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Na6opatopus MH¢popMaLMOHHBLIX TEXHONOrNM
um. M. MewepsikoBa

B pamkax coBmectHoro npoekra JIUT um. M.I" Me-
mepsikoBa, JIT® u ®BY3 MCU Ne 9 ®MBA Poccun Ha
pecypcax skocuctembl ML/DL/HPC rereporenHoi 1uiar-
dopmbr HybriLIT Bemercst pa3paOoTka IMOJMIOHA ISt
aHanm3a u Busyanusanuu gaHHeix KT romoBHoro mosra c
LeJTBIO U3YYCHHS M YIYYILICHHS TPEACTaBICHUSI BHYTPEH-
HEH cTpyKTypbl 00bekToB. Llenp HacTosmiero npoexra 3a-
KITIOYaeTCs B PAa3BUTHH METOIOB BH3yaJIM3alUH JTAHHBIX
KT 1 MPT u BO3MO>XHOCTH YJIy4LIEHUsI CHUMKOB I10CPEL-
CTBOM YCTPaHEHUs Pa3MbITBIX 30H pa3lIMuHbIX oOnacreii
CKaHHpoBaHWA. [lONMHUTOH TpemHa3HAueH I anpoOaruu
MIPOTPaMMHBIX ITAKETOB BH3YaJU3alllH, MaTeMaTHIeCKO-
rO MOJEJIMPOBAaHMS IJIsl MPOBEPKH HAYYHOU COCTAaBIISIIO-
el JJAHHOTO MPOEKTa M €€ IPAaKTHYECKOW pean3alivu,
pa3paboTKH MPOTPaMMHOTO 00ECTICUCHUS IS BHEIAPCHUS
HOBOTO MaTEMaTHYECKOTO ITOX0/Ia PEKOHCTPYKINH. B Ha-
CTOSIIIIEE BPEMs TMOJHMIOH MPETOCTABISIET IOJIH30BATEIIO
BO3MOJKHOCTH YAOOHOW BH3YalbHON PaOOTHI C MEIWIIIH-
CKHMH JaHHBIMHU B BeO-Opay3epe B MHTEPaKTUBHOM cpere
JupyterLab. TTocne peanuzaiuu 1 NPOBEPKH MPEITIOKEH-
HOTO MaTeMaTH4YeCKOro MoJX0/1a, aHali3a U BU3yaJIn3aluu
Pe3yJIbTATOB TIOJIMTOH TIOMOXKET HE TOJIBKO MUHUMH3HPO-
BaThb Pa3MbITbIC 30HBI CHUMKOB Ha 3Tale PEKOHCTPYKIUN

AT THE LABORATORIES OF JINR

00pa30B, HO M YMEHBIIUTh PAJANAIMOHHOE BO3JICHCTBHE HA
nanuenTa Bo Bpems BoinosiHeHust KT-o0cneoBanust.

Anuxuna A., Anopees I, Anopees B., Anuxun HU., bBens-
xos /1., [ pucopos I, Kokopes A., ILlapunos I1I., Cmpenvyosa O.,
3ye¢ M. Tlonuron ajst BU3yanu3aluyd KOMIBIOTEPHOW TOMOIrpa-
¢uu roroBHOTO MO3ra // DUAS (mpuHATO K MyOIL.).

Bo MHOTHX SKCTIEpIMEHTax B (PM3UKE BHICOKUX dHEP-
ruit mpumensiercs Mmozens UrQMD Ha craguu qusaiina ams
MIpeACKa3aHIi IKCIIEPUMEHTANBHBIX NAHHBIX ¥ aHalu3a
MTOJYYEeHHBIX pe3ynbTaToB. B paboTte ncnonb3yercs Bepcus
momemn UrQMD 3.4 ans aHanmu3a 3KCIEPUMEHTANBHBIX
nmaeHbIX Komutaboparn NA61/SHINE. IToka3ano, 4to Mo-
nenb UrQMD 3.4 BOCIIpOM3BOAUT JAaHHBIE O POXKICHUH
7%, K7, IpOTOHOB ¥ aHTHIIPOTOHOB BO B3aMMOJEHCTBHSX
40Ar +43Sc¢ pM COOTBETCTBYIOIIEM BHIOOPE MPUIIETBLHOTO
napamerpa. Mozenb Takke IpuMeHeHa 111 UCCIIET0BaHMs
CTIICKTPOB HEHTPOHOB, POXKICHHBIX B MPOTOH-SIEPHBIX
B3aUMOJIEUCTBUX. MO/IeTb XOPOIIIO BOCIIPOU3BOIUT SHEP-

reruueckue (E, > 10 MaB) cniextps! Heiftponos B p + Al,
Fe, Pb mpu sueprum 3 I'9B B Tak Ha3pIBAEMOM KacKaJHOM
pexxnMe. BHeMaccoBble HEUTPOHBI JOMUHUPYIOT MPHU 00-
Jiee HU3KUX HEPTUsX HEUTPOHOB. BHEMacCcOBbIE HYKIIOHBI
JOJDKHBI 00pa30BBIBATh OCTATOYHBIC SPA, IPH AEBO30YK-
JICHAU KOTOPBIX JTOJDKHBI OOpPA30BBIBATHCS HMCHAPUTEIb-
HBIE HYKJIOHBI U JIETKHE sipa. JIJIst MOeTMPOBaHHS STHX TIPO-

Meshcheryakov Laboratory of Information
Technologies

Within the MLIT-BLTP-FMBA joint project, we
elaborate a polygon for brain computed tomography (CT)
data analysis and visualization to study and improve the
representation of the inner structure of objects using the
ML/DL/HPC ecosystem of the HybriLIT heterogeneous

platform. The goal of the project is to develop methods for
visualizing CT and MRI (magnetic resonance imaging) da-
ta and enhance images by eliminating blurriness in various
scanning areas. The polygon is designed for the testing of
various visualization software packages and mathematical
modeling to verify the scientific component of this proj-
ect along with its practical implementation, as well as for
software development to implement a new mathematical
reconstruction approach. At the moment, the polygon pro-
vides users with convenient visual work with medical data
using a web browser in the JupyterLab interactive environ-
ment. After implementing and testing the proposed math-
ematical approach, analyzing and visualizing the results,
the polygon will help not only to minimize blurry areas in
images at the image reconstruction stage, but also to reduce
radiation exposure to patients during CT examinations.

2l

Anikina A., Andreev G., Andreev V., Anikin 1., Belyackov D.,
Grigorov G., Kokorev A., Sharipov Sh., Streltsova O., Zuev M.
Polygon for Visualization of Brain Computed Tomography
Data // Phys. Part. Nucl. (accepted).

Many high-energy physics experiments apply the
UrQMD model at the design stage to predict experimen-
tal data and analyze the obtained results. In this paper, the
new version of the UrQMD 3.4 model is used to analyze
the experimental data of the NA61/SHINE collaboration.
It is shown that the UrQMD 3.4 model reproduces the da-
ta on 7%, K-, proton and antiproton production in 40Ar +
45Sc interactions with the appropriate choice of the im-
pact parameter. The UrQMD 3.4 model is also applied to
study the spectra of neutrons produced in proton—nucleus
interactions. The model well reproduces energetic (E, >
10 MeV) neutron spectra in p + Al, Fe, Pb at an energy
of 3 GeV in the so-called “cascade” mode. Off-shell mass
neutrons dominate at lower neutron energies. Off-shell
nucleons have to form residual nuclei, the deexcitation of
which has to produce evaporated nucleons and light nu-
clei. To simulate these processes, the UrQMD 3.4 mod-
el was coupled with a clustering model and a statistical
multifragmentation model (SMM) using the “potential”
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neccoB Mozenbr UrQMD 3.4 Obuia coeIMHEHA C MOEIBIO
KJIACTEPU3AINH U CTATUCTUYECKON MOJAEIBIO MyJIbTH(par-
MeHTaruu (SMM) ¢ HCIIONB30BaHUEM «IIOTCHIIHATBHOTOY
pexxuma mozmemn UrQMD. B pesynbrate JOCTHTHYTO XO-
polee ONMUCAHWE JHEPTCTUYCCKUX PACIPEICICHUN MeJ-
JICHHBIX W OBICTPBIX HEHTPOHOB, 0Opa3yIOMMXCA B TPO-
TOH-SIICPHBIX W SAPO-SACPHBIX B3aUMOJACHCTBHAX. Mo-
Jnenbs UrQMD 3.4 + SMM Takke J0CTaTOYHO XOPOIIO BOC-
MIPOU3BOIUT PACIPEACICHUS 110 ATOMHOW Macce | 3apsiiamM
SIIEPHBIX (DPaTMEHTOB B SIIPO-IICPHBIX B3aUMOACHCTBHSAX.

OHa MOXET NPHMEHATHCSA B SKCICPHIMEHTAaX Ha YCKOPHU-
tenpbHOM KoMIniekce NICA. PabGoTa BEIITOJIHEHA COBMECT-
HO ¢ coTpyaaukamu JIOBO.

Tanoan A., Jle T K.T., Tapanenxo A., Yowcunckuii B. Mo-
JICTUPOBAHUE POXKACHHUSI HEHTPOHOB M SACPHBIX (PParMeHTOB
B IPOTOH-SIICPHBIX U SIPO-JCPHBIX B3aUMOJICHCTBUSX B MOJICITH
UrQMD 3.4, nomoiqHEHHOH MOJENBI0 KIACTEPU3AUH H MYJIb-
TUQPArMEHTAIIIOHHOW CTaTUCTHYECKOH moznensio // M3B. PAH.
Cep. ¢us. 2025 (HampaBieHo).

B oskcnepumente JUNO (Jiangmen Underground
Neutrino Observatory, Kutaif) remepupyrorcsi OoibIIie
00BEMBI TaHHBIX, TPEOYIONTNE JTOITOBPEMEHHOTO XpaHe-
HUA U JOCTYIIHOCTU JJId YYaCTHHKOB Me>1<}1yHap021H0171
koyutaboparuu. OUSIU obecrieunBaeT apXMBHOE XpaHe-
HUE BCEr0 MAacCHBa JIAaHHBIX SKCIIEPHUMEHTA 33 BECh IIepHU-
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0] ero paboTHI, a TAKXKE OIMEPATUBHBIN JTOCTYI K JTAaHHBIM
3a TIOCIIEHHE [[BA T0Ja, KOTOPhIe HEOOXOIMMEI ISl BBHI-
YUCIUTENbHBIX 3amad. g »stux uenedt B MHcrturyre
OBLIO Pa3BEPHYTO BBICOKOIPOU3BOAUTEIBEHOC XPAHUIIHIIC
Ha 6a3e cuctembl dCache, MHTErpupOBaHHOE C pacrpere-
JICHHOH BBIUMCIUTENsHON HHPpacTpykTypoit JUNO.

Cucrema dCache, mmpoxo ucnonbzyemas B HayqHBIX
HHPPACTPYKTypax Ui pabOTHI C OONBIIMMH MacCHBAMHU
JTaHHBIX, UMEET MOAYJIbHYIO apXUTEKTYpPY: YIPABIAIOIINE
CEpPBUCHI, IIUTIO3bI JIOCTYIA MO Pa3IMYHBIM MPOTOKOJIAM,
TyJIbl XpAaHEHHS ¥ CEPBUCHI KoopauHanuy. Takas apXuTeK-
Typa o0ecrednBaeT rHOKOCTh M MacIITaOHPyeMOCTb, HO
YBEJINYUBACT CIIOKHOCTH DKCIUTyaTallUH U IIPEAbSBIACT
cepbe3HbIe TPeOOBaHMSI K KOHTPOJIIO KOH(PUrypaluii 1 Ha-
JISKHOCTH pabOThI CHCTEMBI.

Jnst TOBBINIEHHS HAJEKHOCTH M YIPABIICMOCTH
BCei MH(PPACTPYKTYPBI HCIIOJIB3YIOTCSI COBPEMEHHBIE TT0/1-
xozb! aBToMaru3almu: GitOps U HHPpacTPyKTypa Kak KOJI.
KoHduryparyn XpaHWIMIIa ONMCaHbI Ha JICKJIApaTHBHOM
s3bike Puppet u xpansites B cucreme Git, uto obecrieurba-
€T KOHTPOJIb BEPCUH 1 NTPO3PauHyI0 HCTOPUIO N3MEHEHHH.
Bechb mpouece BHeApEeHNs U3MEHEHHH KOH(QUTYpaluy aB-
tomarusupoBan: GitLab CI/CD obecrieunBaeT mpeaBapu-
TEJILHOE TECTUPOBaHME (IIPOBEPKY CTHIISL M CHHTAaKCHCA),
Foreman BelnonHsieT kiaccudukaimio y3os, a Puppet as-

mode of the UrQMD model. As a result, a good descrip-
tion of the energy distributions of slow and fast neutrons
produced in proton—nucleus and nucleus—nucleus interac-
tions was reached. The UrQMD 3.4 + SMM model also
reproduces sufficiently well the atomic mass and charge
distributions of nuclear fragments in nucleus—nucleus

interactions. UrQMD 3.4 + SMM can be applied in the
NICA experiments. The work was carried out in collabo-
ration with VBLHEP specialists.

Galoyan A., Le T.Q.T,, Taranenko A., Uzhinsky V. Simula-
tion of Neutron and Nuclear Fragment Production in UrQMD 3.4
Model Supplemented by Clustering Model and Multi-Fragmen-
tation Statistical Model // 1zv. Russ. Acad. Sci., Phys. Ser. 2025
(submitted).

The JUNO (Jiangmen Underground Neutrino Ob ser-
va tory, China) experiment generates large data volumes
that require long-term storage and accessibility for interna-
tional collaboration participants. JINR ensures the archival
storage of the entire data array of the experiment for the
whole period of its operation, as well as rapid access to data
for the last two years necessary for computational tasks.

EI

For these purposes, high-performance storage on top of the
dCache system, integrated with the JUNO distributed com-
puting infrastructure, was deployed at the Institute.

The dCache system, widely used in scientific infra-
structures to work with large data arrays, has a modular
architecture: management services, access gateways for
various protocols, storage pools, and coordination ser-
vices. This architecture provides flexibility and scalability,

but increases operational complexity and sets high require-
ments on configuration control and system reliability.

To enhance the reliability and manageability of the
infrastructure, advanced automation approaches, namely,
GitOps and Infrastructure-as-Code, are applied. Storage
configurations are described in the declarative Puppet lan-
guage and stored in the Git system, which ensures version
control and a transparent change history. The entire process
of implementing configuration changes is automated, i.e.,
GitLab CI/CD provides preliminary testing (style and syn-
tax checking), Foreman performs node classification, and
Puppet automatically applies new configurations, ensuring
reproducibility and consistency across the environment.
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TOMATHYECKU MPHUMEHSICT HOBbIC KOH(PUIypaIuu, 9TO Ta-
PaHTUPYET BOCIPOU3BOAMMOCTD U €TUHOOOpA3He CPEIbL.

MOHHTOPHHT COCTOSIHUSI CEPBHCOB BBITOIHSIETCS C UC-
TMOJIb30BAaHUEM TOIYIISIPHOTO M IIMPOKO HPHMEHSIEMOTO
creka: Prometheus, Grafana, Loki/Alloy n Alertmanager.
O obecrieynBaeT oriepaTMBHOE HaOiIOeHNe 3a paboToi
KOMITOHCHTOB CHCTEMBI, BU3YAITH3AIUIO KITFOYEBBIX METPHK
1 aBTOMATHYECKOE OIOBEILECHHE P OTKJIOHEHHSX, YTO T10-
MOTaeT MOJJIEPIKUBATH BBICOKYIO JIOCTYITHOCTh CEPBHUCA.

OnbIT 3KCIUTyaTallMM MOATBEPHKAAET, YTO COUETAHHE
COBPEMEHHBIX METONOJIOTHH YIPaBICHUS, aBTOMATH3alNH
1 Pa3BUTBIX CPEICTB MOHUTOPHHTA 0OECTIEUNBAET CTAONIIb-
HYIO 1 HaJISKHYIO padoty xpanunuiia fanHsix JUNO.

bapanos A.B., Banawos H.A., Maxankun A.H., Ceme-
noe P. H., Kawynun 1. A. GitOps-ynpasisemMoe pacipeielIeHHOe
xpanuuiie naHueix dCache 1u1st HEHTPHHHOTO 3KCIIEpUMEHTa
JUNO B nndpactpykrype OUSU // DUAS (npursTo K my06it.).

Opnoit n3 ocHOBHBIX 3axa4 At TPC MPD nHa ycko-
putenbHoM komiuiekce NICA sBisieTcss peKOHCTPYKIUS
TPACKTOPUI 3apsHKCHHBIX YaCTHUIl. 3ajada yCIOXKHIETCS
Ype3BbIUaiHO BBICOKOM YaCTOTOW B3aWMOJICHCTBUM, YTO
3HAYATEIFHO YBEIIMIUBACT O0BEM JaHHBIX, PETUCTPUpPYE-
MBIX JIeTeKTOopaMu. J{Jisi perieHus 3Toi npoodieMbl pa3pa-
Oorana rpadoBas HeiipoHnHas ceTh (GNN) ¢ MexaHH3MOM
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BHUMAHHS W JIBYXATallHOW arperarueir. Momemns oOyuda-
Jlach W MPOXOJUjia TeCTHPOBaHUE HAa HAaOOpe HAaHHBIX U3
1000 coObITHII CTONKHOBEHHSI Au—AU, CTEHEPUPOBAaHHOM
¢ nomoisio MPDRoot. ApxutekTypa MOJeNu BKIIOYAET
KOJMPOBIIMKH Y310B W pebep, HadalbHBIA Kiaccupu-
KaTop pedep, rpadoBbIil CBEPTOUHBIN CIIOH ¢ MEXaHU3MOM
BHUMaHHs, CIIOH OOHOBIECHHUS MPU3HAKOB pedep U (pHHAIb-
HbI Kiaccupukarop pedep. OCHOBHBIE OJOKM WTEpaLU-
OHHO TIOBTOPSIIOTCA 8 pa3 I AOCTHXKEHHS CXOIMMOCTH
MPU3HAKOB y3710B U pebep. CpaBHUTEIBHBINA aHANIN3 OKa3al,
4YTO BHEJpPEHHE MeXaHH3Ma BHUMAHUS M JABYXJTalHOM
arperariy MOBHIIIAeT MPOU3BOAUTEIFHOCTh KiIacCH(HKa-

un pedep, B pesynbTare gocturaercs 96,2 % TouyHOCTH B
coueTaHuu ¢ 92,6 % mo MeTpuKaM YHCTOTHI H 3(Pdek-
TUBHOCTH. D(PHEKTUBHOCTh PEKOHCTPYKIIMH TPEKOB IIpe-
Bermaet 90 % mpu menocTHocTH TpekoB HE Bbime 80 %.
Mogens obecriednBaeT OecHpereIeHTHYI0 CKOPOCTh 00-
paboTku coObITHH (~80 MC/COOBITHE) B CpaBHEHNH C KJIac-
cuueckuMu Metozamu (~10 c/coObiTHE).

Tonouxo E., Ococros I, Boumuwun H. I'padoBas Heil-
pOHHAsl CeTh C BHMMaHHEM M JIBYXJTAalHOM arperamueil s
pexoHcTpykuuu Tpekos yactun B TPC MPD yckoputensHOro
xomiutekca NICA // Beraucnenust 1 mporpaMMHoe o0OecriedeHme
qutst onprmoit Hayku. 2025. T.9. C.22; https://doi.org/10.1007/
s41781-025-00153-4.

Service status monitoring is carried out using a pop-
ular and widely used stack: Prometheus, Grafana, Loki/
Alloy, and Alertmanager. It provides the rapid monitoring
of system components, the visualization of key metrics,
and automatic alerts in the case of deviations, which helps
to maintain high service availability.

The operational experience confirms that the com-
bination of state-of-the-art management methodologies,
automation, and advanced monitoring tools ensures the
stable and reliable functioning of the JUNO data storage.

Baranov A., Balashov N., Makhalkin A., Semenov R.,
Kashunin 1. GitOps-Managed Distributed Data Storage System
on Top of dCache for the JUNO Neutrino Experiment within the
JINR Computing Infrastructure // Phys. Part. Nucl. (accepted).

One of the main challenges for the TPC MPD at the
NICA accelerator complex is charged particle trajectory
reconstruction. It is complicated by the extremely high
interaction frequency, which significantly increases the
volume of data recorded by the detectors. To solve this
problem, a graph neural network (GNN) with an attention
mechanism and two-stage aggregation was developed.
A dataset of 1000 Au—Au collision events generated with
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MPDRoot was utilized to train and test the GNN model.
The model architecture embraces node and edge encoders,
an initial edge classifier, a graph convolutional layer with
an attention mechanism, an edge embedding updater, and
a final edge classifier. The major blocks are iteratively re-
peated eight times to achieve the convergence of node and
edge embeddings. The comparative analysis demonstrates
that the introduction of the attention mechanism and two-
stage aggregation enhances the performance of the GNN
in edge classification, achieving 96.2% in accuracy and
92.6% in both purity and efficiency. Meanwhile, the track
reconstruction efficiency exceeds 90% for track integrities
below 80%. The model provides the unprecedented event
processing rate (~80 ms/event) compared to classical
methods (~10 s/event).

Talochka Ya., Ososkov G., Voytishin N. Graph Neural Net-
work with Attention and Two-Stage Aggregation for Particle
Track Reconstruction in the TPC MPD of the NICA Accelerator
Complex // Comput. Softw. Big Sci. 2025. V.9. P.22; https://doi.
org/10.1007/s41781-025-00153-4.
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