoit T=500 K[2].

OHeprusi OCHOBHOTO COCTOSHHWSI Ha OXHY O3JIEKTPOHHO-IBIPOYHYIO Tapy
ckiaapiBaeTcd W3 3Heprum XapTtpu-Poka M KoppesnsuMoHHOW 3Heprun. B [3]
BBIYUCISIETCS  KOPPENALMOHHAS  JHEPTUS B Pa3HBIX  MPUOIIDKCHUSX:
acumnTotnyeckuii meton B pamkax RPA wm mo meromy Hosbepa-Ilaiinca. Tlo
MUHUMYMY TIOJHOH 3HEPIruM ONpeAensroTcs dHeprus W miotHocTs OJDK mpm
HyJIEBOI TeMmeparype.

XUMHWYecKnil MOoTeHIMaT MOXHO TMPEACTaBUTh B BHIE CYMMBI XUM.ITOTEHIIMATA
UJAILHOTO  3JIEKTPOHHO-IBIPOYHOTO Ta3a W XMM.IOTEHIuasa OOMEHHO-
KOppEeJsILLMOHHOM 4acTu Mpu HyneBoil Temnepatype. B [4] Bblumcnsercs ¢azobas
marpamma  JDJIK, KoTopas mpenctaBisieT co00i  “KOJOKON” Tepexona ras-
KUIKOCTb.
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MOJEJINPOBAHUE B3AVUMO/JIENICTBUA
KBAHTOBAHHHBIX ITOJIEN C IPOTSI>KEHHBIM
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Iperaraercs: nogaxoxn K. Cumansuka [1] K MogempoBaHUII0 KBAHTOBO TI0-
JIEBBIX CHCTEM B HEOTHOPOIHOM IMPOCTPAHCTBE-BPEMEHN WCIIOIH30BaTh JIJIsT
JIJISI TEOPETUIECKOT0 UCC/IeI0BaHust 3(pPHeKTOB B3auMOJIeCTBISI KBAHTOBAH-
HBIX TTOJIelt ¢ MaTepueii. Kak m3BecTHO, yaeT 6a3uCHBIX (PU3NICCKUX TPUHITH-
II0B CYIIIECTBEHHO OIPAHUYNBAET BO3MOXKHOCTH IOCTPOEHUsI TEOPHUU IJIEMeH-
TapHBIX JacTHUIl. Tak TpebOBaHUs JIOKAJIHHOCTH, TIEPEHOPMHUPYEMOCTH, PeJIsi-
TUBUCTCKON U KaJTMOPOBOYTHOM NHBAPUAHTHOCTH OKA3BIBAIOTCS JIOCTATOTHBIMHI
JIJISI TOTO, 9TOOBI HaiiT 00munit Bu 1 (DYyHKIIMOHAJIA, JIECTBUST KBAHTOBOM 3JIeK-
rpomuaaMukn (K1) ¢ TOYHOCTBIO /10 3HAYMEHUIT JIBYX €r0 MapaMeTpOB, Mac-
CBI U 3apsiza dJaeKTpona. IIpocrpancreo-spems B KOJI mpeamonaraercs oxHo-
POJHBIM U U30TPONHBIM, OJJHAKO OKA3bIBAETCS BO3MOXKHBIM [1] Momuduimpo-
BaTh K9/ mobaBKoil K HefCTBUIO JOMOJHUTEIHLHOrO (PYHKIINOHAA HeHCTBUS
(neitcrBue sedekra), I KOTOPOTO 9TO YCJIOBHE HE BBIIOJHAETCS, HO Iepe-
HOPMHUPYEMOCTh U KaJIUOPOBOYHAsT HHBAPUAHTHOCTH MIPU ITOM COXPAHSIFOTCSI.
Ucnons3ys mefictBue medekTa Kak Criocod OMMCAHWs B3aMMOJICHCTBUT TOJTeit
K3/I ¢ maTepnaJbHBIM 00BEKTAME, MBI TIOCTPOMIH U UCCJIETOBAIN P MO/IH-
durupoBanubix Mojesaeit KOJI st 1ByMepHbIX MaTepUAJIOB IIPOCTOI reoMeT-
pudeckoil popMbl (III0CKOCTH, cdepa, NUIMHAD). B HUX [IPOBeIeHbl pacyeTsl
cust Kasumupa, XapaKTepUCTHK ITPOIECCOB PACCESTHUSI U CBOMCTB CBSI3aHHBIX

COCTOSTHMI, M3YUEHbI HEKOTOPDBIE MarHeTO-3/IEKTpIIecKne (D MeKTo.
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Microscopic theory of superconductivity of strongly correlated electrons on
the two-dimensional honeycomb lattice with two sublattices A, B is presented
[1]. We study the t-J model in terms of the projected (Hubbard) operators,

e.g., d;; = a;‘;(l — Mi—.) is the creation electron operator on the lattice site
+
i—

The commutation relations for the operators, &wd;; + d;radw = 0;;(1 —

i = (r;,A,B) with spin ¢ and n;, = @, ,ai—, is the number operator.
nis/2 + 0S7), reveals the kinematical interaction of electrons with number
and spin operators. Using the Green function method in terms of the Hubbard
operators a self-consistent system of equations is obtained. In the normal state

the spectrum of electrons is similar to that one of the graphene:

ei(k) = —ptihy(k)|, y(k) =) exp(ikda),

51 = (a/2)(V3,~1), 61 = —(a/2)(v/3,1),6, = a(0,1).

The hopping parameter t is renormalized due to short-range AFM correlations
that results of the Fermi surface reconstruction with doping. Solution of the
gap equation in the superconducting state shows the superconducting pairing

of s- and d-wave symmetry:

AW (k) = A, Z eXp(ik(Sa) = Asﬂ)/(k% Ad(k) = Z Aldei@ﬂ-/3)a eXp(ik(Sa)

J i(k—q)8a 1 £1(a) 1 e-(q)
Ay (k) =5 D e As(d)(Q)|:26+(q) tanh 57+ 5 s tanh

a0
The s-pairing is prohibited due to the constrain of “no double-occupancy”
< d:; &j_ » >= 0. Figures 1 and 2 show T, dependence on the hole concentration

and J for the d-wave.
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At half filling, 06 = 1/3, the chemical potential is zero at the Dirac points

and T, is zero for small values of J, while for J > 0.75t a gapless superconductivity

with finite T, emerges. For § < 1/3 a coexistence of superconductivity and

AFM order is possible.
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KOJUJIATIC, HYKJIEAIIMSAA U BPEMEHA )KU3HU CKUPMUOHHBIX
COCTOSIHU B CUHTETUYECKUX AHTU®EPPOMATHETHUKAX
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PazpaboTka ©OeroBoif MAarHWTHOW TAMSATH Ha OCHOBE TOIOJIOTUYECKUX
XHUpPaJbHBIX CTPYKTYp JAeNaeT aKTyalbHbIM aHAJIM3 yCTOMYMBOCTH TAKUX COCTOSHMI
[1]. B antudeppomarnernkax (AP) u GeppiMarHUTHBIX MaTepuaax, B KOTOPBIX
MarHUTOCTaTUYECKOE IUIMOJIbHOE B3aMMOJEHCTBHME MOJABJIEHO, yIaeTcs MONy4YUTh
OTHEJNbHBIE CKAPMHOHBI pa3MepoM TMOpsaKa HAHOMETpa, CTaOWiIbHBIE TMpH
KoMHaTHOW Temmeparype [2]. OnHako HeTEeKTUpOBaHHE CKUPMUOHOB B AD
3aTpylHeHo. OTta mpobjeMa MOXKeT OBbITh pelleHa, eclii  HMCIOJb30BaTh
cuHTeTHyeckne AD, B KOTOPbIX MarHUTHbBIE CJOM pasfeneHbl HeMarHUTHOM
MPOCIIOWKO# Tak, 4TOOBI MeKCIOWHOe B3auMozeiicTeue 010 AD [3, 4]. B pamkax
TEOPUM TMEPEeXOAHOTO COCTOSHMS TMOCTPOEHBbI MYyTH C MHUHUMaIbHBIM Mepenagom
9HEPTUH MEXIY COCTOSHWEM C Tapoil CKHPMHUOHOB M OTHOPOIHBIM COCTOSSHUEM B
cunTetTndecknx A®. HaiineHsl akTHBaUMOHHBIE Oapbepbl M KoJulanca M
HyKJI€alny, TIOMydeHbl BpEeMeHa JKW3HW COCTOSHUNW W YacTOThl HyKJIealWW TpH
MPOU3BOJIBHBIX TEMIEpaTypax.

HccnenoBanne BBITIONTHEHO 3a cueT rpadTa Poccuiickoro HayuHoro ¢orma Ne 22-
72-00059, https://rscf.ru/project/22-72-00059/
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KOHKYPEHIIVA ITPOCTPAHCTBEHHO HEOJHOPO/JHbBIX
COCTOSIHUY B ®EPMHUOHHBIX CUICTEMAX

A.B. Poxkos!
YHUTIID, Mockea, Poccuiickas ¢edepayus

arozhkov@gmail.com

XO0pomIo W3BeCTHO, UTO MHOTO(pepMUOHHbBIE CHCTEMBI MOTYT /IEMOHCTPHUPOBATh
IIPOCTPAaHCTBEHHO HEOJHOPOJHbIE COCTOSHUA. XOTSI HEOJHOPOJHOCTb MOJKET BO3-
HUKHYTb 110/ BJIUSTHUEM BHEITHeTo OecropsiKa, 3auacTy0 OJHOPOJHbIE COCTOSHUS
TepsIOT YCTOMUMBOCTL CIOHTAHHO, IOJ, AeHCTBUEM WCK/IIOUUTENLHO BHYTPEHHUX
¢akropoB. CrioHTaHHOe 0Opa30BaHKMe HEOJHOPOAHOCTEeH HabJII0/aeTcss BO MHOTHX
Cllyyasix, oT (pepMHUOHHBIX aTOMOB B JIOBYLIKAX A0 KBa3HOJHOMEPHBIX CBEpXIIPO-
BOJHUKOB. VIMEHHO TaKas cUTyanus u 6yAeT 00CyKIaThCs B JOK/IAJe.

TeopeTnueckoe onucaHye HeOJHOPOAHOH dasbl, 3aMeriaioniell HecTabUIBHYIO
OJHOPOJHYIO a3y, MPUHIUIHNAABHO ITpobneMaTiuHo. I'1aBHBIM 00pa3oM 3To CBsI-
3a8HO C TeM, YTO, KaK IIpPaBM/IO, CYILeCTBYeT HeCKO/bKO THUIIOB HEOJHOPOJHBIX
COCTOSIHUY («CTpaMIIbl», CJIOUCTBIE U KOJIyMHApHBIe CTPYKTYPBI, U T.[.), KOHKYPUPY-
IOIUX ZIDYT C APYTOM 32 BO3MOXKHOCTh CTaTh CTAOU/IBHBIM OCHOBHBIM COCTOSHHEM.
Yuc/eHHbIE U aHAJTUTUYECKUE PacueThl yOeuTe/IbHO JeMOHCTPUPYIOT, YTO B MPOC-
TeHIMX MHOTO()epMUOHHBIX MOJIeNsIX, JONYCKAIOIUX HeyCTOHUMBOCTh OJHOPO/IHO-
r'O COCTOSIHHUSI, KOHKYPHUDYIOIIHe HeOJHOPOAHBIE (a3l MMEIOT upe3BbIYaiiHO O/n3-
Kue (cBOOOZHBIE) SHepruu. B yacTHOCTH, A1 TpexMepHOH €/1abo JierMpoBaHHOM
Mozienn Xabbapaa B pexkuMe C1aboro B3aUMOJEHCTBHS Pa3HULA MeXIY COOTBET-
CTBYIOIIMMH SHEPrUsMHU COCTaB/IseT HeCKOIbKO IporeHToB [1]. [Toxokue pe3ynb-
TaThI MOyYEeHbI U /I APYTUX PEXKUMOB.

B curyanuu, Korja HETOX/EeCTBeHHble COCTOSIHUS HMMEIOT CTo/Mb O/M3Kue
SHEPIUH, UCXOJ UX KOHKYPEeHI[U Oy/IeT 3aBHCETh OT MHOXeCTBa (akTopos (becro-
PAJOK, JalbHOZENCTBYIOIee KYJIOHOBCKOe B3aUMOJIeCTBYe, JKeCTKOCTh KpHUCTasl-
JIMYeCKOH DeIlleTKH), KOTOpble TPOCTeHIIe MO/e/I He B COCTOSIHUM OnHcaTh. s
NIOHMMaHMsI CBOMCTB CUCTEMBI B TAKUX PeXXMMax poJ/ib SKCIIePUMEHTA/NbHbIX JaHHBIX
BBIXO/WT Ha TIePBbIM IIaH.
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CTATUCTUYECKU AHAJIU3 U MOJEJMPOBAHUE CTPOEHUS
KJIETOYHBIX MOHOCJIOEB C PABHOU CKOPOCTBIO AEJIEHUSA
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Pa3zBuTe MHOTMX TPOCTBIX OMOJOTMYECKMX CHCTEM OIPEAENseTcs He TOJbKO
TeHeTMYEeCKUM KOHTPOJIEM, HO M HEKOTOPbIMM MaTeMaTHYeCKUMH U (U3MUECKUMU
3akoHOMepHOCTAMH. C  TIOMOIIBIO  METOJOB  T€OMETPUYECKOTO  aHajIn3a
mukpodotorpadpmit (puc. 1 A,C,E) n matematnueckoro mojaenuposanus (B,D,F)
UCCeayoTcss OCOOEHHOCTH TOTIOJIOTHHM YTIAKOBKM KJIETOK B SIMHUTENNATBHBIX
MOHOCJIOSIX € Pa3HOM CKOPOCTBIO pOCTa: B THUNEPNpOaudepaTUBHBIX PaKOBBIX
kinetkax HelLa (E,F), B mponugeparusubix knetkax COS m HCerEpiC (C,D) u B
HenpoangepaTUBHOM SMUTENNH, TOKPbIBAIOILEM siflia acuuauii (A,B).

[TokazaHo, 4TO 4YeM MeIUIEHHEH pPACTET 3NUTENHii TeM MEHbIIE B HEM
TOTMoNOTnIecKkuX nedekToB (KIETOK ¢ 4ucioM coceaeil # 6). OmHako naxe B
SMWUTENTNH aCUUANI MOTYT BO3HHMKATh MPOTSHKEHHBIE TOTIOJIOTHYECKHE Ne(eKThl 13-
3a KpUBU3HBI M BapMaTUBHOCTH pazMepoB KieTok [1]. TTopsnok kieTok B pakoBOM
SMUTENNH Hawmbojee ONMuM30K K ciydaitHoMy [2]. C TOMOIIBIO MOIECTUPOBAHUS
MOKa3aHo, 4TO B MPosM(epaTHBHOM 3IUTENNN Pelakcalys HanpsKeHUH MPUBOAUT
K  JIOTIONHUTENTbHOMY  YTIOPSOYMBAHWIO  MOHOCNOS, TI0  CPaBHEHWMIO €
runepnpoinpepaTuBHbIM [2]. OcOOEHHOCTH Pa3HBIX BUAOB MUTENUS Takke ObUN

N

NPOAEMOHCTPUPOBAHbI C IOMOLIBIO MAPHBIX KOPP HKLMA.
B S : S ;

72-00128, https://rscf.ru/project/22-72-00128/
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CAMOOPTAHMU3ALIUSA ABYMEPHBIX KOJVIOUWJIHBIX CUCTEM —
POJIb TPAHCJISILIOHHOI'O 1 OPUEHTALIMOHHOI'O TAPAMETPOB
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B noxnazne o6cyxaaroTcsi OCHOBHBIE COBPEMEHHbIE CLEHapUu CaMOOpraHu3aLuy —
[UIaBJEHMSA, KpUCTANIM3aLlMy, [epexofa B CTEKIO - J[BYMEpHbIX CUCTEM B
3aBUCHIMOCTH OT BHWJA MOTeHIWana. B Hacrosiee BpeMsi MOKHO TOBOPUTH O TpeX
BO3MOXHBIX CIIEHApHUsX JABYMEpPHOro T1uiaBieHus. [Ipexne Bcero, 3T0 TeopHs
Bepesunckoro-Kocrepnuma-Tayneca-Xansnepuna-Henscona-Anra (BKTHNY) [1],
B KOTOpOW ObIT MpeIokeH HeCTaHIApTHBIM CLEeHapHWii TIaBIEHHUS OBYMEPHBIX
KPUCTAJIOB TOCPEACTBOM JBYX HEMpPEpPBIBHBIX TMEPEXOJOB C MPOMEXKYTOUHOM
rexcatuyeckoi ¢azoii. Ilpu 3Tom a3oBblii mepexon MmepBoro poaa TakkKe MOXET
peanuzoBarbes [1]. CpaBHUTENBHO HEAABHO ObUT MPEIOKEH €lle OIUH CLEeHapHii
TUIaBJIEHUs, B paMKaXx KOTOPOTrO TUIABJICHWE TakXke€ MOXET TPONCXOANTh
MOCPENCTBOM JBYX TIEPEXONOB, OIHAKO TPHU 3TOM TIEPEXOA TBEpAOE Teuo -
rekcaruueckas (pasa IpOUCXOOUT MOCPEICTBOM HempepbiBHOro nepexona tumna BKT,
a mepexoJ rekcaruueckas ¢asza - U30TPONHasg KHUAKOCTb - MOCPEICTBOM Mepexona
nepporo poxa [1]. dusnmueckuid MexaHM3M paccMaTpUBaEMbIX IEPEXONOB

ompezessieTcsi TMOBENeHHWEM TOMOJOTMYeCKUX JAe()eKTOB — JAUCIOKaUMid U
JUCKIIMHALMN — CBA3aHHBIX C TPAHCJISIUMOHHBIM M OPUEHTALIMOHHBIM MapaMeTpamu
MOpsKa. B nmokmane 00CY)KAalOTCd ~ METOIbl  KOMIIBIOTEPHOTO

MOJENTMPOBAHUS, TIPUMEHIEMbIE IS aHAJIM3a BOSMOXHBIX CIICHAPUEB TUIABICHUS B
MPUMEHEHNH, B YACTHOCTH, K moTeHnuany [epia, cirykameMy A KaueCTBEHHOTO
OMNUCaHUs KOJIJIOUTHBIX cucTeM [2,3].

Pabota nojiepKaHa TrpaHTOM PHO® 19-12-00092
https://rscf.ru/project/19-12-00092/.
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B noknaze npencraeieHa Moaelb AMHAMUKM MHEHUH B MyJIbTHareHTHOM cUcTeMe,
OIMUCHIBAIOILAA, B OTIMYME OT paHee MPeANToKEeHHbIX Moesel [1], He Tonbko cam
npolecce, HO M ero NpuYnHy. B pamMkax npeanaraemMoil MoIean areHTbl MEHSIOT
MHEHUs B pe3yJIbTaTe JaBMHOOOPa3HbIX N3MEHEHNH MH(OPMALMOHHOTO IaBJICHUS B
cucteme. [Ipr 5TOM areHTbl, KOTOpbIE B JaHHBIIf MOMEHT BPEMEHH CBSI3aHbI CO
CBOMMM COCEIIMH, MOTYT IPUHUMATh MX MHEHHUE, y4acTBYs B MH()OPMALIMOHHO
JlaBUHE. ATEHTHI, HE CBS3aHHbBIE B ITAHHBIII MOMEHT CO CBOMMH COCEISIMH, HO
UCIIbITHIBAIOLIME U30BITOUHOE MH(OPMALIMOHHOE aBlIE€HHE, MEHSIOT CBOE MHEHHE Ha
3HaK NOCTymnatolleil B cucteMy BHelHeil nndopmanuu [2]. AHanuTudecku 1
YUCIEHHO Mbl TIOKa3bIBaeM, YTO B 3aBUCUMOCTHU OT OTHOIIEHHS BEPOATHOCTEH ITHX
JBYX KOHKYPHPYIOLIMX TPOLECCOB P U NpeBalMpyIOLIero 3HaKka BHEIIHeH
nHdpopmamu Ai, B cHCTeMe BO3MOKHA pean3anysi HECKOJIbKUX PEeKAMOB
AMHAMUKY MHEHUIA, KOTOPbIC XaPAKTEPU3YIOTCS PA3THIHBIM MOBEICHUEM (yHKLIH

Wl S e I MJIOTHOCTY BEPOSTHOCTH JJIst
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B paGote [1] pa3paboTaH HOBBIH KalWOpPOBOYHO-MHBAPUAHTHBIA METOH s
BeiBoa cwi Kasmmupa n morenmmana Kasunmupa-Ilongepa. [Toxydena Gpopmyra mis
noreHumana Kasumupa-Ilonnepa aHM30TPONHOrO aToMa, HAaXOMALIETOCH MEXIY
JBYMs IN3JIEKTPUYECKUMU NosynpocTpancTeamu. [1pu BeiBoae hopmysbl JIndmmumna
[2] cxoppekTupoBaHbl (GOpMyYNbl A5l COOTBETCTBYIOIIMX AAHHOW 3a1adye (yHKLMi
I'puna w3 kHUTH [3], 4TO HEOOXOIUMO A KaTMOPOBOYHON MHBAPUAHTHOCTH TEOPHU
W TIOJTy4eHHs KOPPEKTHOTO BhIpakeHUs [t noTeHmana Kasumupa-Ilonnepa aroma,
HaXoAIIerocs MeXIy ABYMS NUIEKTPUUYECKMMH MONyNpocTpaHcTBaMu. B pabore
mokazano, 9to ¢Gopmynsl Jlmpmuma wu Kasmmupa-lTlongepa mpUMEeHUMBI K
2+1-MepHOMY MpOBOAAIIEMY TIPaHWMYHOMY CJOK M HMMIEJAHCHBIM TPaHUYHBIM
YCIIOBUSIM TPU WCHOJB30BAaHUN KOI((PHULNEHTOB OTPAXKEHMs, COOTBETCTBYIOLINX
TPaHUYHBIM YCJIOBUSIM.

Vuactie aBTOpPOB B paboTe MexAyHaponHoil koH(epeHImH "CoBpeMeHHbIE
mpobieMsl Teopun kKoHIeHcupoBaHHBIX cpen (TKC 2022)" mommep:kaHO TMPOESKTOM
PH® Ne 22-13-00151.
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OF A GRAPHENE ELECTRON IN EXTERNAL FIELDS AND FREE
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The contemporary method of the Foldy-Wouthuysen (FW) transformation is
used for a planar graphene electron in electric and magnetic fields and the free
(2+1)-space. The FW Hamiltonian in uniform and nonuniform magnetic fields is
exact. The exact energy spectrum agreeing with experimental data and exact FW
wave functions are obtained. These wave functions describe multiwave states,
namely, Laguerre-Gauss and Hermite-Gauss beams. We prove that Hermite-Gauss
beams of graphene electrons can exist even in the free space. Amazingly, electrons
in such multiwave states acquire a nonzero effective masses depending on quantum
numbers and move with group velocities which are less than the carrier velocity. We
show that multiwave states of graphene electrons do not spread in the presence of an
arbitrary static electric field.
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INTERACTION OF DOMAIN WALLS AND VORTICES IN
THE TWO-DIMENSIONAL O(2) AND O(3) PRINCIPAL
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Using Monte Carlo simulations, we consider two models that combine both
discrete and continuous degeneracies, and their spectrum contains two types of
topological defects. These models are the Ising model interacting with the O(2) or
0O(3)x0(2) sigma models. In the first case, the model reduces to the Ising-XY model
[1], where, depending on the exchange constants Jxy, J;s and J,., either two
transitions occur sequentially or they unit into a single first-order transition. For Jyy *
Jine, the presence of two order parameters does not affect the critical behavior in both
sectors of the model, including multicritical points. The case Jyy = J;,; is more
interesting because a domain wall becomes opaque for continuous parameter
correlations, and its corners and kinks bring additional vorticity into the system. As a
result, the XY transition occurs at a temperature below the Ising one, and the vortex
density becomes larger than in the usual O(2) model. At first glance, dissociated pairs
on a wall should also affect the critical properties walls, for example, by increasing
their Hausdorff dimension; however, our studies have shown that the effective
interaction of walls and vortices (the Pearson correlation coefficient) tends to zero in
the vicinity of the Ising transition and in the thermodynamic limit, so the universal
behavior is observed. A similar situation occurs in the O(3)xO(2) model, where the
interaction of Z, vortices and walls becomes trivial in the critical region, although
such vortices can affect the critical behavior [2].

References

[1] S.E. Korshunov, Phase transitions in two-dimensional systems with
continuous degeneracy. Phys. Usp. 49, 225 (2006).

[2] A.O. Sorokin, First order transition induced by topological defects in the

O(3) principal chiral model. Phys. Rev. B. 95, 094408 (2017).

72
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STABILITY
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There is still no complete understanding of exactly how the oxidation of boron
nitride occurs. If in the case of graphene oxidation occurs mainly through the
sorption of oxygen on the surface in one form or another, for boron nitride is more
characterized by the incorporation of oxygen into the lattice in the position of
nitrogen. However, there is evidence that when the adsorption of molecular oxygen
on the surface of boron nitride on a substrate of Ni(111) at low temperatures oxygen
does not dissociate, but binds in the form of peroxide or sorbed in the form of
hydroxyl groups.

Therefore, in this work we considered various variants of h-BN modification by
oxygen and evaluated their temperature dependence. We showed that in the presence
of molecular hydrogen in the system, oxygen can be deposited as an OH group. At
~330 K temperature, oxygen will be embedded into the lattice as defect or healing of
existing defects. The OH groups are thermodynamically stable up to 500 K and
desorb from the surface with temperature increasing therefore further addition of
oXxygen requires energy costs.

In the absence of a hydrogen source, the most stable is structure with embedded
oxygen atoms as defect or up to a temperature of ~ 240 K oxygen spontaneously
deposited on the surface of boron nitride without dissociation, in the form of
peroxide. At higher temperatures this process does not occur spontaneously, the
system is thermodynamically unstable. The incorporation of oxygen into the lattice
with replacement of the nitrogen atom occurs at T = 1050 K with energy costs.
However, in the initial presence of defects in the structure, it is the embedding of
oxygen into the lattice and the "healing" of the defect that will be most stable in all
range of temperatures.

This work was supported by the Russian Science Foundation (Agreement No.
21-79-10411).
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NEW SHORT-WAVELENGTH SPIN EXCITATIONS IN NON-COLLINEAR
SPIN-1/2 ANTIFERROMAGNETS
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We discuss spin-1/2 Heisenberg antiferromagnet on simple square lattice in
magnetic field H using the recently proposed [1] bond-operator technique (BOT). It
is well known that magnetically ordered phases of quantum magnets are well
described at least qualitatively by the conventional spin-wave theory (SWT) that
only introduces quantum corrections into the classical solution of the problem. We
observe that quantum fluctuations change drastically dynamical properties of the
considered model at H close to its saturation value: the dynamical structure factor
shows anomalies corresponding to Green's function poles which have no
counterparts in the SWT. That is, quantum fluctuations produce multiple
short-wavelength magnon modes not changing qualitatively the long-wavelength
spin dynamics. Our results are in agreement with previous quantum Monte-Carlo
simulations and exact diagonalization of finite clusters. [2]

We discuss also spin-1/2 Heisenberg antiferromagnet on the triangular lattice using
BOT. We use the variant of BOT which takes into account all spin degrees of
freedom in the magnetic unit cell containing three spins. Apart from conventional
magnons known from the SWT, there are novel high-energy collective excitations in
BOT which are built from high-energy excitations of the magnetic unit cell. We
obtain also another novel high-energy quasiparticle which has no counterpart not
only in the SWT but also in the harmonic approximation of BOT. All observed
elementary excitations produce visible anomalies in dynamical spin correlators. We
show that quantum fluctuations considerably change properties of conventional
magnons predicted by the SWT. The effect of a small easy-plane anisotropy is
discussed. The anomalous spin dynamics with multiple peaks in the dynamical
structure factor is explained that was observed recently experimentally in

Ba3CoSbyOg and which the SWT could not describe even qualitatively. [3]

Support by RSF grant Ne 22-22-00028 is acknowledged.
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ACYMIITOTUYECKOE ITOBEJEHUE NMHAOYIIVMPOBAHHOTI O 3APAA B
INXAJIBKOTEHNIAX ITEPEXOJHDBIX METAJIJIOB
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B macrosmeit paboTe MBI HCCIIETy €M TIOBE/IEHNEe TUIOTHOCTD 3apATA Pind(T),
MHIyIIPOBAHHOIO BHEIIHUM IOJIEM, B IBYMEPHBIX JUXAJLKOIeHIIAX [IePexoI-
HBIX METAJIOB. MBI BBIYHCIAEM Ping(T), HHILYIEPOBAHHYIO JIOKAJTA30BAHHBIM
norernuagom U(r) ¢ XapakTepHBbIM DaJMyCcoM JoKauusanuu R, Ha paccro-
AHAAX 7 >> R. Bpramciienns mpoBoAATCS TOYHO MO BHEITHEMY MOTeHInary. s
3TOro MBI HAXOIMM yI0OHOe HHTerpajbHOe IIpeicTaBjeHue g (pyHK-IUH
Fpuna ksasuyacrunsl G(r, r'|€) Bo BHelIHeM I10Je, BbIparkaeM ILIOTHOCTD
MHIYIIIPOBAHHOIO 3apsa Yepe3 KOHTYPHLI HHTerpaJl 10 SHeprul € OT cJie-1Ia,
¢yuxmuu I'puna, BLIYUCIAEM 9TOT HHTerpaj OpH 1 >> R, U IoLydaeM, 49To
aCHMITOTHKA MHJyIUPOBAHHOIO 3apdja Ha OOJbIIMX PACCTOAHHAX HMeeT

CJIeayIOUIi BUI:

pind(r) - F(r)d)U(UOa Rv )‘)v

rae dbyakuus F(r) He 3aBUCAT OT HOTEHIMANA ¥ UMeeT BH/L:
6—27"/)\

= e—
Vars/2’

€ — 3apsA KBAa3MYACTHIGI, a (PYHKINS 1) 3aBUCHT OT (POPMBI IIOTEHIAAIA U

F(r)

€ro XapakKTepPUCTHK, TakuxX Kak riybouna Uy, pamguyc R, a Tak»Ke 0T KOMIITO-
HOBCKOH [IJINHBI BOJIHBI KBA3UYIACTHUIBI B MaTepuase A. 1 moreHnnaabnoi
ambl, uMeroreit Bug U(r) = —Upf(R — 1), Mbl HAIIX IPOCTOE AHAJUTUIECKOE
Beipazkenue st yukiwn 1 (Ug, R, \), 1 IpoBen aHaIn3 €4 HOBeJIeHHUs [IPH
pa3InYHbBIX 3HaUYeHnsx mapamerpos Uy, R u A. Kpome Toro, Mbl nccireoBain
nosenenne Gynkuun (U, R, \) BOIM3M KPUTUIECKOrO 3HAYEHUs TJIyOHHBI
norennuaia Uy = U, Ipu KOTOPOM IIPOUCXOJSAT IIPOIECCHI POXKIEHUS [Iap

SJIEKTPOH-AbIPDKa.
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MAGNON BAND STRUCTURE OF SKYRMION CRYSTALS AND
STEREOGRAPHIC PROJECTION APPROACH
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Magnetic skyrmions (MS) are topologically protected configurations of
local magnetization, observed, e.g., in non-centrosymmetric magnets with
Dzyaloshinskii-Moriya interaction. It is well known that in thin films MS condense
into skyrmion crystals (SkX) [1]. The twisted character of skyrmionic configurations
significantly complicates an analysis of elementary excitations in such systems. We
develop a novel approach that allows to study magnon dynamics in a presence of a
topologically nontrivial background [2]. This approach is based on a combination of
semiclassical methods and stereographic projection representation of the local
magnetization.

We define the equilibrium configuration of SkX in terms of the function of
complex variable. We show that the stereographic projection representation
corresponds rather precisely to the stereographic function of SkX in the form of a
simple sum of solitary skyrmions. Considering infinitesimal fluctuations of the
stereographic function, we find normal modes of fluctuations in harmonic
approximation. We calculate excitations’ dispersion of SkX and show that the
appearing bands can be classified in terms of deformation types of individual
skyrmions: dilatation, elliptical deformations etc. The topological properties of
magnon band structure, i.e. Berry curvature and Chern numbers are discussed.
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CLASSICAL AND QUANTUM CHAOS IN NONLINEAR
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A few years ago, out-of-time-ordered correlation functions were proposed
as a new diagnostic of quantum chaos [1, 2, 3]. In chaotic systems, such
correlation functions exponentially grow with time: OTOC(t) ~ e2%¢t, and
the quantum Lyapunov exponent r, is believed to coincide with the classical
exponent in the limit 7 — 0. Unfortunately, so far, such a correspondence has
been shown only for a small number of quantum systems. Moreover, in most
cases, the quantum Lyapunov exponent cannot be determined analytically [4].

We propose a convenient model, where the correspondence between the
classical and quantum Lyapunov exponents can be checked directly: an O(N)-
symmetric nonlinear vector mechanics. On one hand, we analytically calculate
the quantum Lyapunov exponent using the augmented Schwinger-Keldysh
technique in the large-N limit. On the other hand, we numerically estimate
the classical Lyapunov exponent in the high-temperature limit. In both cases,
Lyapunov exponents approximately coincide and scale as x ~ 1.3V T’ /N with

temperature T, number of degrees of freedom N, and coupling constant .
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COMPRESSIBLE TURBULENT FLOW
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We consider the model of a transverse vector (e.g. magnetic) field with
the most general form of the nonlinearity, known as the A model, passively
advected by a strongly compressible turbulent flow, governed by the randomly
stirred Navier-Stokes equation. The full stochastic problem is equivalent to a
certain renormalizable field theoretic model with an infrared attractive fixed
point. Thus, the scaling behaviour for the large-scale, long-distance behaviour
is established. However, the question whether the parameter A tends to a
certain fixed-point value of the renormalization group equations or remains

arbitrary, cannot be answered within the one-loop approximation of our study.
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MNEPAPXVA MACIITABOB B TOITOJIOTUTYECKHNX XUPAJIbHBIX
CHUCTEMAX U ITPOBJIEMA YCTOMUYMBOCTU COCTOSTHUN
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Ha ocHOBe Teopuu nepexofHOrO COCTOSTHMS JIsI MATHUTHBIX CTereHed CBOOOZbI
WCC/Ie[yeTCsl  YCTOMUMBOCTb TONOJIOTMUECKWX XWPAlIbHBIX CTPYKTYDP pPasHOro
MPOCTPAHCTBEHHOT0 MacIiTaba OTHOCUTE/ILHO TEIIOBBIX QUIYKTYaLUi ¥ CTyYaiHbIX
BHeIIHNX Bo3feHcTBuii [1]. Pa3paboTaHbl aaropuTMBl IIOMCKA MHUHHMYMOB U
CeJJIOBBIX TOUEK IIePBOTO IOps/iKa Ha SHepreTHUeCKUX MIOBEPXHOCTAX Pa3MEPHOCTH
JleCATKM MIWUIMOHOB. Pa3BUTEI MeTO/pI pacueTa JileTepMHUHAHTOB IecCHaHa SHePrUuu
CHCTeM TakoW pa3MepHOCTH, KaK B C/Iydae KOPOTKOJeHCTBYIOIEro, HalpuMmep,
00MEHHOI0, TaK M [JaJbHOJEHCTBYIOLEro, JUIO/b-JUNOABHOTO B3aUMO/EeHCTBUSL.
[ KBasWABYMEpPHBIX CKHDMHOHHBIX CTPYKTyp C TOINOJIOTUUECKUM 3apsaoM
MOKAa3aHO, KaK BpeMeHa >KU3HU COCTOSTHUH 3aBUCAT OT IPOCTPAHCTBEHHOT0 Maciitaba
cucteMbl. MccieoBaHbl MeXaHU3Mbl (DOPMHPOBAHUSI «TOTOJIOTUYECKOH 3all[UThI»
IIPY YMEHBIIIeHNH MOCTOSTHHOM PeIeTKH M Iepexofe OT JMCKPeTHOTO ONMCAHUS K
HeTpepsIBHOMY [2].

[11s1 TpeXMEpPHBIX TOIOJIOTUUECKUX CTPYKTYP — CKHPMHUOHHBIX TPYOOK, TOPOHOB,
XWpalbHbIX IOMJIABKOB MOCTpoeHa (a3oBasi AuarpaMma, MOKasbIBaromlas o6sacTH
CYI|eCTBOBAHHUSA JIOKA/IM30BAHHLIX TONOJOTMUECKUX CTPYKTYp M TPaHUIbBl HX
ycroitunBocTu. ITpeficKa3aHbl MeXaHU3Mbl aHHUTWIALIMN U B3aIMHOTO TIpeBpalljeH s
TONONIOTMYeCKUX MarHUTHBIX CTPYKTYp Jpyr B jpyra. MccienoBaH Bompoc 06
yIIpaB/IeHUT MarHUTHBIMU COCTOSIHUSIMU B MarHETHKAX U XOJIeCTepUUeCKUX KUIKUX
KPUCTa/IIaX BHELIHNUMH IIOJIIMU M 3a cueT 6/M30CTH MHTep(helCOB WM T'PaHUIl]
obpasma [3].

VccnenoBano B3auMoZieliCTBHe JIOKATbHBIX TONOJIOTHUECKHUX CTPYKTYP B Pa3HbIX
yacTsx (a3oBoil guarpaMMbel M BO3MOXKHOCTb IIOCTPOEHHSI M3 HHUX KJIaCTepoB,
CBKIIXDEIIeTOK ¥ APYTUX YTIOPSI0UeHHBIX CTPYKTYP.

ViccnenoBaHye BBITTOTHEHO 3a cyeT rpaHTa Poccuiickoro HayyHOro ¢oHza

Ne 22-22-00632, https://rscf.ru/project/22-22-00632/
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CAMOCOT'JTACOBAHHASI PEJIAKCALIMOHHAS TEOPUSI
KOJUIEKTUBHOU TMHAMUWKU HEUJIEAJIBHOU T1JIA3MbI
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OIHOKOMIIOHEHTHAs. HeHWAealbHas IUIa3Ma SBJISIETCS HauOoJjiee MOAXOISIIEi
MHOrOYaCTUYHOM CUCTEMOM AJIsl pa3sBUTHA MUKPOCKOIMYECKON TEOPUM JKUAKOCTEMH.
B OCHOBHOM 3TO CBSI3aHO €O CHENU(UICSCKAM TOTCHIIHAIIOM MEXIaCTUIHOTO
B3aUMOJIEHCTBHUS, @ TaKkKe C JOCTaTOYHO OOJbIIMM MAacCUBOM HMELINXCS
SKCTICPUMEHTANBHBIX ~ JAHHBIX W PE3yJIbTATOB  MOJICKYJISAPHO-THHAMHIECKIX
pacueToB, KOTOpble MOTYT OBITh HKCIOJb30BaHbl Ul MPOBEPKH MPaBUIBHOCTH
TeopeTHdecknx  BbIBOHOB [1-3]. B 3ToM mowmame MBI TIPEICTaBAM
MUKPOCKOIIMYECKYIO  TEOPHI0  KOJJIEKTMBHON  IWHAMHMKM  4YacTUL  (MOHOB)
OJTHOKOMIIOHEHTHOM TUTa3Mbl, TJA€ TOJbKO TOTEHIWANbl B3aWMMOAECHCTBHS W
CTPYKTYpHbIE XapaKTEPUCTHUKU HUCTIONB3YIOTCS B KauecTBE BXOIHBIX MapaMeTpoB.
OCHOBHBIE  JKCIIEPUMEHTATBbHO W3MEpsieMble XapaKTePUCTUKA PaBHOBECHOU
KOJIJIEKTMBHOM JMHAMUKM MOHOB - CHEKTPbl JTWHAMHYECKOTO CTPYKTYpPHOTO
(hakTopa, 3aKOHBI IUCTIEPCHH, CKOPOCTh 3BYKa U 3aTyXaHHUE 3BYKa - OTIPEIEIITIOTCS B
pamkax Teopuu 0e3 HMCHOJNb30BAHUS KaKWX-JTHOO MOArOHOYHBIX MapameTpoB. DTO
WCCIIeIOBaHWE TPEACTaBIseT CcO0OM TPAMYH0 pealn3alfio KIIOYeBOW UIeH
CTATUCTUYECKOW MEXaHUKH: JJISI TEOPETHUUSCKOTO ONHMCAHUS KOJUICKTUBHOU
JUHAMUKHA ~ pPaBHOBECHBIX  JKUAKOCTEH  JOCTaTOYHO  3HAaTh  MOTEHLMAN
B3aMMO/ICHCTBYA YaCTHUI] U XaPAKTEPUCTUKU CTPYKTYPHI.

ABTOpBI BBIPXKAIOT MPU3HATENBHOCTE DOHIY Pa3BUTHUS TEOPETUUECKON (PU3UKH
n matematuku “BA3UC” (mpoekt Ne 20-1-2-38-1).
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TEOPHUSI 30OHHOM CTPYKTYPbBI IBYCJIOMHOI'O TPA®EHA U
HAHOTPYBOK U MEXK-TPYBOUYHBIE OIITUYECKHUE MEPEXOAbI
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B mHactosmeit pabore pas3BuBaeTcs o00mas TEOpHs SJIEKTPOHHOW 30HHOM
CTPYKTYpbl Kak cOpa3MepHbIX, TaKk M HECOpa3MepHbIX OBYXCIOHHBIX Tpa)eHOBBIX
CTPYKTYp. s MomenmpoBaHus 30HHOM CTPYKTYpHI AByXcioiHoro rpadena (JICI),
B KOTOPOM CJIOM pa3BEpHYTbl OTHOCHTENBHO Ipyr JApyra Ha HEKOTOPBIH
COpa3MEpHBIN Yroj, Mbl MPUMEHSEM KIACCHUECKYI0 TEOPHUIO CIIOKEHHS 30H B
KOMOWHAIMN ¢ TPUONMKEHHEM CHIBHO CBA3aHHBIX 3JIeKTpoHOB [1]. B pamkax
JAHHOTO TOJIXOAA CTPOATCS TaMWJIbTOHHMAHBI C pasMepHOcThro 47, rme uucio T
MOKa3bIBAaeT BO CKOJBKO Pa3 dJieMeHTapHas sueiika copa3MepHoro 6ucios rpadeHa
Oonpie sgeiikm ero MoHocnos. [Ipemmaraetcss m oOCyxkmaeTcs MeTOA BbIOOpa
peldyLMpoBaHHOTO Ga3uca BOJHOBBIX (PYHKLMI AJISI TIOCTPOEHUS] HU3KOPa3MEpPHBIX
3¢ (GeKTUBHBIX TaAMHIIBTOHNAHOB, KOPPEKTHO OTMMCHIBAIOLINX HU3KOIHEPTETUIECKHIA
cnektp copasMmepHoro JICI'. Kak Mbl TOKka3bIBaeM, I3TOT CIEKTp SBISETCS
pe3yabTaTOM B3aNMOJACHCTBHUI MEXIY CaMbIMHU HHM3KOIHEPreTUUECKHMH MOAAMU
JMCTIEPCUOHHBIX KPUBBIX, YJIOKEHHBIX B HOBYIO B I pa3 yMEHBIICHHYIO MEPBYIO
30Hy Bpmmmosna. CxoxuM 06pazoM cTpositcs 3G QeKTHBHbIE TaMUIbTOHUAHBI TS
pacueTa HU3KODHEPreTUUYECKOW 30HHOM CTpyKTypel HecopasmepHoro JICI' u
JIBYCTEHHbIX yrjeponHblx HaHoTpyOok (AYHT). [Ina mpoBepku pazpaboTaHHOMN
Teopur Mbl paccuutanu sHeprur 105 ontuueckux nepexomoB B 29 JAVHT wu
CpPaBHWIM HX C paHee OIMyOJMKOBAaHHBIMH M HOBBIMH 3KCIIEPUMEHTAIbHBIMU
JaHHbBIMM. MBI Takke MNPUMEHsEeM TEOpUIO AJsl pacueTa HHEpPruil HeJaBHO
OTKPBITBIX ~ MEXK-TpYOOUHBIX  ONTHYECKUX HepexomoB [2] u  olcyxaaem
FeOMETPUUECKUE YCIOBYS, Pa3pellalonive TAKOH TUIT IePeX010B.
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Sp3-HYBRIDIZED FILMS BASED ON HEXAGONAL NITRIDE
BILAYERS: DFT STUDIES OF STRUCTURES AND PROPERTIES
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Diamanes — 2 D diamond-like films are being discovered only recently, therefore
intensive studies to fully understand them are urgently required. Whenever a new
material like diamane is discovered, enough fundamental and engineering research is
needed. Early preliminary studies of such robust 2D dielectrics based on
functionalized graphene layers raised high hopes about their appropriateness for
quantum-electronic, quantum-computing, nano-sensors, next generation energy
storage devices, etc. as discussed in the last reviews [1]. However, at present, not
only graphene layers, but also layers of other crystals are being successfully studied.
Among them, nitrides, which have a wide range of properties, are of great interest.

Here we report short review of 2D diamond-like materials and present the ab initio
computation results of new class of sp3-hybridized films based on 2D hexagonal
untwisted and twisted bilayers of (BN, AIN, GaN) nitrides - nitranes (diamane
analogues): its atomic and electronic structures, infrared, Raman and optic
absorption spectra, elastic and piezoelectric properties. We consider different
variants choosing more energetically stable films. Between them there are
semiconductors and dielectrics whish broad diapason of optic gaps, which properties
are differ from its 3D crystals. [2, 3].

The reported study was financially supported by Russian Science Foundation
(project 22-22-01006).
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transformed from twisted two-dimensional AIN, GaN and BN layers by
hydrogenation or fluorination: atomic and electronic structures (2022, in press)
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TAN’S ADIABATIC SWEEP THEOREM FROM THE VARIATIONAL
THEOREM FOR THE SCATTERING LENGTH AND ITS
GENERALIZATIONS
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It is shown that variation of the one-particle dispersion in a universal many-body
system of arbitrary dimension enables us to obtain Tan’s adiabatic sweep theorem
and its generalizations. The derivation is based on the Hellmann-Feynman theorem
and the variational theorem for the scattering length, suggested many years ago. The
scheme is physically transparent and based on simple quantum mechanics. As an
example, the universal effects in the system of spinless bosons are considered. In
particular, the pair distribution function is calculated at short distances by means of
the variation of the potential.
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AJICOPBLIUA KUCJOPOJA HA JIETUPOBAHHOM MOBEPXHOCTH
TisSi3(0001)
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Cunnuuapl TepexomHbIX METAJUIOB WCIONIB3YIOTCS B KaueCTBE OMHYECKMX
KOHTAaKTOB BCJIECTBUE HHU3KOTO 3JIEKTPUYECKOTO COMPOTHBICHUS M TEPMUUECKON
COBMECTUMOCTM C KpemHHeM. JlermpoBaHme u crmoco6 00paboOTKM MOTYT
CYLIECTBEHHO BIMATb Ha CBOWCTBa [aHHBIX MarepuanoB. HenaBHo Obllo
npemioxeHo HoBoe nuddy3noHnoe nokpeiTre crutasa y-TiAl [1]. Beio mokasaHo,
4yto (opmupoBanne TisSi3 BHYTPH MOKPHITUS MOXET OrpaHUUYMBATh B3aUMHYIO
mddy3no Mexay 3THM TOKPBITHEM M TOAJOXKKON CIUlaBa, YTO TNPHUBOAWT K
MOBBILIEHUIO  IOJITOCPOYHON  KOPPO3MOHHOW  CTOHKOCTH MOKPBITHA.  Llenbto
HacTosIel paboThl SABJISETCS M3ydeHWE aACOpPOLMM KHUCIOpoga Ha TOBEPXHOCTH
cunuuaa TutaHa TisSis u BAMAHMA MpUMeceii Ha 3TOT MpolLiecc.

AnxcopOuust KNCIopoaa W3ydyanach METOJIOM MPOEKUMOHHBIX MPHUCOEANHEHHBIX
BoJIH (PAW) [2] ¢ 0000IEHHBIM IpagUeHTHBIM NpubamKkeHueM [3] aas oOMeHHo-
KoppensuuoHHoro ¢yHKOHoHana. Mcrnomp3oBanack MoOJeab HECHMMETPUYHON
TUIEHKH. PacdeTsl Mokasajiy, 4TO SHEprusl aJcopOLnK KHCJIOpOJa HE3HAYMTETbHO
TOBBILIAETCSA U METAJUIOB Havana d-TIepuoJOB W TIOHMKAETCS UIS 3JIEMEHTOB,
CTOAMX B mepuoanueckoil Tabnuue npasee V, Nb u Ta. IlepBoe o0yciioBieHO
pa3MepHbIM 3 dekToM TpHMEcH, TTOCKOJIBKY aTOM KHCJIOPOJ CMEIIAeTcsi K JBYM
OCTaBIIMMCSI aTOMaM TUTaHa, 4To ycunusaeT O-Ti B3aumoneiicteue. [ToHmkeHne
SHEPTUH AACOPOLINH YCHIIMBAETCS C YBEJIMUEHWEM 4YHCIIa BAICHTHBIX JJIEKTPOHOB
NpuUMecHoro atroMma. Takoe noBeneHHe 00yCIIOBIEHO MOHMKEHNEM MOHHOTO BKJIaJa
B MEXaHN3M XUMUYECKON CBA3M KUCIOPOJA C TIOBEPXHOCTBIO.

®uHaHcupoBaHue. PaboTa BeIMONHEHA Npy nojAepxkke Poccuiickoro HayuHOTro
donma (mpoexT Ne22-23-00078).
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AHoManbHbIN ekt [xo3edcoHa 3aKioyaeTcs B BOSHUKHOBEHUH B THOPUIHOM
CTPYKTYpe (ha30BOTO CIHBHUIA (p,, MPUBOISIIETO K KOHEYHOMY CBEPXMPOBOISLIEMY
TOKY MpHU HyJIeBOIi pa3HOCTH (a3. [IpeacTaBieH aHaIU3 OCHOBHBIX TEOPETUUECKUX U
SKCTIEPUMEHTANBHBIX Pa0OT, TIOCBAMICHHBIX aHOMalbHOMY 3¢ dexTy kxozedcona,
MIPUBEICHBl TPUMEPbl €ro MPOSBIEHWA B pa3sIMuHbIX cucTeMax. OOcykmatoTcs
HOBbIE 3(EeKTUBHBIE METOIbI MEPEeBOPOTAa MATHUTHOTO MOMEHTA B (P, Iepexoe, a
TaK)Ke WCCIIeI0BaHUSA KBAHTOBBIX CBOMCTB JKO3e()COHOBCKMX HAHOCTPYKTYP C
MarHWTHBIMH M TOTIOJIOTUYECKH HETPUBUATILHBIMU Gapbepamu ISl CO3AaHNs HOBBIX
YCTPOUCTB  CBEpPXIPOBOJHHUKOBOM  CIIUHTPOHMKU. [IpMBOAATCS  pe3yJbTaThl
WCCJIeIOBAHUSI MAarHUTHOW JWHAMHKHW BIOJIb BOJIBT-aMIIEPHOM XapaKTEPUCTUKH ¢,
nepexojia U aHajau3a CIMHOBOM NMHAMUKU B TaKMX Mepexoaax. PaccMoTpeH Bompoc
O BO3MOXHOCTH KOHTPOJIA MarHuTHOM Npeueccrnn BO3HUKHOBEHUEM BBICIINX
TapMOHUK B COOTHOLICHUU TOK-(I)aBa, a Takke dc KOMIIOHEHTBI TOKa, KOTOPBIC
3HAYMTENBbHO BO3PACTAOT BOJM3W (eppo-MarHUTHOTO pe3oHaHca. MHTepecHble
SBJEHHS B (P, T[epexole BO3HUKAOT MpPU  BO3AEHCTBHE  BHEIIHETO
9JIEKTPOMArHUTHOTO M3ydeHus. OOCYKIAtOTCS MEPCIEKTUBBI WCCIIENOBaHUN |
HepeLIeHHbIE 3a1a4H.
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Bo MHOIMX SIBNIEHUSIX, CBSI3aHHBIX C Me>K(a3HBIMH TDaHUIIAMH, OOJBIIYIO POJIb
urpaer oOpa3oBaHKMe HA 3TUX TIDAHMIAX TOHKHMX JXHAKUX WA Ta30BBIX IPOCJI0EK
Mexay ¢azamu. CuabHas HeOJHOPOJHOCTh BHYTPM TakMX IIPOCTIOEK H3-3a
HIepeKpHITUSI TIOBEPXHOCTHBIX CJI0EB HA Pa3HbIX CTOPOHAX IMPOC/JOEK IPHUBOAUT K
BO3HUKHOBEHHIO DacK/IHHUBAIOUIero /aeienus [1,2]. B ciayuae ycroiuuBoi
HPOCJIONKH €O cheprUUecKOi TOBePXHOCTHIO PACK/IMHUBAIOLIEE /JAB/IeHHE JAeHCTBYeT
B TPOTHUBOBEC KaNWIIAPHOMY [aBjieHuto [2]. B pganHOM cooOienun Oyzer
npefcTaBieH 0030p pe3y/ibTaTOB MCC/IE[OBaHUs 3a Moc/iefHue 25 JIeT poiu
PaCK/IMHUBAIOIIETO [ABJIeHUsl NPU HYK/I€AUH TepMOJUHAMUYECKU YCTONUMBBIX
KamnejieK B Tape Ha CMauyhBaeMbIX U ITy3BIPHKOB B >KMIKOCTH HAa HECMauMBaeMbIX
TBEPABIX cheprueckux sizpax. Byger paccmorpen deHoMeHonoruueckuii mogxoz [3]
B C/Ty4ae HyK/Ieal[iX Kalleslb Ha OCHOBe UCIIO/IB30BAHUS N30TePM PacK/IMHUBAIOIIEr0
[aBJIEHUS [I/151 TUIOCKUX JKUJKHX TJIEHOK HA CMaYMBaeMBIX MOJJIOKKAX. DTOT TIOAXO0[,
UMeeT CBOU Npe/iefibl TPH YMEeHbILeHUH paJiuyca TBEPABIX sifiep. ByyT paccMOTpeHb
TaKXKe MOJIEKY/ISIPHbIe TMOAXOAb! [4,5] Ha OCHOBe pa3/MYHBIX BapHAaHTOB METOA
(GYHKIMOHAIa MOJIEKYJ/ISIDHON IUJIOTHOCTH IIPH pacyeTax TePMOJMHAMHYECKUX U
CTPYKTYDHBIX ~XapakTePHCTHUK YCTOHUMBBIX KalleJeK U My3bIPBKOB BOKPYT
HaHOPa3MepHBIX TBEPABIX sIJep.

VcciegoBanue BBITIOJHEHO 3a CUeT rpaHTa Poccuiickoro HayuHoro ¢ouga Ne22-

13-00151, https://rscf.ru/project/22-13-00151/
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The use of machine learning is a new paradigm in modern computational
materials science [1-2]. One of the most promising and widely accepted techniques
is using ab initio reference data on energies, forces, and stress tensors to develop
machine learning interatomic potentials (MLIPs) with a flexible functional form
which can effectively fit the potential energy surface of the particle system. This
approach allows solving the principal problems of ab initio simulations: the effects
of “small size” and “short time”, associated with difficulties in simulating
sufficiently large supercells at long enough computational times. MLIPs can provide
nearly ab initio accuracy with orders of magnitude less computational cost for
systems composed of up to millions of particles.

One of the most challenging applications of MLIPs is design of new functional
materials on top of classical molecular dynamics simulations. It requires developing
accurate MLIPs, universal for ordered (crystal) and disordered systems (melts,
supercooled liquids, glasses) in wide temperature and concentration ranges. This is a
difficult task for materials design when possible ordered structures are not known.

We have found that MLIPs for multicomponent metallic alloys trained only on
disordered configurations can accurately describe crystal structures even at low
temperatures. Training MLIP on liquid configurations is straightforward: using
certain algorithm we generate disordered configurations and find energy, interatomic
forces and virials using DFT. Disordered systems require rather large supercells (we
use 512 particle sells) that include a number of possible local structural
configurations. Sampling enough the configurational space one can build
representative training dataset.

We address MLIPs for multicomponent metallic melts taking the ternary
Al-Cu-Ni ones as a convenient example [3]. It is shown that MLIP trained on liquid
configurations demonstrates good compositional transferability, which extends far
beyond compositional fluctuations in the training configurations. Using so trained
MLIP we can describe not only liquid, but find with ab initio accuracy all stable and
low-lying metastable crystal configurations of AICuNi using a laptop and USPEX
genetic algorithm. The results obtained open wup prospects for design
multicomponent metallic alloys with MLIPs.

Support of Russian Science Foundation (#18-12-00438) is acknowledged.
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Magnetic nanomaterials are considered consisting of nanomolecules, nano-
clusters, trapped atoms, or graphene flakes. The general case is treated taking
account of dipolar and spinor forces, magnetic anisotropy, linear Zeeman
term and the terms corresponding to static-current and alternating-current
quadratic Zeeman effect. Spin representation of the Hamiltonian is derived.
The methods of regulating fast spin reversal are suggested. Spin dynamics is
treated in quasiclassical approximation, using scale separation approach, as
well as by numerical computation. The possibility of fast spin reversal at the
required moment of time is demonstrated. The regulated spin reversal can be

used in spintronics for the operation of memory devices.
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Within the framework of molecular-kinetic theory of rarefied gas and according
to suggested in this work the extension of Drude theory the motion of non interacting
free electron within solid state at not zero temperature is considered. Suggested in the
present work the extension of Drude theory is concluded in detailization of
mechanism of inelastic interaction of freely moving conduction electron with ionic
core. With using the introduced by author relaxational model the evaluation of
possible temperature superconducting transition values was carried out for the yttrium

barium ceramics structure.
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Most of the magnetic materials are known as systems with strong electron
correlations whose magnetic properties cannot be described with desired accuracy if
commonly used methods of the Density Functional Theory (DFT) are applied. Our
approach takes advantages of computational quantum chemistry methods that start
with the all-electron exact electronic Hamiltonian and allow us to treat rigorously
effects of electron correlations and calculate exchange coupling between magnetic
moments in complex compounds. Magnetic atoms in these compounds are those
with open electron shells, which are presented either by nd shells (n = 3, 4, 5) of
transition-metal elements, or 4f and 5f shells of the rare-earth or actinide elements,
respectively.

Magnetic properties result from a competition of two main factors. The first is
determined by a subtle interplay of local electron interactions (intraatomic Coulomb
repulsion ~U, Hund’s exchange ~/ u and the possibly large spin-orbit coupling ~1)

together with internal crystal fields, and the second is the delocalization that is
measured by the kinetic energy ~W gained by an electron due to its spreading over
lattice sites; the latter is mediated by intermediate nonmagnetic ligand atoms. As the
ratio U/W increases, effects of delocalization are reduced and the electronic system
undergoes the transition into Mott-insulating state.

The aim of our study is to employ the quantum chemistry tools to derive an
effective spin Hamiltonian whose properties reproduce as accurately as possible the
low-energy physics in the Mott-insulating regime. With this aim one has to cut out a
finite lattice fragment large enough for describing the desired properties. Then for
this finite cluster the many-electron wave functions of the lowest states and their
mutual energetic ordering are calculated and their symmetries are determined. The
next step is to develop and apply rigorous techniques of extraction from these data
the required effective spin Hamiltonian together with estimation of spin-spin
coupling parameters. In case of complex compounds under consideration this

92



coupling is dominated by the mechanism of superexchange between magnetic atoms
coupled through intermediate nonmagnetic ligand atoms. Finally, one argues that the
spin Hamiltonian extracted for a fragment of the system is transferable to study the
full system.

The authors present a review of some of their principal results [1-4] obtained
along this way by application of quantum-chemical cluster methods for estimating
the following two kinds of quantitative characteristics. Firstly, these are the
above-mentioned local interactions responsible for a formation of the effective
magnetic units at lattice sites with ligand crystalline environment of different spatial
symmetry. Here, the particular attention is paid to the analysis of strong intra-atomic
spin-orbit coupling contributing to the formation of a magnetic moment. Secondly,
as the most typical example of calculating the superexchange parameters, we have
performed cluster calculations for a wide family of iridium oxides with the effective
spin Hamiltonian of general form including both the isotropic and strongly
anisotropic couplings of neighboring spins. In general, the anisotropic coupling is
bond dependent and may even dominates over the isotropic one. Thus, a quantitative
justification is given for the application of various non-standard models of quantum
magnetism proposed earlier on the phenomenological ground. The results of
analytical and numerical analysis of some of these models are also presented.
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