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Ha pecypcax skocuctembr ML/DL/HPC rereporen-
HoH tardopmbel HybriLIT Obut pa3BepHYT MONWTOH JUIs
KBAHTOBBIX BBIYHMCIICHHUH, IPEJOCTABISIONINNA BO3MOXK-
HOCTBH pabOTBI ¢ CHMYJIITOPAMH KBaHTOBBIX BBIYHCIICHUH
B JIBYX pexuMax jgoctyna: batch-pexxume u BeO-uHTEp-
(etice. XapakTepUCTUKU CEpBEPa MO3BOJISIOT MPOBOIUTH
pacyeTsl ¢ HCIIOJIb30BAHNEM OHMOIIMOTEK, MOJICPKUBAIO-

Meshcheryakov Laboratory
of Information Technologies

A quantum computing polygon is deployed on the re-
sources of the ML/DL/HPC ecosystem of the HybriLIT
heterogeneous platform. It provides the possibility to work
with quantum computing simulators in two access modes:
batch mode and web interface. The server characteristics
enable computations using libraries that support parallel
computing on both central processors and graphics accel-
erators. The heterogeneous structure of the platform allows
for quick changes in the characteristics of the polygon, ad-
justing it to the requirements of user tasks, adding servers
with necessary computing components, in terms of both
central processors and graphics accelerators. JupyterLab is
chosen as the basis of the computing environment, which
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B JIABOPATOPUAX MHCTUTYTA

IUX TapajuIeNbHBIe BRIYMCICHUS Ha IICHTPATBHBIX IIPO-
Leccopax M Ha rpauecKuX yCKopHuTelsiX. [ ereporennas
CTPYKTypa miaar(opmbl MO3BOJISIET ONEPATUBHO W3MEHSATH
XapaKTePUCTUKHU TIOJIUTOHA, MTOJCTPANBAsl €TO MO TPeOo-
BaHUsI 33134 [10JIb30BaTEIICH, 100ABIISIS CEPBEPHI C HEOOXO-
JTUMBIMH BBIYHCITATEIBHBIMA KOMIIOHEHTAMHU, B OTHOIIIE-
HUU KaK ICHTPAIBHBIX MPOIECCOPOB, TAK U rpadUIecKIX
yckopuTteniel. B kauecTBe 0CHOBBI BBIUMCIIUTEIBHOU Ccpe-
161 BEIOpan JupyterLab, uTo npenocraBisieT BO3MOXXHOCTh
TMOJIB30BATEISIM HALJISIHO paboTaTh ¢ KBAHTOBBIMH CXEMa-
MU ¥ TIPOBOJUTE PacueThl B BeO-Opaysepe.
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K HacrosiiieMy BpPEMEHHU YCTAHOBJIEHBI CHMYJISITODPBI
kBaHTOBBIX Beruucienuit Cirq, Qiskit, PennyLane, QuTiP.
B kauectBe mpumepa B paOoTe NMpHBEIEHBI PE3YIIBTATHI
pacdeToB 3a/adM IO TOHMCKY COCTOSIHHSI C HaWMEHBIIEH
9Hepruei B Mozenu M3uHra ¢ npogosibHBIM MarHUTHBIM
TMOJIEM C MCHOJIB30BAHMEM KBAaHTOBOTO AIIIPOKCHMAIIMOH-
Horo ontumu3anuoHHoro anroput™a (QAOA). [TokazaHa
3aBUCHUMOCTh 3(P()EKTHUBHOCTH MPOBEJCHUSI PACcYETOB OT
KOH(QUTYpalli¥ HCIIONb3YEMbIX BBIYHCIUTEIBHBIX pe-
CYpCcOB. 3alyCK TECTOBOHM 3a/1au¥l 1MOKa3aj BO3MOXKHOCTb
MoenupoBaHus cucteM a0 33 kyoutos. [lokazaHo, 9TO

Jlaboparopus nadGopMannoHHbIX TexHOIOTHI M. M. . MerepsikoBa, MapT.
Hayynast mkona uist yaureneit puznku. O3HaKOMHUTEINIBHAS SKCKYpCHS B J1Ta00OPaTOPHIO
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allows users to visually work with quantum circuits and
perform computations in a web browser.

At present, Cirq, Qiskit, PennyLane and QuTiP
quantum computing simulators are installed. As an ex-
ample, the paper presents the results of computations of
the problem of finding the state with the lowest energy
in the Ising model with a longitudinal magnetic field us-
ing the quantum approximation optimization algorithm
(QAOA). The dependence of the computation efficiency
on the configuration of the computing resources used is
demonstrated. Launching a test task shows the possibility
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Teachers. An introductory tour of the laboratory

of simulating systems up to 33 qubits. It is indicated that
the gsim high-performance quantum simulator enables a
more efficient simulation of quantum circuits on classical
and graphics processors of the quantum polygon.

Belyakov D. V., Bogolubskaya A.A., Zuev M. 1., Palii Yu.G.,
Podgainy D.V,, Streltsova O.1., Yanovich D.A. Quantum Com-
puting Polygon on the HybriLIT Heterogeneous Platform // In-
formation and Telecommunication Technologies and Mathemat-
ical Modeling of High-Tech Systems: Proc. of the All-Russian
Conf. with Intern. Participation. Moscow, RUDN, 8-12 Apr.
2024. P.303-309.
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BBICOKOITPOM3BOAUTEIBHBI KBAaHTOBBIA CHMYJISATOpP (Sim
mo3BojisieT Oosiee 3pHEeKTHBHO MOIEITHPOBATh KBAHTOBBIC
CXEMbl Ha KIACCHYECKHX U Tpad)UUIecKHx IMpoIeccopax
KBaHTOBOT'O TIOJINTOHA.

bensaxos /1. B., boeontoberas A. A., 3ves M. U., Ianui FO. T,
Tooeavinvui /1. B., Cmpenvyosa O.H., Hnosuu J]. A. Tlomuron
JUIsL KBAaHTOBBIX BBIYMCJICHHII HAa TeTEpPOreHHOIl miardopme
HybriLIT // MadopmMamoHHO-TeIeKOMMYHUKAIIOHHBIE TEXHO-
JIOTHH M MaTeMaTHYeCcKoe MOJICITUPOBAHNE BBICOKOTEXHOIOTHY-

HBIX cucTeM: Marepuaisl Beepoc. KOH}. ¢ MEXIyHAp. y4acTHEM,
Mocksa, PY/IH, 8-12 amp. 2024 1. M., 2024. C.303-309.

Peanmu3oBan mporecc TPOEKTHPOBAaHMS KBAaHTOBOH
HHTEIUICKTYAJIbHOW CHUCTEMBI YIPAaBICHUS C MaKCHMallb-
HBIM YPOBHEM HAJISKHOCTH W YIPABISACMOCTH CJIOXKHBIM
O0OBEKTOM B YCIIOBUSIX HEONPEAEICHHOCTH MCXOIHOW HMH-
(dhopmanum.

Ha mpumepax u3 poOOTOTEXHWKH W 3a1adll CTaOH-
JM3alUK JaBJICHUS a30Ta B KPUOTCHHOW CHCTEME HCIIbI-
TarebHOro creHaa (adbpukm marauToB JI®BD OUSIN
nokasana 3()(EKTUBHOCTh HCIOJIB30BAHUS BCTPOCHHBIX
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MHTEIUICKTYaIbHBIX CHCTEM YIIPABICHHS, OCHOBAHHBIX Ha
MSTKHX BBIYHCIICHUSX, TCHCTUYCCKUX U KBAHTOBBIX allro-
putmax. Pe3ynsraTel mpoBeneHHOW pabOTHI TTO3BOJIMIIH:
a) arpoOUPOBaTh BCE ATAIBI TEXHOJIOTHH MPOCKTUPOBAHUS
BCTPaMBAaCMbIX HHTEIUICKTYAJBHBIX CHCTEM YIPaBICHUS,
0) B OTCYTCTBHE MOJIEJIN CUCTEMBI UCIIONB30BaTh HEHpOHe-
YETKHE CHCTEMBI, 00y4YEHHbIC Ha PEaTbHBIX (PU3UIECKH W3-
MEpSICMBIX JTAHHBIX, B) UCIIOJIH30BaTh WHTCIUICKTYAIBHYIO
CHCTeMy YTpAaBJCHUS B KauyeCTBE HAACTPOWKHA HaJ YKe
CYILECTBYIOLIEH CHCTEMOIl ypaBieHHs (HalpuMep cucre-
Moit TANGO), HUKaK ee He MEHSIsI, HO TIOBBIIIAs TIPU 3TOM
yCTOHYMBOCTD U 3P (HEKTUBHOCTH PabOTHI BCEH CHCTEMBI.
HoBelii 3Tan pa3BUTHS TEXHOJOTMU KBAaHTOBOIO MH-
TEJUICKTYaTbHOTO YIPABJICHUS MPEIIONaracT 3HAYNTEIb-
HOE yBEJTMYCHNE YMCIIAa BXOAHBIX M BEIXOTHBIX TApaMETPOB.
PaccMoTpena BO3MOXHOCTH  yNpPaBJICHHUS KPHOTCHHOMH
ycTaHOBKOW OycTepa yckoputenpHOro komriekca NICA
C TTOMOUIBI0 KBAaHTOBOTO MHTEIUIEKTYaJIbHOTO PETYISTOpa
Ha OCHOBE MOJICJIM KBAHTOBOTO HEYETKOTO BBIBOAA, YIIPAB-
JISTFOLIIETO TIOTOKOM a30Ta B M3MEPUTEIIHHOM Iuieye OycTe-
pa, ¢ UCTIOIB30BaHUEM KBAaHTOBOM cxembl Ha 30 KyOWTax.

Nitrogen pressure
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I[PIHaMI/IKa YCTaHOBJICHUS LEJIEBOTO 3HAYCHUS NaBJICHUSA
B CUCTEMCE B ITPOLECCE 3allpaBKu a30Ta

The process of designing a quantum intelligent con-
trol system (ICS) with the maximum level of reliability
and controllability of a complex object under conditions of
uncertainty of initial information is implemented.

Using examples from robotics and the task of nitrogen
pressure stabilization in the cryogenic system of the test
bench of the JINR VBLHEP magnet factory, the efficiency
of employing a built-in ICS based on soft computing, ge-
netic and quantum algorithms is shown. The results of the
work carried out enabled us: a) to test all stages of the tech-
nology of designing an embedded ICS; b) in the absence of
a system model, to use neuro-fuzzy systems trained on real
physically measurable data; c) to use an ICS as an add-on
to an existing control system (e.g., the TANGO system),
without changing it in any way, but enhancing the stability
and efficiency of the entire system.
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Dynamics of setting the target pressure in the system during
nitrogen filling

A new stage in the development of quantum intelli-
gent control technology involves a significant increase in
the number of input and output parameters. The possibility
of controlling the cryogenic booster plant of the NICA ac-
celerator complex with the help of a quantum intelligent
controller based on a model of quantum fuzzy inference
for controlling the nitrogen flow in the measuring arm of
the booster using a 30-qubit quantum circuit is considered.
Quantum soft computing and quantum fuzzy inference are
implemented on a classical processor and simulated on the
Govorun supercomputer.

Zrelov P.V,, Zrelova D.P., Katulin M.S., Korenkov V.V,
Reshetnikov A.G., Ulyanov S.V. Quantum IT Engineering in the
Tasks of Intelligent Control of Physical Systems // Part. Nucl.
2024. V.55, iss. 3. P.540-548.
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KBaHTOBBIE MSTKHE BBIYHCIICHUS M KBAHTOBBIM HCUCTKHM
BBIBOJ p€ajIn30BaHbl HA KIIACCUYECKOM IPOLIECCOPE U ITPO-
MOJICIIMPOBAHbI Ha CYTNIEpKOMITbIOTEpE « OBOPYHY.

3penos I1.B., 3penosa JI.1I., Kamymun M.C., Kopeno-
ko6 B.B., Pewemnurxos A.I., Yivanos C.B. Ksanrosas IT-un-

JKEHEepHs B 33/1a4aX MHTEJUICKTYaJIbHOTO yIpaBlieHus! pusndec-
kumu cuctemamu // DUASL. 2024. T.55, o 3. C. 540-548.

Jlnst aHanM3a HAy4YHBIX MyONUKAIUI C IIEJBIO OIICH-
KM KauecTBa, HOBHM3HBI, JJOCTOBEPHOCTH M aKTyaJbHOCTH
TIPOBOIMMBIX UCCIIEIOBAHNI CETOIHS HCIONB3YIOTCS (-
poBbie penozutopun. OJHAKO TAKKHE PEIO3UTOPUH UMEIOT
MHO>XECTBO OIPaHUYEHMM, UTO JI€JaeT aKTyalIbHOM cucTe-
My aBTOMaTU3MPOBAHHOTO cOOpa MeTagaHHbIX M3 pa3iiny-
HBIX HCTOYHUKOB, HCKITIOUAIOMICTO TyOIMpOBaHUE U HEOO-
XOJMMOCTB BBOJIa METaJaHHBIX BPYUYHYIO.

Pazpaboran mporpaMMHBIH KOMIUIEKC, MPENCTaBIIs-
oumii co6oit Habop MHCTPYMEHTOB U IPOrPAMMHBIX MO-
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JIylieid, Juisi aBTOMaTU3UpPOBAHHOTO cOopa MHQOopMaIHy,
ee aHaJIM3a, XpaHeHus1 ¥ cucTeMaru3anuy. OH BKITIOYAeT B
cebs cpencTsa it 00pabOTKU OONBIIHX 00HEMOB TAaHHBIX,
paboThI ¢ 6a3aMu JAHHBIX M MH. JIPp. ABTOMaTH3UPOBAHHBIH
cOOp MeTalaHHBIX ITyOJIMKAUH T03BOJIET ABTOMAaTHYECKH
coOMpaTh U CTPYKTYPUPOBATh HH(OPMAIHIO O MyOIHKaIH-
SIX, YTO OOJIETYaeT MONCK M MCIOJIB30BaHNEe HH(POPMALIUH.
Kpome Toro, cbop mHpOpMammu o MyONUKAIUAX OCY-
LIECTBIISAETCS OBICTPEE U TOYHEE, YEM ATO MOXKHO CHEJIaTh
BpyuHyl0. B Hactosiiiee Bpemsi IpOrpaMMHBINA KOMITIEKC
paboTaer B peXHUME OITBITHOM SKCIUTyaTallid B COCTaBe
mndpooit sxocuctemMbl OMSN Ha OTKpHITOH MmaTtdopme
mudpoBeIX perosutopues DSpace.

Konopamves A. O., bonosxos A.C. ABToMaTu3upOBaHHbIN

cbop u cuctemarmzanus ImyOnukarui // OTKPBITHIE CHCTEMBI.
2024. T.1. C.49-51.

v

Cxema paboThI IPOrPaMMHOTO KOMILIEKCa

Digital repositories are used today to analyze scien-
tific publications in order to assess the quality, novelty,
reliability and relevance of ongoing research. However,
such repositories have many limitations, which makes a
system for the automated collection of metadata from var-
ious sources relevant, eliminating duplication and the need
to enter metadata manually.

A software package, i.e., a set of tools and software
modules for automated collecting, analyzing, storing and
systematizing information, is developed. It includes tools
for processing large volumes of data, working with data-
bases and much more. The automated collection of publi-

Scheme of the software complex operation

cation metadata allows information about publications to
be automatically collected and structured, making the in-
formation easier to find and use. In addition, it enables one
to collect information about publications faster and more
accurately than it can be done manually. Currently, the
software package operates in trial mode within the JINR
Digital EcoSystem on the DSpace open platform of digital
repositories.

Kondratyev A.O., Bondyakov A.S. Automated Collection
and Systematization of Publications // Open Systems. 2024. V. 1.
P.49-51.




B JIABOPATOPUAX MHCTUTYTA

B crarbe paccmarpuBaroTCsl 0COOEHHOCTH BOCCTa-
HOBJICHHsI ITPOCTPAHCTBEHHBIX KOOPAMHAT MpOJIETa 3aps-
JKEHHBIX YaCTHUI[ Yepe3 IUNIOCKOCTH TPEKOBBIX JAETEKTOPOB
9KCIIEPUMEHTANIbHOM ycTaHoBKH BM@N B koHpury-
pauuu, CIpOeKTHPOBAHHON ISl MEpBOrO (HU3MYECKOTO
ceaHca JKCIIEpHMEHTa, mpoBeneHHOro B 2023-2024 rr.
[IpuBOIATCS OCHOBHBIE ATAIBl PEKOHCTPYKLIUU KOOPAH-
Hart, BKJIIOYAIOIIue B ce0sl POoLe/Typhl KITaCTEpPHU3aIIH CUT-
HAJIBHBIX OTKJIMKOB Ha MHUKPOCTPHIIOBBIX IUIOCKOCTSX U
HAXO0XJICHUS] KOOPIUHAT TPOJIeTa 3apsHDKEHHBIX YacTHI] 10
NIEPECEUCHUSIM aKTHBHBIX CTPUMNOB. TaKkke y4YUTHIBAIOT-
csl 0COOEHHOCTH (POPMUPOBAHUSI CUTHAJIA B KOHKPETHBIX
THIaX JETEKTOPOB, BIUSIOMNE Ha 3P (HEeKTHBHOCTH PEKOH-
cTpykiuu. Ilponenypa peKOHCTPYKIHMH HPOCTPAHCTBEH-
HBIX KOOPIMHAT JJISi JETEKTOPOB C MHUKPOCTPHIIOBBIM
CcbeMOM HWH(OpMaIK pealn30BaHa B BUAE NPOTPAMM-
HorO oOecrieueHusi, BCTpoeHHoro B cpexry BMNROOT, u
UCIIONB3YeTCs Il 00pabOTKN 3KCIEPUMEHTaIbHBIX JaH-
HBIX, TTIOJTy4aeMbIX C KOOPIUHATHBIX IETEKTOPOB TPEKOBOI
CHCTEMBI DKCIIEPHMEHTA.

bapanos J]. A. BocctaHOBIICHHE KOOPAMHAT B MUKPOCTPHU-
MOBBIX TPEKOBBIX AETEKTOpax AJsl KOH(QUTypaluu mepBoro ¢Gu-
3MYECKOro ceaHnca skcniepumenTa BM@N // DUAS. 2024. T.55,
BbIIL 3. C. 603—-609.
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[IpencTaBneHbl HOBBIE BBIYHCIUTEIBHBIC CXEMBI U aJl-
TOPUTMBI METOJ[d KOHEYHBIX JIEMEHTOB IS PEIICHUS 2IT-
JIATNITHYECKIX MHOTOMEPHBIX KPAeBhIX 33]1a4 C TIEPEMCHHBI-
MU K03 PHIEeHTaMHU [TPY MPOU3BOIHBIX B d-MepHO# 001a-
CTH, HallpaBJICHHbIE Ha OMUCAHNE KOJUIEKTUBHBIX MOJIEIeH
aTOMHBIX sifiep. PelieHne uiiercst B BUJE pazIoKeHUs 1O
0azucy KyCOYHO-TIOJMHOMUIIBHBIX (DYHKIHH, TOCTPOCH-
HBIX B aHAJIUTHYECKOM BHJE TyTEM OObEAMHEHUS WHTEP-
TTOJISIIIMOHHBIX TTOJTMHOMOB DPMHTA U UX MPOM3BOIHBIX Ha
TPaHMIAX COCEMHNX KOHEUHBIX 3JIEMEHTOB — O-MEpHBIX
rmapaieNenunenoB. [IpoaHaTm3upoBaHEl PAacUeThl CIICK-
Tpa, KBaJpyNoJbHOIO MOMEHTA U AIIEKTPUUECKUX MEPEeXo-
JIOB ITyTEM pEeIlIeHHsI CTaHJIApPTHBIX KPaeBbIX 3a1a4 JJIs reo-
METPUYECKON KOJIIEKTUBHON MOJIENIA aTOMHBIX SIJIED.

Batgerel B., Vinitsky S. 1., Chuluunbaatar O., Busa J., Jr.,
Blinkov Yu.A., Gusev A.A., Deveikis A., Chuluunbaatar G., Ul-
ziibayar V. Schemes of Finite Element Method for Solving Mul-
tidimensional Boundary Value Problems // J. Math. Sci. 2024.
V.279, No. 6. P.738-755.

The paper considers the peculiarities of the coordi-
nate reconstruction of charged particles passed through the
tracking detectors of the BM@N setup in the configuration
designed for the first physics run conducted in 2023-2024.
The main stages of the coordinate reconstruction, including
procedures for clustering signal responses and finding the
coordinates by crossing fired strips on microstrip readout
planes, are described. The peculiarities of signal formation
in specific types of detectors, which affect the reconstruc-
tion efficiency, are also taken into account. The procedure
for reconstructing spatial coordinates for detectors with mi-
crostrip data acquisition is implemented in the form of soft-
ware built into the BMNROOT environment and is used
to process experimental data obtained from the coordinate
detectors of the tracking system of the experiment.

Baranov D.A. Coordinate Reconstruction for Microstrip
Tracking Detectors for the Configuration of the First Physics

Run in the BM@N Experiment // Part. Nucl. 2024. V.55, iss. 3.
P.603-609.

We propose new computational schemes and algo-
rithms of the finite element method for solving elliptic
multidimensional boundary value problems with variable
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coefficients at derivatives in a d-dimensional domain,
aimed at describing collective models of atomic nuclei.
The desired solution is sought in the form of an expansion
in the basis of piecewise polynomial functions constructed
in an analytical form by joining interpolation Hermitian
polynomials and their derivatives on the boundaries of
neighboring finite elements having the form of d-dimen-
sional parallelepipeds. The calculations of the spectrum,
quadrupole momentum and electric transitions of standard
boundary value problems for the geometric collective
model of atomic nuclei are analyzed.

Batgerel B., Vinitsky S. 1., Chuluunbaatar O., Busa J., Jr.,
Blinkov Yu.A., Gusev A.A., Deveikis A., Chuluunbaatar G., Ul-
ziibayar V. Schemes of Finite Element Method for Solving Mul-
tidimensional Boundary Value Problems // J. Math. Sci. 2024.
V.279, No. 6. P.738-755.






