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B JINT pazpabotan u 3apeructpupoBat B Pocpeectpe
nporpaMm a1 OBM nporpaMMHBIN KOMIUIEKC ISt cO3/1a-
Hus nudpoBsix apoitaukoB (I[/]) pacmpeneneHHBIX IIeH-
TpoB cOopa, xpaHeHus: U o0padorku nauueix (PLIOJ).
YHUKaJIBHOCTh JaHHOH NpOrpaMMBbl B TOM, YTO CO3JaBae-
MBIe ¢ ee moMotkio LJ] s dexTrBHO OTCIE)KHUBAIOT pabo-
Ty PIIO/] ¢ Touku 3peHHs TOTOKOB JJAHHBIX U CBSI3aHHBIX
¢ HuUMH 3a1a4. [TporpaMMHBIi KoMIUIeKC 1o co3nanuto L1J]
moka He umeeT aHanoros. [ludposoit aBoitauk PLIOJ —
9TO BHpPTyaJbHasi KOMUSI LIEHTpa 00pabOTKH JTaHHBIX, KO-
TOpasi MOKa3bIBaeT, Kak OH paboTaeT mpu JTF0O00M BO3MOXK-
HOM crieHapuu. OcoOEHHO Takue JBOWHUKHU MPUTOIATCS
MIpU TMOCTPOEHHH, IKCIUTyaTallid ¥ COBEPIIEHCTBOBAHUU
BBIUUCIUTENBHBIX APXUTEKTYP PA3IHMIHOTO PO SKCIIEPHU-
MEHTAJIbHBIX YCTaHOBOK.

Kopenvkos B. B., IIpsxuna J]. 1., Tpogumos B. B. IIporpam-
MHBIH KOMILIEKC JJIA CO3J1aHUs L[I/I(prBLIX ﬂBOﬁHHKOB pacmpe-

NIENICHHBIX LEHTPOB cOopa, XpaHeHUss W 00pabOTKU NaHHBIX //
Pocpeectp mporpamm s 9BM. Ne2023667305.

Cotpynuuku JIUT u JI®BD npopeMoHCTpUpOBAIH
TIEPBBIC PE3YIBTATHI B paMKaX HCCICIOBAHIS IPUMCHECHUS
MaIrHHOTO OOyYeHHs B 3afavye HACHTU(UKAINH 3aps-
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JKEHHBIX "acTul] B akcriepumente MPD. Ucnonbs3oBanack
Pa3HOBHIHOCTb QITOPUTMA TPAJMEHTHOro OyCTHHTra
Ha pemaronux JIepPeBbsIX, peaJn30BaHHas B OuOIMO-
teke CatBoost. OcyIliecTBIeHO CpaBHEHHE ajropuTMa
MalIMHHOTO O0y4YeHHWs C METOJOM N-sigma, KOTOpPBIH B
HACcTOsIIIlee BpeMsl peajn30oBaH B IMPOTPAMMHON cpeje
MpdRoot. DddhexkruBHOCT, HACHTH(GHUKALIMA YACTHI[ B
JIHara3oHe MaybIX M OOJBIIMX HUMITYI6COB (P<0,7 I'3B/C
u p>1,5 I'3B/C) ObL1a BhIIIE y aArOpUTMa rPagMeHTHOIO
Oycrunra. IlomydeHHble pe3ysbTarbl MOKa3bIBAIOT, YTO
MPUMEHEHHE METOJI0B MAIIMHHOTO OOyYeHHs MO3BOJISET
JOOUTBCST 00JIee BBICOKOM TOYHOCTH MACHTH(HUKAIIMHU 3a-
pskeHHbIX yacTul] B akcniepumente MPD. ITpoBogumbie
MCCJICJIOBAHUSI CTAJIM BO3MOXKHBI Ollarojiaps BBIYHCIIHU-
TEJIBHBIM pecypcam rereporennoit miardopmsr HybriLIT.

Papoyan V., Aparin A., Ayriyan A., Grigorian H., Koro-
bitsin A., Mudrokh A. Machine Learning Application for Par-
ticle Identification in MPD // Phys. At. Nucl. 2023. V.86(5).
P.869-873.

OKCIepUMEHTAIBHBIE HCCIIIOBAHUS BYXYaCTHIHBIX
A3UMYTAIBHBIX KOPPEISINK OueHb MOMYISPHBI ceddac B
(usuke BeICOKMX 2HEpruid. VccimenoBaHus Jar0T B OCHOB-
HOM KadeCTBEHHBIC, a HE KOJIMYCCTBEHHBIC DPE3yJIbTATHI.
JLis monmyyeHns: KOMMYECTBEHHBIX PE3yIbTaToB Ipeara-
©TCsI HOBBI METOJI MCCIICIOBAHHS IBYXYaCTHYHBIX KOppe-

Meshcheryakov Laboratory
of Information Technologies

A software complex for creating digital twins of dis-
tributed data acquisition, storage and processing centres
(DDPCs) was developed at MLIT and registered in the
Register of Russian Computer Programs. The uniqueness
of this program is that the digital twins created with its
help effectively monitor the DDPC functioning in terms
of data flows and related tasks. The software complex for
creating digital twins has no analogues yet. A DDPC digi-
tal twin is a virtual copy of a data centre that demonstrates
how it operates under any possible scenario. Such twins
will be especially useful in the construction, operation and
enhancement of computing architectures of different kinds
of experimental facilities.

Korenkov V.V, Priakhina D.I., Trofimov V.V. Software
Complex for Creating Digital Twins of Distributed Data Acquisi-
tion, Storage and Processing Centers // Register of Russian Com-
puter Programs. No.2023667305.

MLIT researchers in collaboration with VBLHEP col-
leagues demonstrated the first results of machine learning
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application to the charge particle identification problem in
the MPD experiment. The categorical boosting (CatBoost)
implementation of gradient boosting on decision trees was
used. A comparison of the machine learning algorithm with
the n-sigma method, which is currently implemented in
the MpdRoot software environment, was made. Gradient
boosting showed a better efficiency of particle identifi-
cation in the case of small and large momentum values
(p<0.7 GeV/c and p>1.5 GeV/c). The results demonstrate
that machine learning methods are well suited to address
the particle identification problem in the MPD experiment.
The ongoing research became possible thanks to the com-
puting resources of the HybriLIT Heterogeneous Platform.

Papoyan V., Aparin A., Ayriyan A., Grigorian H., Koro-
bitsin A., Mudrokh A. Machine Learning Application for Par-
ticle Identification in MPD // Phys. At. Nucl. 2023. V.86(5).
P.869-873.

Experimental studies of two-particle azimuthal cor-
relations are now highly popular in high-energy physics.
The studies give mainly qualitative rather than quantitative
results. To obtain quantitative results, a new method for
studying two-particle transverse momentum (Pg) cor-
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JAUMHA NONEPEUHbIX UMITYILCOB (P1) B MATKMX aJpOHHBIX
B3anMozencTBHAX. [Ioka3aHo, 4TO MOHTE-KapIIOBCKHE MO-
nem PYTHIA 6 u Geant4 FTF (FRITIOF) mator pazmud-
HBIE TIPEICKA3aHMs [UIS ITPEIaracMbIX KOPPEALHiA B TIPO-
TOH-ITPOTOHHBIX B3aUMOAEHCTBUSIX. Koppensannu cBs3aHbl
CO IIBUHI'€POBCKUM MEXaHU3MOM POXKJICHUS YaCTHIl U MO-
T'YT OBITh M3yYEHBI B TEKYIIUX U OYIyIINX SKCTIEPUMEHTAX
B (hM3MKe BHICOKHMX SHEPTHi, B 9acTHOCTH, Ha NICA.

Galoyan A., Ribon A., Uzhinsky V. Towards Study of Two-

Particle P Correlations in Hadronic Interactions at NICA //
MPDI Physics. 2023. V.5, No. 3. P.823-831.

[Ipobnema HaxOXAEHUS PABHOBECHBIX KOH(HTYpa-
LU OJIHOMMEHHO 3apsDKeHHBIX 4YacTHUll (MOHOB), WHIY-
LUPOBAHHBIX BHEIIHUMH JJIEKTPOCTATHYECKUMH MOJISIMHU
B IUIAHAPHBIX CHUCTEMaXx, MMPEACTABISCT OIPOMHBIH HHTE-
pec Kak Juis (pyHIAMEHTAJIbHBIX, TaK U JUISl PUKIIAHBIX
uccnenoBanuii. [lpencraBieHbl pe3ylbTaTbl YUCICHHOTO
aHaJM3a PABHOBECHBIX KOH(UTypalnuil OTPHUIATEIEHO
3apsDKEHHBIX YacTHIl (3JEKTPOHOB), 3alepThIX B KPYyro-
BOii 00s1acTH OSCKOHEYHBIM BHEIIHHM MOTEHIHAIOM Ha
ee rpanuie. J[si MOUCKAa YCTOWYMBBIX KOH(PHUIYpaIlui ¢
MHUHUMAIBHOM dHepruei pa3paboraH ruOpUAHBIN BbIUYKC-
JMUTENBHBIN anroput™M. OCHOBOHM alropuTMa SBISIFOTCS
HMHTEPIOJSIIUOHHbBIE ()OPMYIIbI, BHIBEJICHHBIC B PE3yJbTa-

T€ aHAJIN3a PABHOBECHBIX KOH(PHUTYpAIUiA, MOTYICHHBIX C
MOMOIIBIO0 BAPUAIIMOHHOTO MPUHIMIIA MUHUMYyMa JHEp-
THH JUTS TPOU3BOIBHOTO, HO KOHEYHOTO YHCIIa YacTHUI] B
LUPKYJIIPHOU MOJENHU. PellieHus HeIMHENHBIX ypaBHEHUN
JAHHOM MOJEITN TTO3BOJISIOT MPECKa3biBaTh (HOPMHUPOBA-
HHE CTPYKTYpPHI B BHJE KoJier (000I049eK), 3armOTHEHHBIX
DJIEKTPOHAMHU, YUCIIO KOTOPBIX YMEHbBIIIAETCS TIPU NEPEX0-
i€ OT BHEIITHETO KOJIbITa K BHYTPEHHIM. UHCITO KOJIeT] 3aBH-
CHUT OT IIOJIHOT'O YHCJia 3apsAKCHHBIX YaCTHLI. HOIly'-IeHHbIe
WHTEPIOSIIINOHHBIE (POPMYITBI PACTIPEACTICHHUS TTOTHOTO
YHUCJIa HIIEKTPOHOB TI0 KOJBIIAM HCTIONB3YIOTCS B KAY€CTBE
HAYQIBHBIX KOHQUTypaluid il METOoda MOJICKYISPHON
JUHAMUKA. Pe3ymeraTsl AEMOHCTPHPYIOT Ooliee BBICO-
Ky10 3(G(GEKTHBHOCTh METONA KIACCHYCCKON MOJICKYIISIp-
HOW JMHAMUKH TIPH UCIIOIB30BAHUN WHTEPIOJSIIIMOHHBIX
(GbopMyIT IO CpPaBHEHHIO C aJTOPUTMAaMH, OCHOBAHHBIMH
Ha MeTomax MonTe-Kapino u m1o0ambHOH ONTHMH3AIHY.
IIpenoxeHHbI METOI TO3BOJISIET HA HECKOJIBKO MOPSi-
KOB TIOBBICUTH CKOPOCTb JOCTHXKEHUSI YCTOMYMBOM KOH-
¢urypammu ¢ MUHIMAaJIbHON YHEPTHEH IS TPOU3BOIBHO
BBIOPAHHOIO YHKCJIA YACTHUI[ B PACCMATPHUBAEMOI CHCTEME
IO CPaBHEHHIO C KIIACCHYECKUM METOIOM MOJICKYIISIPHON
JUHAMUKH.

Huxkonoe 3.1, Hazmumounoe P. I, Inyxosyes I1. U. O paB-
HOBCCHBIX KOH(I)I/IpraIII/ISIX 3apsKCHHBIX MOHOB B IUIAaHApPHBIX

relations in soft hadronic interactions is proposed. It is
shown that Monte Carlo models, namely, PYTHIA 6
and Geant4 FTF (FRITIOF), give different predictions
for the correlations in proton—proton interactions. The
correlations are connected with Schwinger’s mechanism
of particle creation and can be studied in current and future
high-energy physics experiments, in particular, at NICA.

Galoyan A., Ribon A., Uzhinsky V. Towards Study of Two-

Particle P; Correlations in Hadronic Interactions at
NICA // MPDI Physics. 2023. V.5, No.3. P.§23-831.

The problem of finding equilibrium configurations
of one-component charged particles, induced by external
electrostatic fields in planar systems, is of great interest for
both fundamental and applied investigations. The results
of a numerical analysis are presented for equilibrium con-
figurations of charged particles (electrons), confined in a
circular region by an infinite external potential at its
bound-ary. Equilibrium configurations with minimal
energy are searched by means of a hybrid numerical
algorithm. The algorithm is based on interpolation
formulas that are ob-tained from the analysis of
equilibrium configurations for an arbitrary finite number
of charged particles in a circular
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model, provided by the variational principle. The solution
of the nonlinear equations of the circular model yields the
formation of a shell structure that is composed of the se-
ries of rings filled with electrons, the number of which de-
creases as one moves from the boundary ring to the central
one. The number of rings depends on the total number of
charged particles. The interpolation formulas provide ini-
tial configurations for molecular dynamics calculations.
The results demonstrate a significant efficiency of applying
the method of classical molecular dynamics when using
the interpolation formulas in comparison with algorithms
based on Monte Carlo methods and global optimization.
This approach makes it possible to significantly increase
the speed at which an equilibrium configuration with mini-
mum energy is reached for an arbitrarily chosen number of
particles in the system under consideration compared to the
classical molecular dynamics method.

Nikonov E.G., Nazmitdinov R.G., Glukhovtsev P.I. On
Equilibrium Configurations of Charged lons in Planar Systems
with Circular Symmetry // J. Surf. Invest.: X-Ray, Synchrotron
Neutron Tech. 2023. No. 2. P. 71-76.
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cHcTeMax ¢ Kpyrosoii cummerpueii // TloBepxHocTh. PeHTreHOB-
CKHE, CHHXPOTPOHHBIE 1 HEHTPOHHBIE UccaenoBanms. 2023. Ne2.
C.71-76.

KoHeYHO-371eMEHTHOE MOJICIMPOBAHUE TPEXMEPHBIX
npo0lieM MarHUTOCTATHKH C HCIOJIb30BAHHEM MArHUT-
HOTO BCKTOPHOTO IOTCHIMANA SIBISICTCS OJHHM M3 OC-
HOBHBIX WHCTPYMCHTOB BBIYMCJICHUSA MAarHUTHBIX noneun
C BBICOKOH TOYHOCTBIO, HO MOXKET TPeOOBaTh 3HAYUTEIIb-
HBIX BBIYHCIIUTEIBHBIX PECYPCOB IS PEUICHHs Mpodiiem
CO CJIOKHOW TeOMETpHEH U HEIMHEHHBIMU MaTepHaIaMU
B CHJIy OOJIBIIIOTO YKCia CTereHel ¢cBoOOIbl. 11 yMEHb-
IICHHS BBIYMCIUTENBHBIX 3aTpaT 0e3 MOTepH TOUHOCTH
B KayeCTBE AIbTEPHATUBBI MPEUIATAeTCsl HCIOJb30BATh
KOMOWHAIIMI0 MarHUTHBIX BEKTOPHOTO W TIOJHOTO CKa-
JIAPHOrO0 MOTCHUHAJIOB, IMPUMCHACMBIX K HNPOBOAAIINM
W HEMPOBOSIIMM MOJ00NACTIM peliaeMol 3a1a4u Cco-
OTBETCTBEHHO U CBSI3aHHBIX YCJIIOBHUSIMH COINPSDKCHUS HA
oOmre rpanuie pasgena. s KOPPEKTHOCTH KOMOWHU-
POBaHHOM (POPMYTHUPOBKH B HEIIPOBOASIIMX OT00IACTSIX
CTPOSITCS pa3pesbl, 00eCICUMBAIOIINE UX OJHOCBI3HOCTb.
Toapo6HO 00CYKIAIOTCS BAPUAIIMOHHBIC TIOCTAHOBKH 3a-
Jlad C UCTOJIB30BAaHUEM KaK BEKTOPHOTO TMOTCHIIHAIA, TaK
u KOM6I/IHaHI/II/I O6OI/IX INOTCHIIMAJIOB B METOAC KOHCUHBIX
aneMeHTOB. CpaBHUTENBHBIN aHAIM3 YHCcIeHHONW 3ddek-
TUBHOCTH 00euX (HOPMYIUPOBOK TMPOUILTIOCTPUPOBAH

AT THE LABORATORIES OF JINR

Ha MpUMEpax KOHEYHO-JIEMEHTHOIO MOAEIUPOBAHUS
KaTymku [eapMronblia ¥ JUITONFHOTO MAarHWTa B Cpe-
ne COMSOL Multiphysics. IToka3ano, 4To IpUMEHEHHE
KOMOMHUPOBAHHON (hOPMYITUPOBKU TO3BOJIECT JOOUTHCS
3HAUNUTENFHOTO YMEHBIICHUS 00BheMa HCIOIbh3yeMOH Ta-
MSATH U COKpAIIEHUS BPEMEHH BBIYMCICHUI TIPHU aHAJO-
TMYHON TOYHOCTH 0OOMX METO/IOB.

Chervyakov A. On Finite-Element Modeling of Large-Scale

Magnetization Problems with Combined Magnetic Vector and
Scalar Potentials. JINR Preprint E11-2023-37. Dubna, 2023.

The finite-element modeling of three-dimensional
magnetostatic problems in terms of magnetic vector po-
tential has proven to be one of the most efficient tools for
calculating magnetic fields with high accuracy, but can
become computationally expensive in the presence of
complex geometries and nonlinear materials due to the
substantial number of degrees of freedom. To achieve a
similar quality of calculations at lower computation-
al costs, it is proposed to use a combination of magnetic
vector and total scalar potentials as an alternative to the
magnetic vector potential formulation. The potentials are
applied to the conducting and nonconducting parts of the
problem domain, respectively, and coupled together across
their common interfacing boundary. For nonconducting
regions, thin cuts are constructed to ensure their simple
connectedness and, therefore, the consistency of the mixed
formulation. The implementation of both formulations in
the finite-element method is discussed in detail. The nu-
merical performance of finite-element modeling in terms
of combined potentials is assessed against the magnetic
vector potential formulation for two magnetization mod-
els, a Helmholtz coil and a dipole magnet in COMSOL
Multiphysics. It is shown that the mixed formulation can

provide a substantial reduction in the computational cost
as compared to its vector counterpart for a similar accura-
cy of both methods.

Chervyakov A. On Finite-Element Modeling of Large-Scale

Magnetization Problems with Combined Magnetic Vector and
Scalar Potentials. JINR Preprint E11-2023-37. Dubna, 2023.






