Review report on the proposal of the Project
"Methods of computational physics for the study of complex systems"

within the JINR theme “Methods, algorithms and software for modeling
physical systems, mathematical processing and analysis of experimental data”

Project aims the development of methods for mathematical modeling of complex
physical systems described by multi-parameter systems of dynamic nonlinear,
multidimensional equations characterized by a complexity of solutions, the
presence of critical regimes, bifurcations, and phase transitions.

One should note that mathematical modeling is an integral part of modern
scientific research and requires high level qualification for (a) adequate
mathematical formulation of problems within the framework of the studied
models; (b) development of new approaches based on the combined use of various
methods to effectively take into account the features of the studied physical
processes; (¢) development of algorithms and software packages based on modern
programming technologies, including for high-performance massive calculations in
a wide range of parameters of simulated systems.

The project participants have the necessary knowledges and high scientific level,
they are known for their work in the field of developing modeling methods and
conducting research on complex physical systems and processes. This gives
grounds to count on the success of the project.

The research tasks of the project are formulated within the main directions of the
JINR research program and are grouped into five subject areas, each of which has
its own characteristics in terms of mathematical formulations of problems and
applied methods of numerical research:

1. Investigation of nuclear-physical and quantum-mechanical systems that are
described by Schrédinger equations and require high accuracy of numerical
solutions.

2. The study of multifactor processes with external influences in materials and
condensed media based on the combined application of molecular dynamics,
dynamics of continuous media and wave equations.

3. The problems of calculating physical fields and optimizing the operating modes
of experimental installations under the condition of complex multidimensional
geometry.

4, Studies of dense nuclear matter based on various versions of the equation of
state require correct consideration of such factors as the gravity, the live time of the
phenomena, the influence of temperature effects, etc.

5. The study of the states and dynamics of quantum systems of various types
based on the combined use of hybrid methods of quantum programming with
methods of computational mathematics.



All the tasks in the project are extremely relevant, the research is aimed at
obtaining results that are of scientific significance not only in the academic sense,
but also in terms of possible practical applications in high technologies.

I believe that the project is important from the viewpoint of IT support for
theoretical and experimental research at JINR in terms of the development and use
of mathematical modeling methods. The project looks necessary for the successful
implementation of the JINR scientific program and deserves unconditional support
with a high priority.
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OT3BIB HA IPOEKT

«MeToabl BHIYHCIUTEIbHOH (U3HKH 1JIS HCC/Ie0OBAHHUSA CJIOKHBIX CHCTEM)

B pamkax TeMbl OMSIN «MeToz1bl, aNrOPHTMBI ¥ TPOrpaMMHOE 00ecTieYeH e AL
MOZIEHPOBaHHs (PU3UYECKHUX CHCTEM, MaTeMaTHUeCKOH 00paboTKU U aHaIu3a
HKCIIEPUMEHTAIIbHBIX JTaHHBIX)»

IIpoeKT HampaBiieH Ha pa3paboTKy METONOB MaTeMaTH4eCKOro MOJICIMPOBAHHUS
CIOXHBIX (DU3MYECKMX CHCTEM, OINMCHIBAEMBIX  MHOroNapaMeTpUIeCKUMH
cuCTeMaMH  JHHAMHYECKHX  HENMHEWHBIX, = MHOTOMEPHBIX  YpaBHEHHH,
XapaKTEpU3YIOIIUXCsI CIOKHOCTBIO PELIEHUH, HaTNYMeM KPUTHIECKUX PEKUMOB,
oudypkanuiit 1 pazoBbIX IEPEXOIOB.

Cnegyer  OTMETHTh, YTO  MaTeMaTHYeCKOe  MOJEIMPOBaHUE  SABJISETCH
HEOTheMJIEMOIl YacTBIO COBPEMEHHBIX Hay4UHBIX MCCIIENOBAaHWN W TIpeArnojaract
(a) ameKkBaTHYI0 MaTeMaTH4YeCKyl0 IIOCTAHOBKY 3a1ad B paMKaX H3y4aeMbIX
mogzereit; (6) pa3paboTKy HOBBIX IOJXOJOB, OCHOBAHHEIX Ha KOMOWHHPOBaHHOM
MCIONB30BAHMN PA3NIMYHBIX METO/OB, MO3BOJAIOMKX 3(PPEKTUBHO YYUTHIBATH
0COGEHHOCTH M3y4aeMbIX (M3MYECKUX TIPOLECcCOB; (B) pa3paboTKy aJrOPUTMOB U
[TAaKEeTOB MPOrpaMM Ha OCHOBE COBPEMEHHBIX TE€XHOJOTHH MPOrpaMMHMPOBAHMS, B
TOM 4YHCle I BBICOKOIPOU3BOIAUTEIBHBIX MAaCCOBBIX pPacyeToB B IIMPOKOM
JMarna3oHe rapamMeTpoB MOJEIUPYEMBIX CUCTEM.

VYaCcTHHKH TpOeKTa 00aJaloT HeOOXOJUMBIMH 3HAHMSAMH M BBICOKOW Hay4HOH
kBannbUKalell, OHM HM3BECTHbl CBOMMH paboTamMum B 00nmacTd pa3pabOTKH
METOOB MOJCTHPOBAHHS M MNPOBEICHHS HCCIECIOBAHMH CIOKHBIX (PH3HIECKHX
CHCTEM H IIPOLECCOB. DTO 1aeT OCHOBAHMS PaCCUMTHIBATh HA YCIIEX IPOEKTA.

ViccnemoBaTebCKUE 3a1a4d MPOeKTa CHOpPMYIMpPOBAHBEI B paMKax OCHOBHBIX
HalpaBleHui uccienoBarenbekoi mporpammsl OMSN u crpynmupoBaHsl B ISTH
MPEAMETHBIX 00IacTeil, Kax/Ias U3 KOTOPBIX MMEET CBOM OCOOCHHOCTH C TOYKH
3peHdsl MATeMaTH4eCKMX IIOCTaHOBOK 3aJad M IPUMEHAEMBIX METONOB
YUCJICHHOTO UCCIIEOBAHUS.

1. HccnemoBaHue simepHO-QU3MYECKUX M KBAaHTOBO-MEXaHUYECKHX CHCTEM,
omuchIBAOIKXCs ypaBHeHusmu 1llpeannrepa U TpeOyIOIMX BBICOKOH TOYHOCTH
YHCJICHHBIX PEIICHHH.

2. Usydenue MHOTO(MAKTOPHBIX IIPOLECCOB C BHEIUHMMH BO3JEHCTBUAMH B
MaTepuajlax ¥ KOHIEHCHPOBAHHBIX CpelaX Ha OCHOBE KOMILIEKCHOrO NPUMEHCHUS
[10JIX0/I0B, OCHOBAHHBIX HA MOJIEKYJISIDHOM TUHAaMHKe, THHAMHUKE CIUIOUIHBIX CPEJl
Y BOJHOBBIX YpaBHEHUSIX.

3. 3amaun pacyera GU3MYECKHX TII0J€d W ONTHMH3aUMU PEXUMOB paboTsl
JKCIIEPUMEHTANBHBIX YCTAHOBOK B YCIOBHSIX CIIOXHOM MHOTOMEPHOH IeOMETPHUU
MOJIETTHPYEMBIX CUCTEM.

4. VccnenoBaHus IJIOTHOM siiepHON MaTepuv Ha OCHOBE Pa3IMYHBIX BapHAHTOB
ypaBHEHHsl COCTOSHUs, TpeOylole KOPPEKTHOIO yd4eTa TaKMX (GaKTopoB, Kak
rpaBUTalA, BPEeMs JKH3HH M3y4aeMoro sBIEHHs, BIMAHMC TEMIEPATypHBIX
BO3EUCTBUM U AP.



S. I/I3Y‘-IGHI/I€ COCTOSHUM M OUHAMHUKH KBAaHTOBBIX CHCTEM pPas3JIM4YHOT'O THIIA,
OCHOBAHHO€ Ha COBMECTHOM HCIIOJIB30BaHHU FI/I6pI/I)_IHI>IX METOI0OB KBAaHTOBOI'O
NporpaMMHUpOBaHus C METOJAMH BBIUKCIIUTEIEHOM MAaTEMATHUKHU.

Bce mnocraBiieHHBIE B MIPOCKTE 3aJavn KpaﬁHe aKTyaJlbHbI, HCCJICAOBAaHHA
HampapJICHbl Ha IIOJYy4YCHHUC pe3ynbTaToB, UMEKOIUX HAYYHYIO 3HAYUMOCTh HC
TOJIBKO B AaKaJIeMH4YeCKOM CMBICIIE, HO H C TOYKHU 3pCHHA BO3MOXXHOTI'O
NPAKTUYECKOTO ITPUMECHCHUS B BBICOKHX TC€XHOJIOTHAX.

CumTaro, 4To IPOEKT BakeH C TOYKM 3peHus WM T-momnepxku TEOPETHYECKUX U
3KCIepUMEHTaIbHBIX MccinenoBanuid B OMSIM B qacTi pa3BUTHS U MCTIOJIb30BAHUS
METOMOB  MaTeMaTH4ecKkoro  MojenupoBaHus.  IIpoexT  mpeAcTaBlAeTCs
HeOOXOMMMBIM TSl YCIEIIHOM peann3anuu HaydHoil mporpammbl OVISIM u
3aciTy)KMBaeT 6€30r0BOPOYHOI MOANEPKKH C BBICOKUM IIPHOPUTETOM.
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