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W3noxeHBI OCHOBHBIE PE3YJBTaThl, KOTOPHIE MPUBO-
JSIT K IOHUMAHUIO JBOMCTBEHHOM MPUPOIBI XUMHUECKOMN
CBSI3M B JIBYXaTOMHOM MOJIEKyJie OepHIIINS B OCHOBHOM

cocrosnnu X,Zg. TlokasaHo, 4TO aTOMbI GEpHILINS KO-
BQJCHTHO CBSI3aHBI HA HU3KOJICKAIIMX KOJIEOATETbHBIX
YPOBHSX YHEPIHH, TOTIA KaK Ha 6oJiee BBICOKMX OHU CBSI-
3aHbl cuiiamu Ban nep Baanbsca. BeicokoTouHble HEAIMMH-
pudeckue (ab initio) KBaHTOBO-MEXaHHUUYECKHUE DPACUYCTHI

Be, npusenu k pa3paboTke MOAM(UUMPOBAHHOKH paciuu-
PEHHOI MOTeHNHAaIbHON (YHKIMHU ocrmuriTopa Mopse,
BOCTIPOM3BOJIAIICH BCE ABCHAINATH KOJIeOaTEIbHBIX YPOB-
Hell sHeprud. JIBoiicTBeHHas MPUPOJAa XUMUYECKON CBSA3H
B Be, noarepkaaeTess HATMYUEM OCTPOTO YIvIa Ha IPUTS-
TUBAIOLIe BETBU KPUBOW MOTEHIIMAIa OCHOBHOT'O COCTOSI-
Hus. bonee Toro, 6b110 0OHAPYKEHO, UTO PENIATUBUCTCKHE
nonpasku Jlyrmaca—Kposia—Tecca Takke MOKa3bIBarOT
HAJIMYHE OCTPOTO yIila Ha 3aBUCHMOCTH IOTCHIMAia OT
MEXBSACPHOTO PACCTOSHHUA. PasHHIIa MEXIy JKCTparo-
JUPOBAHHBIMU 1 BBIYUCIICHHBIMH SHEPTHSIMH B3aHMMOICH-
CTBUSI ¢ MHOTOCCBUIOUHOW KOH(HUTypanueil B 3aBUCHUMO-
CTH OT MEXBSIEPHOTO PACCTOSHUS TAaKKe ITOKa3bIBACT
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0co0yro TOUKy B 3TOif xe obmactu. Ilpeacrasien pacuer
KoJIe0aTeTbHO-BPAIIATEIbHOTO CHEKTPa CBA3aHHBIX CO-
CTOSIHMH juMepa Oepuuisi B OCHOBHOM COCTOSIHUM JUIS
MOIU(UIIMPOBAHHOW  PACHIMPEHHON  MMOTEHIIMATBHON
¢dynkImn ocrpyuisiTopa Mop3e u Uit GyHKIUH, TTOTy4eH-
HOM co cieiitepoBckuMu opOutansmu. Ocoboe BHHMa-
HHUE yJIeJICHO pacueTaM KOMIUIEKCHBIX YPOBHEH 3Hepruit
KoJIe0aTeIbHO-BPAIIaTEIbHBIX METACTAOMIBHBIX COCTOS-
HUH U JJIMH pacCCsaHNs, BbIIOJIHECHHBIM BIICPBBIC. Taxxe
BIIEPBBIC IOJIyYEHbI TEOPETHUYECKHE OLEHKH BEPXHUX U
HIDKHHX SHEPTUil KosrebaTeIbHO-BpaIlaTeIbHBIX YPOBHEH
CBSI3aHHBIX M METAaCTaOMIBHBIX COCTOSHHNA. Takue pacue-
TBI B&KHBI JUISl JAIbHEHIINX SKCHEPHUMEHTOB IO Jia3ep-
HOW CIEKTPOCKONMHU aAnMepa OepHiuInsl ¥ MOJICITHpPOBa-
HUS €70 IPUTIOBEPXHOCTHOM n((y3UH B CBSA3U C U3BECT-
HBIM MHOFOq)yHKIJ,l/IOHaHbH])lM HCIIOJIb30BAHUECM CIIJIaBOB
OepuyuTis B MHHOBAIIMOHHBIX TEXHOJIOTHSAX 3JICKTPOHHOM,
KOCMUYECKOM M SIACPHOM NPOMBINUIEHHOCTH, BKJIIOYas
mpoext UTIP.

Mitin A.V., Gusev A.A., Chuluunbaatar G., Chuluunbaa-
tar O., Vinitsky S.1., Derbov V.L., Luong H.L. Dual Nature of
Chemical Bond and Vibration-Rotation Spectrum of the Be,
Molecule in the Ground XIZér State // Chem. Mater. Sci.: Re-
search Findings. 2025. V.2. P.100-133; https://doi.org/10.9734/
bpi/cmsrf/v2/4945.
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The review outlines the main results that lead to un-
derstanding the dual nature of the chemical bond in the

diatomic beryllium molecule in the ground XIZE state.
It is shown that beryllium atoms are covalently bound at
low-lying vibrational energy levels, while at higher ones
they are bound by van der Waals forces. High-precision

(ab initio) quantum mechanical calculations of Be, result-
ed in the development of a modified expanded Morse oscil-
lator potential function that contains all twelve vibration-
al energy levels. The dual nature of the chemical bond in
Be, is evidenced as a sharp corner on the attractive branch
of the ground state potential curve. Moreover, it is found
that the Douglas—Kroll-Hess relativistic corrections also
show a sharp corner when presented in dependence on the
internuclear separation. The difference between the extrap-
olated and calculated energies of multireference configura-
tion interaction in dependence on the internuclear separa-
tion also exhibits a singular point in the same region. The
calculation of the vibrational-rotational spectrum of the

bound states of beryllium dimer in the ground state for
the modified expanded Morse oscillator potential
function and for the function obtained with Slater-type
orbitals is considered. Special attention is paid to the first
calculations of metastable vibrational-rotational complex-
valued energy levels and scattering lengths, along the first
theoretical estimations of upper and lower border limits for
the calculated vibrational-rotational energy levels of bound
and metastable states. Such calculations are important for
further experiments on the laser spectroscopy of beryllium
dimer and for the modeling of its near-surface diffusion
in connection with the well-known multifunctional use of
beryllium alloys in innovative technologies of electronic,
space and nuclear industries, including the ITER project.
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tar O., Vinitsky S.I., Derbov V.L., Luong H.L. Dual Nature of
Chemical Bond and Vibration—Rotation Spectrum of the Be,
Molecule in the Ground XXy State // Chem. Mater. Sci.: Re-
search Findings. 2025. V.2. P.100-133; https://doi.org/10.9734/
bpi/cmsrf/v2/4945.
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KBazuynpyroe paccesiHue sBiseTcsl BAXKHEHIIUM Me-
TOJIOM M3YYECHHsI B3aUMHOTO BIIUSHUSI CIOKHOHW SIZIEPHOM
CTPYKTYphl W JUHAMUKHA PEAKIHUU. Pa3nudHbie (OpPMEI
KBa3HyNPYTUX CCUCHUN JEMOHCTPHUPYIOT CIICIIU(PIIECKIE
OCOOCHHOCTH CBSI3€H CO CTPYKTYpaMHU WM KaHAJTAMH pe-
akiuu. J{ns pelieHus ypaBHEeHU METojia CBA3aHHBIX Ka-
HaJIOB C KOMILUIEKCHBIMU TOTEHIIMATIaMHU, OMUCHIBAIOIINX
PCaKIUKM CHCTEM C MACCHBHBIMH SIPaMH, pa3paboTaHBI
KOMILIEKCBHI MPOrpamMM, peaju3yroliue METOJ KOHEUHbIX
anemerToB (MKD) Beicokoro mopsiaka. [Tokasano, 49To
MKD u meton R-marpuiisl 60oee cTaOUILHBI, 9Y€M YacTo
HCIIONIb3yeMblii MoxuduuupoBaHHblii Merox Hymeposa,
1 TI03BOJISIIOT BKJIIOYATh OOJIbIIE KOJIeOaTeIbHBIX M Bpa-

arenbHbIX cBazed. Pacuerwl peaxumii *8Ti+ 208Ph u
SV +248Cm nokasanu, 4TO MHOTO()OHOHHBIE M BBICO-
KOCTIMHOBBIE COCTOSIHHMS 3HAUUTENIBHO CIVIAXKHBAIOT pac-
npezienieHuss 0apbepoB, yiydilas COIIacHe C DKCIIEpH-
MEHTAJIbHBIMU JaHHBIMH. OTHU PE3yNbTaThl MOIYYECHbI B
corpynauuectse ¢ JIT®D, Kuraiickum MHCTUTYTOM aTOM-
HOU 3Hepruu, HCTUTYTOM MareMaTuku 1 U(pOBOI Tex-
Hostorut MAH (Mouronus) u CBOOOJHOTO yHHBEpCUTETA
bproccens (benbrus).

Wen P.W., Chuluunbaatar O., Descouvemont P., Gu-
sev A A, Lin C.J., Vinitsky S.I. Role of Multi-Phonon and High-
Spin States on the Quasi-Elastic Barrier Distributions of Massive
Systems // Phys. Lett. B. 2025. V.863. P. 139383.

ITpencTaBaeH METOJ BOCCTAHOBIECHUSI DHEpreTHUE-
CKOTO CIEKTpa HEHUTPOHOB IO pe3yJbTaraM H3MEpPEeHHUH
MHOT'OIIAPOBBIM criekTpomeTpoM bonHepa. Meton oc-
HOBaH Ha PEUICHUH CHUCTEMbl MHTETPAJBbHBIX YPaBHEHUI
@penronbma 1-ro posa ¢ HCHOIB30BAHUEM PETYIIAPU3ALUH
TuxoHOBa M PA3TIOKEHUH CIIEKTPA M0 OA3UCY CMEIEHHBIX
nosnHoMoB Jlexanzapa. lig moaydyeHUs ONTHUMAJIbHOTO
pelIeHns MPEIoKEH aJIrOpUTM BBIOOpa Tapamerpa pe-
TYISIPU3aIMN U KOJINYECTBA MOIMMHOMOB. CIIEKTpBI ObLTH
BOCCTaHOBIICHbI JJIs1 TOMEUICHUH BOJW3M yCTAaHOBKH
WPEH OUSIN B quana3oHe 3HAYCHUN YHEPTUHU OT 1078 o
63,1 M»1B. /Iy mony4eHHBIX CIIEKTPOB OLIEHEHBI Y dek-

THUBHAsI MOIITHOCTb 03Bl U MOIIHOCTh aMOMEHTHOTO 3KBHU-
BaJICHTa J103b1. [IpoBesieHO cpaBHEHME ¢ METO/IOM CTaTH-
CTHYECKOH perynsipusanuu (mporpamma Reconst).

Chizhov K., Beskrovnaya L., Chizhov A. Neutron Spectrum
Unfolding Method Based on Shifted Legendre Polynomials,
Its Application to the IREN Facility // Phys. Part. Nucl. Lett.
2025. V.22, No.2. P.337-340; https://link.springer.com/arti-
cle/10.1134/S154747712470239X#citeas.

Quasi-elastic scattering is a crucial method for study-
ing the mutual influence of a complex nuclear structure
and reaction dynamics. Different shapes of quasi-elastic
cross sections exhibit specific features of couplings to
structures or reaction channels. To solve coupled chan-
nel equations with complex-valued potentials describing
the reactions of massive nuclei, program complexes that
implement the finite element method (FEM) of high accu-
racy were developed. The FEM and R-matrix methods are
demonstrated to be more stable than the widely used mod-
ified Numerov method and allow one to include more vi-
brational and rotational couplings. Calculations of the re-
actions “8Ti + 208Pb and 3!V + 248Cm show that multipho-
non and high-spin states significantly smooth the barrier
distributions, improving the agreement with experimental
data. The results are obtained in collaboration with BLTP
JINR, the China Institute of Atomic Energy, the Institute of
Mathematics and Digital Technology of MAS (Mongolia),
and Université Libre de Bruxelles (Belgium).

Wen P.W., Chuluunbaatar O., Descouvemont P., Gusev A.A.,
Lin C.J., Vinitsky S. 1. Role of Multi-Phonon and High-Spin Sta-

tes on the Quasi-Elastic Barrier Distributions of Massive Sys-
tems // Phys. Lett. B. 2025. V.863. P.139383.

A method for unfolding the neutron energy spectrum
from the results of measurements with a Bonner multi-
sphere spectrometer is presented. The method is based on
solving the system of Fredholm integral equations of the
1st kind using the Tikhonov regularization and on decom-
posing the spectrum into shifted Legendre polynomials.
To obtain the optimal solution, an algorithm for selecting
the regularization parameter and the number of polynomi-
als is proposed. The spectra are reconstructed for rooms
near the IREN facility at JINR in the energy range from
108 to 63.1 MeV. The effective dose rate and the ambient
dose equivalent rate are estimated for the obtained spectra.
The results are compared with the statistical regularization
method (Reconst software).

Chizhov K., Beskrovnaya L., Chizhov A. Neutron Spectrum
Unfolding Method Based on Shifted Legendre Polynomials,
Its Application to the IREN Facility // Phys. Part. Nucl. Lett.
2025. V.22, No.2. P.337-340; https://link.springer.com/arti-
cle/10.1134/S154747712470239X#citeas.
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Corpynauku JIMT  paspabarbiBaror  BeO-cepBHC
MOSTLIT — wmHCTpyMEHT A7 aBTOMAaTH3alluk OOHapy-
JKEHUsI B KJICTOYHBIX SIpaxX paaualliOHHO-WHIYIUPOBaH-
HBIX (okycoB (PU®) u nocnenyromnero aHanmmsa ux Ia-
pamerpoB. CepBUC MPU3BaH ONTHMHU3UPOBATH 00PAOOTKY
SKCIIEPHMEHTANIBHBIX JAHHBIX, IOTyIaeMbIX B XOJI€ paiio-
OMOJIOTMYECKUX HMCCIIEN0BAaHUN, MPEIOCTaBIAsS HCCIeN0-
BarelisiM YI0OHBINH M 3P (EKTUBHBIN HHCTPYMEHTApUI ISt
ananmu3a PU®. PazpaboTka BemeTcst COBMECTHO C KOJIe-
ramu u3 JIPb OUSU, rocynapCcTBEHHOTO yHHBEpCHUTETA
«lyona» u ®MBL] um. A. . Bypuazsaa ®MBA Poccun.

Hns odnapyxenuss PUD Ha QayopecleHTHBIX H30-
6paxenusix MOSTLIT wucnons3yeT ABYyX3TamHBIN anro-
PHUTM, OCHOBAHHBII HAa METOAaX KOMIIBIOTEPHOTO 3PEHUS
n ryOokoro oOydenus. Takoi MMoaxo[ MO3BOJISET 3HAUH-
TEJIFHO YCKOPUTH 00pabOTKY JJaHHBIX, CBECTH K MUHAMY-
My OIIMOKH, CBS3aHHBIC C YEJOBEUECKHM (DaKTOpOM, H

MOJTyYUTh M300PaKCHUSI OTICIBHBIX KICTOK C BBISIBIICH-
HeIMH (hokycamu. Kpome Toro, BeG-cepBHC OTOOpa)kaeT
HCXOJHBIC U300PaKCHUS C TPOHYMEPOBAHHBIMH KJICTKA-
MU M aHAJTUTHYCCKYO0 UHPOPMAITHIO, TAKYIO KaK IUIOIA b
KJIeToK, konuuectBo PUD B kaxnoil kierke u ap. Bee
Pe3yIBTaThl JOCTYITHBI JUI CKaYWBaHUS B YIOOHOM TEK-
CTOBOM (hopmare, 4To oOecreynBaeT r'HOKOCTh H COBME-
CTHMOCTh C Pa3IMYHBIMU MPOTPAMMHBIMU CPEICTBAMU
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CTaTUCTHYECKON 00pabOTKM AaHHBIX, a TAKKE MPEIOCTaB-
JSIET BO3MOXHOCTh CKAaYMBaHHSA MPOAHAIM3HPOBAHHOTO
n300pakeHUs] ¢ OTMEYECHHBIMH (okycamu. Pa3paboTka
MOSTLIT opueHTHpOBaHAa Ha pacTyIIne MOTPeOHOCTH
yueHbIX B aHanuze nospexaeHuil JJHK. brnarogaps mac-
MTa0NUPyeMOH apXHUTEKType CepBHCA pa3pabOTUHKH CIIO-

COOHBI pacUPATh ero PyHKIIMOHA Ha OCHOBE OOPATHOM
CBSI3U OT mosb3oBaTesneil. Takol uTepaTUBHBIN MOAXOM K
pa3paboTke 00eCIeYMBACT JOITOCPOUHYIO aKTyalbHOCTh
n 3ddeKkTHBHOCTL cepBHCca Uil HAYYHOTO COOOIECTBA.
Beb-cepBuc pa3paboTaH 1 pa3BepHyT Ha 0a3€ HIKOCUCTEMBI
ML/DL/HPC rereporennoi miargopmbr HybriLIT u no-
cTyneH Ha caite http://mostlit.jinr.ru muis 3apeructpupo-
BaHHBIX I0JIb30BATElICH, OJKIIFOUEHHBIX K ceTn QM.

Shadmehri S., Bezhanyan T., Bondarev M., Streltsova O. 1.,
Zuev M. 1., Chigasova A., Osipov A., Vorobyeva N., Osipov A.N.
A Deep Learning Model for Automated Quantification of DNA
Repair Foci in Somatic Mammalian Cells // Phys. Part. Nucl.
2025. V.56, No. 6.

MLIT researchers are developing the MOSTLIT web
service, a tool to automate the detection of radiation-in-
duced foci (RIFs) in cell nuclei and subsequently analyze
their parameters. The service is designed to optimize the
processing of experimental data obtained during radiobi-
ological studies, providing researchers with convenient
and effective analysis tools. The team is working in col-
laboration with colleagues from LRB JINR, Dubna State
University, and the Federal Medical Biophysical Center
(Burnasyan SRC-FMBC FMBA).

To detect RIFs in fluorescent images, MOSTLIT uses
a two-step algorithm based on computer vision and deep
learning techniques. This approach enables to significantly
speed up data processing, minimize human errors, and ob-
tain images of individual cells with identified foci. In ad-
dition, the web service provides source images with num-
bered cells and analytical information, such as cell area,
the number of RIFs in each cell, etc. All results are avail-
able for download in a convenient text format, ensuring
flexibility and compatibility with various statistical data
processing software. The ability to download the analyzed
image with marked foci is also provided. The creation of

MOSTLIT is focused on the growing needs of scientists in
DNA damage analysis. Thanks to the service’s scalable
architecture, developers can expand its functionality based
on user feedback. This iterative approach to development
ensures the long-term relevance and effectiveness of the
service for the scientific community. The web service is
developed and deployed on top of the ML/DL/HPC eco-
system of the HybriLIT heterogeneous computing plat-
form and is available at https://mostlit.jinr.ru for registered
users connected to the JINR network.

Shadmehri S., Bezhanyan T., Bondarev M., Streltsova O. 1.,
Zuev M. ., Chigasova A., Osipov A., Vorobyeva N., Osipov A. N.
A Deep Learning Model for Automated Quantification of DNA
Repair Foci in Somatic Mammalian Cells // Phys. Part. Nucl.
2025. V.56, No. 6.
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