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Na6opatopus HhopMaLNOHHbIX TEXHONOIUN
M. M.T. MewwepsikoBa

B manHoil pabore OBLT pa3BUT YHH(DHINPOBAHHEIHA
HOJXOJ K OIHCAHUIO JITKUX U TSXKEIBIX ME30HOB B paM-
Kax 3(QQeKTHBHON KBAapKOBOW TEOPHUH C HEJIOKAJIbHBIM
B3aumoieiicTBreM. [IpeioKeHHbIH OIX0]T OTTUpPAETCs HA
ypaBHenue bere—Conmnurepa, a HEIOKAIBHOCTh KBapK-aH-
THKBAapKOBOTO B3aMMOJACHCTBUS ONPENENIeTCS BBEACHHU-
€M YeTBIPEXUMIYIBCHOTO T'aycCOBCKOro (popmbakTopa B
ME30HHOH BEpUIMHHOW (QYHKINH, XapaKTepU3YIOIIETO-
cs IapaMeTpoM paszMepa Me3oHa A. B pamxax monenn
ObUTH TIOJTyYEHBI MIMPUHBI ABYX(OTOHHBIX PACIaloB Kak
JUISl JIETKOTO TIHOHA 710 — yy, TaK M JUIS TSOKEJIBIX TCEB-
JOCKAJSIPHBIX 7]~ ¥ 7],-Me€30HOB. Ilory4ensl pesyabTarhl
IUTSE IepexoaHoro (hopMmbarTopa MroHa, KOTOPhIE BOCIIPO-
U3BOIAT DKCIIEPUMEHTANIBHbIC JAHHBIE B IIMPOKOM JHa-
Tna30He Tepenannbix umiyibeos Q2. Ipenckaszano mose-
nenue GopMpaKTOPOB TAKEIBIX MCEBIOCKATAPHBIX 7.~ U
7],-ME30HOB, TOI1a KaK U3BECTHBIC TEOPETUIECKUE U IKC-
MEpUMEHTAJIbHBIC PE3YNBTaThl 10 HUM OTPaHUYEHBI €/I1-
HUYHBIMH MyONUKaIMsIMU. B pamMkax Mozenn moiyueHsl
paaMaliOHHbIE IIMPHUHBI PACIalOB TAXKENIBIX KBAPKOHUEB
J/w m Y. Bce pe3yasraThl COIIacyroTCs ¢ MMEIOIIMMUCS
9KCHEPUMEHTAJIBHBIMU JAHHBIMH M JPYTUMU TE€OpETHYE-
CKUMHM ToaxojaMu. TakuM 00pa3om, NMpeayIoKeHHAsT MO-
JIeITb TIPE/ICTABISIET COOOI BRIYUCINTENBHO 2(P(HEeKTHBHBIIN
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U YHU(PHUIMPOBAHHBIN MOAXOM JJIsl OMHUCAHUS ME30HOB,
COCTOSILIMX KaK U3 JIETKUX, TaK U U3 TSHKEJIBIX KBAPKOB.

Friesen A., Kalinovsky Yu., Khmelev A. Mesons in Nonlocal
Model with Four-Dimensional Separable Kernel // Eur. Phys. J.
A.2026.V.62. P.6.

KonTtponp kagecTBa coOMpaeMbIX (HU3NIESCKUX JaH-
HBIX, KaK B OHJIAHH-pEeXHUME C LEeJIbI0 CBOEBPEMEHHOIO
u OBICTPOTO pEearupoBaHUs B CIydasX MOTEPH KadecTBa
JTAaHHBIX, TaK U B pekuMe oQuaifH amst Oosiee neTanbHON
MIPOBEPKH Ka4eCTBa U CePTU(UKALUK JTAaHHBIX, SBISETCS
Ba)KHOI 4acThIO cHUCTeM cOopa WH(GOPMALUU B dKCIIEPH-
MeHTaX (pU3MKM BBICOKHMX dHepruil. I'pynmoil corpyanu-
xoB JIUT u JI®BD pa3paborana cucremMa MOHUTOPHHTA
KadecTBa JAaHHBIX UL dKcriepuMeHTa BM@N mpoekra
NICA. Jlannas cucteMa NpefoCTaBiseT eAUHBIH MOAX0N
K ITIOCTPOCHUIO KOHTPOJIBHBIX THCTOTPAMM U BbIJIa4H CHUT-
HAJIOB TIPEAYNpPEXAeHUs 00 OOHapyKEHHH HEUITAaTHBIX
CUTyallull B TaKUX pPEXHMax, KaK OHJIaH-MOHUTOPHHT
JTAaHHBIX BO BPEMs CEaHCOB, aBTOMATH3MPOBAHHAs OLICH-
Ka KauecTBa HOBBIX Bepcuil BmnRoot mocne 3anpocos Ha
cnusiaue B cucteme GitLab OMSIU, pydyHo#i 3amyck mpo-
BEPKH TOJIb30BATEIbCKUX BEPCHI IIPOrpaMMHOTo odecrre-
YEeHHUs IKCIIEPUMEHTA.

ApXUTEKTypa cHUCTeMbl oOeclieduBaeT Npenornpe-
JICTICHHBIE TIPOBEPKH IMTOCTYIAIONINX HA BXOJ JAHHBIX U
rpaduyeckoe MpeiCTaBICHUEe KOHTPOIBHBIX THCTOTPaMM
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In this work, we develop a unified approach to the de-
scription of light and heavy mesons within the effective
quark theory with nonlocal interaction. The proposed ap-
proach is based on the Bethe—Salpeter equation, and the
nonlocality of the quark—antiquark interaction is defined
by introducing a four-momentum Gaussian form factor in
the meson vertex function, characterized by the meson size
parameter Ay. Within the model, we obtain the widths of
two-photon decays for both the light pion 70 — yy and heavy
pseudoscalar mesons 7, and #,,. Key results also include a
calculation of the pion transition form factor, which repro-
duces experimental data from low to high Q2 momenta. We

further predict the behavior of the form factors of the heavy
pseudoscalar mesons 7, and #,, for which experimental and
theoretical results are limited to a small number of works.
Within the model, we obtain the radiative decay widths of
heavy quarkonia J/y and Y. All results show consistency
with available experimental data and other theoretical ap-
proaches. Therefore, the proposed model provides a com-
putationally efficient and unified framework for describing
mesons from the light to heavy quark sectors.

Friesen A., Kalinovsky Yu., Khmelev A. Mesons in Nonlocal
Model with Four-Dimensional Separable Kernel // Eur. Phys. J.
A.2026. V.62.P.6.

The control of collected physics data quality, both on-
line for timely and rapid response in the case of data quali-
ty loss and offline for more detailed data quality and certi-
fication checks, is an essential part of data acquisition sys-
tems in high-energy physics experiments. A Data Quality
Monitoring (DQM) system for the BM@N experiment
of the NICA project was developed by a group of MLIT
and VBLHEP specialists. The system provides a unified
approach to constructing control histograms and issuing
alerts for detected anomalies in such modes as online data
monitoring during runs, the automated quality assessment
of new BmnRoot versions following merge requests in the
JINR GitLab system, and the manual triggering of valida-
tion checks for user-defined versions of the experiment’s
software.

The system’s architecture ensures prede fined checks
on incoming data and the graphical representation of con -
trol histograms on a central web interface that displays da
ta distributions received from the BM@N histogram pro-
ducer. In addition, the DQM system makes it easy to add
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B IICHTPAJILHOM BeO-MHTEpdelice, KOTOPBIA MOITy4acT
oToOpaXkaeMbIe paclpee/icHHsT TaHHBIX OT IOCTaBIIHU-
xoB rucrorpamMm BM@N. Kpome Toro, B cucteme DQM
HECJIOKHO JTOOABIISATH HOBBIC KOHTPOJIEHBIC THCTOIPAMMBI
C MPEIOIPENEICHHBIMU IIPOBEPKAMU U OINIOBEIICHUSIMH B
YIOOHOM ISl TONTB30BAaTelNs (opMare, IMOIXOISIIEM IS
(hM3UYECKUX TPYIIIT ¥ TPYII Pa3padOTUUKOB ICTCKTOPHBIX
IIOJICUCTEM, HAIllpUMeEp, C HCIOIB30BAHUEM JOCTYITHOTO
ornmucanus B popmare JSON.

ApPXUTEKTypa YYHUTHIBACT MOTPEOHOCTH BU3yasH3a-
MU KOHTPOJIBHBIX TUCTOTPaMM Ha pabodeM MecTe orepa-
TOpa CMEHBI, HEOOXOJMMOCTh aBTOMAaTHYECKOTO KOHTPOJIS
KayecTBa JAaHHBIX M BBIAYM COOTBETCTBYIOIIUX COOOIIIe-
HUH 1 ONOBEMICHHUH B TpaguuecKkoM HHTepdeiice B cirydae
YXYIIICHUS UX KA4eCTBa WIH CEPHE3HOTO COOS.

Anexcanopos E., Anexcanopos U., I'epyenbepeep K., Yebo-
mog A. TIpoeKTHpOBaHHE CUCTEMbI MOHUTOPHUHIA KAa4eCTBA JaH-
HBIX Juts1 okcriepumenta BM@N // DUASL. 2026. T.57, Boin. 4.

KoHcTpyrpoBaHue Moy IbHBIX KOHBEHEpoB 00paboT-
KU U aHaJN3a JaHHBIX Ha OCHOBE THUIIOBBIX MIPOrPAMMHBIX
peLICHHH SBISIETCS BAKHOM COCTABHOM YacThiO aHAJIHUTH-
KU 60J'II)HII/IX JTAaHHBbIX. Permenus Ha OCHOBE KBaHTOBBIX U
KBaHTOBO-KIIACCHYCCKUX AITOPUTMOB C HCIOIb30BAHHEM
KBaHTOBBIX MPOTPAMMHBIX CHMYJISITOPOB, IMYIHPYIOLIHX
KBAHTOBBIC BHIUMCIICHHS HA KIIACCHYIECKHUX aPXUTEKTypax,
OTKPBIBAIOT [IPH 3TOM HOBBIE BO3MOKHOCTH.
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B paGote npezacraBieH NpakTHYECKUN OIBIT TOCTPO-
CHUA FI/I6pI/IIlHI>IX KBAHTOBO-KJIACCUYCCKHUX KOHBCﬁepOB
¢ mcrmonp3oBaHUeM (peifimBopka PennyLane mms peanmn-
3alliM MTapaMeTPU30BaHHBIX KBAHTOBBIX CXeM M OHOIHO-
TEeK MammMHHOTO oOyueHms. s 3amad KiaccupuKaim
1 KJIACTEPU3AlMH, KaK BBIAEIEHHOTO KJacca MallMHHOTO
o0y4eHns, ObUTH pa3pabOTaHbl MOAYIBHBIC KOHBEHEPHI
Ha OCHOBE MHTErpaluy pa3iNyHbIX KBAaHTOBBIX CXEM Ba-
PHALIMOHHOTO THUIA B KJIACCHYECKYIO CXeMy 0O0pabOoTKH.
KBaHTOBBIE CI0M BBIIOJIHAIOT OTOOPAXKCHUE MPU3HAKOB B
MIPOCTPAHCTBO COCTOSTHUN KYOUTOB 1 HEMHEHHBIE TPe0d-
pa3oBaHus, a KIACCHYECKHE HEHPOCETEBbIE KOMIOHEHTHI
obecrieunBaoT GUHATBHYIO KIIACCU(PHUKALHIO.

[TpoBeneHO cpaBHEHUE KIACCHUECKMX M TMOPUIHBIX
MoJeNlell ¢ UCMOAb30BAaHUEM Psiia TOMOJIOTMH 3aIyThIBa-
HUS B KBAaHTOBBIX cxeMax. [IpogeMoHcTprupOoBaHa criocod-
HOCTH THOPUIHBIX MOJENEH MOCTUTAaTh KadeCcTBa KIACCH-
(UKauK, COMOCTAaBUMOIO C TPAJUIIMOHHBIMH METOJa-
MH. BBIABICHBI 0COOGHHOCTH TPHUMEHEHHUS Pa3IHIHBIX
CXeM 3alyThIBaHMs, KOTOpPBIE JEMOHCTPUPYIOT Pa3HYIO

3¢ (eKTUBHOCTh B 3aBHCUMOCTH OT 00BEMa M CTPYKTY-
pbl gaHHBIX. [loiydeHHBIC pe3ybTaThl IMOJITBEPIKAAIOT
KOHKYPEHTOCTIOCOOHYIO TOYHOCTb THOPHUIHBIX MOJeNei,
CBHJICTEILCTBYIOT 00 MX MEPCIEKTHBHOCTH JUI PabOTHI
co cOaaHCHPOBaHHBIMU HA0OpaMH JaHHBIX B YCIIOBHAX
OrpaHUYEHHOro 00beMa BBIOOPOK, CO3JAIOT OCHOBY JUIS

new control histograms with predefined checks and alerts
in a user-friendly format suitable for physics groups and
detector subsystem teams, for instance, using an
accessible JSON description.

The architecture takes into account the necessity to
visualize control histograms at the shift operator’s work-
station, to automatically control data quality and issue ap-
propriate messages and alerts in the graphical interface in
the case of deterioration in their quality or a serious failure.

Alexandrov E., Alexandrov I., Chebotov A., Gertsenberg-
er K. Design of the Data Quality Monitoring System for the
BM@N Experiment // Phys. Part. Nucl. 2026. V.57, Iss. 4.

The construction of modular data processing and anal-
ysis pipelines on the basis of standard software solutions
is an important component of Big Data analytics. Solutions
based on quantum and quantum-classical algorithms, using
quantum software simulators that emulate quantum com-
puting on classical architectures, open up new possibilities.

The paper presents practical experience in building
hybrid quantum-classical pipelines using the PennyLane
framework for implementing parameterized quantum cir-
cuits and machine learning libraries. For classification and

clustering tasks, as a dedicated class of machine learning,
modular pipelines based on the integration of various vari-
ational-type quantum circuits into the classical processing
scheme were developed. Quantum layers perform feature
mapping into the qubit state space and nonlinear transfor-
mations, while classical neural network components pro-
vide the final classification.

A comparison of classical and hybrid models using
a number of entanglement topologies in quantum circuits
is carried out. The ability of hybrid models to achieve
classification quality comparable to traditional methods is
demonstrated. The features of the application of various
entanglement schemes, which demonstrate different ef-
fectiveness depending on the volume and structure of the
data, are revealed. The results obtained confirm the com-
petitive accuracy of hybrid models, indicate their promise

for working with balanced datasets under conditions of
limited sample size, create a basis for the further research
of optimal configurations of hybrid models for specific
types of analytical tasks; and the developed solutions open
up new opportunities for data analysis and model training,
combining the advantages of quantum and classical meth-
ods, which makes them attractive for use in various fields.
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JAIbHEHINEr0 MCCIICAOBaHMsI ONTUMAJbHBIX KOH(UTYypa-
Uil THOPUIHBIX MOJCICH MOJA CHenu(UICCKUC THUIIBI
AHAIMTHYCCKUX 33134, & pa3paboTaHHbIC PEIICHUS OTKPbI-
BalOT HOBBIC BO3MOJKHOCTH [UISA aHaldW3a MaHHBIX U
00ydeHHsI MOJIeNel, codeTas MPEUMYIIEeCTBa KBAHTOBBIX U
KJIACCUYECKUX METOOB, UTO JIeTIAeT UX MPUBJICKATEIbHbI-
MU JIJIsI TPUMEHCHHS B PA3JIUYHBIX 00JIACTSX.

3penos I1. B., Hsanyosa O. B., Kamynun M. C. Pa3paboTtka
THOPUIHBIX KOHBEHEPOB aHAM3a JAHHBIX C MOMOIIBI (peim-
Bopka PennyLane // DUASL. 2026. T.57, Bbim. 4.

Pa3paborana cucremMa akkayHTHHIa JUIs BH3yallu3a-
LMK M aHAJIU3a CTaTUCTUKH UCIIOIb30BaHHsI PECYPCOB CY-
nepkoMmbrorepa «l'oBopyH», npezacrasisitomnias nadopma-
LIHIO O TOM, KaK MCIIOJIb3YIOTCSI BBIYUCIIUTEIIBHBIE PECYPCHI,
B BHJIC YIOOHBIX Tpa)UKOB U TaOMUI. DTOT WHCTPYMEHT
JIa€T BO3MOXXHOCTB OTCJIEKHMBATh JMHAMUKY U TEH/ICHIINI
UCIIONB30BaHUS PECYPCOB, HAIPUMED, 10 KOIUYECTBY 3a-

AT THE LABORATORIES OF JINR

MMYLIEHHBIX Ha CYET 3aJa4 WIM 10 KOJWYECTBY 3aTpayeH-
HBIX SpPO-9acoB, OIICHUBATh BOCTPEOOBAHHOCTH BBIYHCIIH-
TEJIBHBIX PECYPCOB ISl OTACIBHBIX Ja00paTOpHUil M IPOSK-
TOB, BBISBJISITH HAN0OJIEE aKTUBHBIX M0JIH30BATEIICH.

JlanHas cucrema peann3oBaHa Ha OCHOBe Business
Intelligence cucremsl Yandex Datal.ens — cBoboxHO pac-
MIPOCTPAHSIEMOT0 IPOrpaMMHOTO MPOAYKTa KOMMEPUYECKO-
r0 ypoBHA. VICTOUHMKOM JaHHBIX sIBIsSeTcs 0Oasa IUIaHH-
posmrka 3amad SLURM.

Busyanmsanus JaHHBIX MPEBpaIIaeT CHIPYIO CTaTHCTH-
Ky B IOHSITHBIC TPA(UKH M AUArPaMMBI, YTO CIIOCOOCTBYET
MPUHSITHIO PEeLICHNUI! M0 Pa3BUTHIO CYTIEPKOMIIBIOTEPA.

benaxos /]. B., Kupaxocan M. X., Jlooumosea M. A., Iloo-
eannviit J{. B., Cmpenvyosa O. M. DyHKIMOHAIBHBIE BO3MOX-
HOCTH CHCTEMbI aKKAyHTHHIa ¥ 00pabOTKH CTATHCTHKUA WHC-
MOJTb30BAaHMsI  BBIYMCIUTENBHBIX PECYPCOB  CyNEpKOMIbBIOTEpa

«T"o Bopyn» // DUASL. 2026. T. 57, BB 4.

DJIeMEeHT IJIaBHOW CTPaHUIIBI CUCTEMbI akkayHTUHTa. [IpuBeneHa BoiOopka 3a 2025 I.: 0 KOJIMYECTBY 3a/1a4 U sAp0o-4acoB (ciesa), pac-
IPEJICNICHUIO T10J1b30BaTeeH 110 1abopaTopusM (CIpaBa) U JMHAMUKE HCIIOIb30BAHHS PECYPCOB MO rofiaM (B LIEHTPE)
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Zrelov P.V,, Ivantsova O.V,, Katulin M.S. Development of
Hybrid Data Analysis Pipelines Using the PennyLane Frame-
work // Phys. Part. Nucl. 2026. V.57, Iss.4.

A resource accounting system to visualize and ana-
lyze statistics on the usage of the Govorun supercomputer
has been developed. The system presents information on
how computational resources are used in the form of con-
venient charts and tables. This tool enables to track the dy-
namics and trends of resource utilization, for example, by
the number of jobs submitted to an account or by the total
number of core hours consumed, to estimate the demand
for computational resources by individual Laboratories
and projects and identify the most active users.

The system is implemented on the basis of the Yandex
Datalens business intelligence platform, a freely distribut-
ed commercial-grade software product. The data source is
the SLURM job scheduler database.

Data visualization transforms raw statistics into clear
graphs and diagrams, thereby facilitating decision-making
on the supercomputer’s enhancement.

Belyakov D.V., Kirakosyan M.H., Lyubimova M.A., Pod-
gainy D.V., Streltsova O.l. Functional Capabilities of the Ac-
counting System and Processing of Statistics on the Use of Com-
puting Resources of the Govorun Supercomputer // Phys. Part.
Nucl. 2026. V.57, Iss. 4.
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