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B coBmectHo# pabore cotpynaukoB OUAU u MI'Y
M. M. B. JlomoHOCOBa TIpeicTaBieHb! 3(h(hEeKTUBHBIC YHC-
JICHHO-aHAJIMTHYECKHE METO/BI MPEACTaBICHUS (QYHKIINN
Burnepa KBa3UIJIOTHOCTU BEPOSTHOCTEH, MOTy4YEHHBIE B
pamMKax €IMHOTO PacCMOTPEHMs KJIACCHUUECKUX M KBaH-
TOBBIX CHCTEM B 0000IICHHOM ()a30BOM MPOCTPAHCTBE.
Oynkiusa Buraepa ncnonb3yercs B TaKUX 0071acTsIX, Kak
KBAaHTOBbIC BBIYHCIICHHS, KBAHTOBas TOMOTrpadus, KBaH-
TOBas CBA3b M Kpuntorpadus. [Ipeanoxena ammpokcnma-
st BiracoBa—Moaitst 7151 BEKTOPHOTO TTOJIS TOTOKA YCKO-
peHMii, KoTopasi IpU UHTETPUPOBAHUU MO MPOCTPAHCTBY
CKOpPOCTEH €CTECTBEHHBIM 00pa3oM IPHBOIHUT K KIIACCH-
YECKUM YpPAaBHEHMSAM JIBUKCHUS MEXAHUKU CIUIOIMIHBIX
cpen. C ucnonb3oBaHueM 0aznca coOCTBEHHBIX (DYHKITHI
rapMOHMYECKOT0 OCIMJUIATOPA B SIBHOM BHJE OBUIH MO-
Jy4eHBI MaTPUYHBIC BJIEMEHTHI omeparopa Beiins, HeoO-
XOJMMBIE JUTA TpencTaBieHus ¢yHkoun Buraepa. Ha nx
OCHOBE NMOCTPOCH 3(P(HEKTHBHBIN UHCICHHBIH aITOPHUTM,
TIO3BOJISTIOINNM HaxoAWTh (yHKIMIO Buraepa m cpemanune
(o dazoBoMy NPOCTPAHCTBY) XapaKTEPUCTUKH KBAHTO-
BBIX CHCTEM, MOTEHI[HAJl KOTOPHIX JOMYCKAaeT IOJIMHO-
MHaJbHOE MNpuOIMKEeHHe. Pa3paboTaHHBIM YHCICHHBIN
AITOPUTM IO3BOJISIET HA TOPSIKHA COKPATHTH KOJINYECTBO
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BBIYMCIIATENFHBIX OTIEPalliii ¥ IMEET MapajlIebHYI0 pe-
ANM3aLUI0 Ha apXHUTEKType TpapuuecKuX IpOIecCOpOB
GPU. Pabota BBITOTHEHA MIPH TOAICPIKKE MEKIHCIIUATLIN-
HapHOW Hay4YHO-00pa30BaTEIHHON MIKOJIB MOCKOBCKOTO
yHuBepcuTeTa «QDOTOHHBIE W KBAHTOBBIC TEXHOJOTHU.
Hudposas meaumnHa.

Iepenémkun E.E. u Op. DdGeKTUBHBIA YHMCIICHHBII
aJ'IFOpPITM l'lOCTpOCHHﬂ q)yHKLlI/II/I Bl/erepa KBaHTOBOI‘/'I CHUCTEMbI

C MOJHHOMHUAJILHBIM MMOTEHIIHAIOM B ()a30BOM MPOCTPAHCTBE //
DUASL. 2021. T.52, Ne3. C.784-856.

[IpencraBnen cpaBHUTENBHBIA aHATIH3 YPPEKTUBHO-
CTH YHCIICHHBIX PACUETOB CTATHYECKMX MAarHUTHBIX I10-
JIe MeToI0M KOHEUHBIX 31eMeHToB [ 1] B cpene COMSOL
Multiphysics® [2] B TepMHHaX Kak BEKTOPHOTO, TaK U
MIOJTHOTO CKAJIIPHOTO MOTEHINAIOB MarHUTOCTATHKH IS
MOZICTTMPOBAHUS MAarHUTHBIX CHCTEM ycKopuTeneid. Takoe
MOJIEITMPOBaHNE, KaK MPaBUIIO, TpeOyeT OOIBIIOro Yncia
KOHEYHBIX JIEMEHTOB, HEOOXOIMUMBIX JUIsl KOPPEKTHOM arl-
MIPOKCUMAIIUH CIIOKHON F€OMETPUH MarHUTa, yueTa Helln-
HEMHON HAMarHWYEeHHOCTU COCTABIIAIOIMUX €r0 MaTepH-
aJIOB M JIOCTIJKEHUS! TPeOyeMOi TOYHOCTH BBIYMCIICHHH.
COOTBETCTBEHHO, YBEIMIMBAIOTCA M 3aTPAThl BBIYMCIIH-
TENBHBIX PECYPCOB KOMITbIOTEpa (MTaMsTh, BpeMs), a 3Ha-
YHT, BOSHUKAET MOTPEOHOCTh B MX MUHUMHK3anuu. C 310l
LENBI0 aHATM3UPYIOTCS /IBE Pa3IMYHBIE (HOPMYITHPOBKH
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Effective numerical and analytical methods for repre-
senting the Wigner function of the probability quasiden-
sity, obtained within a unified consideration of classical
and quantum systems in a generalized phase space, were
illustrated in the joint work of specialists from JINR and
Moscow State University. The Wigner function is used in
such areas as quantum computing, quantum tomography,
quantum communication and cryptography. The Vlasov—
Moyal approximation for the vector field of the accelera-
tion flux, which naturally leads to the classical equations
of motion of continuum mechanics when integrated over
the space of velocities, was proposed. Using the basis of
the eigenfunctions of a harmonic oscillator, matrix ele-
ments of the Weil operator, which are necessary for repre-
senting the Wigner function, were obtained in an explicit
form. An effective numerical algorithm was constructed
on their basis. It allows finding the Wigner function and
average (over the phase space) characteristics of quan-
tum systems, the potential of which admits a polynomial
approximation. The developed algorithm makes it possi-
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ble to reduce the number of computational operations by
orders of magnitude and has a parallel implementation
on the graphics processing unit (GPU) architecture. The
study was supported by the Interdisciplinary Scientific and
Educational School of Moscow State University “Photonic
and Quantum Technologies. Digital Medicine”.

Perepelkin E.E. et al. Effective Numerical Algorithm for
Constructing the Wigner Function of a Quantum System with
a Polynomial Potential in the Phase Space // Part. Nucl. 2021.
V.52, No. 3. P.784-856 (in Russian).

Finite-element simulations of magnetostatic fields
in terms of magnetic vector and total scalar potentials
were performed and compared for modeling accelerator
magnets [1]. Such modeling is usually confronted by
the complexities of geometries, the nonlinearities of
materials and high-quality magnetic field requirements.
Attaining a sufficient accuracy of simulations at affordable
computational costs is therefore a tedious task that can be
facilitated by an appropriate choice of unknown variables
describing magnetostatic fields. The simulations are
carried out using a single software package, COMSOL
Multiphysics® [2], where both potential formulations are
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MarHUTOCTAaTHKU B TEPMHHAX BEKTOPHOTO M MOJHOTO CKa-
JISIPHOTO TIOTCHIIMAIOB.

B nacrosmiee Bpemst 00 pOpMYITHPOBKH ITOITHOCTEHIO
peanmm3oBansl B makere COMSOL Multiphysics®. [ns
(hOpMYITHPOBKH C BEKTOPHBIM MAarHUTHBIM MOTCHIIMATIOM
B paMKaxX METOJIa KOHCYHBIX 3JICMEHTOB UCIIOJIb30BAIUCH
BEKTOpPHBIE IPOOHBIe (PYHKIINH, peatn3alys KOTOPhIX sB-
JISIETCSL JTOCTATOYHO 3(PPEKTUBHOW TSI MOIETHPOBAHHS
MarHUTHBIX CHUCTeM yckoputeiei. OnHaKO OmpeneieHue
BEKTOPHOTO ITOTEHITHAIA BO BCEH 00JIacTH pelIeHus 3a/1a-
4H, BKJIIOYAs MPOTSHKEHHBIC YYacTKH, CBOOOJHBIE OT TO-
KOB, CYIIICCTBEHHO YBEJIUYNBACT YUCIIO CTEIICHEH CBOOOIBI
W CBSI3aHHBIC C HUM 3aTPaThl BBIYUCIUTEIBHBIX PECYPCOB.
B kauecTBe aJbTepHATHBBI UCMIOIB3YyeTCsl (POPMYTHPOBKA
C TOJHBIM CKAJISIPHBIM TOTEHIIMAIIOM, JUISi OJHO3HAYHO-
CTH OTPEICICHUS KOTOPOTO TOCTATOUHO CIENaTh Pa3pe3bl
TPEXMEPHON 00NIaCTH 3aa9, 3aKITFOYCHHON MKy TOKO-
HECYIIMMH SJIEMEHTaMH, U 33/1aTh CKQYOK MOTEHI[MaJa Ha
MOBEPXHOCTHU KaXKI0T0 pa3pesa. B pamkax MeTona KOoHeu-
HBIX 3JICMCHTOB Y3IIbl Ha TAKUX MOBEPXHOCTAX TYOIHPY-
FOTCSI, & COOTBETCTBYIOIUE 3HAUCHHUsI [TOTSHI[MANa OTIIU-
YaroTCs Ha BEJIWYHHY, PaBHYIO TOKY, OIPaHHYHBAIOIIEMY
MOBEPXHOCTh. JIJIs1 WILTFOCTpAIMKM YUCICHHBIX PacycTOB
HCTIOTH30BATACh MOJENb TUIONBHOTO MarauTa [3], mpea-
Ha3HAUYEHHOTO sl ()OPMUPOBAHHMS MArHUTHOTO TIOJISI B
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n30XpoHHOM IKIoTpoHe SC200. DPPeKTHBHOCTE 000UX
METO/IOB aHAJIU3UPYETCsl B TEPMHUHAX CTAaHIAPTHBIX Ia-
paMeTpOB METOJla KOHEYHBIX DJIEMEHTOB C YYETOM 3aTpar
BBIYHMCIIUTENIbHBIX PecypcoB. B yacTHoCTH, MOKa3aHo, 4TO
WCIIOIB30BAHNUE CKAJSIPHOTO MOTEHIMAla, IO CPAaBHEHUIO
C €ro BEKTOPHBIM aHAJOIOM, 3HAYUTEJIIBHO YMEHBIIAET
YKCJIO CTEIICHEH CBOOOIbI, 3aTPaThl KOMITBIOTEPHOM IMamsi-
TH ¥ BPEMEHH ITPU OTHOCUTENILHO OJIMHAKOBOM MOTPELIHO-
CTU BBIYUCIICHUH.
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Texymme u Oyayniie SKCIIePHUMEHTHI 110 (PU3HKE BEI-
COKHX DHEPTHH COCPEOTOUYEHB! Ha HAOMIIONAaeMbIX, KOTO-
pBI€ UyBCTBUTEIBHEI K ()a30BOMY MEPEXOy KBapK-TIFOOH-
HOH 1uta3mbl. HaOmonaemble, ykas3pIBaroe Ha HEMOHO-
TOHHOE U HEOXKHUTAHHOE (C TEOPETHIECKON TOUKH 3PCHHUS)

implemented. In this package, the magnetic vector potential
formulation represents a standard and highly efficient tool
for modeling accelerator magnets. However, the use of the
vector potential for the whole problem domain, including
the extended current-free regions, substantially increases
the total number of degrees of freedom and the associated
computational costs. Alternatively, the total scalar potential
formulation is now also available for computations with
this software after introducing cut surfaces assigned with
potential jumps for the uniqueness of its definition. In the
finite-element method (FEM), the nodes of such surfaces
are duplicated, and the corresponding potential values
differ by a magnitude equal to the current bounding the
surface. The numerical performance of both methods was
illustrated by the model example of a superconducting
dipole magnet [3] recently developed for operation in
the SC200 isochronous cyclotron. The calculation results
were analyzed in terms of the relevant FEM parameters,
accounting for the computational performance, as well as
the computational costs. In particular, it was shown that
the use of the scalar potential as compared to its vector
counterpart substantially reduces the number of degrees
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of freedom, the usage of computer memory and the
computational time for a similar relative error.
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Current and future high-energy physics experiments
focus on observables sensitive to the phase transition of
a quark—gluon plasma. Observables that indicate the non-
monotonic and unexpected (from a theoretical point of
view) behavior of emitted particles are especially import-
ant. Thus, studying the formation of strange particles in
heavy ion collisions is a promising task, since they can
serve a good diagnostic tool for investigating the proper-
ties of nuclear matter under extreme conditions.
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MIOBEJCHUE HCITyCKAEMBIX YaCTHIl , OCOOCHHO BaXKHBI.
Takum o0Opa3om, u3zydeHue oOpa3oBaHUSI CTPAHHBIX Ya-
CTHI[ B CTOJIKHOBEHUSX TSDKEIIBIX MOHOB SIBIISICTCS MHO-
roo0ermaromiei 3agadeil, MOCKOJIbKY OHU MOTYT CIY>KUTh
XOpOIIMM JWArHOCTUYECKUM HHCTPYMEHTOM ISl HCCIle-
JIOBaHMSI CBOMCTB SIIEPHOM MaTrepuu B IKCTPEMalIbHBIX
YCIIOBUSIX.

B pabote, ommcheIBaromell CTPYyKTypy aApOHOB B
paMKax CHJIbBHOKOPPEJIUPOBAHHONM KBapKOBOM MOJEIH,
MTOKa3aHO, KaK CBOHCTBAa ME30HOB U OAPHOHOB MOTYT Me-
HATHCS B INIOTHOM sAJiepHOMU cpere. Taxke mokasaHo, 4To
B TaKOW cpelie HyKJIOHBI IpeoOpasyloTcs B JENbTa-n30-
Oapsel, TUTIEPOHBI M UX BO30YKIEHHBIE COCTOSHUS, a Me-
30HBI POXKJAIOTCSI NMPEUMYIIECTBEHHO 4Yepe3 BEKTOpPHbIE
pe3oHanchkl. Kpome Toro, cBoiicTBa BEKTOPHBIX ME30HOB,
COCTOAINIUX M3 JICTKUX KBAPKOB, MCHAIOTCA KapAWHAJIb-
HO: IIMPUHA pacraja yBEIWYMBACTCs, a 3HAYCHUE Mac-
cbl yMmeHbiaercsi. [1o100HbIe MOIUBUKALUY B SEPHOM
cpeze, OCOOCHHO B THATIa30HE YHEPTUN MeracalieHC-TIpo-
exkta NICA, MOTYT TpWBOOUTH K TaKUM HAOIIOTaeMBbIM
s dexram, KaK yCHUIICHHE CTPAaHHOCTH, «3(PEKT pora» u
YCHIICHNE AUICTITOHHBIX HHBAPHAHTHBIX CIIEKTPOB Macc B
nunanazone 0,2-0,7 I'»B.

Musulmanbekov G. Hadron Modifications in a Dense Bary
-onic Matter // Phys. Part. Nucl. Lett. 2021.V. 18, No. 5. P54
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In the paper, describing the structure of hadrons with-
in the Strongly Correlated Quark Model (SCQM), it was
shown how the properties of mesons and baryons can be
modified in a dense nuclear medium. It was also demon-
strated that under such conditions nucleons are converted
into delta isobars, hyperons and their excitations, and me-
sons are produced predominantly via vector resonances.
Moreover, the properties of vector mesons, consisting of
light quarks, change drastically. The decay width increas-
es, and the mass value decreases. In-medium modifica-
tions, especially in the energy range of the NICA mega-
science project, can result in such observed effects as the
enhancement of strangeness, “horn effect”, and enhance-
ment of dilepton invariant mass spectra at 0.2-0.7 GeV.

Musulmanbekov G. Hadron Modifications in a Dense Bary-
onic Matter // Phys. Part. Nucl. Lett. 2021. V.18, No. 5. P. 548-558.
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