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B pamkax cepum xuur Mathematical Engineering
nznarenbctBo Springer Nature Switzerland omyGuko-
Basio MoHorpaduwo «HoBble pa3pabOTKH UTEPALHOHHBIX
MeTonoB HploTOHa niisl pellieHus] HEJIMHEHHBIX 3aJau»

Meshcheryakov Laboratory
of Information Technologies

Within the “Mathematical Engineering” book se-
ries, Springer Nature Switzerland published a monograph
“New Developments of Newton-Type Iterations for Solving
Nonlinear Problems” by Deputy Director of the JINR
Meshcheryakov Laboratory of Information Technologies,
Academician of the Mongolian Academy of Sciences
(MAS) Ochbadrakh Chuluunbaatar and Honorary Doctor of
the Joint Institute, Academician of the MAS Tugal Zhanlav.
This comprehensive book delves into the intricacies of
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3a aBTOpCTBOM 3amecrturens nupekropa JIUT akagemu-
ka Monronsckoii akagemmn Hayk (MAH) Oubampaxa
Uynyynbaarapa n modeTHoro nokropa OUSN axamemu-
ka MAH Tyrana JKanmaBa. Kaura neranpHO pacKkpheIBaeT
TOHKOCTH HbIOTOHOBCKHX METO/IOB JIJIsl HETMHEHHBIX YPaB-
HEHMH, 1aeT MpeJCTaBIeHNe 00 X CXOAMMOCTH, yCKOpe-
HUM M pacmupeHun. B MoHorpadum ocBemieHs! OCHOB-
Hble pe3yabTarsl, nonydeHHsle B JIMT u HanuonansHoMm
yHuBepcutere Monroauu. B kHure, cocrosiuei u3 Tpex
JacTeH, UCCIIENYIOTCS NTEPAlMU BBICIIETO MOPSIKa IS
pEIICHNS HEMMHEHHBIX YPaBHEHUH U UX CHCTEM, a TaKXke
WX IpUMEHEHNE B IMHEHHON anredpe M HEeKOTOPBIX HEeNH-
HEHHBIX 3a7a4ax TeopeTndeckoil ¢usuku. [lomuepkuBas
KITIOUEBYIO POJIb UTEPAIIMOHHBIX MapaMeTpoB B (opMu-
POBaHMM CXOIUMOCTH M PACIIMPEHUU O00JACTH, aBTOPHI
ONMPAIOTCS. HAa OOIIMPHBIE COBMECTHBIE HCCIIEIOBAHMUS,
9TOOBI CHCTEMaTH4ecKn 00OO0MHNTh U 000CHOBATDH MOJY-
YEHHBIE PE3YJIbTATHI.

Zhanlav T., Chuluunbaatar O. New Developments of New-
ton-Type Iterations for Solving Nonlinear Problems. Cham:
Springer, 2024. XIV. 281 p. Electronic book (Mathematical En-
gineering); https://doi.org/10.1007/978-3-031-63361-4.

[TpoBeneHo dHCIICHHOE WCCIEAOBaHUE Ccdepuue-
CKH-CHMMETPHYHBIX NEPHOJMUECKUX 110 BPEMEHH CTOS-
YMX BOJH MOJENH ¢* B IIape KOHEYHOTO pajryca, KOTo-

pbIE paccMaTpUBAIOTCSl KakK amImpoKcHManus ciaadous-
TydaromuXx Cc(hepuuecKu-CHMMETPUYHBIX OCLMIJIOHOB.
BoruncnurensHas Npomeaypa CBOAWUTCS K PELICHUIO C
MOMOLIBI0 HBIOTOHOBCKHMX HMTEpaluil HEJMHEHHOW Kpae-
BOHM 3a/a4 Ha LMWJIMHIPUYECKOM MOBEPXHOCTU B LIUPO-
KOM JlMana3oHe 3HauyeHui nepruosa oCHWIIALIUI 1 noce-
JYIOIIEMY aHaJIM3y YCTOMYMBOCTH HAaWJEHHBIX PELUICHUI
MyTEM pacyeTa COOTBETCTBYIOLIMX MHOUTenel Dioke.
st yckopeHust BeIUUCIIEHNsT MHOKUTENER Drnoke peanu-
30BaHa MapajuienbHas Bepcus Matlab-mporpammel, o6e-
CIieYMBINAs yMEHBIIEHHE BpeMeHu cueta n0 20 pa3 Ha
BBIYMCIUTENBHBIX pecypcax mardopmer HybriLIT Muo-
ro(yHKIMOHAJIBHOTO HMH(GOPMAIMOHHO-BBIUYUCIUTEIBHO-
ro xomriekca OVISIV. HaiimeHs! Ba COCYIIECTBYIOIIIX
KJIacca BOJTH, MCCIIEIOBAHBI MX B3aMMOCBS3b M OUQypKa-
LIUH B 3aBUCUMOCTH OT MEPUO/IA OCIMIIISAIINH.

Zemlyanaya E., Bogolubskaya A., Bashashin M., Alexe-
eva N. Numerical Study of the p* Standing Waves in a Ball of

Finite Radius // Discrete and Continuous Models and Applied
Computational Science. 2024. V.32, No. 1. P.106—-111.

B oOubmuorexy snexTpoHHBIX mporpamM JINRLIB
OUSN mepenanbl ABa KOMIUIEKCA MIPOTPAMM ISl TTapa-
JETPHOTO KOMITBIOTEPHOTO MOJEIMPOBAHUS CBEPXIIPO-
BOJSIIIUX IPOIECCOB B JHKO3E(COHOBCKUX CTPYKTYypax.
Kommmnexe LJJ-CVV-MPI [1] npennazHaueH i pacde-

Newton-type methods for nonlinear equations, offering in-
sights into their convergence, accelerations, and extensions.
The monograph contains main results developed at MLIT
and the National University of Mongolia. Divided into three
parts, the book explores higher-order iterations for nonlin-
ear equations and their systems, as well as their applications
in linear algebra and some nonlinear problems of theoretical
physics. Emphasizing the pivotal role of iteration parame-
ters in shaping convergence and expanding the domain, the
authors draw from their extensive collaborative research to
systematically compile and elucidate these findings.
Zhanlav T., Chuluunbaatar O. New Developments of New-
ton-Type Iterations for Solving Nonlinear Problems. Cham:
Springer, 2024. XIV. 281 p. Electronic book (Mathematical En-
gineering); https://doi.org/10.1007/978-3-031-63361-4.

A numerical study of the spherically symmetric
time-periodic standing waves of the ¢* model in a ball
of finite radius is carried out. They are considered as an
approximation of weakly radiating spherically symmetric
oscillons. The computational procedure is based on the
solution of a nonlinear boundary value problem on a cylin-
drical surface in a wide range of oscillation period values
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using Newtonian iterations and on the subsequent stability
analysis of the solutions found by calculating the corre-
sponding Floquet multipliers. To speed up the calculation
of the Floquet multipliers, a parallel version of the Matlab
code is implemented, it ensures a reduction in the calcu-
lation time of up to 20 times on the computing resources
of the HybriLIT platform of the JINR Multifunctional
Information and Computing Complex. Two coexisting
classes of waves are found, their relationship and bifurca-
tions are studied depending on the oscillation period.
Zemlyanaya E., Bogolubskaya A., Bashashin M., Alexe-
eva N. Numerical Study of the ¢* Standing Waves in a Ball of
Finite Radius // Discrete and Continuous Models and Applied
Computational Science. 2024. V.32, No. 1. P.106-111.

Two software packages for the parallel comput-
er modeling of superconducting processes in Josephson
structures have been transferred to the JINRLIB electronic
program library of JINR. The LJJ-CVV-MPI [1] package
is designed to calculate the current-voltage characteristics
in a system of long Josephson junctions (JJ) taking into
account the inductive and capacitive coupling between
neighboring JJs. The SPIN-Ga/Gr [2] software package
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Ta BOJBT-aMIEPHBIX XapPAKTEPUCTUK B CUCTEME JUIMH-
HBIX JKo3ecoHOBCKuX mepexonos (AI1) ¢ yuerom un-
JYKTUBHOH M €MKOCTHOH CBsi3u Mexnay cocennumu JI1.
Kommnexe mporpamm SPIN-Ga/Gr [2] peammsyer mo-
CTPOCHHE TOMEHOB IEPEBOPOTAa MAarHUTHOTO MOMEHTA B
MOJIENH (,-JK03€(PCOHOBCKOIO IEPEX0a Ha ILIOCKOCTH
rnapameTpoB Moxenu. B kaxaoi M3 mporpamm pacder
(bU3HYEeCKNX XapaKTEePUCTHK OCYLIECTBIIETCS Ha OCHO-
B€ YMCJEHHOTO PEIIEHUs MPHU 3aJaHHBIX HaYalbHBIX YC-
JIOBUSIX COOTBETCTBYIOIIMX CHCTEM HEJIMHEHHBIX ypaB-
HEHUIl, OMMCHIBAIOIINX KOHKpeTHyo Mmomens JII. Oba
KOMILJIEKCa HanmucaHbl Ha s3bike C++. [l mapanienbHoi
peanuzauuu ucnosb3oBanbl Texnonorun MPI u OpenMP.
JIi1st KaXKJ10T0 KOMIIIEKCa ITOIrOTOBJICHBI OIIMCAaHKE 3a/1ad,
YUCICHHBIX METOAOB M BXOAAIINX B COCTaB KOMIUIEKCA
MPOrpaMMHBIX MOJyJIeH, a TaK)Ke HHCTPYKIHS 10 padoTe
Ha BeraucIuTensHoM wiatdpopme HybriLIT. [TomyueHnHbie
C TIOMOIIBIO pa3pabOTaHHBIX METOIOB M IPOrpaMM B
corpyanuuectse ¢ kosulteramu u3 JIT® uucnenssie pe-
3yJbTaThl OIMYyOINKOBAHBI B psiJie Hay4yHBIX pabor. B Ha-
cTosimiee Bpemsi 00a KOMIUIEKCa TPOIOIDKAIOT aKTHBHO
WCIIOJIb30BAThCS Ul JAJbHEHIIUX UCCIIENOBaHUIl B Ha-
MPaBJIEHUH BBICOKOIPOU3BOJUTEIBHOIO KOMIIBIOTEPHOIO
MOJICTIMPOBAHMS (PU3NYECKUX MPOILECCOB B JKO3e(Co-
HOBCKUX CTPYKTYPax pa3JInYHOTO THIIA.
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1. Pawawun M. B., 3emnanasa E. B., Paxmonose H.P.
LJJ-CVV-MPI — mporpamma napauieIbHOTO pacdeTa BOJBT-
aMIICPHOI XapaKTEPUCTHKH B CUCTEME JUTMHHBIX JKO3e(hCOHOB-
CKHUX TepexoioB. http://wwwinfo.jinr.ru/programs/jinrlib/ljj-cvv-
mpi/index.html.

2. Bawawun M. B., 3emnanas E. B., Amanacosa I1. X., Pax-
monosé U. P. SPIN-Ga/Gr — mporpaMma pacdyeTra HHTEPBAIOB
IepeBOPOTa MATHUTHOIO MOMEHTAa B CHCTEMAx ¢,-IKo3edco-
HOBCKoro mepexoma. http://wwwinfo.jinr.ru/programs/jinrlib/
spin-ga-gr/index.html.

OnHMM 13 KITIOUEBBIX 3TarloB 00paOOTKM TaHHBIX, T10-
JIY4EHHBIX B OKCIIEPHUMEHTAX 10 (pU3UKE YaCTHUILL, SBIISETCS
PEKOHCTPYKIHUSI TPAaeKTOPHH (TPEKOB) B3aUMOJEHCTBYIO-
LIUX YaCTHI] 10 pe3ysibTaraM n3MepeHuil. B manupyemom
Ha xomnaiinepe NICA skcnepumente SPD ocolGyro ciox-
HOCTH BBI30BET YPE3BBIYANHO BBICOKAasl 4acTOTa B3aWMO-
nevicteuii (3 MI'n), Bemy1ast K epeKpbITHIO COOBITHI PU
UX ChEME B PEKMME BPEMEHHEIX CIIAliCOB, & TaK)Ke CHIIb-
HOE 3arps3HCHUE JJTaHHBIX JIOKHBIMU M3MEPEHUSIMH H3-3a
0COOEHHOCTEH yCTpoiicTBa TPEKOBBIX AeTekTopoB SPD.
OT0 BechMa YCIIOXKHSET alTOPUTMbI PEKOHCTPYKIIUH Tpe-
KOB (TpekuHra). B 1aHHOM Mccle[oBaHUM H3y4aloTCs Me-
TOZIBI HA OCHOBE HEHPOHHOM ceTr XOmn(uiia i TPEKUHTa
MOJIEJTBHBIX CcOOBITHI 3KcriepuMmenta SPD. Tlpeanmoxena
ONITHMU3ALHUS [APAMETPOB IOCTPOCHUS (QYHKIUH 3HEp-

implements the construction of magnetic moment flip do-
mains in the g,-Josephson junction model on the plane of
the model parameters. In each of the programs, the calcu-
lation of physical characteristics is carried out on the basis
of a numerical solution for given initial conditions of the
corresponding systems of nonlinear equations describing a
specific JJ model. Both packages are written in C++. MPI
and OpenMP technologies are used for parallel implemen-
tation. A description of the problems, numerical methods,
and software modules included in the package, as well as
instructions for working on the HybriLIT computing plat-
form, are prepared for each package. The numerical re-
sults obtained using the methods and programs developed
in collaboration with colleagues from the Bogoliubov
Laboratory of Theoretical Physics are published in a num-
ber of scientific papers. At present, both complexes contin-
ue to be actively used for further research in the high-per-
formance computer modeling of physical processes in
Josephson structures of various types.

1. Bashashin M.V, Zemlyanaya E.V., Rahmonov LR.
LJJ-CVV-MPI, a Program for the Parallel Calculation of the
Current-Voltage Characteristic in a System of Long Josephson

Junctions.
indexe.html.

2. Bashashin M.V., Zemlyanaya E.V., Atanasova P.Kh.,
Rahmonov I.R. SPIN-Ga/Gr, a Program for Calculating Mag-
netic Moment Reversal Intervals in the ¢, Josephson Junction.
http://wwwinfo.jinr.ru/programs/jinrlib/spin-ga-gr/indexe.html.

http://wwwinfo.jinr.ru/programs/jinrlib/ljj-cvv-mpi/

One of the key stages of processing data from parti-
cle physics experiments is the reconstruction of trajectories
(tracks) of interacting particles from measurement data. In
the SPD experiment planned at the NICA collider, a special
difficulty will be caused by the extremely high frequency
of interactions (3 MHz), which leads to the overlapping of
events during data acquisition in the time-slice mode, as
well as by the strong contamination of data by fake mea-
surements due to the specifics of SPD track detectors. This
makes track reconstruction (tracking) algorithms highly
complicated. In this study, methods based on the Hopfield
neural network for tracking simulated events within the
SPD experiment are investigated. Taking into account the
specifics of the experiment, the optimization of the ener-
gy function parameters of the neural network is proposed
to improve the tracking results. To radically speed up the
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TMH HEWPOCETH, IO3BOJSIONIAs YIy4IIUTh PE3yIbTaThl
TPEKHHIa C y4eToM crnenu(ukn skcrepumenTa. C 1enbo
KapIUHAJIBHOTO YCKOpeHus mpoueaypsl SPD TpekuHra uc-
cllelyeTcsl MPUMEHNMOCTh KBAHTOBBIX aITOPUTMOB. B Ta-
KOM IIOCTAHOBKE 3a3j1auya TPEeKHHra (hOpMyIupyercs Kak
KBaJpaTW4Hasi HEOTPaHWYEHHAsI JBOWYHAS ONTHUMM3ALIUSI
(QUBO) u permraercst myTeM MOICSITUPOBAHUS OTKHTA FUTH
KBaHTOBOTO OTKUra. ONBIT HEIaBHUX PadOT M0 PEIICHUIO
3a7ad KOMOMHATOPHOM ONTHMH3ALUKM KBAHTOBBIMH Me-
TOAAMM yKa3blBAaeT HAa MX BO3MOXKHbBIC HPHIOKCHUS JUIS
ObicTpoii 00paboTky naHHbIX SPD mim npyrux skcrepu-
MEHTOB C BBICOKOM CBETHMMOCTBIO. BBIMOIHEHO MUIOTHOE
tectupoBanue Merona TrackML, npearnonaraercs aganTu-
pOBaTh ATOT MOJXOJ HAa MOJeNbHbIE JaHHbBIe SPD.

bypew M., Kaoounuxoe HU.C., Koeanenxo A.B., Ococ-

ko6 I A. Ilpumenenune cetn Xomdunma s TpekuHra SPD
OUSAN. Ipenpuat OUSIU P11-2024-5. [ly6Ha, 2024.

B xonte utons 2024 r. 8 OMSAUN Obut 3amyiieH B Te-
CTOBYIO SKCIUIyaranuio HoBbld cepBuc docs.jinr.ru. Ero
OCHOBHAasI 3agada — TPEJOCTAaBUTH HCCIIEIOBATEISIM
LEHTPAIN30BAaHHOE XPAHWJIMIIE HAYYHOH JIOKyMEHTAIn!
Y MHCTPYMEHTBI JJIsl COBMECTHOW PabOThI HaJl JJOKYMEH-
TaMu. Jlexkamas B ero OCHOBE MporpaMMHasi Tardopma
SciDocCloud pa3paborana B JINT u npusBaHa 3aMEHUTH
wiarpopmy DocDB, mocrpoeHHyto Ha yxke ycTapesiieit
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TEXHOJIOTHYECKOl 6a3e, HO eIIe UCTIONB3YEMYIO PSIOM OT-
JIeJIbHBIX UccienoBaTeNbekux rpynn Muctutyra. B HoBOM
CUCTEME TOJIB30BATENH MOTYYMIA BO3MOXKHOCTh CAMOCTO-
STEJILHO CO3/IaBaTh PEHNO3UTOPHUU JOKYMEHTOB. Kitroueroit
0COOCHHOCTBIO CEPBHCA SIBISICTCS CUCTEMA OTCIICKIBAHUS
W3MEHCHHUS JTOKYMEHTOB: TIPH OOHOBIICHWH (DAMIOB WIIH
MeTanH(OPMAITH JTFO00TO TOKYMEHTA CO3/IaeTCs ero HO-
Basi BEPCHs, a CTapble HE YOAIAIOTCS M OCTAOTCS JOCTYII-
HBIMHU JUTsl IpOCMOTpa. JlocTym B cepBHC peann3oBaH yepes
YUYCTHBIC 3aIicu cuCTeMbl efquHoro Bxoma OMSU (SSO).
CepBHcC IPEAOCTABISACT THOKYIO CUCTEMY YIIPABIICHHUS Mpa-
BaMU JIOCTYTIA, BKIIFOYAIOIIYIO0 BOSMOXKHOCTD YTIPABICHUS
PETIO3UTOPUSAMH JTOKYMEHTOB Ha OCHOBE TPYIII, CXOXKYIO
C TAaKOBOM B M3BECTHOW CHCTEME YIPABIICHUS NMPOEKTAMHU
GitLab. CoxpaHHOCTb JaHHBIX 00CCIICUUBACTCS O0IAYHBIM
xpanwuinem OUSIN, ocyiiecTBsIoNMM aBTOMAaTHIECKOE
TPEXKPATHOE PE3CPBUPOBAHUC BCEX 3arpy’KaeMbIX B CH-
cTeMy (aifyioB, a TaKkKe €KCTHEBHBIM PE3EPBHBIM KOIIU-
poBaHmeM 0a3bl JaHHBIX MeTanH(popmanuu. B HacTosmee
BpEMsI CEpPBUC aKTHBHO J10pabaThiBA€TCs [0 OT3bIBAM Iep-
BBIX TI0JIb30BATENICH, a B Oy/IyIleM IUIAaHUPYETCS €ro UHTe-
rpais B 1udposytro sxocuctemy OUSIN.

Balashov N., Sokolov I. Development of a Document Da-
tabase Platform “SciDocCloud” // Phys. Part. Nucl. 2024. V.55.
P.479-48]1.

SPD tracking procedure, the applicability of quantum algo-
rithms is studied. In this conception, the tracking problem
is formulated as quadratic unconstrained binary optimiza-
tion (QUBO) and solved by simulated annealing or quan-
tum annealing. The experience of recent work on solving
combinatorial optimization problems with quantum meth-
ods points to their possible application to fast data process-
ing for SPD or other high-luminosity experiments. The pi-
lot testing of the TrackML method is performed, and it is
planned to adapt this approach to model SPD data.

Bures M., Kadochnikov 1., Kovalenko A., Ososkov G. Ap-
plication of the Hopfield Network to SPD Track Reconstruction.
JINR Preprint P11-2024-5. Dubna, 2024.

At the end of June 2024, a new service, docs.jinr.ru,
has been put into test operation at JINR. Its main goal
is to provide researchers with a centralized repository
of scientific documentation and tools for collaborative
work on documents. The underlying software platform,
SciDocCloud, is developed at MLIT and designed to re-
place the DocDB platform, which is built on an already
outdated technological base, but is still used by a number
of individual research groups at the Institute. In the new
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system, users have the opportunity to independently cre-
ate document repositories. The key feature of the service
is the document change tracking system: when updating
files or metadata of any document, a new version is cre-
ated, the old ones are not deleted and remain available for
viewing. Access to the service is implemented via JINR
Single Sign-On (SSO) system accounts. The service pro-
vides a flexible access rights management system, includ-
ing the ability to manage document repositories based on
groups, similar to that in the well-known GitLab project
management system. Data safety is ensured by the JINR
cloud storage, which automatically makes a triple back-
up of all files uploaded to the system, as well as by daily
backups of the metainformation database. The service is
currently being actively enhanced on the basis of feedback
from its first users, and its integration into the JINR Digital
EcoSystem is planned for the future.

Balashov N., Sokolov I. Development of a Document Da-
tabase Platform “SciDocCloud” // Phys. Part. Nucl. 2024. V.55.
P.479-481.
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