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[Tpennoxkeno 0600IIEeHNEe N3BECTHOTO METOAA Iapa-
METpH3aluy TOJIOKEHHST periepa B BEIECTBEHHOM TpexX-
MEpPHOM IIPOCTPAHCTBE € MOMOIIBIO YITIOB Diylepa Wiy,
TouHee, ynioB Talita—bpaiiana.

IIpennaraeMblii MeTOZ JAET BO3MOYKHOCTb Iapame-
TPHU30BaTh MHOT0OOpa3ne B3aMMHO OPTOTOHAJIBHBIX MOJ-
MIPOCTPAHCTB ITPOM3BOJIBHBIX pPa3MEPHOCTEl MHOTroMep-
HOTO YHHTapHOTO IIPOCTPAHCTBA — JPYTMMH CJIOBaMH,
MHOroo0pasue pa30ueHnii yHUTapHOTO IPOCTPAaHCTBA Ha
CyMMYy B3aUMHO OPTOrOHaJIbHBIX IHOJAIPOCTpaHCTB. Bce
STH MHOT000pa3us mapaMeTpu3yloTcs HabOpaMu «II0BO-
POTOB» B YHUTAPHBIX IIIOCKOCTSIX, T. €. JIEMEHTaMU IPyII-
el SU(2). B mpocTeiimem ciy4yae pa30neHus Ha ABa OPTO-
TOHAJIBHBIX TTOIIPOCTPAHCTBA 3TO JAET TapaMeTPH3aALUI0
anredpandeckl OTKPBITOrO ITOJMHOXKECTBA I'pacCMaHHa-
Ha. [TapameTpu3aiiys TaKMX MHOTO00Opa3uii SKBUBAJICHTHA
nmapaMeTpU3aIi KJIACCOB COIPSDKCHHOCTH YHUTApPHBIX
MaTpHI AEMEHTAPHBIMU BPALICHUSIMU. JTa 337a49a HUMEET
MHOXKECTBO MPWJIOKEHHH, 0COOEHHO B KBAHTOBBIX BBIUHC-
JICHUSIX ¥ KBAHTOBOW TEOPHH MH()OPMAITHH.

babuu M. B., bopoae JI. A., Xseedenuose A. M., Mnaoe-
nog J[. M. O MHOTOMEpHBIX aHalorax ymnioB Oiiepa (yIioB
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Talita—bpaiiana) n rpaccmanuanax // 3am. HayuH. cem. [IOMU
(IPUHATO K TIeYaTH).

Jlns sxeniepumenTa SPD pasBepHyT npoToTun cucre-
MBI 00pabOTKM M aHain3a JaHHbIX. Ha moaroroBneHHOM
mratpopme B 2024 1. obOpabarsiBanmck 3amadn MoHTe-
Kapmo mopenmpoBanus: creHepupoBano 200 MiH coOBI-
it ooummM oosemom 100 Th. B o6pabotke ydacTByroT
pecypcst OSSN u [letepOyprekoro MHCTHTYTA SIICPHOM
¢usuku um. b. I1. Koncrantunosa (HULL KU TIHSID).
[TponomkaroTcs paboOThI 10 CO3JAHUI0 KOMIUIEKCA [TPpOMe-
JKYyTOYHOTO MporpamMMHoro obdecrnedenus aist SPD Online
Filter. Peanm3oBana Oombimas 9acTh (DYHKIMOHATHHBIX
TpeOOBaHMII K NPOrpaMMHOMY KOMIUIEKCY, MpOIOJIKa-
10TCsl paboTHI IO (hopMaIM3aMK U PeaTn3aluy HeyHK-
IIUOHANBHBIX TpeOoBaHUil. COBMECTHO ¢ KOJUIETAMH W3
JIAIT co3nan 1 BBEJIEH B 3KCILTyaTallMIo CTeH I [ pa3pa-
0G0TKM M OTJIAJKK KOMIIOHEHTOB CHCTEMBI cOOpa JaHHBIX
ycranoBku SPD. CreHa mpemocTaBiseT BO3MOXKHOCTH
MPOBOIUTE Pa3pabOTKy W JIOITOBPEMEHHBIC HCIIBITA-
HUSI IPOTPaMMHO-aNNapaTHbIX KOMIUIEKCOB M BKJIIOYACT
B ce0sl «XOJOIHYIO 30HY» JUIsl pa3MELICHUs! arapaTHOH
YJacTH.

SPD Collab. Technical Design Report of the Spin Physics
Detector at NICA. ArXiv:2404.0831.

Meshcheryakov Laboratory of Information
Technologies

We present a generalization of the well-known Euler
angles method or, more precisely, its modification suggest-
ed by Tait and Bryan, describing the rotation of an orthog-
onal frame in the real three-dimensional space.

The proposed method makes it possible to parame-
trize the manifold of mutually orthogonal subspaces of
arbitrary dimensions, in other words, the manifold of par-
titions of a unitary space into a sum of mutually orthogonal
subspaces. All these manifolds are parametrized by sets of
“rotations” in unitary planes, i.e., by elements of the SU(2)
group. In the simplest case of partition into two orthogonal
subspaces, this gives a parametrization of an algebraical-
ly open subset of a Grassmannian. The parametrization
of such manifolds is equivalent to the parametrization of
conjugacy classes of Hermitian matrices by elementary ro-
tations. This problem has many applications, especially in
quantum computing and quantum information theory.

Babich M. V., Bordag L. A., Khvedelidze A. M., Mlade-
nov D. M. On Multidimensional Analogs of Euler (Tait-Bry-

an) Angles and Grassmannians // Zap. Nauchn. Sem. POMI
(in press).

A prototype of a data processing and analysis system
was deployed for the SPD experiment. In 2024, Monte
Carlo simulation tasks were processed on the platform:
200 million events with a volume of 100 TB were gener-
ated. The resources of JINR and Konstantinov Petersburg
Nuclear Physics Institute (NRC KI PNPI) are involved in
the processing. Work on creating a middleware complex
for SPD Online Filter is underway. Most of the functional
requirements for the software complex were implemented,
and work on formalizing and implementing non-functional
requirements continues. Together with DLNP colleagues,
a testbed for developing and debugging the components of
the data acquisition system of the SPD facility was created
and put into operation. The testbed provides the opportu-
nity to perform the development and long-term tests of
software and hardware complexes, and comprises a “cold
zone” for placing hardware.

SPD Collab. Technical Design Report of the Spin Physics
Detector at NICA. ArXiv:2404.0831.
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Petrosyan A., Oleynik D., Zhemchugov A., Kiryanov A. SPD
Offline Computing System // Phys. Part. Nucl. 2024. V.55, No. 3.
P.450-452.

[Tomy4eHo BEICOKOTOYHOE pEIIeHIE B 3aJaHHOM 0071a-
CTH 3JIEKTPOMAarHUTHOTO YCTPONUCTBA AKCIIEPUMEHTAIILHON
YCTAHOBKH JIJIsl M3yUeHHUs 10t-2(PEKTOB MpU JCTCHUH Ts-
JKETBIX siiep. MopennpoBaHiue MarHUTHOTO TOJSI OCHOBA-
HO Ha U3BECTHOH (DOPMYIHPOBKE 331a9l MarHUTOCTaTHKI
JUISL IByX CKaJIIPHBIX MOoTeHnnanoB. C y4eToM 0coOeHHO-
CTel KOH(QUTYpaIK JAaHHOTO YCTPOWCTBA M TPEOOBAHMUS K
YPOBHIO OJJHOPOJHOCTH MarHUTHOTO TTOJISl AUCKPETH3AIUS
HETIPEPBIBHOM 3aJja4 C MTOMOIIBIO HEMIPEPBIBHOTO METO/Ia
lanépkuHa NpUBOANT K CHCTEMaM, pa3MEPHOCTH KOTOPBIX
nocturatror 17109, Jlns pemieHus Takux KOHEYHO-dJie-
MEHTHBIX CHCTEM C allpPOKCHMAIMEH BBICOKOTO IMOpsIIKa
pa3paboTaH SKOHOMHYHBIA BapHaHT OE3MaTPUIHOTO Me-
TOAA TPeRoOyCIIOBICHHBIX CONPSDKEHHBIX T'PaJNCHTOB,
KOTOPBIN 0COOEHHO (P PEKTUBEH IS MHOTOSIJICPHBIX KOM-
neroTepoB. [Ipu aToM He Tpedyetcst xpaHenus 3D paspe-
KEHHOH KOHEUHO-3JIEMEHTHOM MaTpHIIbl U HCHONb3YIOTCS
Takne pa3OMeHnst pacyeTHOM 00JacTH Ha TMOJ00TACTH,
TIPY KOTOPBIX KaXk/1asi T0/100J1acTh COCTOHUT U3 HJIEMEHTOB
¢ oAMHaKOBOIl Matpuiei Skoou. B pesynbrare nogydeHa
Tpebyemass OZHOPOAHOCTh MarHUTHOTO IOJISI HA yPOBHE
10~ B 06beme pacronoxenus SHe criuH-QUIBTPA.
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Yuldasheva M. B., Yuldashev O. 1., Novitsky V. V. Modelling
Magnetic Field of a Compact Electro-Magnetic Device of Exper-
imental Setup to Study ROT-Effects in Fission of Heavy Nuclei //
Russ. J. Numer. Anal. Math. Model. 2025. V.40, No. 2.

Pa3BuT KiIacTepHBIH METOJ KBaHTOBO-XHMHYECKHX
BBIUHCIICHUH TapaMeTpoB OOMEHHBIX B3aWMOJCHCTBUIL
C LEJIBI0 KOJTMYECTBEHHOTO 000CHOBaHMS >(D(HEeKTHBHBIX
CIIMHOBBIX Moueneﬁ B CJIOXKHBIX OKCHAAX ICPEXOIHBIX
meramioB (IIM) ¢ He3armoNMHEHHBIMH 3IEKTPOHHBIMA Nd
obomoukamu (N =3, 4, 5). B paccmarpuBaembIx coenu-
HEHWSIX TIpH Tepexone kK Oomee TsokenbiM [IM yBenmmam-
BAacTCA pajualibHas MPOTSHKCHHOCTh d-opOuTanei, 4to
COIPOBOK/IACTCS OCJIAOIEHHEM 3JIEKTPOH-IEKTPOHHBIX
B3auMoeiicTBuil BHYTpH d-000J704YEK, HO TPH 3TOM YCH-
JIUBAETCS PEISATUBUCTCKOE crimH-opouTansHoe (CO) B3a-
umozencteue s d-anekrponoB. Kak cnencrBue, MeHs-
eTCsl TPHUPOAA JIOKAJIBHOTO MYJBTHUIUIETa AIIEKTPOHHOM
d-0607104KM ¥ MarHUTHBIX MOMeHTOB [IM B y3nmax Kpu-
CTaJUIMYECKOH pElIeTKH, 4TO BeleT K (OPMUPOBAHHIO
CHJILHO @aHW30TPOITHBIX IK30THIECKUX OOMEHHBIX B3aUMO-
JIeWCTBUI MEXIy HUMHU. Peanuzauust Mmerona Ha mpumepe
CJIOHBIX OKCHJOB HPHAUS C Pa3IMdHON KPUCTAIUTHYE-
CKOHM CTPYKTYypOW BKIJIIOYaeT B celsi aHaJIM3 KOMIAac-Mo-
nenn leiizenOepra Ha KBaJpaTHOW peEUIeTKE M MOICIH
KuraeBa Ha rexkcaroHaJbHOM peIIETKe, MPEIOKEHHBIX

Petrosyan A., Oleynik D., Zhemchugov A., Kiryanov A. SPD
Offline Computing System // Phys. Part. Nucl. 2024. V.55, No. 3.
P.450-452.

A high-precision solution in a given region of the
electromagnetic device of an experimental setup to study
the ROT effects of the fission of heavy nuclei is obtained.
Magnetic field modelling is based on the well-known for-
mulation of the magnetostatics problem for two scalar
potentials. Taking into account the peculiarities of the de-
vice geometry and the requirement for the level of mag-
netic field homogeneity, the discretization of the continu-
ous problem by the continuous Galerkin method leads to
systems with dimensions reaching 17-10°. To solve such
finite-element systems, a new economical version of the
matrix-free preconditioned conjugate gradients method is
proposed, which is especially effective for computing on
multi-core computers. This does not require the storage of
a 3D sparse finite-element matrix and uses such partitions
of the calculated region into subregions, in which each
subregion consists of elements with the same Jacobi ma-
trix. As a result, the required homogeneity of the magnetic

field at the level of 10~# in the volume of the 3He spin filter
is obtained.

Yuldasheva M. B., Yuldashev O. 1., Novitsky V. V. Modelling
Magnetic Field of a Compact Electro-Magnetic Device of Exper-

imental Setup to Study ROT-Effects in Fission of Heavy Nuclei /
Russ. J. Numer. Anal. Math. Model. 2025. V.40, No. 2.

A cluster method for the quantum-chemical calcu-
lations of exchange interaction parameters has been de-
veloped for the quantitative justification of effective spin
models in complex transition metal (TM) oxides with
open valence electron nd shells (n = 3, 4, 5). In these com-
pounds, when moving to heavier TMs, the radial extension
of d orbitals increases, which is accompanied by weaken-
ing of electron—electron interactions within d shells, while
the relativistic spin—orbit (SO) interaction for d electrons
enhances. As a consequence, the nature of local multiplets
of d electrons and magnetic moments of TM ions at crystal
lattice sites changes, which leads to the formation of high-
ly anisotropic exotic exchange interactions between them.
The application of the method to complex iridium oxides
with different crystal structures includes the analysis of
the Heisenberg compass model on a square lattice and the
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panee Ha (PEHOMEHOJOTHYECKOIl OCHOBE W HWHTEHCHBHO
o0CyXkIaeMbIX B HacTosmee Bpems. IlomydeHnsie dazo-
BbIE€ JUarpaMMmbl Ha OCHOBE BBIBEICHHBIX MOAENEH s
CIIOJKHBIX OKCUZOB UPHUAUS COIVIACYIOTCS C pe3yJIbraraMu
SKCIICPUMEHTOB M OMPEICISIIOT 00JacTh OOMEHHBIX Mapa-
METPOB JIJIsl IOMCKA HOBBIX MAarHUTHBIX COCTOSIHUH.
Cropaxwuna JI. A., FOwanxaii B. O. AHU30TpONHBIE CIU-
HOBBIE MOJENIM Ul OKCHIOB HPHIHs: OOOCHOBaHHE B KJac-
TEPHOM KBaHTOBO-xuMuueckom noaxone // M3e. PAH. Cep. dus.
Marepuaisl MexayHapos. koHd. «Magnetic Resonance — Cur-
rent State and Future Perspectives (EPR-80)». Kazans, 2024.

Kitaev model on a hexagonal lattice, which were proposed
earlier on a phenomenological basis and are currently be-
ing intensively discussed. Within the derived models, the
calculated phase diagrams for complex iridium oxides are
consistent with experimental results and determine the
range of exchange parameters to search for new magnetic
states.

Siurakshina L. A., Yushankhai V. Yu. Anisotropic Spin
Models for Iridium Oxides: Justification in the Cluster Quan-
tum-Chemical Approach // Bull. Russ. Acad. Sci.: Phys. Proc.
of the Intern. Conf. “Magnetic Resonance — Current State and
Future Perspectives (EPR-80)”. Kazan, 2024.




