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IIpencraBiaeHsl OpUrHHANBHBIA METOM U QJITOPUTM B
cucreme Maple pemeHust 3ajaunm paccesHHs B OJHO-
KaHAJIbHOM TPHOJIMKEHHH METO/a CBSI3aHHBIX KaHaJIoB
onruueckoit moxenm (OM), omuchiBaeMOil OOBIKHOBEH-
HeIM 1 depennnansabiM ypaBHenuem (OJ]Y) Broporo
Hopsiika ¢ KOMIUIEKCHBIM TOTEHLHAIOM C PEryJsipHbIMU
IPaHUYHBIMU YCJIOBHUSIMH.

KommiekcHbIit MOTEHIMAl COCTOUT U3 H3BECTHOM
BEIIECTBEHHOM 4YacTH, MpPEACTaBILIOIIEH Cco00il cymmy
SIIEPHOTO MOTEHIIMANA, KyJIOHOBCKOTO MOTEHIMAaja U IeH-
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An original method and an algorithm in the Maple
system for solving the scattering problem in the sin-
gle-channel approximation of the close-coupling method
of the optical model (OM) described by a second-order or-
dinary differential equation (ODE) with a complex-valued
potential and regular boundary conditions were presented.
The complex-valued potential consists of the known real

part, which is a sum of the nuclear potential, the
Coulomb potential and the centrifugal potential, and the
imaginary part, which is a product of the unknown cou-
pling constant g(E), depending on the collision energy E
of a pair of ions and the derivative of the real part of the
known nuclear potential with respect to the ODE indepen-
dent variable. The algorithm implements the solution of
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TPOOEKHOTO TOTEHIMAaNa, U MHUMON YacTH, MPEICTaB-
JIIONIEH COOOM MPOU3BEJCHUE HEU3BECTHOW KOHCTAHTBI
cBs3u g(E), 3aBucseit ot SHepruH CTOIKHOBEHUS E mapbt
VOHOB, U IPOU3BOJHOM IEHCTBUTEIBHON 4acTU U3BECT-
HOTO SJICPHOTO TIOTEHIMANa 110 HE3aBHCUMOH IepeMeH-
Hoit OJ1Y. Anroput™m peanu3yeT pelieHne oOpaTHOW 3a-
Jlavd: BBIYMCIISICT HEM3BECTHYIO KOHCTaHTY cBsizu §(E) u
marpuiy paccesuus S(g(E), E) us ycnosus |S(g(E), E)?=
=1-|T(E)* MeTomOM CeKylIMX, MCHONb3ysd Ha KakIoM
I1are MeTo/la CeKyIlUuX pelleHue MPsIMOM 3a1aun pacces-
Hust 11 OM ¢ momorisio nporpammsl KANTBP 4M.

Awmrumatynel poxoxnaeHust T(E) n orpakenus R(E),
nopuuHenHsle yciosuto [R(E)2=1-|T(E)|> monxenu ¢ rpa-
HUYHBIMH ycsioBHsMH najaromieid Bonusl (IWBC), BbI-
YHUCIICHBI Takke ¢ moMomrsio mporpaMmel KANTBP 4M.
AnropuT™M 00ECIIeYMBaET B3aWMHO-OJHO3HAYHOE COOT-
BercTBUE Mex1y OM C KOMIUIEKCHBIM ITOTEHIAIOM
u mozpensto IWBC ¢ BemeCTBEHHBIM IOTEHIIHAJIOM.
D¢ HeKTUBHOCTD MPEUIOKEHHOTO MOAX0/[a MOKA3aHa YnC-
JICHHBIM pELICHUEM 3aJladi paccesHus M pacyeToM 3Ta-
JIOHHOTO CEUCHMS 3aXBaTa U METacTaOMIBHBIX COCTOSTHUN
Haphl TAKENbIX HOHOB 100+ 144Sm B oHOKaHATBHOM MPH-
OJIMKEHHH METO/1a CBSI3aHHBIX KaHAJIOB.

Gusev A.A., Chuluunbaatar O., Derbov V.L., Nazmitdi-
nov R.G., Vinitsky S.1., Wen P.W,, Lin C.J., Jia H.M., Hai L.L.
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Symbolic-Numerical Algorithm for Solving the Problem of
Heavy Ion Collisions in an Optical Model with a Complex Po-
tential // Lect. Notes Comput. Sci. 2023. V. 14139. P. 128-140.

B JIAT B pamMkax mnporpamMmsl COTPYZHUYECTBA
¢ Keiinraynckum ynusepcuretom (FOAP) mposeneno
UCCIIE0BaHUE CIIaboM3IyqalomuX CchepruuecKu-CHMMe-
TPUYHBIX OCLUIIOHOB B CKaISApHOM Mofenu ¢*. Ocuuio-
HBI — JIOKaJIN30BAHHBIE B IIPOCTPAHCTBE ITyIbCHPYIOIINE
KOH(UTYPAIUH TT0J1sI, BO3HUKAIOIIHE B LIEJIOM psife Moje-
Jel U3MKN BBICOKUX SHEPTUH W KOCMOJIOTHH.

[pennoxxeHHBI B paboTe aHaIM3 MPOCTPAHCTBEH-
HO-BPEMEHHOW CTPYKTYpPhl OCLMJIJIOHOB OCHOBAaH Ha MX
anMpoOKCUMAlMU CTPOTO NMEPHOANYECKHMMH IO BPEMEHHU
CTOSIMMMU BOJIHAMHU B IIape KOHEUYHOTO pajnyca, KOTOpbIe
BBIYUCIISIOTCS KaK PEIIeHUs] JBYMEPHON MEepUOINYECKON
KpaeBoil 3amaun. UHMCIEeHHOE HCCIIENOBaHHE CBOAMTCS K
MIPOIOJIKEHUIO JIOKAJIM30BAHHBIX PEIICHUI KpaeBoi 3aa-
YH TI0 TIEPHOY KOJIeOaHus C UCIIOIb30BaHUEM HBIOTOHOB-
CKUX UTEpAlMi MpU KaXKIOM (PUKCHPOBAHHOM 3HAYCHUH
rmeproaa. YCTOWYMBOCTH IIONyYEHHBIX TaKUM 00pa3oMm
penieHnit K MaibIM CeprUIeCKH-CHMMETPHIHBIM BO3MY-
LIEHUSIM KJIaCCU(PUITPYETCsl IyTEM BBIYHCIICHHS ACCOIIN-
UPOBaHHBIX MHOXUTeNEH Dioke.

B pabote moka3aHO COCYyIIECTBOBAaHHE HEIMHEHHBIX
BOJIH C DKCIIOHEHIIMAILHON U CTENEHHOH JIOKaIU3alHen,

the inverse problem, i.e., it calculates the unknown cou-
pling constant g(E) and the scattering matrix S(g(E), E)
from the condition |S(g(E),E)[?=1-|T(E)|* by means of
the secant method using at each step of the secant method
the solution of the direct scattering problem for the OM
with the help of the KANTBP 4M program.

The required amplitudes of transmission T(E) and re-
flection R(E), subject to the condition |R(E)[>=1—|T(E)J?
of the model with incoming wave boundary conditions
(IWBCs), are also calculated by the standard KANTBP
4M program. The algorithm provides a one-to-one corre-
spondence between the OM with a complex-valued poten-
tial and the model of IWBCs with a real-valued potential.
The efficiency of the proposed approach is shown by nu-
merically solving the scattering problem and calculating
the reference fusion cross section and metastable states for
a pair of heavy ions 10+ 144Sm in the single-channel ap-
proximation of the close-coupling method.

Gusev A.A., Chuluunbaatar O., Derbov V.L., Nazmitdi-
nov R.G., Vinitsky S.1., Wen P.W.,, Lin C.J., Jia H.M., Hai L.L.
Symbolic-Numerical Algorithm for Solving the Problem of
Heavy Ion Collisions in an Optical Model with a Complex Po-
tential // Lect. Notes Comput. Sci. 2023. V. 14139. P. 128-140.

A study of spherically symmetric oscillons in the sca-
lar model ¢* was carried out at MLIT within the framework
of the cooperation programme with the University of Cape
Town (RSA). Oscillons are spatially localized weakly ra-
diating oscillatory field configurations occurring in a broad
range of models of high-energy physics and cosmology.

The proposed analysis of the spatiotemporal structure
of oscillons is based on their approximation by periodic
standing waves in a ball of a finite radius, which are deter-
mined as solutions of a boundary value problem posed on
a two-dimensional periodic domain. The numerical analy-
sis consists in the continuation of localized solutions in the
period of the wave, with the Newtonian iteration employed
at each value of the period. The stability of the resulting
solutions against small spherically symmetric perturba-
tions is classified by evaluating the associated Floquet
multipliers.

The study established the co-existence of nonlinear
waves with exponential and power-law localization. The
latter solutions emerge from the continuation of linear os-
cillations to larger amplitudes. The energy—frequency dia-
gram of the exponentially localized waves features a series
of resonant spikes. The standing waves associated with the
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TOCTIETHNAE U3 KOTOPBIX MPEACTABISAIOT COOOH MPOoIIKe-
HUE JINHEHHBIX KOJIeOaHUH B CTOPOHY YBEIMUECHUS aMILIN-
TyZbl. 3aBUCUMOCTD SHEPTHH HKCIIOHCHIMAIBHO JIOKAJIN-
30BaHHBIX CTOSYUX BOJIH OT MX YaCTOTBI XapaKTEPU3yeTCs
HaJIM4YHEM PE30HAHCHBIX ITUKOB, B OKPECTHOCTH KOTOPBIX
pelnIeHns yKa3aHHOTO THIA OU(ypKUPYIOT U3 cado JIoKa-
JU30BaHHBIX BOJIH MyTeM yABOeHUs mepuona. IlokasaHo,
YTO CTOSYME BOJIHBI, BO3HHUKAIOUIUE B IIAPE AOCTATOYHO
OO0IBIIOTO pajiyca, yCTOHYMBBI B IIMPOKUX WHTEpBaax
4acToT.

Pacuersr npoBogunmck Ha miardopme HybriLIT u ¢
MOMOIIBI0 cynepkoMmnbroTepa «l'osopym» MUBK OUAN.

Alexeeva N. V., Barashenkov I.V., Bogolubskaya A.A., Zem-
lyanaya E.V. Understanding Oscillons: Standing Waves in a
Ball // Phys. Rev. D. 2023. V.107. P.076023.

PaccmarpuBaercss MH(pOpPMAIMOHHAST  TEXHOJIOTHS
NPOEKTUPOBAHMS POOACTHON HHTEIJIEKTYaIbHON CHCTEMBI
yrnpaBieHus Ha 0a3e KBaHTOBOTO aJIrOpUTMa HEYETKOTO
BbIBOJIa. [IprMeHeHue pa3paboTaHHON METOIOIOTHH ITPO-
€KTUPOBAaHUsI OCHOBAHO Ha KBAaHTOBOM CaMOOPIaHU3ALUU
HETOUYHBIX 0a3 3HAaHUH HEUETKUX PEryasTOPOB U MPUBOAUT
K TOBBIILICHUIO YPOBHS POOACTHOCTH WHTEIUICKTYallb-
HBIX CUCTEM YIPABICHUS B HENIPEIABUIEHHBIX CUTYaLUsIX.
IIpoBoauTcsl cpaBHEHHE pE3yabTATOB MAaTeMaTHYECKOIO
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MOZIEINPOBAHUS ¥ (PU3NIECKOTO SKCIIEPUMEHTA Ha IPHMe-
pe aBTOHOMHOTO po0OTa B BUJIE CUCTEMBI «IIEPEBEPHYTHIN
MasTHUK — JABIKyIIasics Kaperka». IlomyueHo skcnepu-
MEHTAJIHOE MTOATBEPK/ICHNE CYIIECTBOBAHNS CHHEPTETH-
yeckoro 3ddexra popmupoBaHus podACTHOTO camoopra-
HU3YIOLIErocs HEYETKOr0 PETYNIATOpa U3 KOHEUHOTO Yucia
HEpOOACTHBIX HEUETKHX PETYIATOPOB B pealbHOM BpeMe-
Hu. [lomydeHHblid 3G peKT OCHOBaH Ha CYIIECTBOBAHUH
CKpPBITOW KBAHTOBOM MH(OpMALINH, U3BJIEKAEMOMN U3 Kiac-
CHUYECKHX COCTOSHUII MPOLIECCOB U3MEHEHUSI BO BPEMEHU
KO3 (PUIIMEHTOB yCWICHHS PETYIATOPOB. BbIBemeHHBIN
3aKOH KBaHTOBOW HMH(MOPMAIIMOHHOW TEPMOAMHAMUKI
YCTaHaBIMBACT BO3MOXKHOCTH (POPMHUPOBAHHS TEPMOAHU-
HAMUYECKOH CHIIBI YNPaBICHUS 3a CUET W3BICYCHHOIO
KOJTMYECTBA CKPBITOW KBAHTOBOW WMH(OPMAIMHM U COBEP-
ICHUS JIOTIOJTHUTEILHOM TT0JIE3HON paboThl, YTO rapaHTH-
pyeT DOCTHKEHHE LIeNN YIpaBIeHUs Ha 0a3e MMOBBIIICHUS
YPOBHS pOOAaCTHOCTH CaMOOPTaHU3YIOIIEr0Csi KBAHTOBOTO
perymstopa. IIpin 3TOM KOJHYECTBO COBEPIIEHHON 00b-
€KTOM YIIpaBJICHHs MOJIE3HON paboThl (Ha MaKpOypOBHE)
MIPEBEIMIACT KOIMYECTBO PabOTHI, 3aTpadyeHHO (Ha Mu-
KpPOYPOBHE) KBAHTOBBIM CAMOOPTaHHU3YIOIIMMCS PEryis-
TOPOM Ha U3BJICYCHNE KBAHTOBOW MH(OPMAIMH, CKPBITOM
B PEAKLMSIX HETOYHBIX 0a3 3HAHMH, 0€3 HapyIIeHHs BTOPO-
T0 HH(POPMALMOHHOTO 3aKOHA TEPMOANHAMUKHI OTKPBITBIX

resonances prove to be born in the period-doubling bifur-
cations of the weakly-localized waves with higher fre-
quencies. The energy—frequency diagram for a sufficiently
large ball displays sizeable intervals of stability against
spherically symmetric perturbations.

The computations were performed on the HybriLIT
platform and using the “Govorun” supercomputer of the
JINR MICC.

Alexeeva N. V., Barashenkov I.V., Bogolubskaya A.A., Zem-
lyanaya E.V. Understanding Oscillons: Standing Waves in a
Ball // Phys. Rev. D. 2023. V.107. P.076023.

The information technology of a robust intelligent
control system design based on a quantum fuzzy inference
algorithm is considered. The application of the developed
design methodology rests on the quantum self-organiza-
tion of the imperfect knowledge bases of fuzzy control-
lers and leads to an increase in the robustness of intelli-
gent control systems in unpredicted situations. The results
of mathematical modeling and a physics experiment are
compared using the example of an autonomous robot in
the form of a “cart-pole” system. The experimental confir-
mation of the synergistic effect existence to form a robust

self-organizing fuzzy controller from a finite number of
nonrobust fuzzy controllers in real time is obtained. The
resulting effect is based on the existence of hidden quan-
tum information extracted from the classical states of the
processes of time-varying gain coefficients of the control-
lers. The derived law of quantum information thermody-
namics establishes the possibility of forming a thermody-
namic control force due to the extracted amount of hidden
quantum information and performing additional useful
work, which guarantees the achievement of the control
goal based on enhancing the robustness of a self-organiz-
ing quantum regulator. At the same time, the amount of
useful work performed by the control object (at the macro-
level) exceeds the amount of work spent (at the micro-
level) by a quantum self-organizing regulator to extract
quantum information hidden in the responses of imperfect
knowledge bases without violating the second thermody-
namics information law for open quantum systems with
the information exchange of entangled supercorrelated
states. A specific example of an autonomous robot devel-
oped at MLIT is given, demonstrating the existence of the
quantum self-organization synergistic effect of imperfect
knowledge bases.
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KBAaHTOBBIX CHCTeM ¢ oOMeHOM HH(popMmanueil 3amyTaH-
HBIX CYNEPKOPPEIUPOBAHHBIX COCTOSHUMN. [IpuBeneH KoH-
KPETHBIN MpUMEp aBTOHOMHOTO poOoTa, pa3paboTaHHOTO
B JIUT, neMoHCTpUpYIOLUI CYLIECTBOBAHUE CHUHEPIETH-
geckoro »(@exra KBAaHTOBOH CaMOOPTaHW3AaIMH HETOY-
HBIX 0a3 3HaHMI.

Pewemnuros A. I, Yavanoe B. C., Yivanos C. B. PobactHoe
UHTEJUICKTYaJIbHOC yIIPABJICHUE aBTOHOMHBIM pOGOTOM: Ksanro-

Basi CAMOOPraHM3aLys HETOUYHBIX 0a3 3HAHUI — IKCIIEPUMEHT //
3. PAH. TuCV. 2023. Ne5. C. 127-146.

VccrnenoBanne B3aMMOMACHCTBHA (EMTOCEKYHIHBIX
JIa3epPHBIX HMMITYJIbCOB C BEIIECTBOM SBISICTCS BaKHBIM
B CBA3M CO MHOTUMH (yHIaMEHTAIBHBIMHU ITpoOIeMaMu
((pm3rKa HEpaBHOBECHBIX IPOIIECCOB, TEHEPAITHS YAAPHBIX
BOJIH, JIA3€PHOE YCKOPEHHE MOHOB | T. 1.). B HacTosmee
BpEMs BO3pacTaeT HEOOXOIUMOCTb B CO3J[AHUH U COBEp-
IIEHCTBOBAHUH JI0CTOBEPHBIX (PU3MUECKUX MOJIEIICH, CIIO-
COOHBIX ONWCBHIBATh PA3IMYHBIC MPOLECCH B BEIIECTBE.
IIpu 3TOM KOMIIBIOTEPHOE MOJEIMPOBAHUE 3aHUMAET CEM-
Yac OIHO M3 IVIABHBIX MECT B MCCIICIOBAHUN TAKNX 3a/1ad.

B pa6orte mpemmoxena MonupUKaIys MOACTH TePMH-
geckoro mmka (MTII), Gasupyromasics Ha CHCTEME JABYX
CBSI3aHHBIX THIEPOOIINYECKUX yPaBHEHHH TETIIONPOBOJ-
HocTu. [lelicTBuEe na3epa B 3JEKTPOHHOM ra3e y4YTEHO
yepe3 (DYHKIHIO MCTOYHHUKA, KOTOPYIO BHIOpai B BHIE
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JBOWHOTO (heMTOCEKYHJHOTO JIA3EPHOTO UMITYNbca. B rH-
nepoonmueckod MTII B ommmume oT mapaboiuyuecKoi
MTII npucyTCTBYIOT JONOJHUTEIBHBIE TApAMETPBI, KOTO-
pBIe XapaKTepu3yloT BpeMeHa pelaKCaIliy MMOTOoKa Teria
B JIEKTPOHHOM ra3e U KPUCTaNINUYeCKON pelIeTKe.

[IpoBeneHbl YMCIEHHOE UCCIIEIOBAHUE PELLEHUH Ma-
padoINYeCcKOro U rurnepOOINIYecKOro ypaBHeHUH MOJIeNn
TEPMHYECKOTO TIMKA ITPH OJMHAKOBBIX (PU3NYECKUX T1apa-
MeTpax M CPaBHUTEIbHBINH aHAJIN3 TTOyYEHHBIX Pe3yJIbTa-
TOB.

Amupxanos U. B., Capxados H., Tyxaues 3. K. Uncnennsie
PE3YJIbTAThl TCIJIOBLIX ITPOILIECCOB, BOSHUKAIOIINUX B MaTepUuaiax
MpH  BO3ICHCTBUHM (EMTOCEKYHIHBIX JIA3€PHBIX HMITYIBCOB.
IIpenpunr OUSIN P11-2023-52. yOHa, 2023; IloBepXHOCTb.
Pentren., CHHXpOTp. U HEUTPOH. HMccield. (IPUHATO K ITyOnn-
Kalumn).

Reshetnikov A.G., Ulyanov V.S., Ulyanov S.V. Intelligent
Robust Control of an Autonomous Robot: Quantum Self-Organi-
zation of Imperfect Knowledge Bases — Experiment // J. Com-
put. Syst. Sci. Intern. 2023. No.5. P. 127-146 (in Russian).

The study of the interaction of femtosecond laser puls-
es with matter is important due to many fundamental prob-
lems (physics of nonequilibrium processes, generation of
shock waves, laser acceleration of ions, etc.). Currently,
there is an increasing need to create and improve reliable
physical models capable of describing various processes
in matter. At the same time, computer modeling now occu-
pies one of the main places in the study of such problems.

The paper proposed a modification of the thermal
peak model (TPM) based on a system of two coupled hy-
perbolic heat conduction equations. The action of the la-
ser in the electron gas was taken into account through the
source function, which is chosen in the form of a double
femtosecond laser pulse. In the hyperbolic TPM, in con-
trast to the parabolic TPM, there are additional parameters
that characterize the relaxation times of the heat flux in the
electron gas and the crystal lattice.

A numerical study of the solutions of the parabolic
and hyperbolic equations of the thermal peak model for
the same physical parameters and a comparative analysis
of the results obtained were carried out.

Amirkhanov 1.V., Sarkhadov I., Tukhliev Z.K. Numerical
Results of Thermal Processes Occurring in Materials under the
Action of Femtosecond Laser Pulses. JINR Preprint P11-2023-
52. Dubna, 2023; J. Surf. Invest.: X-Ray, Synchrotron Neutron
Techn. (in Russian) (accepted).






