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I'enepatuBHBIH UU N1si 00IBIIHX MOae/IeH H ITH(PPOBLIX
OBOMHHUKOB

A.Boukhanovsky, ITMO University, St.-Petersburg

Methodology for the use of neural networks in the data analysis
of the collider experiments

L.V.Dudko, Lomonosov Moscow State University, Moscow

Most of the modern data analysis in the collider experiments uses multivariate
methods. The application of neural networks in such analysis has different steps.
Possible optimizations for each step are discussed in the talk. The general recipes
for the steps can move application of neural networks from state of the art stage to
.deterministic procedure.

Machine Learning in Gamma Astronomy

A.Kryukov, Lomonosov Moscow State University, Moscow
A.Demichev, Lomonosov Moscow State University, Moscow

Imaging Atmospheric Cherenkov Telescope (IACT) capture images of extensive air
showers (EAS) generated by gamma rays and cosmic rays (charged particles) as
they interact with the atmosphere. The much more frequent events associated with
charged particles form the main background in the search for sources of gamma
radiation, and therefore the sensitivity of IACTs to a large extent depends on the
ability to distinguish between these two types of events. A conclusion about the
properties of a primary high-energy particle can be drawn from the images in the
telescope camera of the EAS which it initiated. In addition to classification (gamma
or charged particle), its properties, such as energy and direction of arrival, can be
estimated. Recently, along with the previously developed special methods of
appropriate data processing to identify events with gamma rays and determine their
parameters, methods based on deep learning have been successfully applied. These
techniques, as applied to the analysis of IACT data, are the main subject of this
survey report. After very short background information on Cherenkov telescopes
and methods for analyzing their data without using deep learning, we discuss the
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existing deep learning methods for analyzing IACT data, both for classifying the
types of detected particles and background rejection, as well as for determining EAS
parameters. Showers initiated by gamma rays accounts for an insignificant fraction
of the total number of observed EASs, while the background of showers induced by
cosmic rays (charged particles) predominates. Therefore, the problem of effective
background rejection by deep learning methods is extremely important and is
discussed in details. Obtaining the parameters of the reconstructed gamma-ray
events, such as the energy and direction of arrival, is the central task of this entire
area of research, since it allows one to obtain information about the physical
processes in the sources of these gamma rays and, as a result, about the important
physical processes in the Universe. We also consider the possibility of using
generative neural networks for fast modeling of images of gamma and proton events
in IACT cameras, which can significantly speed up and improve the efficiency of
experimental data processing. In addition, we shortly discuss two specialized free
software packages developed for analyzing IACT data using deep learning methods
(available on git-sites). The CTLearn software provides a backend for training neural
networks to reconstruct IACT events using TensorFlow. The goal of the Gammal.earn
project is to find and build optimal neural networks for classifying gamma/cosmic
rays and reconstructing gamma-ray parameters in combination with user tools for
their easy launch and suitability for various experiments. In the conclusions the
main learnings from the works considered in the review are presented.

MeToOabI IJIy0DOKOT0 O0OYy4eHHsI IJIsI 3aJa4 IMOCTPOEHUsI
«ITA(PPOBBLIX TBOMHHUKOB» TEXHOJIOTHYECKHX IIPOIECCOB

M.H. TletpoBckuu, BMK MI'Y, Mocksa
N.C. Jlazyxun, BMK MI'Y, MockBa

«InppoBOY ABOMHUK>» TEXHOJIOTUUECKOI'0 IIpOliecca npeacTaBisieT COO0M KOMIIIEKC
MaTeMaTU4YeCKUX MOfeJsiel, ITI03BOJISIONINX: OIIpeaesisiTh Ka4YeCTBEHHbIE U
KOJIN4YeCTBEHHbIE 3aBUCUMOCTU MeXKAY IlapaMeTpaMu IIpollecca; IPOrHO3UPOBaTh
3HAYeHUSI KOHTPOIUPYEMBIX U HabO/II0gaeMbIX ITapaMeTpPoOB B IUHAMUKE B
3aBUCHUMOCTHU OT TEKYILIETO COCTOSTHUS Ipollecca U YIPaBIAOIINX BO3EeCTBUN;
BBISIBJISITh CKPBHITHIE 3aBUCHUMOCTH, COCTOSIHUS U (paKTOPHI, BIUAIOIINE Ha
TEXHOJIOTUYECKUM IIPOIIECC; Peajin30BbIBaTh BLIOOP OMITUMAJILHBIX YITPABIISIOIINX
BO3[E€UCTBUM B 3aBUCUMOCTH OT LleJier U orpaHu4YeHui. [Ipu ucnonb3oBaHuM
METO[IOB MAIlIMHHOTO 00y4YeHUs AJIsI TOCTPOEHUSI TaKUX MOIeiel BXOTHOMN
nHopMalen IBISI0TCS MHOTOMEPHBLIE BpeMEHHbBIE PSObl TOKa3aHUM JaTYUKOB
ITPOMU3BOOCTBEHHOM CUCTEMBI, OCYILECTBISIONIEN TEXHOIOTUYECKUU IPOIIECC.
HacTosuuit gokian MOCBSIIEH OILITY Ppa3paboTKU U BHEIPEHUS TAaKOT0 «IIM(POBOTO
OBOMHUKA» [JIA IIpollecca KpekKuHra Hedptu. KimiouyeBbIMUM KOMIIOHEHTAMU
pa3paboTaHHBIX TEXHOJIOTUM SIBJISIIOTCSI: KOMITJIEKCHBIE METOOBI CTaTUCTUYECKOT O
aHasM3a, BU3yaau3aluu 1 IIpeao0paboTKU HaHHBIX, BK/IIOUas PEIIeHus 3agayd
BbIOOpa MePUO0B CTAaOUIFHOM pabOTH YCTAHOBKHU, BHISIBJIEHUS apTedaKToOB,
BLIOPOCOB U cO0€eB PabOTH MATUYNKOB; M3BJIeUeHe ITPU3HAKOB ITyTeEM NPUMEHEHUST
TPAAUIIUOHHBIX METOAOB CTAaTUCTUYECKOTO aHa/In3a, a TaKXKe MeTOOOB MAaIllMHHOTO
00y4YeHUS Ha OCHOBE IPalUEeHTHOr0 OYCTUHTa; MOCTpoeHre nudhepeHIIuPyeMbIX
IIPOTHO3HBIX MOfieJiell Ha OCHOBE COBPEMEHHBIX HEUPOCTEM TITyO0KOT0 00yUeHUs OJIsd
IIPOrHO3a 3HaYeHUM KOHTPOJIMPYEMBIX ITapaMeTPOB B 3aBUCUMOCTHU OT TEKYILEro
COCTOSIHUS U YIIPaBI€HUS; IPUMEHEeHNEe OaHHbIX JUuddHepeHInpPyeMbIX HEUPOCETEBBIX
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MopeJiel B KaueCTBe OTpaHUYEeHUM, 11eJIeBbIX PYHKIIUY U YPaBHEHUM COCTOSTHUS IJIS
pelleHus 3agadyy ONTUMAJILHOTO YIIPABJIEHUS C UCIIOJIb30BAaHUEM ITOOXOI0B
00y4eHUs C MMOgKpeIIeHueM U KJIaCCU4YeCKOoro MeTofa nmpuctpenku (shooting
method).

BBICOKONIPOM3BOAUTE/ILHbIE KOMIIBIOTEPHbIE CHCTEMbBI B 3aJadax
MAIIIUHHOT O O0Oy4YeHHU st

Sponsor report

A.Moskovsky, RSK, Moscow
Track 1. Machine Learning in Fundamental Physics

23. Generating Synthetic Images of Gamma-Ray Events for
Imaging Atmospheric Cherenkov Telescopes Using Conditional
Generative Adversarial Networks

Ju.Dubenskaya, SINP MSU (Moscow),

A.Demichev, SINP MSU (Moscow), E.Gres, IGU (Irkutsk), A.Kryukov, SINP MSU
(Moscow), S.Polyakov, SINP MSU (Moscow), D.Zhurov, IGU (Irkutsk), A.Vlaskina,
SINP MSU (Moscow)

In recent years, machine learning techniques have seen huge adoption in astronomy
applications. In this work we discuss the generation of realistic synthetic images of
gamma-ray events similar to the ones taken by Imaging Atmospheric Cherenkov
Telescopes (IACTs) using the generative model called conditional generative
adversarial network (cGAN). The big advantage of the cGAN technique is the much
faster generation of new images compared to the standard Monte Carlo simulation.
But in order to use cGAN-generated images in a real IACT experiment, we need to
ensure that these images are statistically indistinguishable from those generated by
the Monte Carlo method. In this work we present the results of a study on
comparing the parameters of cGAN-generated image samples with the parameters
of image samples obtained using Monte Carlo simulation. The comparison is made
by the so-called Hillas parameters, which form a set of geometric features of the
event image, widely used in gamma-ray astronomy. Our study shows that the key
point is the proper preparation of the training set for the neural network. The
properly trained cGAN not only generates individual images well, but also well
reproduces the Hillas parameters of the entire sample of generated images. Thus,
machine learning simulations are a good alternative to time-consuming Monte Carlo
simulations, and it is also fast enough to meet the growing demand for synthetic
images in IACT experiments.

8. Generation of the ground detector readings of the Telescope
Array experiment and the search for anomalies using neural
networks

R.Fitagdinov, MIPT (Moscow region), INR RAS (Moscow)
I.Kharuk
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OCHOBHOM IeJIbI0 JaHHOM paboThl OBIJIO pa3padoTaTh MOOENIH IS FeHepaluu
TTOKa3aHUM MOBEPXHOCTHOTO JeTeKTopa C HaubOOoIbIlled aMIJIMTyqON U OJIst
sKcriepuMeHTa Telescope Array c mOMOIIBIO HEMPOHHEIX ceTel. [laHHEIE,
HCIOJIb3yeMble IOJisd 00y4YyeHUus: Mofesiu, ObIIN MOJIyYeHbl C TOMOIIIbI0 MeToma MoHTe-
Kapio. [Ins moCcTUXKeHUs JaHHOM 11eJ ObIIN HalKucaHbl TeHEPaTUBHO
COCTsI3aTeIbHEIE CeTU BacepiiTeliHa ¢ rpagueHTHBIM ITpadoM. By noaydeHs
BHU3yaJIbHO MOX0XKMe IaHHbIe. brina HanmrcaHa QyHKIXS IIOMCKa aHOMalIui, KoTopast
II03BOJIUJIa HE TOJILKO HCKAaTh PACXOXKAEHUS pealbHbIX U CMOJEJIMPOBAaHHBIX JaHHBIX,
HO ¥ BOCIIPOM3BOOUTL JaHHHBIE OJIM3KME K 3alaHHLIM. 3ajlavyaMi OaTbHEUIIINX
HCCIIeqOBaHUM MOTYT CTaTh HallMCaHUE TeHePaTUBHO COCTSA3aTeJIbHOU CETH [JIS BCeX
IIOBEPXHOCTHHIX IETEKTOPOB, @ HE TOJILKO [JIsI MEeTEKTOpPa C HauOOIbIIel aMILIUTyoON
curHasna. TakuM oO6pa30oM 3Ta MOIENb MOXKET OBITh XOPOIllel aTbTePHATUBON METOLY
MoHTe-Kapro, KOTopsIt ceridac nmpuMeHseTcs. Ee mpeuMyliliecTBOM mepen HUM
MOZKET CIIyKUTh CKOPOCTh, KOTOPas OTIMYaeTCSA Ha HECKOJILKO ITIOPSOKOB.

40. Neural network approach to impact parameter estimation in
high-energy collisions using the microchannel plate detector
data

K.Galaktionov (SPbSU, St.-Petersburg),
V.Roudnev, F.Valiev

Evaluation of the impact parameter (which is the distance between the trajectories
of the colliding particles) in a single event in high-energy ion collisions is an
important problem in data analysis in particle physics, since the impact parameter is
crucial for understanding the dynamics of these collisions and is essential for
extracting information about the properties of nuclear matter. In this work, we
present the study of a neural network approach in estimating both the value of the
impact parameter and the class of collisions (head-on or peripheral collisions). We
have modeled and investigated the response of the detectors based on microchannel
plates proposed in [1], using the $\mbox{Au}+\mbox{Au}$ collision dataset, at
energies $\sqrt{s { NN} }=11\mbox{ GeV}$ obtained by the QGSM MC event
generator. We have used the spatial distribution of particles and their time-of-flight
data as event features, and we have shown that adding the information about time-
of-flight of particles to such event characteristics as the number of registered hits
and the average angle of hits on the detectors improves the quality of the impact
parameter evaluation. Moreover, by comparing two detector systems with different
pseudorapidity acceptance $(3.5 \eta 5.8 \mbox{ and } 4.4 \eta 5.8)$, we have
shown that wider interval significantly improves the results. In the course of studies
on this data set, the proposed algorithm was able to successfully classify more than
98\% of $\mbox{Au}+\mbox{Au}$ head-on collision events with an impact
parameter of less than 5 fm and can be further useful as a fast trigger system. We
also discuss further developments and improvements for possible applications of this
technique in future experimental setups. 1] A.A. Baldin, G.A. Feofilov, P. Har’yuzov,
and E.F. Valiev. Fast beam-beam collisions monitor for experiments at nica. Nuclear
Instruments and Methods in Physics Research Section A: Accelerators,
Spectrometers, Detectors and Associated Equipment, 958:162154, 2020.
Proceedings of the Vienna Conference on Instrumentation 2019

28. The selection of rare gamma event from IACT images with
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deep learning methods

E.Gres (IGU, Irkutsk)

A.Demichev (SINP MSU, Moscow), Ju.Dubenskaya (SINP MSU, Moscow), A.Kryukov
(SINP MSU, Moscow), S.Polyakov (SINP MSU, Moscow), D.Zhurov (IGU, Irkutsk),
A.Vlaskina (SINP MSU, Moscow)

Imaging Atmospheric Cherenkov Telescopes (IACT) of gamma ray observatory
TAIGA detect the Extesnive Air Showers (EASs), originating from the cosmic or
gamma rays interactions with the atmosphere. Thereby telescopes obtain images of
the EASs. The ability to determine the gamma rays from hadronic cosmic ray
background in images is one of the main features of this type of detectors. However,
in actual IACT observations simultaneous observation of the background and the
source of gamma ray are needed. This observation mode (called as Wobbling)
modifies the images of events, which affects the quality of selection by neural
networks. Thus, in this work the results of the application of convolutional neural
networks (CNN) in image classification task on MC images of TAIGA-IACTs are
presented. The Wobbling mode are considered together with the image adaptation
for adequate analysis by the CNN. Also taking into account all necessary image
modifications the estimation of the quality selection by the CNN for the rare gamma
events selection in MC simulation are given.

6. Preliminary results of neural network models in HiSCORE
experiment

A.Kryukov (SINP MSU, Moscow),

A.Vlaskina (SINP MSU, Moscow), A.Demichev (SINP MSU, Moscow), Ju.Dubenskaya
(SINP MSU, Moscow), E.Gres (IGU, Irkutsk), S.Polyakov (SINP MSU, Moscow),
D.Zhurov (IGU, Irkutsk)

The paper presents preliminary results on determining the direction of the EAS axis
in experiments representing an array of Cherenkov detectors. An example of such a
facility is the HiSCORE facility deployed near Baikal lake as part of the TAIGA
experiment. Two approaches have been considered. One is based on the
representation of the time of registration of signal arrival by stations in the form of
an image, which is processed using a convolutional network. Another approach is to
allocate a subset of the same number of triggered stations in each events, which
includes data on the location of stations relative to each other and the relative time
of signal registration. The analysis is performed using a fully connected deep
network. It was shown in the work that both approaches give approximately the
same accuracy. In the future, we propose to optimize the architecture of both
networks and the process of their training to improve the accuracy of predicting
EAS parameters.

The work was supported by RSF, grant no.22-21-00442. The work was done using
the data of UNU “Astrophysical Complex of MSU-ISU» (agreement
EB-075-15-2021-675)

27. The use of conditional variational autoencoders for
simulation of EASs images from IACTs
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A.Kryukov (SINP MSU, Moscow)

S.Polyakov (SINP MSU, Moscow), A.Demichev (SINP MSU, Moscow), Ju.Dubenskaya
(SINP MSU, Moscow), E.Gres (IGU, Irkutsk), D.Zhurov (IGU, Irkutsk), A.Vlaskina
(SINP MSU, Moscow)

Imaging atmospheric Cherenkov telescopes (IACTs) are used to record the images of
extensive area showers (EASs) caused by high-energy particles colliding with the
upper atmosphere. Individual images can be used to distinguish between the types
of primary particles and estimate the parameters of the events. The algorithms
typically use the data from the events with known parameters simulated using
Monte Carlo method. In this paper, we investigate the possible alternative approach
of simulating IACT images by using conditional variational autoencoders. Both the
characteristics of the individual images and their distributions are compared to
those of the images generated by Monte Carlo simulation.

15. YHuBepCcaIbHBIM METO/ Ppa3/ie/IeHHus] IIHPOKHX aTMOC(epPHBIX
JIMBHEH IO MEPBUYHOM Macce C IOMOIILI0 MAIIIMHHOT0 O0y4YeHHsI
OJIsi YePEHKOBCKOro rtejeckomna tuma COEPA

V.Latypova (SINP MSU, Moscow),
Aspa K.2K., bouseu E.A. , 'ankun B.U., 3uBa M.]I., UBanoB B.A. , [Togrpynkos [I.A.,
PoranoBa T.M., YepHos [I1.B, 9aTHHAa E.JI.

BaxxHoll 3afadel PU3UKU BEICOKUX SHEPTUU ABJISAETCS HaXOXOEeHUEe MaCCOBOT0
COCTaBa KOCMHUYECKUX JIydyelr B guamnal3oHe sHepruu 1-100 I1sB. Llensio
skcriepuMeHTa COEPA-2 sgBisieTCs onpenesieHrue MacCOBOIr0 COCTaBa IIEPBUYHOTO
KOCMHUYECKOT0 U3TydeHusa. YeM JIydille MPOUCXOOUT pa3fesieHue COOBITUH,
BBI3BAHHBIX YEPEHKOBCKUM CBETOM IIUPOKUX aTMOC(EPHEIX JIUBHEN, TEM TOYHEE
IIPOUCXOOUT OIleHKa cpegHeu Macchl. B HacTtosmielr paboTe pa3paboTad

3¢ deKTUBHLIN c10C00 pa3aesieHus IIEePBUYHEIX saep, 00pa30BaBIINX MINPOKUE
aTMoc(depHble TUBHYU, Ha OCHOBE CMOAETUPOBaHHBIX COObITUM annapaTa COEPA c
IIOMOIIIBI0 METONOB MAIINHHOT0 00y4deHus. [I0CKOIbKY OJI1 MOOEIUPOBaHUS
MCKYCCTBEHHBIX COOBITUM MCIIONIB3YETCSI MOIENb SOPO-IOePHOr0 B3aUMOAEUCTBUS,
pe3ynbTaT pa3meneHus: COOBITHM, a, CliefoBaTeIbHO, U OIleHKa CpegHel MacCCHI,
MOXKeT MeHsIThCs. B akcniepumenTe COEPA-2 sTa npobiema pelieHa. Bo-mepBHIX,
61aromaps MCIIOJIb30BaHUIO MAaHHBIX 0 YePEHKOBCKOM CBETE, KOTOPhIE Majio 3aBUCST
OT MOAEJI afpPOHHOTO B3auMOIeNCTBUS. Bo-BTOPHIX, 00yueHre HEMPOHHOM CETH
IIPOKU3BENEHO OOHOBPEMEHHO Ha ABYX MOAEIAX AOEPHOT0 B3aUMOOEUCTBUS, KOTOPHIE
CUJIbHO OTJIMYAIOTCS Mexkay coboi B quarna3oHe sHepruit 1-100 [1sB. 3To momenu
QGSJET-01 u QGSJETII-04. Takum o6pa3oM, obecrieyeHa He3aBUCUMOCTb 00paboTKHU
9KCIIEPUMEHTAJIbHBIX JaHHBIX OT BEIOOPa MOMEN HYKJIOHHOTO B3aUMOIEMCTBU .
MeTomamMu MalIMHHOTO O00y4YeHUSs pellleHa 3afjayda perpeccuu. Pa3neneHnue coObITUM
Ha TPU I'PYIIIHL IAep - IPOoTOHOB (p), a3oTta (N), xkenes3a (Fe) ¢ mOMOIIBI0 HEMPOHHON
CeTU MPOUCXOOUT O0Jjiee TOYHO, YeM IIPHU UCIOJIb30BAaHUU KIIaCCUYECKUX METOMOB.

7. Using Neural Networks for Reconstructing Particle Arrival
Angles in the Baikal-GVD Neutrino Telescope

A.Leonov (MIPT, Moscow region),
O.Kalashev
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The problem of reconstructing the angles of arrival of neutrinos in the Baikal-GVD
experiment using neural networks is being studied. We use Monte Carlo simulation
data for single-cluster arrival events of atmospheric neutrinos with energies from 10
GeV to 100 TeV. The performance of the networks was compared with the standard
reconstruction based on median angular resolutions. As a result, it was shown that
neural networks can cope more accurately than standard reconstruction when
restoring small polar arrival angles.

9. Application of machine learning methods in Baikal-GVD:
background noise rejection and selection of neutrino-induced
events

A.Matseiko (MIPT, Moscow region, INR RAS, Moscow)

Baikal-GVD is a large (~1 km3) underwater neutrino telescope located in Lake
Baikal, Russia. In the talk, we present two machine learning techniques developed
for its data analysis. First, we introduce a neural network for an efficient rejection of
noise hits, emerging due to natural water luminescence. On Monte-Carlo simulated
data, it reaches up to 99% signal purity (precision) and 96% survival efficiency
(recall). Second, we develop a neural network for distinguishing muon- and neutrino-
induced events. By choosing appropriate classification threshold, we preserve 60%
of neutrino-induced events, while muon-induced events are suppressed by a factor of
10-6. Both of the developed neural networks employ the causal structure of events
and surpass the precision of standard algorithmic approaches.

36. Novelty Detection Neural Networks for Model-Independent
New Physics Search

A.Zaborenko (MSU, Moscow)
L.Dudko

Recent advancements in model-independent approaches in High Energy Physics
have encountered challenges due to the limited effectiveness of unsupervised
algorithms when compared to their supervised counterparts. In this paper, we
present a novel approach utilizing a one-class Deep Neural Network (DNN) to
achieve accuracy levels comparable to supervised learning methods. Our proposed
novelty detection algorithm uses a multilayer perceptron to learn and distinguish a
specific class from simulated noise signals. By training on a single class, our
algorithm constructs a hyperplane similar to one-class Support Vector Machines
(SVMs) but with enhanced accuracy and significantly reduced training and inference
times. This research contributes to the advancement of model-independent
techniques for uncovering New Physics phenomena, showcasing the potential of
one-class DNNs as a viable alternative to traditional supervised learning
approaches. The obtained results demonstrate the effectiveness of our proposed
algorithm, paving the way for improved anomaly detection and exploration of
uncharted territories in High Energy Physics.

Track 2. Modern Machine Learning Methods
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14. Reconstruction Methods for a Partial Differential Equation:
Application to Physical and Engineering Problems

N.Bykov (ITMO Universiti, St-Petersburg),
A.A.Hvatov, T A.Andreeva, A.Y.Lukin, M.A.Maslyaev, N.V.Obraztcov, A.V.Surov,
A.V.Boukhanovsky

Two approaches for restoring a process model in the form of a partial differential
equation based on experimental data are developed. The first approach is based on
the evolutionary algorithm, and the second one on the algorithm for best subset
selection. Different techniques for numerical differentiation of noisy data are
proposed for solving physical and engineering problems. A full-scale experiment of
heating a viscous liquid by a merged heat source was carried out as the benchmark
for verification of developed algorithms. The efficiency of the algorithms for
restoring the structure of the equation, determining the coefficients of derivatives
and the possibility of detecting the change in the object operation mode are shown.
Additionally, the prospects of restoring a part of a hybrid model in order to simplify
the description of complex engineering objects are demonstrated. The advantages
and disadvantages of the proposed approaches are discussed.

This research is financially supported by The Russian Science Foundation,
Agreement N 21-11-00296, https://rscf.ru/en/project/21-11-00296/ [https://rscf.ru
/en/project/21-11-00296/]

45. Decomposition of Spectral Contour into Gaussian Bands
using Improved Modification of Gender Genetic Algorithm

S.Dolenko (SINP MSU, Moscow),

G.A.Kupriyanov (1), I.V.Isaev (2,3), I.V.Plastinin (2), T.A.Dolenko (1,2)
(1) Faculty of Physics, Lomonosov Moscow State University, Moscow,
(2) SINP MSU, Moscow

One of the methods for analysis of complex spectral contours (especially for spectra
of liquid objects) is their decomposition into a limited number of spectral bands with
physically reasonable shapes (Gaussian, Lorentzian, Voigt etc.). Consequent analysis
of the dependencies of the parameters of these bands on some external conditions in
which the spectra are obtained may reveal some regularities bearing information
about the physical processes taking place in the object.

The problem with the required decomposition is that such decomposition in
presence of noise in spectra is an incorrect inverse problem. Therefore, this problem
is often solved by advanced optimization methods less subject to be stuck in local
minima, such as genetic algorithms (GA).

In the conventional version of GA, all individuals are similar regarding the
probabilities and implementation of the main genetic operators (crossover and
mutation) and the procedure of selection. In their preceding studies [1, 2], the
authors tested gender GA (GGA), where the individuals of the two genders differ by
the probability of mutation (higher for males) and by the procedures of selection for
crossover (with the number of crossovers limited for females). In this study, we
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introduce additional differences between the genders in the procedures of selection
and mutation. The improved modification of GGA is tested by comparison of the
efficiency of gradient descent, conventional GA and two versions of GGA in solving
the problems of decomposition of the Raman valence band of liquid water into
Gaussian bands.

This study has been funded by the SINP MSU state budget topic 6.1 (01201255512).
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3. Robust equation discovery as a machine learning method

A.Hvatov (ITMO University),
M.Maslyaev, R.Titov, D. Amineyv, J.Schvartsberg, N.Demyanchuk, E.Ivanchik,
[.Markov

In this presentation, we delve into the differential equation discovery process as an
Al tool to mine unknown equations from observational data. While modern methods
can provide an “answer” in the form of one equation, it raises the question of
potential coincidence. We intend to explore ways to verify if the provided “answer” is
precisely what we need by extracting multiple potential equations from the data,
solving them, and assessing uncertainty to ensure accuracy.

20. Modification of soft connectives in machine learning models

Poster
V.Kalnitsky (SPbSU, St.-Petersburgq)

The problem of limited accuracy of machine learning models using soft logical
connectives is investigated. Such connectives have shown their effectiveness in
models with fuzzy initial data. On the one hand, the fundamental disadvantage of
soft connectives is their non-associativity. On the other hand, the disadvantages of
the currently used soft connectives include the loss of monotonicity and the inability
to control several factors simultaneously. We have proposed an approximation of the
signum function by a smooth spline. We are controlling the difference between the
soft connective and the associative connective. It was shown that the spline
approximation is able to reduce the influence of all negative factors and is more
flexible in setting. Moreover, the constructed spline model allows numerous
modifications depending on the factor that requires the most attention for different
tasks.

9 of 24 7/26/23, 10:36



dlcp2023:abstracts [THEORY] https://dlcp2023.sinp.msu.ru/doku.php/dlcp2023/abstracts

26. The importance of the number of overfits in time series
forecasting by some optimizers and loss functions in neural
networks.

Z.Kurdoshev (Tomsk State University, Tomsk),
E.[Tuenuuues

Time series forecasting is one of the most important problems today, and the issue of
forecasting has not lost its relevance. Prediction accuracy is difficult even for
recurrent neural networks from simple neural networks. Loss functions of a series of
predictions depend on the number of retraining and optimizers, their efficiency and
scale in recurrent neural networks. Various loss functions and modern optimizers
are used for the study. Empirical studies are carried out using LSTM, RNN and GRU
networks. Each neural network examines the dependence of time series on
overfitting using Adam, AdaGrad, and stochastic gradient descent. The results of the
study are presented in the form of graphs.

21. Training by relaxation of Boltzmann machine with multispin
interactions

[.Lobanov (ITMO University, St.-Petersburg)

Boltzmann machine (BM) is an energy based generative model capable of solving
unsupervised and supervised machine learning problems. BM have been
successfully used for facial recognition, phone recognition, sentiment analysis and
aspect extraction, etc. [G.M. Harshvardhan, et al. A comprehensive survey and
analysis of generative models in machine learning. Computer Science Review 38
(2020), 100285]. The mass use of BM is restricted by slow convergence of the
corresponding training algorithms. The training can be facilitated by limiting
connections in BM, which allows training by the contrastive divergence algorithm.
Such restricted BMs simulated in GPU or FPGA devices are efficient enough for
practical use. More efficient hardware implementations of BM are possible if the
close relation between BM and Ising model is utilized. Several devices based on new
physical principles have been proposed, including spin-ice systems, electric circuits
involving memristors and the atomic spin system [B. Kiraly, et al. An atomic
Boltzmann machine capable of self-adaption. Nat. Nanotechnol. 16 (2021), 414].
Most of the implementations include the training procedure as part of the hardware
design, while the device can not change connections and biases on its own. Making
the devices capable of self-training is highly desirable, as this allows them to be
reusable for new tasks and speed up learning due to intrinsic parallelism of the
hardware implementation.

We proposed to implement the training of the biases as energy minimization of a
carefully designed spin system, where the biases are implemented as macrospins
included in the device [I. Lobanov. Spin Boltzmann machine. Nanosystems: Physics,
Chemistry, Mathematics, 13, 6 (2022), 593]. Since energy is naturally minimized
during relaxation, no additional learning supporting circuitry is needed. This kind of
devices can become the basis for the future of machine learning due to their energy
efficiency, large capacity and high speed.
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A universal BM should be capable of learning correlations in data, that is
connections between the units should be optimized. We propose to control the
connections using multispin interactions between two units and one or two
macrospins representing weights. In the approach the training data is provided to
the device by applying external magnetic field, and all the parameters of BM can be
trained by relaxation. To test the approach we simulated a generalized Heisenberg
model including symmetric two-, three- and four- spins exchanges, uniaxial
anisotropy and the Zeeman term. We call the model spin Boltzmann machine (SBM).
Simulation is done using an semi-implicit second-order integrator implemented in a
hand made GPU accelerated software. The efficiency of SBM is demonstrated on
classification of handwritten digits from MNIST database. The significance of
multispin exchanges contribution to total energy was demonstrated in [Hoffmann
M., Blugel S. Systematic derivation of realistic spin models for beyond-Heisenberg
solids. ” Phys. Rev. B, 2020, 101, P. 024418], however design of such material on
purpose is an open problem. In the work we outline constraints on the multispin
exchange parameters, which can guide further search of materials for experimental
realization of SBM.

17. Hyper-parameter tuning of neural network for high-
dimensional problems in the case of Helmholtz equation

D.Poliakov, (SPbSU, St.-Petersburg)
M.Stepanova

In this work we study the effectiveness of common hyper-parameter optimization
(HPO) methods for physics-informed neural network (PINN) with application to
multidimensional Helmholtz problem. The network was built upon PyTorch
framework without the use of special PINN-oriented libraries. We investigate the
effect of hyper-parameters on NN model performance and conduct automatic hyper-
parameter optimization using different combinations of search algorithms and trial
schedulers. We chose Ray Tune — an open-source HPO framework that provides
unified interface for many HPO packages — as the HPO tool in our work. We
consider two search algorithms: random search and Bayesian method based on tree-
structured Parzen estimator (TPE, in two implementations: hyperopt and
hpbandster), and the “Asynchronous Successive Halving” early-stopping algorithm
(ASHA, implemented in Ray Tune). For our problem, enabling early-stopping
algorithm is shown to achieve faster HPO convergence speed than switching from
random search to Bayesian method.

Track 3. Machine Learning in Natural Sciences

12. Estimating cloud base height from all-sky imagery using
artificial neural networks

M.Borisov (MIPT, Moscow region),
M.Krinitskiy, N.Tilinina

Cloud Base Height (CBH) is one of most important meteorological parameters. CBH
strongly correlates with planetary boundary layer depth. Existing methods for
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assessing CBH in practice either involve the use of complex and expensive
equipment, such as lidars, airplanes, meteorological pilot balloons, or have high
uncertainty introduced by an expert in the process of visual assessment. In addition,
most of the instrumental methods designed for a stable platform for installing
equipment are difficult to apply under conditions of waving. In this study, we
propose a new way to estimate CBH using two optical wide-angle cameras mounted
at a distance which may vary from 15m. to 30m. In our approach, we use the
phenomenon of parallax, namely the property of observing a point of a cloud at
angles that differ due to the displacement of an observation device. Optical images
of the visible sky hemisphere are acquired synchronously during field observations
from two cameras of the SAIL Cloud v.2 cloud characteristics assessment device
developed in Sea-Atmosphere Interaction Laboratory (SAIL) of Shirshov Institute of
Oceanology of the Russian Academy of Sciences. In order to exploit the parallax
phenomenon for closely located objects (clouds), we adjust the transformation of one
of the images of each pair to compensate for inaccurate camera installation. To do
this, we calculate the correction of the position and orientation of the cameras using
distant objects, such as the Sun or the Moon. To find the key points of clouds that
are observed from cameras at different angles, the graph artificial neural network
SuperGlue is used. With the help of SuperGlue, we identify key points and extract
their geometric features, according to which we further match key points on
synchronous images. Based on the location of key points on synchronous aligned
images, we calculate the angle at which they are visible in two cameras, which
allows us to estimate the distance from the camera installation base to the clouds.
As a result of this study, we developed a new algorithm for calculating CBH. We
compared the results of CBH estimates with the values of the ERA-5 reanalysis for
marine expeditions AI57, AI58, AI61 of the Shirshov Institute of Oceanology of the
Russian Academy of Sciences. The closest consistency with the reanalysis data is
observed for cirrus and cumulus clouds.

46. Classification Approach to Prediction of Geomagnetic
Disturbances

I.Gadzhiev (1,2),

[.Isaev (1), O.Barinov (1), S.Dolenko (1), I.Myagkova(1)

(1) D.V.Skobeltsyn Institute of Nuclear Physics, M.V.Lomonosov Moscow State
University, Moscow, Russia

(2) Faculty of Physics, M.V.Lomonosov Moscow State University, Moscow, Russia

Magnetic storms can cause disruptions in the operation of radio communications,
pipelines, power lines and electrical networks, and it may possibly cause human
health problems. Therefore, prediction of geomagnetic disturbances is of great
practical value. Geomagnetic disturbances are usually described with the help of
planetary index Kp, which is provided at 3-hours interval. The approach used in this
study implies classifying geomagnetic disturbances according to the level of the Kp
index. To do so, the whole range of the index values is divided into several intervals
according to the degree of disturbance. The input data are time series of parameters
of solar wind and interplanetary magnetic field, measured onboard spacecraft at L1
Lagrange point between the Sun and the Earth, and of the value of Kp index itself.
To account for the “memory” of the time series, delay embedding of all the
parameters is used - for each of the parameters its several preceding values are
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taken into account. Additional pre-processing of the parameters is performed by
calculating moving averages and other statistical indicators of the time series. To
perform classification, various machine learning methods such as gradient boosting
and artificial neural networks are used. The optimal values of the parameters of
each method are determined by cross-validation, and pattern misbalance among
classes is partially reduced using SMOTE technique. It is demonstrated that the
suggested approach outperforms the trivial inertial model for all values of prediction
horizon from 3 to 24 hours (with 3 hours step). The most efficient pre-processing
methods are described, as well as the best machine learning models.

The study has been conducted at the expense of the grant of the Russian Science
Foundation No. 23-21-00237, https://rscf.ru/en/project/23-21-00237/ [https://rscf.ru
/en/project/23-21-00237/].

50. CLIENT-SERVER APPLICATION FOR AUTOMATED
ESTIMATION OF THE MATERIAL COMPOSITION OF BOTTOM
SEDIMENTS IN THE >0.1 MM FRACTION FROM
MICROPHOTOGRAPHY USING MODERN DEEP LEARNING
METHODS

V.Golikov(MIPT, Moscow region),
Krinitskiy M.A., Borisov D.G.

The information on the past climates deep-water environments is preserved in
natural archives, such as marine sediments covering the sea-floor. The study of
sediment composition in coarse fraction (variety of mineral and biogenic grains over
0.063 mm in size) is widely used to pry climate clues out of the sediment record. At
present, specialists use a binocular microscope to visually classify grains from a
small portion of a sediment sample. This time-consuming technique requires the
observer to possess geological expertise. In previous work, we proposed an
algorithm for automatic unsupervised detection of particles and their clustering. In
the current work, we present qualitative improvements to the algorithm, which now
employs the state-of-the-art clustering method, SPICE. This method allowed us to
eliminate over-clustering and limit the number of clusters to three, making the
results more suitable for interpretation. We trained the algorithm and interpreted its
results. The resulting model can be used as a classifier, enabling the calculation of
particle distribution by clusters, analysis of grain-size distribution, and comparison
of these results with those obtained through other lithological analyses. According to
the mean average deviation from the results of the X-ray diffraction analysis, our
method outperforms visual description techniques. Lastly, we developed and
deployed an application that automates server-side calculations and allows users to
evaluate the of clustering and grain-size measurements.

49. Transfer Learning for Neural Network Solution of an Inverse
Problem in Optical Spectroscopy.

A.Guzkov (1),
[.Isaev (2), S.Burikov (1), T.Dolenko (1), K.Laptinskiy (2), S.Dolenko (2)
1. Faculty of Physics Lomonosov Moscow State University
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2. SINP MSU, Moscow

This work is devoted to the inverse problems of optical spectroscopy, which consist
in determining the qualitative and quantitative composition of a sample by its
spectra. We consider the methods of optical absorption, IR and Raman spectroscopy
for determining the concentrations of heavy metal ions in water. Since this problem
does not have a numerical solution, practically the only way to solve it is by using
approximation methods, including machine learning methods, based on
experimental data. However, this approach has some obstacles. On the one hand,
obtaining spectra is a laborious and expensive process, which makes it difficult to
obtain a training sample of sufficient size. On the other hand, the experimental
spectra are sensitive to impurities contained in water, including those of organic
origin, which also negatively affect the quality of the solution of the problem under
consideration. At the same time, the impurities contained in the water are specific
for each source. Therefore, it is not possible to create a universal training dataset
with good representativity and providing a stable solution on any samples.
Therefore, in this paper, it was proposed to use the transfer learning approach to
improve the quality of the neural network solution. The neural networks were pre-
trained on a basic dataset (about 3700 patterns) containing the spectra of solutions
prepared with distilled water. Then fine tuning and testing of the networks were
carried out on specific data sets (200 - 400 samples) containing the spectra of
solutions prepared in river water taken from different rivers.

This study has been performed at the expense of the grant of the Russian Science
Foundation no. 19-11-00333, https://rscf.ru/en/project/19-:11-00333/ [https://rscf.ru
/en/project/19-11-00333/].

48. The study of the integration of physical methods in the neural
network solution of the inverse problem of exploration
geophysics with variable physical properties of the medium.

LIsaev (1, 3),

[.Obornev (SINP MSU, Moscow), E.Obornev (2), E.Rodionov (2), M.Shimelevich (2),
S.Dolenko (1)

1. D.V.Skobeltsyn Institute of Nuclear Physics, M.V.Lomonosov Moscow State
University, Moscow

2. Sergo Ordjonikidze Russian State University for Geological Prospecting, Moscow
3. KIRE RAS

The subject area of this study is exploration geophysics, which requires solving
specific inverse problems - reconstructing the spatial distribution of the medium
properties in the thickness of the earth from the geophysical fields that are
measured on its surface. We consider the inverse problems of gravimetry,
magnetometry and magnetotelluric sounding, and their integration, which means
simultaneous use of various geophysical fields to reconstruct the desired
distribution. Possibility of the integration of various geophysical methods requires
the determined parameters for each of the methods to be the same. This may be
achieved by the spatial statement of the problem, in which the task is to determine
the boundaries of geophysical objects. In our previous studies, we consider the
parameterization scheme where the inverse problem was to determine the lower
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boundary of several geological layers. Each layer was characterized by variable
values of the depth of the lower boundary along the section, and by fixed values of
density, magnetization, and resistivity, both for the layer and over the entire data set
[1]. It was demonstrated that integration of geophysical methods provides
significantly better results that use of each of the methods separately. The present
study is a continuation of work in this direction, and here we consider a
parameterization scheme with variable properties of the medium along each layer,
and variable properties over a data set.

This study has been performed at the expense of the grant of the Russian Science
Foundation no. 19-11-00333, https://rscf.ru/en/project/19-11-00333/ [https://rscf.ru
/en/project/19-11-00333/].
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13. Estimating significant wave height from X-band navigation
radar using convolutional neural networks

M.Krinitsky (Shirshov Institute of Oceanology, RAS, Moscow),
V. Golikov, N.Anikin, A.Suslov, A.Gavrikov, N.Tilinina

Marine radars are vital for safe navigation at sea, detecting vessels and obstacles.
Sea clutter, caused by Bragg scattering, is filtered out as noise, but becomes
detectable on radar images when wind speed and wave height exceed certain
thresholds. Wind-induced wave parameters can be determined using these images,
but traditional spectral methods for obtaining wave characteristics face limitations
and difficulties in improving accuracy. Machine learning techniques offer advantages
in image processing tasks, being more robust and able to handle noisier data.
Convolutional neural networks (CNNs) have gained popularity for their efficiency in
image recognition problems, extracting features automatically and exhibiting
robustness to noise. CNNs have shown success in geosciences, such as satellite
image recognition and retrieving information about waves, currents, and oil spills
from radar images. Recently, CNNs have been applied for real-time significant wave
height estimation using ocean images from various sources. Techniques for
calculating wave period and direction of radar sea clutter images have also been
developed using CNNs. In recent studies, an approach was demonstrated
highlighting the potential of integrating machine learning techniques like CNNs for
improved wave measurement accuracy in marine radar applications. In our study,
we present the usage of convolutional neural networks (CNNs) for restoring wave
characteristics from shipborne radar data and compares the results with those
obtained from Spotter buoy. Using CNNs together with traditional spectral analysis
methods helps to improve the accuracy of wave characteristics reconstruction and
increase computational efficiency.

38. Machine learning techniques for anomaly detection in high-
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frequency time series of wind speed and greenhouse gas
concentration measurements

A.Kasatkin (Shirshov Institute of Oceanology, RAS),
M.Krinitsky

Fluxes of greenhouse gases (GHG) may be assessed in situ using eddy covariance
method through processing high-frequency measurements of gas concentration and
wind speed acquired at a certain sites, e.g., carbon measurements test areas of the
pilot project of the Ministry of Education and Science of Russia. The measurements
commonly come with noise, anomalies and gaps of various nature. These anomalies
result in biased GHG flux estimates. There are a number of empirical and heuristic
approaches for filtering the noise and anomalies, as well as for gap filling. These
approaches are characterized by a lot of tuning parameters that are commonly
adjusted by an expert, which is a limiting factor for large-scale deployment of GHG
monitoring stations. In this study, we propose an alternative approach for anomaly
detection in high-frequency measurements of GHG concentration and wind speed.
Our approach is based on machine learning techniques. This approach is
characterized by lower number of tuning parameters. The goal of our study is to
develop a fully-automated data preprocessing routine based on machine learning
algorithms. We collected the dataset of high-frequency GHG concentration and wind
speed measurements from one of the carbon measurements test areas. In order to
compare anomaly detection algorithms, we labeled anomalies in a subset of this
dataset. We present two approaches for anomaly detection, namely (a) identification
of outliers based on the error magnitude in time series statistical forecast performed
by a machine learning (ML) algorithm; (b) classification of anomalies by a ML model
trained on labeled dataset of outliers we mentioned above. We compare the
approaches and algorithms based on F1-score metric assessed with respect to
expert-labeled subset of anomalies in GHG concentration and wind speed time
series. Within the forecast-error based approach, we trained several ML models:
ARIMA autoregression method, Catboost model for autoregression, Catboost model
for forecasting employing additional features, and LSTM artificial neural network.
Within the supervised classification approach, we tested Catboost classification
model. We demonstrate that ML models for forecasting deliver high quality of time
series prediction within autoregression approach. We also show that the anomaly
identification method based on autoregression approach employing additional
features delivers the best quality with F1-score = 0.75.

42. Identifying cetacean mammals in high-resolution optical
imagery using anomaly detection approach employing Machine
Learning models

[.Khabutdinov (Shirshov Institute of Oceanology, RAS),
M.Krinitskiy, R.Belikov

Cetacean mammal populations, particularly dolphins, have recently experienced
significant declines due to various artificial and natural factors. A crucial aspect of
studying these populations is determining their numbers and assessing spatial
distributions. In our study, we focus on monitoring dolphin populations in the Black
Sea using high-resolution photographs taken from helicopters for counting
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purposes. Currently, expert analysts manually count dolphins in these images, which
is a time-consuming process.

To address this issue, we propose the use of machine learning (ML) approaches,
specifically anomaly detection using ML models. We examine a dataset collected
during accounting marine expeditions of Shirshov Institute of Oceanology of Russian
Academy of Sciences (IORAS) in the Black Sea from 2018 to 2019. The dataset
consists of 3730 high-resolution photographs, with dolphins present in 205 images
(5.5%). Each dolphin occupies approximately 0.01% of an image area (around 70 x
70 pixels), making their presence a rare event. Consequently, we treat dolphin
identification as an anomaly detection task.

Our study compares classical and naive anomaly detection methods with
reconstruction-based approaches that discriminate anomalies based on the
magnitude of reconstruction errors. Within this latter approach, we utilize various
artificial neural networks, such as Convolutional Autoencoders (CAE) and U-Net, for
image reconstruction. Overall, our research aims to streamline the process of
counting and monitoring dolphin populations in high-resolution imagery using
advanced ML techniques.

41. Recognition of skin lesions by images

M.Ledovskikh (SPbSU, St.-Petersburg),
V. Gorikhovskii

The growing number of skin cancer patients has revealed the need for diagnostic
expert systems that will help detect lesions with high accuracy. The identification of
dangerous diseases associated with skin lesions, especially malignant neoplasms,
requires the identification of pigmented skin lesions. Image recognition techniques
and computer classification capabilities can improve the accuracy of skin cancer
detection. In this work, a program was developed for segmentation of affected and
unaffected skin areas. The resulting masks were used to train machine learning
models. Based on the results, expert analytical systems were proposed that will help
doctors diagnose skin diseases and distinguish between skin lesions both cancerous
and non-cancerous.

44. OnpenesieHHe 0COOBIX TOYEK KPHBOM HaKOIICHHUS
dbayopecneHIHNH IOTHMEPA3HOH EITHOH pPeaKIlHu MeTOdaMH
MaIIMHHOI'O 00y4eHHus1 0€e3 yIuTe i

A.Orekhov (SPbSU, St-.-Petersburg),
M.A.IloTexuHa

MeTtopn nonuMmepa3Hou nenHou peakuuu (I1L[P) - 3To0 HUKIU4YeCKUY Ipoiecc,
OCHOBAHHBIM Ha MHOTOKpPAaTHOM M30HMpaTeIbHOM KOIIMPOBAaHUU OIPEOeIEeHHOTO
ygacTka [JHK npu nomoiu ¢epMeHTOB B MCKyCCTBEHHBIX YCJIOBUAX (in Vvitro).
OCHOBHBIM MOJIEKYJIIPHBIM MexaHu3MoM [P saBrnseTcs aMmnupuKauusg —
HaKOIIJIEHUEe KOIIMY BHIIEJIEHHON HYKJIEOTUAHOM IIOCIe0BaTEIbHOCTH.
9bHEeKTUBHOCTD IOIUMEPA3HOHU IIEITHON peaKIIuU XapaKTepU3yeTCs
9KCIIOHEHIIMaJIbHbIM Y94aCTKOM KPUBOU HaAKOIIJIEHUS (hIIyOpeCUeHIInN (KHHETUYECKOU
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kpuBoi ITLIP). 9Ta KpuBasi COCTOUT U3 6a30BOM IMHUU, SKCIIOHEHIINAIbHON (Pa3kl U
¢azml mIarTo.

Ha HayanbHBIX IIMKJIaX IPpUOOpP perucTpupyeT (OHOBLIM YPOBEHDb (PIIyOopeCIIeHIINH,
IIpY 3TOM IpaduK MefJIeHHO BO3pacTaeT KakK JInHelHasa QyHKIMA. 3aTeM, 110 Mepe
HaKOIJIEHUs IPOAYyKTa, CUTHAJI YBEIUYUBAETCSA 3KCIIOHEHIIUAaIbHO, U KOHEYHOU
CTaguu mocTuraet IuiaTo. KpuBas HaKOMJIEHUS UMeeT CUTMOUAaIbHYI0 (popMy.
Pa3nuyuga B HayanbHOM KojiudyecTBe MoJieKysl [JTHK BIuAOT Ha KOJIUYECTBO [TUKJIOB,
HeoOXOOUMBIX AJISI TIOBBIIIIEHUS] YPOBHS (hJIyOpPECLIEHIIUY BHIIIE YPOBHS IiIyMa. Brixoq
Ha I1JIaTO IPOUCXOOUT M3-3a IIOCTEIIEHHOT 0 CHUXKEHUS KOINYeCTBa UCXOOHBIX
KOMIIOHEHTOB PeaKLMX U MOBLIMIEHUS YU CJIa aMIIJINKOHOB.

CymiecTByeT 00JIbIlIOe KOJTUYECTBO MaTEMAaTUYECKUX MOJIeIel, OIUCHIBAIOIINUX
rpaduk ¢pnayopecuennuu ois [ILIP B peanbHOM BpeMeHU. B HEKOTOPHIX ClIydasix
TEOPETUYECKUM U MPAaKTUUYECKHUU MHTEPEC IIPEACTaB/IsIeT He 3BPUCTUYECKUHU BBIBO],
a ¢hoopManbHOE OIIpefeleHue MOMEHTOB Ilepexofa KPUBOM HAKOIIJIEHUS
(prmyopecreHIMY OT TUHENWHOTO POCTa K 9KCIIOHEHIIUAJILHOMY, a 3aTeM AOCTUXKEHU S
I1aTo.

[71s1 pelreHus 3TOM 3ala¥¥ MOXKHO MCIIOIb30BaTh METOOBI MAIIIMHHOTO 00y4YeHus 6e3
yuuTtensa. Ecnm paccMaTpuBaTh aMIIu(UKaUIO KaK KBa3ugeTepPMUHUPOBaHHBIN
OUCKPETHBIU CIIy4auHbIU IPOILECC, OJIs1 KOTOPOTr0 KPUBLIE HAKOIIJIEHUS
(yopecreHINY ABISIOTCSI MOHOTOHHBIMU TPA€KTOPUSIMH, TO MOMEHTHI ITepexofa OT
0a30BOM NTUHUYU K 9KCIIOHEHIIMAIbHOU (a3e M OT 9KCIIOHEeHIIMaIbHOM a3kl K dase
IIJIaTO MOXKHO paccMaTpPHUBaTh KaK aHOMaluu TpaekTopuii. OOHapyXKeHHUe 3TUX
aHOMaJIu¥ BO3MOIKHO ITPU IIOMOIIY KBagpPaTUYHBLIX GOPM 3KCIIOHEHIIMAILHBIX U
apKTaHTeHIUAJIbHBIX allllPOKCUMAIlMOHHO-0IIeHOYHEIX KpuTepues (Orekhov A.V.
Quasi-Deterministic Processes with Monotonic Trajectories and Unsupervised
Machine Learning. Mathematics 2021, 9, 2301. https://doi.org/10.3390

10. Application of machine learning methods to numerical
simulation of hypersonic flow

S.Pavlov (SPbSU, St.-Petersburg),
V.Istomin

The present study is devoted to applying of machine learning methods for numerical
simulation of hypersonic five-component air-mixture flow past a sphere. Exact
methods of transport coefficient calculation such as the Chapman-Enskog method
are very computationally inefficient for numerical simulation. At the same time,
approximate formulae for transport coefficients sometimes do not provide the
necessary accuracy. Due to these facts, different machine learning methods for
calculation of transport coefficients are considered. Comparison with experimental
data is given. The results are analyzed in terms of calculation speed and
computation accuracy.

24. A technique for the total ozone columns retrieval using
spectral measurements of the IKFS-2 instrument.
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A.Polyakov (SPbSU, St.-Petersburg),
Virolainen Y.A., Timofeev Yu.M., Nerobelov G.M., Kozlov D.A.

Atmospheric ozone plays an important role in the Earth's biosphere by absorbing
dangerous solar UV radiation and by contributing to the climate formation. Ozone
variations are monitored by different local and remote sensing methods. However,
satellite methods only can provide data on the global distribution of ozone and its
anomalies. Unlike methods based on solar radiation measurements, methods that
use measurements of thermal radiation can provide information regardless of solar
radiation. For such measurements, Fourier spectrometers operating in the infrared
spectra region (FTIR) are usually used. We present a technique for estimating the
total ozone columns (TOCs) from outgoing IR radiation spectra based on the
artificial neural networks (ANNs). The technique was applied to the spectral
measurements of the IKFS-2 instrument aboard the Russian meteorological satellite
Meteor M N2 in 2015-2020, using data from the OMI instrument for the ANN
comparison with ground-based measurements presented by the WOUDC and
Eubrewnet networks and satellite measurements of the OMI (Aura), TROPOMI
(Sentinel 5p), and IASI (MetOp) instruments. The latitudinal-seasonal behavior of
the differences in the results of different measurements was analyzed, which
allowed to estimate the corresponding dependences of the measurement errors.
TOCs distribution for the period 2015 to 2020 is shown. The average differences
standard deviations of the differences (SDDs) vary from 2 to 4%. At the same time,
both the analysis of the ANN approximation errors of the OMI data and the
comparison of the IKFS-2 results with independent data demonstrate an increase in
discrepancies towards the poles. In the spring-winter period, SDDs reach up to 8%
in the Southern and up to 6% in the Northern Hemispheres. The technique
developed made it possible to derive a global distribution of TOCs for the 2015-2020
period, regardless of solar illumination and presence of clouds. In addition, this
technique can be used to process the spectral data of the IKFS-2 instruments on the
Meteor M N2 series of satellites. The study was carried out in the “Ozone Layer and
Upper Atmosphere Research” laboratory of St. Petersburg State University
(agreement with the Ministry of Education and Science of the Russian Federation
No. 075-15-2021-583).

24. [IoBBIIIIEHHE TOYHOCTH HEHPOCETEBOH OIIEHKH 3HAYHMOH
BBICOTHI BETPOBOIr0 BOJIHEHHSI 110 TaHHBIM CYI0BOI0
HABHTaIlMOHHOTO paJapa 3a CYeT NpeBapUTe/ILHOI0 O0yYeHH s
Ha CHHTETHYEeCKHX JaHHBIX

V.Rezvov (Shirshov Institute of Oceanology RAS, Moscow),
M.Krinitskiy, N.Tilinina, V. Golikov

CynoBrle HaBUranuoHHEIE pagapsl (CHP) aBIs10TCSA BaXKHBIM UHCTPYMEHTOM
MOPCKOM HaBuranuu. OOBIYHO OTPaKEeHHBIN OT IIOBEPXHOCTH BOALI CUTHAJI,
peructpupyemeii CHP, punsTpyeTcss U UCONIb3yeTCs OJi1 UOeHTUu(UKALUU
NIPENSATCTBUU U OPYTrUX cynoB. OOHAKO B IuTepaType IoKa3aHo, YTO UCXOOHBIN
curHan CHP xapakTepu3syeT COCTOSIHHE MOPCKOY IIOBEPXHOCTU, B TOM UYHUCIIE,
IapaMeTpsl BEeTPOBOT0 BOJIHEeHUs. CyIleCTBYIOT HOOXOOE OLIEHKU 3HAQUUMOU BEICOTEHL
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BETPOBOT'0 BOJTHEHUS 110 PAIMOIOKAIIMOHHBIM N300pakeHUsIM MOPsI, OCHOBaHHbIE Ha
(pu3myecKkrx 3aKOHOMEPHOCTAX (OPMUPOBaHUS HHTEHCUBHOCTHM CUTHAJAQ,
OTPa’KeHHOT0 OT B3BOJIHOBAHHOU ITOBEPXHOCTHU. TaKKe B COBPEMEHHBIX
HCCJIeHOBAHUSAX OEMOHCTPUPYETCS BO3MOXKHOCTh allIPOKCUMAaIUX 3HaYMMOU BBICOTHI
BOJIHEHM S B IOAXOAE HAayK O HAHHBIX C IPUMEHEHHEM MOLeIed MallluHHOT O
obyuenusi. Oba mogxoma TpeboBaTEIbHEI K HATYPHBIM TaHHBIM, KOTOPhIE COOMPAIOTCS
B IOPOTOCTOSIINX MOPCKHUX 9KCIEOUIUSIX UJIN C UCIIOIh30BaHNEM CUCTEM BOJTHOBOTO
MOHUTOPUHTA. AJTbTEPHATUBHBIM MOOX0O0OM MOXKET CTaTh METO[ ITOPOKIOEHUS
CUHTETHUYECKHUX PaANOIOKAIlMOHHLIX JaHHBIX, XapaKTEPHBIX OJIsI ONpeaesIeHHBIX
ImapaMeTpPOB BETPOBOT0 BOJTHEHHUS. TaKOM IIOOXO0M II03BOJISET CMOAEJINPOBaTh
KapTUHY UHTEHCUBHOCTH 00OPaTHOTO pPacCessHUS PagUO0JIOKAIIMOHHOTO CUTHANIa OJIsd
BETPOBOT'O BOTHEHUS JTI000M 3aJaHHOM BBICOTHI, YTO HEIOCTYITHO OJIsI U3MEPEHUN B
OTKPHITOM MoOpe. B nmpeqmnosnoxeHun 06 yCTaHOBUBIIIEMCSI BETPOBOM BOJIHEHUU, MBI
reHepupyeM TakKue KapTUHBI B IPOU3BOJIBHOM KOJIMYECTBE. MBI UCIIOJIb3YEM 3TU
OaHHBIE OJIS IIPEeaBapPUTEIILHOTO 00yUeHUsI HEMPOCETEBOU MOOENH OIleHKM 3HaYUMOM
BBICOTBI BETPOBHIX BOJIH. MBI TaKKe ITPUMEHSIeM ITOOX0H HEKOHTPOJINPYEMOT O
00y4YeHu s, UCIIOJIb3Y S ITOPOXKAEHHbIE CHHTETUYECKHE PafapHble CHUMKU OJIs
00y4YeHMSsI CBEPTOYHOM YaCTU HEMPOHHOM CEeTHU KaK KOOUPYIOIIed YaCTH B COCTaBe
HEeUpOoCeTEeBOr0 aBTOKOOUWPOBILMKA. B HacTosAmEeM HCClIeqOBaHUU MBI
OEMOHCTPUPYEM, HAaCKOJIbKO ITOBHIIIAETCSA TOYHOCTD OLIEHKM 3HAUYKUMOM BHICOTHI
BETPOBOT'0 BOJIHEHUS 10 CHMUMKaM CyJOBOI0 pajapa C IpUMeHeHUueM UCKYCCTBEHHOU
HEWPOHHOU CeTH, TpegBapUTEIbHO 00yUYeHHON Ha CUHTETUYECKUX JaHHBIX,
HMUTHUPYOLIUX KaPTUHY PagruoJIOKallMOHHOT O CUTHAIa, OTPaxkKeHHOI' 0 OT
B3BOJIHOBAHHOU OBEPXHOCTHU MOPS.

Decoding fluorescence excitation-emission matrices of carbon
dots aqueous solutions with convolutional neural networks to
create multimodal nanosensor of metal ions

Poster

O.Sarmanova (SINP MSU, Moscow),
G.N.ChugreevaK.A.Laptinskiy, S.A. Burikov, S.A. Dolenko, T.A. Dolenko

In the study the problem of creating a multimodal fluorescent carbon dots-based
nanosensor to simultaneously measure concentrations of Cu2+, Ni2+, Cr3+, NO3-
ions in liquid media, as well as its pH index has been solved. The application of
convolutional neural networks to analyze 1000 complex fluorescence excitation-
emission matrices of carbon dots in the presence of the studied ions enabled their
identification with mean absolute errors that satisfy the needs of monitoring the
composition of waste and technological medium. As a result of further extension of
the dataset representativeness with variational autoencoders, the mean absolute
error of the ions identification was lowered.

This study has been conducted at the expense of the grant of the Russian Science
Foundation Ne 22-12-00138, https://rscf.ru/en/project/22-12-00138/ [https://rscf.ru
/en/project/22-12-00138/]

34. SMAP sea surface salinity improvement in the Arctic region
using machine learning approaches
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A.Savin (MIPT, Moscow region, Shirshov Institute of Oceanology RAS, Moscow)
M. Krinitskiy, A. Osadchiev

Sea salinity is one of the fundamental characteristics of physicochemical processes
occurring in the ocean, and its consideration plays a substantial role in the
description of the climate. Modern sea surface salinity (SSS) retrieval algorithms
using satellite data have been developed and verified with high accuracy for the
most typical regions of the World Ocean and show significantly lower quality when
used in Arctic. In this study, the quality of standard algorithms is improved by using
machine learning (ML) approaches. Different models of ML are examined: from
classical ones that apply vector features used by the standard Soil Moisture Active
Passive (SMAP) satellite salinity algorithms, to deep artificial neural networks that
combine the mentioned vector features with two-dimensional fields taken from the
ERAS reanalysis. The models are validated using in-situ data collected during
expeditions of the Shirshov Institute of Oceanology RAS in the Barents, Kara,
Laptev, and East Siberian seas from 2015 to 2021. As a result of the study, the SMAP
SSS standard product is improved in the examined region, and the most significant
features for SSS retrieval are determined. The obtained results enable research of
the Arctic region using improved sea surface salinity maps.

33. Determination of the charge of molecular fragments by
machine learning methods

A.Shevchenko, (Samara State Technical University, Samara)
A.Chuvakov

Machine learning is currently used to solve a variety of scientific and industrial
problems, including the screening of new drugs, design of new materials,
management of artificial intelligence, search for extraterrestrial civilizations and
scammers among bank customers. Our report is devoted to a narrower, but no less
important task for chemists and cosmochemists - to determine the charge of a
molecular fragment according to its various representations. We selected data, one
of the most important components of machine learning, from information on the
structure of monoligand coordination compounds from the Cambridge Structural
Database [1], which contains more than one million entities. The separation of
molecular fragments from the structure was carried out using the ToposPro software
package [2], which implements a wide range of geometric and topological
algorithms for solving such problems. As a result, we collected information on 18.3
thousand molecular fragments from 38.6 thousand crystal structures. Data markup,
that is, adding information about the charge of fragments to the database, turned
out to be the most time-consuming operation. We determined the charge values from
the literature data and calculated them based on chemical considerations, by
balancing the balance of charges in a particular structure. So far, charge values
have been determined for 13.3 thousand ligands, on which we have tested machine
predictive models. Coordination sequences, smilies, names of chemical compounds
and bit mask methods are considered as feature space, among which the space of
coordination sequences has shown the best results so far.

The study is supported by a grant from the Russian Science Foundation no.
23-23-00387 https://rscf.ru/project/23-23-00387/ [https://rscf.ru/project/23-23-00387/1].
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[1] Allen F.H. Acta Cryst. Sect. A 58 2002, 380. https://www.ccdc.cam.ac.uk/solutions

[2] Blatov V.A,, et al. Cryst. Growth Des. 2014, 14, 7, 3576.

18. ABTOMATHYECKOE JETEKTUPOBAHUE AKYCTHUYECKHX
CHUI'HAJIOB BEJIYX U A®AJIUH

A.Twruko (Shirshov Institute of Oceanology, RAS, Moscow),
[MMaTtpaBuH A.B., Kpurunkuu M.A.

AKyCTH4YeCKUY MOHUTOPUHT MOPCKHUX MJIEKONUTAIIINX IBISIETCSA OOHUM U3
OCHOBHBIX METOAOB OLI€HKU YUCJIEHHOCTY IOy XKUBOTHHIX B 3aJaHHOU
aKBaTOPUU U IO3BOJIIET BHISIBIATH XapaKTePHbIE ITIAaTTEPHBI MUT DAL JKUBOTHBIX,
OTCJIeKUBATh CBSI3b UX MPUCYTCTBUSA C BHEITHMMU yCJIOBUSIMU Cpenbl. benomopckas
Benyxa u yepHOMOpPCKasa adannHa ABISITCSA IPEICTaBUTEIIMU BULOB, OJIS KOTOPHIX
XapaKTepHa aKTUBHAs BOKaJIKU3allys, I03TOMY OJid uX 0OHapyKeHHUs 4aCTo
HCIOJIb3YIOT TTaCCUBHBIN aKycTUYeCKU MOHUTOPUHT (ITAM). OcHOBHOM npob6iemMoit
OaHHOTO MEeTOJa SBJISIETCS OTPOMHBINM 00beM MaTepHraa, KOTOPHIN HEBO3MOKHO
IIpOaHaIn3upPOBaTh BPYUYHYIO JaXKe IIOATOTOBIEHHOMY YeJIOBEKY-3KCIIEPTY, II09TOMY
BOCTPeOOBAHHBIMU SIBJISIOTCS SIBJISIOTCSA MHCTPYMEHTHI aBTOMAaTUUYECKOT' O
oOHapyKeHUs CUTHaJIOB. B maHHOM mccienoBaHUU MBI pa3paboTanu cOOCTBEHHBIU
aJIrOPUTM OETEeKTHPOBAHUS TOHAJIBHBIX CUTHAJIOB 3y0aThEIX KUTOOOPAa3HEIX,
OCHOBAHHBIU Ha MCKYCCTBEHHBIX HEUPOHHEIX CETSX, KOTOPHIU aBTOMaTU4eCKU
“3BJIeKaeT IIPU3HAKU U3 CUTHAJIOB JKUBOTHBIX U C BEICOKOU TOYHOCTBIO BHIAEIISIET
BPEMeHHbIe HHTEPBAJIbl C HauOOJIbIlIe! BEPOITHOCTHIO IIPUCYTCTBUS 3TUX CUTHAJIOB B
ayouo3amnucsax, Ipeodpa30BaHHBIX B CHEKTporpaMMbl. B KkauecTBe 6a30BBIX METOIOB
MBI UCIIO/Ib30BaJIN 3HEPTreTudYeCKUe aJlTOPUTMEI, C KOTOPEIMU CpaBHUBAIU paboTy
HEeUPOCEeTH Ha TECTOBOU BEIOOPKE. AJITOPUTMEI OLIEHUBAJINCh CDABHEHUEM C
pedepeHCcHOM (3KCIIEPTHOM) pa3MeTKOM C UCIIOJIb30BaHUEM Mep KadecTBa TOYHOCTh
(Precision), ITonroTa (Recall), mnomans mom ROC-kpuBoit (ROC-AUC) u Fl-score.
Pe3ynbTaThl 3KCIIEPUMEHTOB Ha TECTOBOM BHIOOPKE ITOKa3ajil BEICOKOE
IIPEBOCXOACTBO N0 Ka4eCTBY IIPEACTABI€HHOM B HACTOSAIIEM HUCCIIEqOBaHUNA
MCKYCCTBEHHOM HEMPOHHOM ceTu. ba30Bhie aJirOPUTMBI TaKxKe OBbIJIM 3allyIleHbl Ha
3amnucsax OJIMHOUM B HECKOJILKO JHEU, comepaKallliX CUTHaIb 0eJIOMOPCKUX 0enyx,
CHOeJlaHHBIX COTPYOHUKaMU J1ab0paTOPUU MOPCKUX MJIEKONIMUTAIOUINX, B pe3yIbTaTe
yero ObLIU ITOJTy4YeHHl IPEeICTaBIeHUsI 0 IPOMeXKYyTKaX BpeMeHU, B KOTOPHIX
Habomanack akyCTUdecKass aKkTUBHOCTh XKMBOTHEBIX. [I[pyMeHeHue alrOpUuTMOB
TI03BOJIMJIO COKOHOMUTH BPEMSI COTPYAHUKOB Ha 00pabOTKy 3THUX 3alUCel BPYyYHYIO, a
TaKXe ONpenenuTh PaKT IPUCYTCTBUSA JKUBOTHBIX B aKBaTOPUU, B KOTOPOU
IIPOBOOMJIICSA aKyCTUYECKUYM MOHUTOPHUHT. TaKKe, HAlll METO[, MOXKET OBITh BCTPOEH B
YCTPOMCTBA aKyCTUYECKOI0O MOHUTOPUHTa MOPCKUX MJIEKOIIUTAIOIINX I
IIPeIBapUTEILHOTO AeTEKTUPOBAHUS XKUBOTHBIX. [laTbHEUIINE UCCIeqOBaHus OyayT
IIOCBSIIEHEl IPOBEPKE YCTOMYUBOCTY HEUPOCETU B 3aBUCUMOCTHU OT YPOBHS U TUIIA
IIIyMOB, IPUCYTCTBYIOIINX B ayAU0O3alUCAX.

37. The role of artificial intelligence in the preparation of modern
scientific and pedagogical staff. The experience of the course
"Neural networks and their application in scientific research" of
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Moscow State University named after M. V. Lomonosov.

A.Vasiliev (MSU, AI, Moscow),
D. Vasina, S. Zapunidi, A. Ivchenko, L. Antyufrieva, V. Nemchenko, A. Ganichey, S.
Kolpinsky, D. Mitina, A. Tatarintseva, A. Zadorozhny, A. Zolotareva

Today, there is a lot of talk about artificial intelligence and its great importance both
in industry and in science.

The demand for specialists who know how to use the capabilities of intelligent
systems in their work is invariably high both in scientific laboratories and in the
research departments of commercial companies.

Therefore, one of the tasks of modern education is to train such specialists even
within the walls of the university, so that while receiving basic education, the
student could also simultaneously study work with artificial intelligence, learn to use
all its capabilities directly to solve their own scientific or applied problems.

The report will be devoted to the experience of conducting a practical course on
machine learning, which is held on the basis of the Faculty of Physics of Moscow
State University.

The course “Neural networks and their application in scientific research” is an
example of the fact that it is really possible to launch an Al program and begin to
train highly qualified personnel in any higher educational institution.

Our course materials are in open source to support the easiest iteration, use and
modification.

The authors of the course hope that the training of modern scientific and
pedagogical personnel accumulated in this course will seem interesting to a
professional audience and will significantly speed up the development of educational
courses on machine learning in educational institutions interested in this.

31. Machine learning for diagnostics of space weather effects in
the Arctic region

A.Vorobev (Geophysical Center RAS)

Despite the variety of existing approaches to monitoring space weather and
geophysical parameters in the auroral oval region, the problem of effective
prediction and diagnostics of auroras as a special state of the upper ionosphere at
high latitudes remains practically open. And another significant problem here is also
concerned with diagnostics of geomagnetically induced currents (GICs) in extended
grounded technological systems, which are driven by telluric electric fields induced
by the rapid changes of the geomagnetic field. The paper is concerned with research
and analyzes of possibility of local diagnostics of auroras presence based on the
intellectual analysis of geomagnetic data from ground-based sources. The
significance of the indicative variables and their statistical relationships are
assessed. So, for example, the application of Bayesian inference to the data of the
Lovozero geophysical station for 2012-2020 had showed that the dependence of
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aposteriori probability of observing auroras in the optical range on the state of
geomagnetic parameters is logarithmic, and the degree of significance is inversely
proportional to the discrepancy between the empirical data and the approximating
function. The accuracy of the approach to diagnostics of auroras presence based on
the random forest method is at least 86% when using several local predictors and
~80% when using several global indices of geomagnetic activity characterizing the
disturbance of the geomagnetic field in the auroral zone. In conclusion, promising
ways to improve the quality metrics of diagnostic models are considered and the
areas of their possible application are discussed. Also the paper is concerned with
research on the approach to diagnostics of GIC in the power transmission lines in
northwestern Russia based on data from IMAGE magnetometers. Based on the
results of the statistical and correlation analysis of the objective function (the level
of the GIC recorded at the Vykhodnoy transformer station) and geomagnetic data
recorded by the nearby IMAGE magnetometers, the features that best characterize
the target variable in a given region are distinguished. Using machine learning (ML)
methods, the defined number of feature objects is used to develop the relationship
for the GIC diagnostics. Evaluation of the coefficient of determination for a stack of
various ML methods revealed that the regression approach and artificial neural
networks (ANN) are the best solution for the problem under consideration.
Verification tests have shown that ANN-based approach and regression methods
provide nearly the same diagnostic accuracy for GIC (the mean square error 0.12
A2). However, ANN-based methods are less interpretable and require more
computer resources.

30. Search for Meteors in the Mini-EUSO Orbital Telescope Data
with Neural Networks

M.Zotov (SINP MSU, Moscow)

Since autumn 2019, the Mini-EUSO (" UV Atmosfera') experiment, developed by the
JEM-EUSO collaboration, is being carried out on board the International Space
Station. Mini-EUSO is a wide-field-of-view telescope equipped with two Fresnel
lenses and a focal surface built of 2304 pixels with the spatial resolution of ~6.3 km
x6.3 km. The instrument operates in the UV range observing the nocturnal
atmosphere of the Earth in the nadir direction. During operation, the telescope
registers a variety of different phenomena manifesting themselves in the UV, among
them various transient luminous events, anthropogenic illumination,
bioluminescence, man-made space-debris, meteors etc. Here we discuss how one
can effectively find meteor tracks in the Mini-EUSO data using a pipeline built of two
simple neural networks.
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