B IABOPATOPUAX MHCTUTYTA

NabopaTopusa MHpOpPMaLNOHHbLIX TEXHONOIUMN

PaccmarpuBaeTcst TOBeIEHHE CTPAHHOW Marepuu
B pamkax pacmupenHoi SU(3) momenun HamGy—Hona-
Jlazunno c¢ merneit Ilomsxosa (ITHWJI), Bxirouarormein
anomanmuio Up(1). Ocoboe BHHMaHuE yhemseTcs pe3Ko-
My POCTy B OTHOLICHHWH BBIXOJA TOJIOKHUTEIBHO 3aps-
JKCHHBIX KAOHOB K TIHOHAM IPU PHEPTUSAX CTOJKHOBEHUH
m ~ 8—12 I'»B, u3BecTHOMY B JIUTEpAType KaK «por»
(«horny). TTonaraercsi, 4TO MPUYMHON TAKOTO MOBEICHHS
SIBIISICTCSI BOSHUKHOBEHHUE JIeKOH(aliHMEeHTa U 00pa3oBa-
HUE KBapK-TJIFOOHHOI MIa3MBbI.

Jlis ommcaHMs 3TOTO SIBJICHHS HCIOJIB30BAJIach MO-
nens HWJI ¢ metneit [onsikoBa, ymoOHast TeM, 4TO OHA
TI03BOJISIET CXEMAaTUYEeCKH OINUCaTh KUPAIBHBINA (Da30oBbIit
NIepexo/l ¥ CBOMCTBA ME30HOB ITPU KOHEUHBIX TeMIIEpaType
U IJIOTHOCTH. B KauecTBe HE3aBUCUMOW MEPEMEHHON ISt
OLICHKH TIOBEJICHHUS OTHOIICH!s K/ 7T BMECTO 3HEpruu CToJI-
KHOBEHHUI! ObLi1a BBEICHA HOBAsI IepeMeHHast T/ [ig, IpH4eM
TemIieparypa ¥ XMMHYECKUI MOTeHIMal Opaliich BJOJIb
JIMHUM KUPaJIBHOTO (pazoBoro mepexona (KOTOPYIo B HEKO-
TOPOH Mepe MOXHO TPaKTOBaTh KaKk XUMHUYECKHH (pu3a-
yT). B pamkax sToii Mozenu ObUIO TIOKa3aHO, YTO BBE/ICHUE
IUTOTHOCTH Cpe/Ibl BIMSAET Ha MOBEACHUE YaCTHIIbl U aHTH-
YaCTUIIBI, IPUBOAS K PACIICIUICHUIO MAaCC MPH INIOTHOCTSIX,
0OJIBIINX HOPMAaJIBHOM ITIOTHOCTH Pyy. DTO BIUSAET TakKe Ha
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IUIOTHOCTh 0OPA30BaBILHXCS YACTHUIl U IPUBOAUT K Pa3HHU-
ne B otHomenuax K*/n" u K™/n™ npu HU3KUX 3HAYEHUAX
SHEpruu m (Hu3KMe 3Ha4YeHMs T/|g) M UX CTpemile-
HUIO K OJMHAKOBOMY 3HAUCHHUIO NPH BBICOKHX 3HAUYCHUSIX
\/% (BbICOKME 3Ha4eHUs T/pg) — 001acTH, IIe BBUILY
HeOOJIBIION TIIOTHOCTH YacTHIBI BRIpOXatoTcs. B pabo-
Te TaKke OBUIO TIOKAa3aHO, YTO HA TIOBEACHHE TTHKA BIUSIIOT
CBOMCTBA CpeJibl, B KOTOPOM POXIAIOTCS MHOHBI U KAOHBI.
Jast 5TOro OBUIM CMOJETMPOBAHBI HECKOJIBKO Pa3HbIX (a-
30BBIX JIHATPAaMM M BapbUPOBAJICS XMMUUECKUI MOTEHIINAT
CTPaHHOTO KBapKa. bplIo OTMEUYEHO, YTO MOJIOKEHUE TTHKa
1 €r0 HAKJIOH 3aBUCAT OT CTPYKTYPHI (pa30BOI JHarpaMMBlL.
Friesen A.V.,, Kalinovsky Yu.L., Toneev Yu.L. Strange Mat-
ter and Kaon to Pion Ratio in the SU(3) Polyakov—Nambu—Jo-
na-Lasinio Model // Phys. Rev. C. 2019. V.99, No.4. P.045201.

[IpoBeneHO SKCIEPHMEHTANBHOE HWCCICIOBAHUE (-
(heKTHBHOCTH TpeX pa3NUYHBIX THIIOB AJTOPUTMOB pe-
HICHUSI CHCTEM JIMHEHHBIX alreOpandecKuX ypaBHEHHUH C
JICHTOYHON MaTpHIIEH — MPSIMBIX, CHMBOJIBHBIX H UTEpa-
OUOHHBIX. VccrienoBaH UTEPAIOHHBINA allTOPATM — CHIIb-
HO HesiBHas nporienypa (SIP), Takke n3BecTHas Kak METOT
CroyHa. DTOT METOJ| MCIIOJL3yeT HETOIHOE Pa3JIoKEHHE
LU (ILU(0)). PaccMoTpeH Takke UTEPaMOHHBIH alTOPUTM
XotemmHra—boneBrura B Ka4ecTBE 3aMEHBI CTaHIAPTHBIX
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We consider the behavior of strange matter in the
framework of the SU(3) Polyakov loop extended Nambu—
Jona-Lasinio model (PNJL) with the Uj(l) anomaly.
Special attention is paid to the sharp increase in the yield
of positive charged kaons to pions at the collision energies
m ~8-12 GeV, known in the literature as a “horn”.
The “horn” is supposed to be a signal of the deconfinement
and the formation of quark—gluon plasma.

To describe this increase, the NJL model with the
Polyakov loop was used. The PNJL model allows one to
describe in schematic way the chiral phase transition and
the meson properties at finite temperature and density.
Instead of the collision energy, a new variable T/ug was
introduced as an independent variable to describe the be-
havior of the K/ ratio. The temperature and chemical po-
tential were taken along the line of the chiral phase transi-
tion (which can be treated as a chemical freezeout). Within
the framework of the model, it was shown that the intro-
duction of the medium density affects the behavior of the
particle and antiparticle, leading to the splitting of masses
at densities higher than the normal density p,. The splitting

of masses affects the density of the created particles and
leads to a difference in the ratios K¥/n " and K™/n ™ at low
energies @ (low T/pg) and their tendency to the same
value at high values @ (high values of T/ug), where
the particles degenerate due to the low density. It was also
shown in the work that the behavior of the peak is affected
by the properties of the medium in which pions and kaons
are created. To show this, several different phase diagrams
were simulated and the chemical potential of the strange
quark was varied. It was noted that the position of the peak
and its slope depend on the structure of the phase diagram.
Friesen A.V.,, Kalinovsky Yu.L., Toneev Yu.L. Strange Mat-
ter and Kaon to Pion Ratio in the SU(3) Polyakov—Nambu—Jo-
na-Lasinio Model // Phys. Rev. C. 2019. V.99, No.4. P.045201.

An experimental performance study of implementa-
tions of three different types of algorithms for solving band
matrix systems of linear algebraic equations (SLAEs),
i.e., direct, symbolic, and iterative, is done. An iterative
algorithm is presented, namely, strongly implicit proce-
dure (SIP), also known as the Stone method. This method
uses the incomplete LU (ILU(0)) decomposition. An ap-
plication of the Hotelling-Bodewig iterative algorithm
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TIPSIMBIX-00PATHBIX MTOJCTAHOBOK. [IpoaHam3upOBaHbI 10-
cTouHcTBa 1 HemoctaTku Metona SIP. IIpencraBnena ciox-
HOCTh BCEX HCCIEIyeMbIX METONOB. AHANIN3 MPOU3BOIM-
TEJIFHOCTH BBIITOJHEH C UCTIOIB30BAaHUEM BBICOKOIIPON3BO-
JTUTENBHON BhraucuTensHoH miatdopmsr HybriLIT (JIWT,
OUSN) u xnacrepa Avitohol (MUKT BAH, Bonrapus).
CpaBHEHHE BPEMEHH BBIOIHEHHS PACUETOB JUTA MPSIMBIX
METOJIOB MTOKA3aJI0 HE3HAUYUTEIBHYIO Pa3HUIYY MEKIY ABY-
M$ BEIYHCIUTENBHBIMA cucTeMaMi. OIHAKO JJIsi CHMBOJb-
HBIX MeToNoB Avitohol maer mydmiee pacuyeTHOE BpeMs IO
cpasaenuto ¢ HybriLIT. C gpyroii cropons, HybriLIT
okazaycs osicTpee st mporeaypsl ILU(0). Hist anropurma
SIP pacXoKIeHUS] MEXITy BBIYHUCIUTEIBHBIMI CHCTEMaMH
OKa3aJIMCh MUHUMAJIbHBIMH.

Veneva M., Ayriyan A. Performance Analysis of Effective
Methods for Solving Band Matrix SLAEs after Parabolic Non-

linear PDEs // Studies in Computational Intelligence. Springer,
Cham., 2019. V.793. P.407-419. DOI 10.1007/978-3-319.

Cosmectro ¢ JIH® B JIUT OUAU mpoBexeH KoM-
MIBIOTEPHBIN AaHAJIN3 AAHHBIX MAaJIOYITIOBOIO PEHTI€HOB-
CKOTO CMHXPOTPOHHOTI'O paccesiHus, nonydeHHsix B HULL
«Kypuarockuii uHCTUTYT». [IpOoaHanu3upoBaHa BE3UKY-
JsipHAs CTPYKTypa GochOoNUIIIHON TPAaHCTIOPTHOH HaHO-
cucremsl (PTHC), pazpaborannoit B8 HUM 6nomenmmmH-
CKOM XHMHH Ha OCHOBE PACTUTEIBHBIX (HOCHOIUITHIOB.
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Jlnst Tpex 3Havuenuii konneHntpanuii @THC B Bome pac-
CUMTAHbl PAANyC BE3MKYJI, HOJIMANUCIEPCHOCTh pajguyca,
TOJIIMHA JIUTIHIHOTO OHCIOM, a TaKKe IMapaMeTpsl, OIpe-
JISIISIONINE BHYTPEHHIOI CTPYKTYPY JHUIAIHOTO OMCIIOS.
PacueTsl npoBoAMIINCE IByMSl pa3iIMuHbIMU METOAAMMU: 11O
hopmdaxTopy cheprueckoil HEOTHOPOAHON 0OOIOUKH U
0 pa3fe’eHHBIM GPopM(paKTOpaM ¢ HCIIOTH30BAHUEM JIBYX
Ppa3HbIX MOJeNIel pacipeesIeHus INIOTHOCTHU JUIMHBI pac-
cessHUSI (POTOHA. YKa3aHHBIC METONBI pacdyeTa CIEKTPOB
JIAIOT COBMAJIAIOLIUE PE3YIbTAThI, KOTOPbIE IEMOHCTPUPY-
10T YMEHbIIEHUE PaJiyca BE3UKYIIbl, TOJLIUHBI JTUITHIHO-
T0 OUCIIOS M TOJIIIMHBI 00JIaCTH YTIICBOAOPOIHBIX IICTIOUEK
[IpY YBEJIUYEHNUU KOHLIEHTpAIMK MaJIbTO3bl B Boze. [Toka-
3aHO, YTO YMCHBIIICHHIE TONIIIHBI JTUITATHOTO OMCIION TIPU
YBEIMUYEHUU KOHLEHTpAMM MaJbTO3bl MPOUCXOAMUT 3a
CYeT B3aMMOIIPOHUKHOBEHUS YIIIEBOJOPOIHBIX IIETOYEK.
PacueTsl mpoBOAUIUCH C UCIIOIB30BAHUEM BBIUNCIUTEIb-
HOW MHPPACTPYKTYpbl MHOTO()YHKIIMOHATHHOTO HHDOP-
MallMOHHO-BEIYMCIIMTEIbHOT0 KomIniekca JIMT OUSIN.
Kucenes M. A. u Op. AHaNu3 BEe3UKYISIPHOH CTPYKTYpHI Ha-

HovacTull GocHOIUIHMIHON CHCTEMBI TPAHCIIOPTA JICKAPCTB Ha
ocHoBe naHHbIX MYPP // TToBepxHOoCcTh. 2019. Boim. 3. C.49-52.

[IpoGiiema pEeKOHCTPYKIMU TPAGKTOPUH dJIeMEeHTap-
HBIX YaCTHI[ SBJISCTCS OMHOW M3 BaKHEHIIUX MPoOiieM

is considered as a replacement of standard forward-back-
ward substitutions. The upsides and the downsides of the
SIP method are discussed. The complexity of all the inves-
tigated methods is presented. The performance analysis of
the implementations is done using the high-performance
computing (HPC) clusters HybriLIT and Avitohol. A com-
parison between the execution times for the direct methods
showed only a negligible difference between two computer
systems. However, for the symbolic methods Avitohol per-
formed better than HybriLIT. On the other hand, HybriLIT
was faster than Avitohol for the ILU(0) procedure. Only
a minimal discrepancy in times was observed for the SIP
algorithm.

Veneva M., Ayriyan A. Performance Analysis of Effective
Methods for Solving Band Matrix SLAEs after Parabolic Non-
linear PDEs // Studies in Computational Intelligence. Springer,
Cham., 2019. V.793. P.407-419. DOI 10.1007/978-3-319.

In collaboration with FLNP, the small-angle X-ray syn-
chrotron scattering data obtained at the Kurchatov Institute
have been numerically analyzed. In this framework, the ve-
sicular structure of the phospholipid transport nanosystem
(PTNS), developed at the Research Institute of Biomedical

Chemistry on the basis of vegetable phospholipids, has been
studied. The radius of the vesicles, the polydispersity of the
radius, the thickness of the lipid bilayer, and the parameters
determining the internal structure of the lipid bilayer were
calculated for three concentrations of PTNS in water. The
calculations were carried out with two different methods:
the form factor of a spherical inhomogeneous shell and the
method of separated form factors using two different mod-
els of the distribution of the photon scattering length densi-
ty. These methods of calculating the spectra give consistent
results, which demonstrate a decrease in the radius of the
vesicle, the thickness of the lipid bilayer, and the thickness
of the region of hydrocarbon chains with an increase in the
concentration of maltose in water. It is shown that a de-
crease in the thickness of the lipid bilayer with an increase
in the concentration of maltose occurs due to the interpen-
etration of hydrocarbon chains. The calculations were per-
formed using the computing infrastructure of the JINR LIT
Multifunctional Information and Computing Complex.
Kiselev M.A. et al. Analysis of the Vesicular Structure of
Nanoparticles in the Phospholipid-Based Drug Delivery System
Using SAXS Data // J. Surface Investigation: X-Ray, Synchro-
tron and Neutron Techniques. 2019. V.13, No. 1. P.111-116.
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00paboOTKH TaHHBIX B (DU3WKE BBHICOKMX SHEPTUN M UMEET
MHOTOJIETHIOIO UCTOPHIO YCIEIIHBIX pemeHuid. OqHaKo ¢
MTOSIBTICHUEM COBPEMEHHBIX HKCIICPUMEHTOB C TSKCITBIMU
HOHAMH, K KOTOPBIM OTHOCHTCS SKCIepuMeHT BM@N,
Bxoamuid B MeranpoekT NICA, BBINOTHEHHE CTaHAApT-
HOW TPOIIEAYPBI IPOCIICKUBAHUS TPEKOB MIPUBEIIO K OOJIb-
IIAM TPYTHOCTSM, BEI3BAHHBIM BBICOKOH MHOYKECTBEHHO-
CTBIO COOBITHIA 1, 0COOCHHO, UcIob30BaHneM B BM@N
GEM-/1eTeKTOpOB ¥3-3a BO3HUKHOBEHHUS OIPOMHOIO KO-
JIUYECTBA JIOKHBIX OTYETOB-(DEHKOB, YTO MPHUCYIIEC TAKHM
CTPHUTIOBBIM JIETEKTOPaM.

B paborte [1] npencraBieH 0OOHOBICHHBIH METO TPE-
KHHTa, KOTOPBIA SIBISICTCS CYIICCTBEHHBIM YIy4IICHHEM
MIPEABIYIIETO JABYXATAITHOTO TIONXOMA, TPEIIOKECHHOTO
HaMH B paboTe [2], OCHOBAaHHOIO Ha IMPEABAPUTCIEHOM
0TOOpE TPEKOB-KAHAMIATOB ITyTEM BBINIOJHCHUS HAIlpaB-
JICHHOTO TIOWCKa ¢ mcmonb3oBanneM KD-mepeBa mist mmo-
ClIe/lyIoIIei Kiaccu(puKauu 0TOOPaHHBIX TPEKOB-KaH U~
JIATOB TITyOOKUM HEHpOKIacCU(UKATOPOM, OTCCHBAIOIINM
JIOKHBIX KaHANUIATOB B TPEKH. B 0OHOBICHHOM METO/IE ATH
JIBa 3Tama OOBETUHSIOTCS B OIMH ITyTEM 3aMEHBI X PEKyp-
PEHTHON HEHPOHHOM CEThIO, KOTOPAst OIHOBPEMEHHO OIpe-
JeTSIeT, IPUHAIUIC)KAT HA0Op TOUCK HCTHHHOMY TPEKY HITH
HET, W TIPEJCKA3bIBACT, B KAKOW MaJIOW OONACTH CIeayIo-
el KOOPAMHATHOM IJIOCKOCTH AETEKTOpa UCKATh CIIEAYIO-
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Ui xuT Tpeka. [lokazaHo, 4to mpenaraemMblii OIHOATAI-
HBIA alTOPUTM C TIYOOKOH PEeKyppEeHTHOH HEHpOCeThIo
0C000i1 KOHCTPYKIINH U CIICIIATBFHON (DYHKIIHEH OITHOKH,
YUUTBIBAIONIEH CHIIBHYIO HecOalaHCHPOBAHHOCTH 00yda-
o1Iei BBIOOPKH, SBIISICTCSl OOJiee TOYHBIM, OBICTPBIM U HE
TpeOyeT CreuaibHON CTaNU PEABAPUTEIILHOI 00paboT-
k1. PaboTy Mozenu yaanoch CylecTBeHHO YCKOPHTS C T10-
MOIIIBIO CPEJICTB, NPEJOCTABISIEMbBIX CYIEPKOMIIBIOTEPOM
OUSIN «ToBopyH»: OblIa JOCTUTHYTa CKOPOCTH 00paboT-
ku 3483 608 TpeKoB-KaHAWIATOB B CEKYHIY Ha NIBYX BH-
neokaprax Nvidia Tesla V100. IIpencraBineHHBIE pe3yib-
TaThl HAIIETrO IOJXOMAA JJIsI CMOACTHPOBAHHBIX COOBITHI
nerekropa GEM BM@N nokazanu noBsienne sddex-
THUBHOCTH 00paboTku coObITHit 10 98,5 %.

1. Baranov D. et al. Catch and Prolong: Recurrent Neural
Network for Seeking Track-Candidates // Eur. Phys. J. Web Conf.
2019. V.201. P.05001.

2. Baranov D. et al. // CEUR Proc. 2017. V.2023. P.37-45.

One of the most important data processing problems
in high-energy physics is the problem of reconstructing tra-
jectories of elementary particles, tracks. It has a long histo-
ry of successful solutions. However, with the appearance
of modern experiments with heavy ions, which include the
BM@N experiment, a part of the NICA megaproject, per-
formance of the standard track following procedure caused
great difficulties due to the high multiplicity of events and,
especially, due to the use of the BM@N GEM strip detec-
tors with such an inherent disadvantage as the occurrence
of a huge number of false measurements, i.e., fakes.

The work [1] presents an updated tracking method
that is a significant improvement to our previous two-step
approach [2] based on the preselection of track candidates
by performing a directional search using the KD-tree al-
gorithm at the first step and accomplishing the subsequent
classification of selected track candidates by a deep neu-
roclassifier, which eliminates false track candidates, at the
second step. We have combined these two stages in one,
replacing them with a recurrent neural network, which si-
multaneously determines whether a set of points belongs
to the true track or not and predicts in which small area of
the next coordinate plane of the detector one can search for

the next track hit. It is shown that the proposed single-pass
algorithm with a deep recurrent neural network of a special
design and a special cost function, taking into account the
strong imbalance of the training set, is more accurate, fast,
and does not require a special preprocessing stage. The
work of the model was significantly accelerated with the
help of tools provided by the JINR “Govorun” supercom-
puter, reaching a processing speed of 3483 608 candidate
tracks per second on two Nvidia Tesla V100 video cards.
The presented results of our approach for simulated events
of the BM@N GEM detector have shown an increase in
the efficiency of event handling up to 98.5 %.

1. Baranov D. et al. Catch and Prolong: Recurrent Neu-
ral Network for Seeking Track-Candidates // Eur. Phys. J. Web
Conf. 2019. V.201. P.05001.

2. Baranov D. et al. // CEUR Proc. 2017. V.2023. P.37-45.






