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Bo3MokHOCTH IPOrpaMMHO-UH(POPMALTUOHH O
Cpeabl reTepOreHHOM BhIYUCIUTEIbHOI
miargopmsl HybriLIT nias 3apau OUAN

I'eTeporenHas BBIYUCITUTEIIbHAS mardopma
HybriLIT [1] sBnsiercst yacTbto MHOrOQYHKIIMOHAILHOTO
nH(OPMAIMOHHO-BBIYNCIHUTENBHOTO  Komruiekca  JIUT
nm. M.T. MemepsikoBa OVSIN. IInardopma mpencrasisier
€000t MHOTOKOMITOHEHTHYIO CHCTEMY, IIPH 3TOM OCHOBHBIM
BBIYMCITUTEIIBHBIM PECYPCOM SIBIISICTCSl CYTIEPKOMIIBIOTED
«l'oBopyH» ¢ mKoBo# ipousBouTenbHOCTHIO 1,7 Tldhmonc
JUTS BBIYUCIICHUH C TBOWHON TouHOCTHIO 26 Ildumoric ¢
MIOJIOBUHHON TOYHOCTBIO UL 3a/la4 MCKYCCTBEHHOTO HH-
Tequiekra. He MeHee BaKHBIM KOMIIOHEHTOM IUIaT(hOPMbI
SIBJISICTCSL MepapXuuecKas cucteMa 00padOTKU M XpaHEHHs
TAHHBIX, pealM30BaHHAs Ha 0a3e mapauieIbHON (aiIoBoi
cuctembl Lustre obmielr emrocthio 8,6 I1b. s pacmpo-

CTpaHEHHsI TPOTPAMMHOTO OOecmedeHus Ha IUiaTtdopme
UCTIONB3YIOTCs ceTeBast (aiiioBast cuctema CernVM-FS u
Menemkepsl juteH3uit FlexLM/MathLM. [Toctyn k pecyp-
caM Iat(OopMbl B pa3IMUHbIX PEKHMAX PeaTu30BaH Yepes
Iyl BUPTYaJIbHBIX MAIIHH (TTOJIB30BATEILCKUX HHTEpdei-
coB). Ha mardopme pasBepHyThl HH()OPMAIIHOHHBIE CEp-
BHCBI, [TPETHA3HAYCHHBIC TSI MOICPIKKH PabOTHI MOJTB30-
Bareneil. [IporpaMMHo-anmaparHas CTpyKTypa U CepBHUCHI
1aTOpMbI IIPEACTABIICHbI Ha puc. 1.

Bce koMmoHEHTHI 1arhopMbl 00bEAHHEHBI SUHO
MIPOrpaMMHO-NH(OPMALIMOHHON cpeoi (puc.2), 1mo3Bo-
JSIOIICH TOJIB30BATENSM IIPUMEHSTh JOCTYIIHBIE MaKeThI
NPUKIAJAHBIX [POrpamMM, pa3paldarbiBaTh COOCTBEHHBIC
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Capabilities of the Software and Information
Environment of the HybriLIT Heterogeneous
Computing Platform for JINR Tasks

The HybriLIT Heterogeneous Computing Platform [1]
is part of the Multifunctional Information and Computing
Complex of MLIT JINR. The Platform represents a mul-
ticomponent system, with the major computing resource
being the Govorun supercomputer with a peak perfor-
mance of 1.7 PFlops for double-precision computations
and 26 PFlops with half-precision for artificial intelligence
tasks. An equally significant component of the Platform is
the hierarchical data processing and storage system, which
is implemented on the basis of the Lustre parallel file
system with a total capacity of 8.6 PB. The CernVM-FS

network file system and FlexLM/MathLM license manag-
ers are employed to distribute software on the Platform.
Access to the Platform’s resources in various modes is im-
plemented via a pool of virtual machines (user interfaces).
Information services designed to support user work are de-
ployed on the Platform. The software-hardware structure
and services of the Platform are shown in Fig. 1.

All components of the Platform are combined by a
unified software and information environment (Fig.2),
which enables to use available application software pack-
ages, develop applications and perform computations us-
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MIPUJIOKEHUST M TIPOBOIUTH PACUETHl C HCIIOIE30BAHHEM Service [3] ucmonp3yeTcs U1 KOHCYIBTHPOBAHHUS U peTlie-
Pa3JIMYHBIX TUIOB BBIYUCINTENBHBIX apxutektyp (CPU HUSI BO3HUKAIONIMX BOIPOCOB IOJIb30BaTENICH 1Mo padore
u GPU). [Iporpammuo-undopmairontas cpeaa miardop- Ha ruiaropme. OneparuBHOe MHGOPMHUPOBAHUE MOJIB30-
MbI IIPEACTABIEHA TPEMsI YPOBHSIMHU: CHUCTEMHBIM, IpO- BaTeneil BemeTcs ¢ momormmpo Telegram-kanama HybriLIT
IpPaMMHBIM U HH()OPMAIIMOHHBIM. User Support [4].

Ha nndopmannoHHOM ypoBHE pa3MenieHbl HHQOp- Ha cucremHOM ypoBHE pa3MelleHbl 0a30BbIE IPO-
MalMOHHBIE CEPBUCHI, TIOMOTAIOIIIE TTOJIL30BATEIISIM B pa- rpaMMHBIC KOMIIOHEHTHI, 0OecrieunBaronye QyHKIMOHN-
6ote Ha miardpopme HybriLIT. Ha BeO-caiite [1] mpen- poBaHue mI1aThOPMbI B KAUCCTBE BHIUUCIUTCIILHON CHCTE-
CTaBJICHO TIOPOOHOE OMHCaHWE BCEil IIaTGOPMEI: Tpo- Mbl. CHCTEeMHOE TpOoTrpaMMHOE OOeCTedeHrEe BKIIOYAET
rpaMMHO-aInapartas CTpyKTypa, XapaKTepHCTHKH BBI- B ceOst MHCTPYMEHTBHI ISl pa3BepPTHIBAHMS U YIPaBICHUS
YUCJIUTEIBHBIX PECYPCOB, MPUBENIEHBI TPUMEPHI PAOOTHI C OIEPALMOHHON CHCTEMOM, CHCTEMY ayTCHTH()UKAIUH U
YCTAQHOBJIEHHBIM IPUKIAIHBIM MPOrpaMMHBIM obecrede- ABTOPH3ALMK TI0JH30BATENICH, MEHEIKEpa PECypcoB H
HueM. [l B3auMOJIEHCTBHS TI0JIb30BaTENel Mpe1ocTaB- TUTAaHUPOBIIMKA 3a/lad, CeTeBble (aijoBbIC CHCTEMBI U
JIEH cepBHC coBMecTHOM pa3zpabotku GitLab [2]. Cepsuc CHCTEMY PACIpPOCTPAaHCHHUS MPUKIIAIHOTO MPOTrPaMMHOTO
HybriLIT User Support B cpene JINR Project Management obecrieueHns. BasKHBIM KOMIIOHEHTOM CHCTEMHOTO YPOB-
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Puc. 1. TIporpammHo-anmaparHasi CTpyKTypa U CepBHUCHI Fig. 1. Software-hardware structure and services of the Platform
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and resolve issues related to the work process on the
Platform. Users are promptly informed via the HybriLIT
User Support Telegram channel [4].

The system level integrates the basic software compo-
nents that ensure the functioning of the Platform as a com-

) ) puting system. The system software comprises tools for
vices that help users work on the HybriLIT Platform. The deploying and managing the operating system, a user auth-

website [1] provides a detailed description of th.e entire  entication and authorization system, a resource manager
Platform: software-hardware structure, characteristics of  3nd a task scheduler, network file systems, an application

ing various types of computing architectures (CPU and
GPU). The software and information environment of the
Platform is represented by three levels: system, software,
and information.

The information level embraces information ser-

computing resources, examples of working with the in- software distribution system. An important component of
stalled application software. The GitLab collaborative the system level is monitoring services that allow monitor-
development service [2] is employed for user interaction. ing the operability and workload of the Platform.

The HybriLIT User Support service in the JINR Project The software level contains application software pack-
Management Service [3] environment is used to consult ages and services for user interaction with the resources of
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HS SIBJIAIOTCSL CEPBHUCHI MOHUTOPUHTA, TIO3BOJISIOLINE CIIe-
JUTH 32 PabOTOCIIOCOOHOCTRIO U 3aTrPY’KEHHOCTHIO TIIaT-
(hopmeI.

Ha nporpaMMHOM ypOBHE pa3MeIEeHBI ITaKeThl TPH-
KJIaJHBIX [TPOTpaMM, CEPBHUCHI JUIsi HHTEPAKTHBHOI pabo-
THI TIOJI30BaTENEH C pecypcamMu IaTGOpMbl B pa3IHIHBIX
pexxumax (puc. 3): 11 paboTHI ¢ TOMOIIBIO TITAHWPOBIIIH-
Ka 3amad (B pexxnme ouepeneit SLURM), mis paboTsl ¢
porpaMMaMi ¢ rpadudeckuM HHTEepdeiicoM (B pexxnmve

Information Level

yaoaneHsoro pabogero crtoma HLIT-VDI) u uepe3 BeO-
Opay3ep s padoTsl ¢ sxkocuctemoit ML/DL/HPC u mo-
JIUTOHOM JJIs1 KBAHTOBBIX BBIYHCIICHHH.

Cepsuc HLIT-VDI [5] nmpennasznaueH uisi paboTs
¢ makeTaMu npukiagHeix nporpamm (Comsol, Wolfram
Mathematica, Maple, Matlab u np.), Hcnonb3yOUMMU
rpadudeckuii HHTEpQEic, B peKnMe yIaJIeHHOTO padode-
ro crona ¢ nomomipio kmuerTa X11 (TurboVNC Viewer)

HybriLIT user support project Indico
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Fig.2. Software and information environment of the Platform
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1aTGOPMBI

the Platform in various modes (Fig.3): for work using the
task scheduler (in the SLURM queue mode); for work with
programs with a graphical interface (in the HLIT-VDI re-
mote desktop mode) and via a web browser for work with
the ML/DL/HPC ecosystem and the quantum computing

polygon.

Fig.3. Modes of user interaction with the resources
of the Platform

The HLIT-VDI service [5] is designed to work with
application packages (Comsol, Wolfram Mathematica,
Maple, Matlab, etc.), which use a graphical interface,
in remote desktop mode via the X11 client (TurboVNC
Viewer) on virtual machines hosted on a dedicated
server.
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Ha BHUPTYaJbHBIX MalllMHAX, Pa3MEIICHHbIX HA BBIICIICH-
HOM cepBepe.

Okocucrema ML/DL/HPC [6] pa3zpaboTana xomaH-
noit HybriLIT Ha ocHOBe MHOTOTIOJIB30BATENIBCKOM CpeIbl
JupyterLab mms pabotsr ¢ Jupyter Notebook. OHa crioco0-
CTBYeT pa3pabOTKe METOAOB M AJTOPUTMOB MAIIMHHOTO
1 TIIyOOKoTO 00ydYeHHMsI, YIPOLIEHUIO paboThl ¢ OONBIIN-
MU JIaHHBIMH, aHAJIM30M JIaHHBIX M Hay4YHOH BH3yain3a-
LMEH, a TaKkKe IPOBEICHUIO JIEKIU, TYTOPHAIOB M Ma-
CTEP-KIIACCOB VIS CTYJCHTOB, aCIIMPAHTOB M HAYYHBIX CO-
TpynauKoB OMSN.

C ucnone3oBaHueM pecypcoB dkocuctemsl ML/DL/
HPC s pemenwst 3a1a4, CBSI3aHHBIX € pa3pabOTKO KBaH-
TOBBIX aJTOPUTMOB C NPUMEHEHHEM CHUMYJIATOPOB KBaH-
TOBBIX BBI‘-IPICIIGHI/IfI, Pa3BUBACTCA MOJIUIOH JJId KBAHTO-
BBIX BbIYKCIIEHU [7]. PaboTa Ha mojurone opraHn3oBaHa
B JIByX peXuUMax.

1. C momMouipio IJIAaHUPOBIIMKA 331ad (B pexXUME
ouepeneit SLURM).

B nanHOM cityyae MCTIONIB3YIOTCS CUMYJISITOPBI KBaH-
TOBBIX BBIYHCIICHUH M HEOOXOIUMbIe OMOIMOTEKH, yCTa-
HOBJIEHHBIE B ceTeBOi (aiiinoBoii cucreme CernVM-FS.
[IperMyIecTBOM JaHHOTO PEKUMa PAOOTHI SBIISIETCS BO3-
MOXKHOCTB HCIIOJIb30BaTh BCE BBIYMCIUTEIBHBIC PECYPCHI

cynepkoMmbiorepa «[0BOpyH» Ipu HCIIONb30BAHUY KBaH-
TOBOTO CUMYJIATOPA.

2. B MHTEpaKTHBHOM pexHMe depe3 BeO-Opaysep.

B nmanHOM ciydae MCTIONB3YIOTCS BBIJEICHHBIE CEp-
Bepbl C rpapuyeckuMu ycKopUTensiMH. CHMYISTODBI
KBAaHTOBBIX BBIUMCICHUI W HEOOXOAWMBIE OMOIMOTEKH
YCTAHOBIICHBI B JIOKaJbHYIO (hailioByto cucremy cep-
Bepa B HE3aBHCHMBIC BHpPTyaJbHblEe OKpykeHus Python
(virtualenv), noctynHble B BHIE Siiep MHTEPAKTUBHOIO
Python (ipython) B cpene JupyterLab. K nmpenmymecrsam
paboTHI B TaHHOM PEXHME OTHOCATCSI BO3ZMOKHOCTH Be-
CTH pa3pabOTKy U OTJIaJKy KBaHTOBBIX QJITOPUTMOB U BU-
3yaJM3UPOBaTh KBAHTOBBIE CXEMBI.

C ucnonp30BaHUEM pecypcoB dkocuctembl ML/DL/
HPC B pamxax coBmecTHOTO Tipoekta Mexay JIPb u JINT
paspaborana nHpopmannonHas cucrema BIOHLIT [8]
JUI aBTOMAaTH3alliy Pa3METKM W aHalh3a JIaHHBIX JKC-
NEepUMEHTOB: (OTO- M BUICOMATEPHATIOB. DTH HCCIIENO-
BaHMsI HAlPaBJICHbl Ha W3YYEHHE BIMSHHUS HOHH3HMPYIO-
IIETO M3JIYYECHUs] HA MEJKHX JIAOOPaTOPHBIX >KUBOTHBIX
(MBITIIEH, KPBIC) M COCTOAT M3 ABYX 3TamoB. Ha mepBom
JTane OCYIIECTBISETCS MPOBEIECHHE MOBEICHYECKUX Te-
CTOB Ha CIICIHAJIM3UPOBAHHBIX YCTAHOBKAX, TAKUX KaK
«OtkpriToe mone» u «BomHeni mabupuHT MoOppucay,
umeromuxcss B JIPB. [Insg 3tux uccienoBaHuil mpume-

The ML/DL/HPC ecosystem [6] was developed by
the HybriLIT group on top of the JupyterLab multi-user
environment for work with Jupyter Notebook. It contrib-
utes to the development of machine and deep learning
methods and algorithms, the simplification of work with
Big Data, data analysis and scientific visualization, as well
as to the holding of lectures, tutorials and workshops for
students, postgraduates, and JINR researchers.

Using the resources of the ML/DL/HPC ecosystem
to solve tasks related to the elaboration of quantum algo-
rithms with the application of quantum computing sim-
ulators, the quantum computing polygon is being devel-
oped [7]. The polygon operates in two modes.

1. Using the task scheduler (SLURM queue mode).

In this case, quantum computing simulators and the
required libraries installed in the CernVM-FS network file
system are used. The advantage of this operating mode is
the ability to utilize all computing resources of the Govorun
supercomputer when using a quantum simulator.

2. Interactively via a web browser.

In this case, dedicated servers with graphics acceler-
ators are used. Quantum computing simulators and the re-
quired libraries are installed in the local file system of the
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server in independent Python virtual environments (vir-
tualenv), available as interactive Python kernels (ipython)
in the JupyterLab environment. The advantages of work-
ing in this mode include the ability to develop and debug
quantum algorithms, and visualize quantum circuits.

Using the resources of the ML/DL/HPC ecosystem,
the BIOHLIT information system [8] was developed
within a joint project of LRB and MLIT to automate the
marking and analysis of experimental data, namely, pho-
to and video materials. This research is aimed at studying
the effect of ionizing radiation on small laboratory animals
(mice, rats) and comprises two stages. At the first stage,
behavioral tests are conducted on specialized setups, such
as the Open Field and the Morris Water Maze, available at
LRB. Computer vision algorithms are used for these stud-
ies to record the orientation and exploratory reactions of
laboratory animals. For this purpose, the number of sectors
passed, exits to the center, as well as grooming, movement
in place, freezing, etc., are recorded. At the second stage,
based on machine and deep learning algorithms, a mor-
phofunctional analysis of cerebral cortex sections is per-
formed to detect damaged neurons.
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HSIOTCS QITOPUTMBI KOMIIBIOTEPHOTO 3pEHMsS JUIST PEeru-
CTpallMyl OPHEHTHPOBOYHO-HUCCIIEIOBATEIBCKUX PEAKIIUH
71ab0opaTopHbIX KUBOTHBIX. C 3TOW Lenblo QUKCHpyeTcs
KOJIMYECTBO HpOfII[eHHBIX CCKTOPOB, BLIXOJOB B IICHTD,
a TaKke IPYMHHI, JIBIJKEHHUE HA MecTe, 3aMHpaHue u Jp.
Ha Bropom sTare Ha OCHOBE alrOPUTMOB MAaIIMHHOTO U
n1yOokoro oOyueHHst ocymecTsisiercs MopdodyHKIHO-
HaJIBHBII aHAJIN3 CPE30B KOPBI F'OJIOBHOTO MO3Ta C [EIbI0
HaXOXKIACHUSI TOBPEXK/ICHHBIX HEHPOHOB.

Pecypcrr sxocucremsr ML/DL/HPC  3aneiicTBoBa-
HbI B peanuzauuu coBmectHoro npoekra JIT® u JIUT no
MOZICTTMPOBAHNIO THOPHUIHBIX HAHOCTPYKTYP CBEPXIIPO-
BOIHUK/Mar€eTuk. B pamkax 3Toro mpoekta ObLT pa3pa-
Ooran naketr mHCTpyMeHTOB B Buje Jupyter Notebook,
KOTOpBIA pa3MerieH B ¢opMmare dIEKTPOHHBIX ITyOIu-
karuit Jupyter Book Ha pecypcax mardopmser [9]. Dt
HHCTPYMEHTBI TIO3BOJISIFOT MOJCIMPOBATh TUHAMHKY ()
JUK03e(DCOHOBCKOTO TEPEeXo/ia U sIBJICHHS IEPeBOpPOTa Ha-
MarHMYeHHOCTH B HeM. TakKe peann30oBaHbl aJTOPUTMBI
MOZICTTMPOBAHNUS TMHAMHUKH JHKO3e(DCOHOBCKOTO Iepexozia
1071 BO3/ICHCTBHEM BHEIIHETO 3JIEKTPOMATHUTHOTO M3ITY-
YEeHUS] U CBEPXITPOBOTHUKOBOTO KBAaHTOBOTO MHTepdepo-
MeTpa. PazpaboTanbl mapajuienbHbIe alrOpUTMBI, TTO3BO-
JISTFOIIME YCKOPHUTH BBIUMCICHUS PA3INIHBIX (H3HMUECKUX
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XapaKTePUCTHUK CHUCTEM, COIEpKaIInX HKO3e(COHOBCKHE
CTPYKTYPBI.

Pecypcsl tutarhopMbl, 0COOCHHO BBIYHCIMTEIIBHBIC
pecypcsl cynepkoMIibioTepa «l 0BOpyH» U nepapxudeckast
cuctemMa 00pabOTKU M XpaHEHHs JaHHbBIX, IIUPOKO 3a/1eH-
CTBOBaHBI B PEIICHUM 33a7a4, CBA3AaHHBIX C peanus3anueit
meracaiieHc-ipoekta NICA. Ha Hux BbInonHsitoTCs pe-
CYPCOEMKHE PacdeThl B 00TACTH PEIICTOYHON KBAHTOBOI
XPOMOJUHAMUKYU I HCCIIEIOBAaHUS CBOMCTB aJpPOHHOM
MaTepHH MPH BBICOKUX IIOTHOCTSIX YHEPTUU U B IIPUCYT-
CTBHUH CBEPXCHIIBHBIX 3JEKTPOMArHUTHBIX TIONEH. DTH pe-
CypChl ObUIM TAKKe MHTETPUPOBAHBI B PACHPECIICHHYIO
rereporeHHyro cpeny Ha 0aze DIRAC Interware [10],
YTO I03BOJIMJIO PELIATh 33Jjaud MacCOBOM I'eHEepauuu U
PEKOHCTPYKIIUU COOBITHI dKcriepuMenTa MPD, a Taxxke
MPUBIICYb 3TH PECYPCHI st 00padOTKH JaHHBIX HKCIICPH-
meHTa BM@N.

Crour ormeruth, 4to pecypcbl HybriLIT wucnoss-
3yroTcst Kak Oasoas ruiaropma Uil M3yYEHUS! HOBBIX
IT-rexnonoruii m mnoxaroroBku IT-cnenuaancToB, 4YTO
MIO3BOJISIET IOAIEPKUBATh BBICOKMM YpOBEHb KOMIIETEH-
Uil monbp3oBareie u obecrnednBarh 3(Q(HEKTUBHOE HC-
MOJIb30BAaHUE  NPOIPAaMMHO-MH()OPMAIIMOHHONW  Cpe[bl.
IIpoBoasTcst oOyuaromme Kypchl M MPaKTHKYMBI, KOTOPBIE
nocemaroT cotpyaHukn OMSAM M y4acTHHKH Hay4HBIX

The resources of the ML/DL/HPC ecosystem are used
in the implementation of a joint project of BLTP and MLIT
on modeling hybrid superconductor/magnetic nanostruc-
tures. Within this project, a toolkit in the form of Jupyter
Notebook was developed, it was posted in the Jupyter
Book electronic publication format on the resources of the
Platform [9]. These tools allow modeling the dynamics
of the ¢, Josephson junction and magnetization reversal
phenomena in it. Algorithms for modeling the dynamics
of the Josephson junction under the influence of external
electromagnetic radiation and a superconducting quantum
interferometer were also implemented. Parallel algorithms
that enable the speedup of the computations of various
physical characteristics of systems containing Josephson
structures were elaborated.

The Platform’s resources, especially the computing
resources of the Govorun supercomputer and the hierar-
chical data processing and storage system, are widely used
in solving tasks related to the implementation of the NICA
megascience project. Resource-intensive computations in
the field of lattice quantum chromodynamics to investigate
the properties of hadronic matter at high energy densities
and in the presence of ultrastrong electromagnetic fields

are performed on these resources. The resources were also
integrated into a distributed heterogeneous environment
based on the DIRAC Interware [10], which made it pos-
sible to solve the tasks of mass generation and reconstruc-
tion of MPD experiment events, as well as to involve these
resources in processing BM@N experiment data.

It is noteworthy that HybriLIT resources are employed
as a basic platform for studying novel IT technologies and
training IT specialists, which allows maintaining a high
level of user competence and ensuring the efficient use of
the software and information environment. The education-
al activity embraces training courses and workshops at-
tended by JINR staff members and scientific school partic-
ipants. MLIT annually hosts the JINR International School
of Information Technologies aimed to involve young spe-
cialists in solving tasks that face JINR using state-of-the-
art information technologies. Within the IT School, the
HybriLIT group conducts lectures and tutorials.

At present, the Platform’s resources, especially the
resources of the Govorun supercomputer, are used by re-
search groups from all of the Institute’s laboratories, as
well as by students and postgraduates within the JINR
educational activity in the field of information technolo-




B JIABOPATOPUAX MHCTUTYTA

wko. JINT exxeronHo opraHu3yeT MEKIyHapOAHYO IIKO-
Jy 10 MH(OPMAIMOHHBIM TEXHOJIOTHSIM, HallpaBJIeHHYIO
Ha TIPUBJICYECHHE MOJOIBIX CHEIHAINCTOB K PELICHHUIO
3agay OUSIU ¢ mucrnonp3oBaHHEM COBpPEMEHHBIX MHpOp-
MaLMOHHBIX TexHonoruil. B pamkax IT-mkonel rpynmna
HybriLIT npoBoauT KUK ¥ MPAKTHYECKHUE 3aHSTHS.

B Hacrosimmee Bpemst pecypchl miarOopMbl, U TIpe-
JKJIe BCEro cymnepkoMibioTepa «[0BOpyH», MCIONB3YIOT-
Csl HAayYHBIMM Tpynmamu u3 Bcex jaboparopuit OMSIU,
a TaKXKe CTyACHTaMM M aclMpaHTaMH B paMKax o0Opaso-
BaTeNbHON akTUBHOCTH MHCTHTYTa B 00nacTH MH(pOpMa-
LMOHHBIX TexHoyoruii. Beero k pecypcam ruardopmbl
nmeroT goctyn 480 uenosek, 347 U3 HUX UMEIOT AOCTYI
K pecypcam cynepkommbioTepa « oBopyH», KOTOpBIii mpe-
JIOCTaBJISIETCS. TOJBKO IOJNb30BaTeIsIM, NPUHUMAIOIIUM
HETIOCPE/ICTBEHHOE yJyacTHe B peanm3aiuu IIpodieMHo-
temarudeckoro miana OMSU. K nacrosmemy BpeMeHH
TTOJTB30BATENSAMH  TUTATPOPMEI OITyOkoBaHO 336 Hayd-
HBIX pa0oT, pe3yiabTarTbl KOTOPHIX OBLIM MOJYyYEHbI C HC-
MIOJTb30BAHUEM €€ PECYPCOB.

CrnHcoK JTUTepaTypbl

1. Tereporennas mardopma «HybriLIT». http:/hlit.jinr.ru/.
2. HybriLIT GitLab. https://gitlab-hybrilit.jinr.ru/.

AT THE LABORATORIES OF JINR

3. JINR Project Management Service. https://pm.jinr.ru/.

4. HybriLIT: ~ User  Support.  https://web.telegram.
org/k/#-1752786710/.

5. HLIT-VDI. http:/hlit.jinr.ru/hlit-vdi/.

6. DxocucTeMa JUTA 33/1a4 MAIIMHHOTO 00y4YeHHs, ITyOOKO-
ro oOydeHus M aHaiW3a AaHHBIX. http://hlit.jinr.ru/access-to-re-
sources/ecosystem-for-ml_dl bigdataanalysis-tasks/.

7. TlonuroH Juist KBAaHTOBBIX BbruucieHui. http:/hlit.jinr.ru/
quantum-polygon/.

8. NudopmannoHHas cucteMa sl paanoOHOIOTHYECKHX
uccnenopanmii. https://bio.jinr.ru/.

9. Toolkit for Modeling Superconductor/Magnetic Hybrid
Nanostructures. http://studhub.jinr.ru:8080/books/, http://stud-
hub.jinr.ru:8080/jjbook/.

10. Kutovskiy N., Mitsyn V., Moshkin A., Pelevanyuk 1.,
Podgayny D., Rogachevsky O., Shchinov B., Trofimov V., Tsare-
gorodtsev A. // Phys. Part. Nucl. 2021. V.52, No.4. P.835-841.
doi:10.1134/S1063779621040419.

gies. In total, 480 people have access to the resources of
the Platform, 347 of whom have access to the resources
of the Govorun supercomputer, which is provided only to
users directly involved in the implementation of the JINR
Topical Plan. To date, 336 scientific papers, the results of
which were obtained using the resources of the Platform,
are published by the Platform’s users.
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