B JIABOPATOPUAX MHCTUTYTA

AT THE LABORATORIES OF JINR

Na6opaTopus MHOPMALMOHHbIX TEXHONOIMMMN
um. M.T. MewiepsikoBa

Corpyaaukamu JIMT mpexncrasnena o03opHas cra-
Thsl, B KOTOPOH OITMCAHBl OCHOBHBIC 3Tallbl PAa3BUTHS U
npumeHenust B OVSIN urepaiimOHHBIX METOJIOB HA OCHOBE
HenpepbIBHOTO aHajora merofa Hetorona (HAMH), na-
yuHast ¢ 1960-x rr. HAMH — 3710 ruOkuii MHCTpYMEHT,
BOCTPEOOBAHHBIN JJISI YMCIICHHOTO DEIICHHs HEINHEH-
HBIX 33/1a4 Pa3INYHBIX TUIOB, BO3HUKAIONINX IPH HCCIIe-
JIOBaHUM CJIOXKHBIX CUCTEM B TCOPUU HETUHEHHBIX BOJH,
KBaHTOBOM MEXaHHKE, SIICPHOW U aTOMHOHN (pu3mke u 1p.
CoxpaHsisi BRICOKYIO CKOPOCTb CXOJMMOCTH UTepanuii, Xa-
pakTepHyIo I KiIaccuaeckoro merona Herorona, HAMH
M03BOJISIET CTPOMTh MOJAM(MUIIMPOBAHHBIE CXEMbI, OOJa-
JIAfOlIMe PACUIMPEHHON 00JIaCTBI0 CXOAMMOCTH U Y4H-
TBHIBAIOIIME OCOOCHHOCTH KOHKPETHBIX 3amad. M3moxen
o0IMi TOAX0A K TOCTPOEHHIO MTEPALIOHHBIX CXEM Ha
ocHoBe HAMH, paccMoTpeHs! BapraHThl HTEPAHOHHBIX
CXEM MPUMEHHUTENBHO K Pa3IMYHBIM HEIUHEHHBIM U CIeK-
TPaJbHBIM 33J[a4aM, BKJIIOUCHBI COBPEMEHHBIE PE3yIIbTaThI
o teoperudeckoMy pazsututo HAMH u no yncnennomy
nccienoBannio Ha ocHoBe HAMH psina cinoxubix pusn-
YECKUX CHCTEM.

Zemlyanaya E. V., Chuluunbaatar O. Computational Sche-
mes Based on the Continuous Analogue of Newton’s Method in
the Numerical Study of Complex Physical Systems at JINR //
Natural Sci. Rev. 2026. V.3. 200605.

[IpencraBnensl 0030p M TeKyummid craryc MHoro-
(YHKIIMOHANIBHOTO  MH(POPMAIMOHHO-BBIUYUCIUTEIILHOTO
rxommekca (MUBK) JINT OUSIN, siBnstromerocst Kirode-
BbIM 3BEHOM CETEBOH M HMH(OPMALUOHHO-BBIYHCIUTEIb-
HOM mHPpacTpykrypsl MacTuTyTa. MUBK paccmarpuba-
eTcs Kak yHHKaJbHas Oa3oBas ycranoka OWSIU u urpaer
OIIPEACIIAIONIYI0 POJIb B HAYYHBIX HCCIICIOBAHMSX, I
MPOBEIEHHS KOTOPBIX TPEOYIOTCSl COBPEMEHHBIE BBIYNCITH-
TEJIbHBIE MOIITHOCTH M CUCTEMBI XpaHEHHS. YHUKAIbHOCTh
MUBK o0ecrieunBacTcss COYCTAHHUEM BCEX COBPEMCH-
HBIX WH(QOPMAIMOHHBIX TEXHOJOTHHA OT CeTeBOW HMH(pa-
CTPYKTYpBI C TIPOIYCKHOH crocoOHocThio oT 2 x 100 1o
4 x 100 I'6ut/c, pacmpeneIeHHON cHcTeMOH 00padOTKH
U XpaHEHMs JaHHBIX, OCHOBAaHHON Ha TI'PUI-TEXHOJO-
TUAX W OONAYHBIX BBIYMCICHUSX, T'MIICPKOHBEPTCHTHOMN
BBIYMCIIMTENIBHON HMH(QPACTPYKTypOolH Ha KHUIKOCTHOM
OXJIAKACHUN [UISi CYHNEPKOMITBIOTEPHBIX TPHIOKEHHH.
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The review article by MLIT researchers presents the
main stages of the development and application of iterative
methods based on the continuous analogue of Newton’s
method (CANM) at JINR, starting from the 1960s. CANM
is a flexible tool in demand for the numerical solution of
various types of nonlinear problems arising in the study of
complex systems in nonlinear wave theory, quantum me-
chanics, nuclear and atomic physics, and elsewhere. While
maintaining the high rate of iteration convergence char-
acteristic of the classical Newton method, CANM allows
for the construction of modified schemes with an extended
convergence region and considering the specific features
of specific problems. A general approach to constructing
iterative schemes based on CANM is described, and vari-
ants of iterative schemes applied to various nonlinear and
spectral problems are considered. The review includes
modern results on the theoretical development of CANM
and on numerical studies of a number of complex physical
systems based on CANM.

Zemlyanaya E. V., Chuluunbaatar O. Computational Sche-
mes Based on the Continuous Analogue of Newton’s Method in
the Numerical Study of Complex Physical Systems at JINR //
Natural Sci. Rev. 2026. V. 3. 200605.

The paper presents an overview and the current sta-
tus of the Multifunctional Information and Computing
Complex (MICC) of MLIT JINR, which is a key element
of the JINR network and information and computing in-
frastructures. The MICC is regarded as JINR’s unique ba-
sic facility and plays a decisive role in scientific research,
which entails advanced computing power and storage
systems. Its uniqueness is ensured by the consolidation
of all state-of-the-art information technologies, from
the network infrastructure with a bandwidth of 2 x 100
up to 4 x 100 Gbps, the distributed data processing and
storage system based on grid technologies and cloud
computing to the hyperconverged computing infrastruc-
ture with liquid cooling for supercomputer applications.
Multifunctionality, high reliability, and availability in
24 x 7 x 365 mode, scalability and high performance, in-
formation security, and an advanced software environment
are the main requirements that the MICC meets. The re-
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MHOTO(YHKIIHOHAIBHOCTh, BBICOKAs HAJEKHOCTb U JO-
CTYIHOCTh B pexume 24 X 7 x 365, macmtabupyemMocTb
1 BBICOKasl IPOM3BOINTEIBHOCTD, HAJIS)KHAsI CUCTEMa Xpa-
HEHUS JaHHBIX, HHPOpMaIOHHAs 0€30TTaCHOCTD B Pa3BH-
Tas MporpamMMHasi cpefia ABISAIOTCA OCHOBHBIMU TpeOoBa-
HUsMH, KOoTopbIM ynoBietBopsier MUBK. Hanexuocts u
nmoctymmHocTh MUBK 00ycnoBnena pa3BuToil cucteMoit
BBICOKOCKOPOCTHBIX TEJICKOMMYHHUKALUH U COBPEMEHHOM
JIOKQJILHOHM ceTeBOil MH(PPACTPYKTYpOi, a TakkKe HaJleK-
HOW MH)KEHEPHOH MH(PACTPYKTYPOH C TapaHTHPOBAHHBIM
SHEProoOecIeYeHueM U XOJI0A0CHAOKEHHEM CEPBEPHOTO
obopymoBanusi. DTa HHPACTPYKTYpa SIBISCTCS OCHOBOM
JUISl BBIYUCITUTENBHBIX 33/1a4 SKCIIEPUMEHTOB Ha yCKOPH-
tenpHOM Komrutekce NICA. B skcnepumentax BM@N,
MPD u SPD HMHTEHCHUBHO HCIOJB3YIOTCSl BCE BBIYHCIH-
TEJIbHBIE KOMITIOHEHTBI M CHCTEMbl XPAHEHUs JaHHBIX.
SIBnsisick 4acThiO IVI00ANBbHOW BBIYMCIUTEIBHOW CETH
LHC, rpun-caittr OUSN Tier-1 ciyxut amns o0paboTKu 1
XpaHeHus JTaHHbIX dkcriepumenta CMS na LHC, a Tier-2
obecrieunBaeT MOAJICPKKY Bcex skcrnepumentoB Ha LHC
1 IPyTUX KPYMHOMACIITAOHbBIX SKCIIEPUMEHTOB B 00JIaCTH
(Gu3MKKM BBHICOKUX dHepruil. MHTerpupoBaHHasi oOnauHas
cpena rocynapctB-uieHoB OWSAUN opuenTtupoBana Ha
TIOAJIEPIKKY TIONIb30BaTeNICH W dKcIiepuMeHToB B Poccun,
Kurae, CIIA u np. (NICA, NOVA, Baikal-GVD, JUNO).
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ITnarpopma HybriLIT, Brirodaromas CymepKOMITBIOTED
«l'oBOpYyH», TpeNoCTaBIsIeT BO3MOXKHOCTH JJIsl paspa-
0OTKM MaTeMaTHYeCKUX MOJIETIeH M alrOPUTMOB, a TAKXKe
BBIIIOJIHEHUSI PECYPCOEMKUX BBIUMCIEHUN, B TOM YHUCIIE
Ha TpapUUECKUX YCKOPHUTEISIX, YTO TIO3BOJICT PAa3BUBATh
9KOCHUCTEMY JUIs 3aJlad MAIIMHHOTO U [IYyOOKOro 00yde-
HUs, aHajgu3a OOJBINNX JAHHBIX M KBAHTOBBIX BBIUKCIIE-
HUHN Ha CUMYJISITOpax.

Balandin A. 1., Balashov N. A., Derenovskaya O. Yu., Dolbi-
lov A. G., Gavrish A.P, Golunov A.O., Gromova N.I., Evla-
nov A. V., Kashunin 1. A., Korenkov V. V., Kutovskiy N.A. et al.

Multifunctional Information and Computing Complex of JINR //
Natural Sci. Rev. 2026. V. 3.200701; https://nsr.jinr.int/article/97.

B Bemymem oTedecTBEHHOM MEPHOINYECKOM JKypHa-
ne «Otkpeithie cucteMbl. CYB/I» omyOnmmkoBaHa cTaThs,
B KoTopoi corpynnuku JIUT nenarcs onsITOM HOATOTOB-
KU BbICOKOKBanupuipoBanubix MT-kaapoB s kpyn-
HBIX HAYYHBIX ITPOEKTOB.

HeobxoxnmocTh hopMHUpOBaHUS HaydHO-HCCIIEIOBA-
TEJILCKOM Cpejibl Juist obecriedeHust podeccHoHaIbHOTo
pocra UT-cnenmanucToB, moTpeOHOCTh B MPUBICYCHUN
HOBBIX COTPYIHHUKOB B mpoekTel OMSN u passutuu cy-
IIECTBYIONINX HAYYHBIX TPYIIT — BCE 3TH (PAKTOPHI CTAIH
MPEANOChIIKAMH K OPraHU3alUU JESITeIbHOCTH O MOJ-
TOTOBKE BBICOKOKBAJTH(UIIMPOBAHHBIX KaJPOB, B paMKax

liability and availability of the MICC are ensured by the
enhanced high-speed telecommunications system and the
modern local network infrastructure, as well as by the re-
liable engineering infrastructure that provides guaranteed
power supply and cooling for server hardware. This infra-
structure is a staple for computing tasks of the experiments
at the NICA accelerator complex. The BM@N, MPD, and
SPD experiments intensively use all computational com-
ponents and storage systems. Being part of the Worldwide
LHC Computing Grid, the Tier-1 grid site processes and
stores data from the CMS experiment at the LHC, while
Tier-2 provides support for all LHC experiments and oth-
er world’s large-scale experiments in high energy physics.
The integrated cloud environment of the JINR Member
States focuses on supporting users and experiments in
Russia, China, the USA, etc. (NICA, NOvA, Baikal-GVD,
JUNO). The HybriLIT platform comprising the Govorun
supercomputer provides capabilities for elaborating
mathematical models and algorithms and performing re-
source-intensive computations, including on graphics ac-
celerators, that enable the development of the ecosystem
for machine and deep learning tasks, Big Data analysis,
and quantum computing on simulators.

Balandin A. 1., Balashov N. A., Derenovskaya O. Yu., Dolbi-
lov A.G., Gavrish A.P, Golunov A.O., Gromova N.I., Evla-
nov A. V., Kashunin 1. A., Korenkov V. V., Kutovskiy N.A. et al.
Multifunctional Information and Computing Complex of JINR //
Natural Sci. Rev. 2026. V.3.200701; https://nsr.jinr.int/article/97.

An article in which MLIT specialists share their ex-
perience in training highly qualified IT personnel for
large-scale scientific projects was published in the leading
Russian periodical, Open Systems. DBMS.

The need to create a research environment to ensure
the professional growth of IT specialists, the necessity to
attract new employees to JINR projects, and the develop-
ment of existing scientific groups are all factors that have
become prerequisites for the organization of an activity
to train highly qualified personnel, within which vari-
ous events are held for students from universities of the
Russian Federation and the JINR Member States.

The training of IT personnel for large-scale scientific
projects is performed primarily at the request of the JINR
laboratories and aims at developing specialised competen-
cies, in-depth knowledge, and practical skills in computa-
tional physics and information technology. The learning
pathway starts with engaging students in real-world proj-
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KOTOPOH MPOBOIATCS Pa3IMYHbIE MEPOIPUSATHS AT CTY-
NeHTOB By30B PD u crpan-yuactauiy OMAN.

IToaroroBka UT-kaapoB i KPYMHBIX HAYYHBIX MPO-
€KTOB OCYLIECTBIIIETCS] IPEUMYIIECTBEHHO IO 3aKa3y Jia-
6opatopuit OV u HampaBieHa HA Pa3BUTHE CIICLIHAIb-
HBIX KOMIIETEHIINH, yTTyOJIICHHBIX 3HAaHNUI 1 HABBIKOB ITPaK-
THYECKOTO Xapakrepa B 00JIacTH BBIYUCIUTELHON (pU3UKH
1 MHPOPMAMOHHBIX TexHosoruid. O0pa3zoBaresibHas Tpa-
€KTOpUS HAYMHAETCA C IPUBIEUEHUS CTYAECHTOB K Y4aCTHIO
B pPEATBHBIX MPOEKTAX, YTOObI HA MPOTSHKCHUH JUTUTEINb-
HOTO OTpe3Ka BPEMEHH, HaUMHasl C MPAKTUK HA MIIAZIINX
Kypcax, yJamiuecs: mpruoOpeTanu onbIT paboThl B KOMaH-
Jie, U3ydaJlil JIeTald Hay4HOW O0JacTH W peliaiy 3aiadu
pasnuHoi cnokHOCTH. Jlanee Hanbolee mepCreKTHBHBIC
CTYZICHTBI MOJTy4atOT BO3MOKHOCTE MPOAOIDKUTE PaboTy B
Hay4HBIX IPyIIax, MOATOTOBUTh BBITYCKHbIE KBaIH(pHKa-
LIUOHHbBIE pabOThI OAKATABPOB M MAarUCTPOB.

Jlnist periennst mpoOJieMbl IPUBJIEYEHHS CTYICHTOB CO-
Tpyaauku JINT pa3pabareiBatoT Kak OT/IeIbHbIC YIeOHBIE
KypCBbl, TaK U LIeJIbIeé MarucTepcKue Mporpammsl (B TOM
gyuciae Ha Oase Quamama MI'Y B JlyOHe), opraHusyroor
IIKOJIBI, KOH(EPEHIINH, XakaToHbl U Jp. Ha 0aze OUSIU,
nHpopmannoHHbIX HeaTpo OUSIMN, a Takxke yHuBepcu-
TETOB, COTPYIHUYAONINX ¢ IHCTUTYTOM.

Kopenvkos B.B., Ipaxuna /. U., Cmpenvyosa O.H. Dxo-
CHCTCMaA IIOATIOTOBKH HT-K&,IIPOB JJI1 Hay4YHBIX ITPOCKTOB //

AT THE LABORATORIES OF JINR

Otkpeiteie cuctembl. CYB/l. 2026. NeOl1; https://www.osp.ru/
08/2026/01/13060586.

PaccmarpuBarorcst  0OCOOEHHOCTH — MCHOJIB30BAHUS
nopraruBHoro kiacrepa HybriLIT, passepuyroro corpyn-
Hukamu JIUT. On npencraBnsier co0oil MOOWIIBHYIO BbI-
YHUCIUTENBHYIO TIaT(GOpPMYy C BO3MOXKHOCTBIO OpraHH3a-
LM TTapaJuIeIbHBIX BBIUMCICHNH, MPeIHa3HAYeHHYIO IS
00pa3oBaTeNbHbIX IeeH, BKIIOYas OOydeHHE CTYIACHTOB
UT-cnenmanbHOCTE B TOCYIAapCTBEHHOM —YHHBEpPCUTE-
Te «/lyOna». Bospacratomas norpeOHOCT, B 00yueHHH
napauiCJIbHBIM BBIYUCIICHUAM H pa60Te Ha BBICOKOIIPO-
M3BOIUTENBHBIX BBIUYMCINTENBHBIX apxurekrypax (HPC-
cucTeMax) TpeOyeT IOCTYNHBIX M PEaMCTUYHBIX WH-
CTPYMEHTOB JUIsl TIOJIFOTOBKU CTYACHTOB ¥ CIEILHAINCTOB.
[opraruBubiit HybriLIT Bocripon3BoauT KitOueBbIEC diie-
MEHTBI COBPEMEHHOW BBIYUCIUTENILHON HHPPACTPYKTYPHI,
BKITIOUAsl YAAJICHHBIN JTOCTYTI TI0 TIpoTokory SSH, Momyib-
HYIO cpemy Juisi OMOJIMOTEK M TTaKeTOB IPOTpaMM, IIaHH-
posik 3anad SLURM, noanep:kky napanjeiabHbIX, B TOM
YHCJIC TCTCPOrCHHBIX, BBIYMCJICHUM C UCMOJIb30BaHUEM KaK
MHorosiepHbIx mporieccopoB (CPU), tak u rpaduyeckux
ycxopureneii (GPU). Tem cambiM cTymeHTam obecredn-
BAeTCs PEANNCTUYHBIA ONBIT B3auMozelcTeus ¢ HPC-
cucteMaMy. OCHOBHBIMH TIPEUMYIIECTBAMH TIPEIIOKEH-
HOTO TIPOrPaMMHO-apXUTEKTYPHOTO PELICHUS SBIAIOTCS
HU3Kasi CTOUMOCTB, IPOCTOTA COOPKH ¥ BO3MOKHOCTB aBTO-

JlaGopatopust HHGOPMAITMOHHBIX TEXHOIOTHI
nm. M.T. Memepsikoa. TexHuueckoe 00CITy)KUBaHUE
CUCTEMBI oXJaxaeHus Moayss Tier-1
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HOMHOH pabOTHI B YCIOBHUAX OTCYTCTBHS HHTEPHET-COEIH-
HEHUsI, YTO 0COOCHHO aKTyallbHO UISI IIPOBEICHUS BBIC3/I-
HBIX IIKOJI, XaKaTOHOB U yYEOHBIX KYPCOB B YJaJCHHBIX pe-
ruoHax. lIpuBonures onucaHue annaparHO-IIPOrpaMMHOM
CTPYKTYPBbI KJIacTepa, IPEACTaBICHbl IPUMEPBI CLICHAPUEB
€ro HCIIOJb30BaHUSI B OOPa30BaTENIbHBIX MEPOIPHUSITHSIX,
JIaHbI PEKOMEH/IAIMH M0 CO3JaHUI0 aHAJIOTMYHBIX PeIleHHI
B JIPyTHX Y4€OHBIX 3aBE/ICHUSX.
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benaxos /. B., Bywa A. (mn.), 3emnanas E.B., Mamge-
es M. A., Cmpenvyosa O. 1. Iloprarusasiit HybriLIT: sxonomuy-
HBII BBIYUCIUTEIBHBIN KiIacTep st 00pa30BaTeNIbHbIX Ieei 1
ombIT ero npuMenenus // Intern. J. Open Inform. Technol. 2026.
T.14. C.118-124.

ects, so that over an extended period of time, beginning
with internships in their junior years, students gain expe-
rience in teamwork, explore the intricacies of a scientif-
ic field, and solve tasks of various complexity. The most
promising students then have the opportunity to continue
working in scientific groups and prepare their bachelor’s
and master’s theses.

To address the problem of attracting students, MLIT
specialists elaborate both individual courses and entire
master’s programmes (including at the MSU branch in
Dubna), organize schools, conferences, hackathons, etc.,
at JINR, the JINR Information Centres, and universities
that collaborate with the Institute.

Korenkov V.V., Priakhina D. ., Streltsova O.l. Ecosystem

for Training IT Personnel for Scientific Projects // Open Systems.
DBMS. 2026. No.01; https://www.osp.ru/0s/2026/01/13060586.

The paper focuses on the features of using a portable
HybriLIT cluster deployed by JINR MLIT specialists. It is
a lightweight computing platform with the ability to orga-
nize parallel computing, designed for educational purposes,
including training students in IT specialties at Dubna State
University. The growing demand for training in parallel

computing and high-performance computing architectures
(HPC systems) entails accessible and realistic tools for pre-
paring students and professionals. Portable HybriLIT repli-
cates key elements of a modern computing infrastructure,
including remote access via SSH, a module environment for
libraries and software packages, the SLURM task scheduler,
and support for parallel, including heterogeneous, comput-
ing using both multicore processors (CPUs) and graphics
accelerators (GPUs). This provides students with realistic
experience of interacting with HPC systems. The main ad-
vantages of the proposed software and architectural solution
are low cost, ease of assembly, and the ability to operate au-
tonomously without an internet connection, which is espe-
cially relevant for mobile schools, hackathons, and training
courses in remote regions. The article provides a hardware
and software description of the cluster, examples of its use
in educational activities, and recommendations for creating
similar solutions at other educational institutions.

Belyakov D.V., Bu3a J., Jr, Zemlyanaya E.V., Matve-
ev M.A., Streltsova O.l. Portable HybriLIT: A Low-Cost Com-
puting Cluster for Educational Purposes and Its Implementa-
tion Experience // Intern. J. Open Inform. Technol. 2026. V. 14.
P.118-124.
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