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32. Machine Learning in Gamma Astronomy

A.PKryukov(1), A.P.Demichev(1)

(1) Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University,
Moscow, Russia

The review aims to summarize the most common deep learning methods that are
used to analyze the astroparticle data collected with the help of the Imaging
Atmospheric Cherenkov Telescopes (IACTs) as well as to provide references to
original works.

34. Calibrating for the Future: Enhancing Calorimeter Longevity
with Deep Learning

Ali Saraa (1), Bocharnikov Vladimir (1), Derkach Denis (1), Ryzhikov Artem (1)
(1) HSE University, Moscow, Russia

In the realm of high-energy physics, the calibration and longevity of calorimeters are
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paramount. Our research introduces a deep learning strategy to refine the
calibration process of calorimeters used in particle physics experiments. We develop
a Wasserstein Generative Adversarial Network inspired architecture that adeptly
calibrates the misalignment in calorimeter data due to aging. Leveraging the
Wasserstein distance for loss calculation, this innovative approach requires a
significantly lower number of events to achieve high precision, minimizing absolute
errors effectively. Our work extends the operational lifespan of calorimeters, thereby
ensuring the accuracy and reliability of data in the long term, and is particularly
beneficial for experiments where data integrity is crucial for scientific discovery.

57. MeTOoabl MAalIIHHHOT O OOYyYeHHsI B 3aJlade NMpeacKa3aHHus
nuddepeHITHATEHBIX CEYEHHH U CTPYKTYPHBIX (DYHKIIHH
3JICKTPOPOXKIEHHSI THOHA Ha NMIPOTOHE B Pe30HAHCHOM 00/IaCTH.

A.B.I'onoa
MT'Y umenu M.B.JlomoHOCOBa, ®u3udeckuil pakynbreT, MockBa, Poccus

OT nepBBIX TEOPETUYECKUX MOLEJIEN IIOCTPOEHUS UCKYCCTBEHHBIX HEUPOHHEIX CeTEeU
- IO COBPEMEHHBIX, OCHOBAHHHBIX Ha TpaHCpopMepax, apXuTEKTyp HEMPOHHBIX CETEU
OBIJI IPOJEeIaH KOJIOCCAIbHBIM IYTh B PAa3BUTHUN METOMIOB UCKYCCTBEHHOTO
nHTesiekTa. C TedyeHreM BpeMeHU ITof00HbIe METOObl MAIlTMHHOTO 00y4YeHHUs BCe
rioy0zKe IPOHUKAIOT B HAOOp MOBCEeOHEBHBIX MHCTPYMEHTOB HCCJIefoBaTelel B
pa3HbIX 00J1acTsax HaykKu. Pu3KKa 3JIeMeHTPaHbIX YaCTULl He SIBJISETCS UCKII0UYeHuEeEM
- Ha OCHOBE aJITOPUTMOB UCKYCCTBEHHOTO UHTEJIJIEKTA YK€ MOXKHO CTPOUTH
reHepaTopHl JaHHBIX, TOJABASITh IIYMEL U (DOHOBEIE TIPOLIECCH], OIIPENENIATh TPEKU
JacTuIl ¥ Tak ganee. MccnegoBaTtenu pU3NKM 3JIeMeHTapPHBIX YaCTHUI] 4aCTO
paboTaioT ¢ 60IBIIMMH 00beMaMM JaHHBIX, KOTOPHIE TTO3BOJISIIOT 3¢ (HEKTUBHO
CTPOUTH MOJOOHEIE MOEIN MalllMHHOTO 00y4eHus1. B maHHOU paboTe HcClenyoTCcs
MEeTOObI UCKyCCTBEHHOTO UHTEJIJIEKTa B 3aflade INpeAcKa3saHusa OuddepeHIraabHbIX
CeYeHUU peakluil B IpolleccaxX POXKAEHUS MIOJIOKUTEILHO 3apSAKEHHBIX THOHOB 110
OelCTBHEM 3JIeKTPOHOB. [Ipu paccMOTpeHUU peaKUMU POXKOEHUS ITHUOHA OBLI
HCIOJIb30BaH HaOOp JaHHBIX, HA OCHOBE KOTOPOTO IIPEACKa3bIBaIOCh CEUeHNEe
peakIiuy B pa3jInuHBIX 00J1acTaX a30BOTr0 MPOCTPAHCTBA [JiI Pa3HBbIX SHEPTrui
Iy4Ka 3JI€eKTPOHOB.

B nipencraBneHHON paboTe pelllanach 3ajladya PerpecCUyd U OCHOBHBIM aJITOPUTMOM,
pa3paboTaHHBIM OIS PEeIleHus OaHHOU 3aJadu, SABJIsSAeTCS rIyO0oKas IMOIHOCBsSI3Has
HEUPOHHAas CeTh, C apXUTEKTYPOU CcoCTosAen U3 19 CKPHITEIX CII0EB, KOTOpPas
oOy4yarnachk ¢ QyHKIMEN NOoTeph, He BKIOYAIOIIel B ce0s1 KaKuX-Tu00 alTpuOPHBIX
TEOPETUYECKUX 3HAHUM 0 mpoliecce. [I1st 00yueHus: ObIJIN B3SITH TaHHBIE U3
akcnepuMeHTa ¢ metekTopa CLAS, KoTophle xpaHsaTcs B 6a3e manHbXx «CLAS Physics
Database». [ToCKONIbKY IIpeAcKa3aHUSIMU HEUPOHHOU CETU SABISAIOTCA
ouddepeHIIManbHble CEYeHU S, TO 9TO MO3BOJIMIO HAaM IIPOBEPUTH B (PMKCHUPOBAHHBIX
o6stacTsx ¢a30BOTr0 IIPOCTPAHCTBA COOTBETCTBYIOIIME COXPAHSIIONIUECS 3aBUCUMOCTH,
HaIIpUMeED, B CUJIy POTAallMOHHOU MHBAPHUAHTHOCTU aMIIIUTYAHl, MBI ITIOKa3bIBAEM TO,
4YTO MpeacKa3aHus CeTHU COXPaHSAIT 3aBUCUMOCTD AuddhepeHInaTbHOTO0 CEYEHUST OT
yrjia MeXay IJIOCKOCTBhIO PeaKIUU U IIJIOCKOCThIO paccessHusa. [loMuMo 3TOro HaMu
OBILIIH TPOBEOEHBI CPAaBHEHUS ITPeNCKa3aHHBIX CTPYKTYPHBIX QYHKITUH,
IIepecYuTaHHBIX U3 NTPeOCcKa3aHHBIX 3HaUYeHNMN quddepeHlraTbHbIX CEYeHNH, C



9KCIEpPUMEHTAIbHBIMY JaHHBIMU. Ha 0CHOBE JaHHOTO aJrOpHUTMa MOXKHO
MHTEPIIOIUPOBATDh U 3KCTPAIIOIUPOBATh KaK 3HAUEHUSI CeYEeHUM, TaK U 3HAUEHUS
CTPYKTYPHBIX QYHKIIMM B pa3nUYHBIX 00/1acTsX (pa30BOTo MPOCTPaHCTBA.

43. Gamma/hadron separation in the TAIGA experiment with
neural network methods

E.O.Gres(1,2), A.PKryukov(2), PA.Volchugov(2), A.PDemichev(2), J.J.Dubenskaya(2),
D.PZhurov (1,2), S.PPolyakov(2), E.B.Postnikov(2), A.A.Vlaskina(2)

1. Applied Physics Institute of Irkutsk State University, 2. Lomonosov MSU, SINP
MSU

In this work, the ability of rare VHE gamma ray selection with neural network
methods is investigated in the case when cosmic radiation flux strongly prevails
(ratio up to 10™4) over the gamma radiation flux from a point source. This difference
is valid for the Crab Nebula in the TeV energy range, since the Crab is a well-studied
source for calibration and test of various methods and installations in gamma
astronomy. TAIGA-IACT, the part of TAIGA experiment, which includes three Imaging
Atmospheric Cherenkov Telescopes, observes this gamma-source too. Cherenkov
telescopes obtain images of Extensive Air showers (EASs). Hillas parameters can be
extracted from images in standard processing method, or images can be processed
with convolutional neural networks (CNN). In this work we would like to describe
the main steps and results obtained in the gamma/hadron separation task from the
Crab Nebula with neural network methods. The results obtained are compared with
standard processing method applied in the TAIGA collaboration and using Hillas
Parameter cuts. It’s demonstrated that a signal was received at the level of higher
than 5.50 in 21 hours of Crab Nebula observations after processing the experimental
data with the neural network method.

57. Boosting Novelty Detection Neural Networks with Rational
Activations

Zaborenko A.(1,2), Abasov E.(1,2), Boos E.(1), Bunichev V.(1), Volkov P.(1),
Vorotnikov G.(1), Dudko L.(1), Iudin E.(1,2), Markina A.(1), Perfilov M.(1)

(1) Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University,
Leninskie gory, GSP-1, Moscow 119991, Russian Federation, (2) Lomonosov Moscow
State University, Faculty of Physics, Leninskie gory, GSP-1, Moscow 119991, Russian
Federation

Deep Neural Networks (DNNs) have proven effective in unsupervised novelty
detection tasks, including model-independent searches in High-Energy Physics. This
study investigates the impact of hidden layer activation functions on the accuracy of
novelty detection. Our findings highlight that both the accuracy and training
stability of the final model are significantly influenced by the choice of activation
function. Rational activations, a recent advancement in learnable activation
functions, offer the potential for high expressiveness with a minimal number of
learnable parameters. By incorporating these activations into one-class DNNs, we
aim to enhance their accuracy and stability.



67. KomupoBaHHe BXOJHBIX CUTHAJIOB B TEPMHHAaX
OPHEHTHPOBAHHBIX MOATrPadoOpB B CIAHKOBOH HEHPOHHOH CETH C
JIOKQ/IBHOHM IUIACTHYHOCTHIO.

S.I1. UeuHa(l), P.B. Puvibka(1l), A.B. Cepexko(1), M.FO. XpucmuueHko(2), B.A.
Havun(1)

(1) HULI Kyp4yaTOBCKUY UHCTUTYT, (2) MOTU

[TpencTaBneHHl pe3yJIbTaThl HOBOTO cioco0a KOOUPOBAHUS BXOOHBIX CUTHAJIOB BO
BHYTPEHHUX TePMHHAX CIIallKOBOU HEMPOHHOU CETU - B TEPMHUHAX OPUEHTUPOBAHHBIX
roarpadoB. B TakoM nmoaxome KIIIOUEBBIM SIBJISIETCS JIOKaJIbHAS MJIaCTUYHOCTO
CParKOBOU CETH - JIOKAJIbHOT'O0 AUuHaMu4deckoro Mmexanusma STDP - spike timing
dependence plasticity. Ha nmpuMepe npocTou MOAelu BXOOHBIX CUTHAIOB, COCTOSIIEN
nxX 16 OMHAPHBIX CUTHAJIOB, IIOKA3aHO, YTO KaXKAbIK M3 9TUX CUTHAJIOB YHHUKAJIbHO
KOOUPYETCS B BUAE OPUEHTUPOBAHHOTO nmoarpada. I[TppyemM MHOKECTBO 3TUX
OpPHEHTUPOBAHHLIX OoATPadoB N30MOPGPHO MHOXKECTBY BXOAHBIX CUTHAJIOB. KaxK bl
WX 9TUX moArpadoB COOEPKUT CBOU (YHUKAJIbHBIN) HaOOp CUMIIJIEKCOB X TOMOJIOTHUH.
9TOT pe3yIbTaT OTKPHIBAET BO3MOKHOCTHU 10 pa3dpaboTKe HOBBIX MOAXOMIOB K
aHanM3y JaHHBIX, HAaIlpuMep, K KJlacTepru3alluu U KjlaccudpuKalu, Ha OCHOBE
anrebpo-TOIOIOTUYECKUX MEeTOI0B, 6e3 9Tana o0y4yeHUsI HEMPOHHOMU CETH.

46. Onpenenenue HanpasjaeHus IIAJI mo nanasiM TAIGA
HiSCORE ¢ noMoIIIbI0 MOJIHOCBSI3HBIX HEeHpoceTeH

FO.FO. [Tyberckas (1), A.Il. Kprokos (1), C.I1. I[Toaskos (1), A.A. BaackuHa (1), IT.A.
Boauyeos (1), E.O. I'pecy (1,2), A.Il. Ilemuues (1), [1.I1. 2Kypos (1,2), E.b.
ITocmHukos (1)

(1) HUUA® MI'Y, (2) HUUTI® UT'Y

HampaBneHue npuxoga MMUPoOKux arMmochepHbix nuBHeu (IIIAJ]) mo3Bomsier
OIpenesuTh UCTOYHUK raMMa-U3/Iy4eHUsI U UTr'paeT BaXKHYI0 POJIb OJI OLIeHKU
SHEPTrUuU IMePBUYHOU YaCTULEL. YIaBIUBalOIle YePEeHKOBCKOE U3JTy4eHNe CTaHIIUU
HiSCORE B npoekTte TAIGA pacnpepneneHb Ha IIJIOMIagu OKOIO 1 KB. KM U
PETUCTPUPYIOT BpeMs Ipuxoma POTOHOB M UX KOJIMYECTBO, YTO ITO3BOJISET
onpenensThk HampasiaeHue ocu IITAJI ¢ BEICOKOM TOYHOCTBHIO. B manHOU paboTe MEI
KCIIOJIb3yeM [Jis ollpeneneHus HanpaseHus [ITAJI nmonHOCBsA3HbIE HelpoceTu. CeTu
o0y4anuch 0 JaHHBIM, CMOAEJIMPOBAaHHBIM C TTIOMOIIIbIO anroputMa MoHTe-Kapno
IOJIs1 raMMa-KBaHTOB. [loKa3aHa BO3MOXKHOCTh OIIPeOeIeHusI HallpaBIeHUs CO
cpenHeli omnbkoi okoso 0.3 rpamyca. B manbHelIeM npeaaoXXeHHbIN nmoaxon OyoeT
KM CIIOJTb30BaH [JI MyJIbTUMOOAIbHOTO aHalTi3a JaHHBIX, IOJTy9aeMbIX C HECKOJIbKUX
TUIIOB YCTaHOBOK, BXoOgAIIuX B Kommiekc TAIGA.

PaboTa BEITIOJTHEHA IIPU moagepkKe Poccuiickoro HayuyHoro ¢goxpga (rpadT Ne
24-11-00136).

41. Mopdonorudyeckasi KJiaCCHpPHKAIIUA JKEeTOB aKTUBHBIX siTep
rajakKTHK



3aeopyaa . C. (1), Jlucakos M. M. (2)

(1) MockoBckul pU3NKO-TEXHUYECKUUN UHCTUTYT, (2) ACTPOKOCMUYECKUHU LIEHTP
®dusnueckoro nactutyrta uM. [1. H. JlebemeBa Poccuiickoi akageMuu HayK

O0beM papmomHTEPhEPOMETPUUECKUX HAOTIOOeHN KBa3apOoB ITI03BOJISAET
HCIOJIb30BaTh METOALI MAalIMHHOTO O0y4YeHUs Ojis KjlacCUPUKaAuu 0OOBEKTOB 10 UX
BU3yaJIbHBIM 0c00eHHOCTSIM. Panee ®aHapoBeiM U Pailinu Oblnia IpoBeneHa
KJlacCu(prKauus peasiTUBUCTCKUX CTPYH (OKETOB) B pajuorajgakTUKax Ha MacimTabax
KUJIOIIapCeK U Obljla BHISIBJIEHA KOPPENIALUS MeXKOy II0JTHOU CBETUMOCTBIO 00bEKTa U
ero mop¢ormnorueti. Mopdonorudeckass Kiaccudukralms Ha MaciiTabax rmapcek,
ropasmo OJIMKe K IIeHTPaJIbHOM YEPHOM ObIpe, IM03BOJIKIIa ObI CO3MaTh BEIOOPKH,
OCHOBaHHBIE Ha BU3YaJIbHBIX 0OCOOEHHOCTSIX CTPYH: meTajibHee UCCIIeoBaTh
XapaKTepHbIEe IIPOCTPAaHCTBEHHbIE CTPYKTYPHI AKETOB, @ TaKXKe YBEJIUYUTh TOYHOCTh
moJisi cucteM riaobanbHOro no3unmonupoBanusa (IJIOHACC/GPS) ¢ ucmonb30BaHUEM
TOYEYHBIX UCTOYHUKOB. [[J1 co3gaHus MOoa00HBIX BEIOOPOK HaMU OBIJIN BHIIEIEHBI
YyeThipe MOP(OIOTUYECKUX KiTacCa: OOWHOYHBLIN TOYEYHBIM UCTOYHUK, OIBOMHOMN
TOYEYHBIM UCTOYHUK, UCTOYHUK C OJJHO- M IBYCTOPOHHUM OXKeToM. MbI pa3paboTanu
CUHTETHUYEeCKNEe MOOENU OKEeTOB aKTUBHLIX sgfaep ramnakTuk (AfAl'), koToprie
HCII0JIb30BaIUCh [JIs1 TeHepaluu o0y4daloileil BEIOOPKU [ KjlacCuduKaTopa.
MopdonorudeckuM KiaccupuKaTopoM cTana pa3paboTaHHasi HAMU CBEPTOYHAS
HelpOHHAas ceTh, 00yUyeHHas Ha CUHTETUYeCKUX JaHHbIX. OOyyeHHas HeUpoHHas
CeThb MCIOJIb30Baach AJid MYJIbTUKIIACCOBOM Kilaccupukanuu 89 ThICSAY
n3obpaxenuu AAl’ u3 6a3sl AcTporeo. [[719 KOIM4YEeCTBEHHOM OILIEeHKM KauecTBa
paboTs! KinaccudruKkaTopa AOMOTHUTEIBHO OBINT pa3paboTaH BeO-uHTEpdhENC Oisa
py4Hol pa3MeTKu KapT AAT. Pacripenernenue n300paxkKeHUM 0 BhIOEI€HHBIM
KJjlaccaM, IIpelCcKa3aHHOe HEUPOCEeTh0, KaYeCTBEHHO COOTHOCUTCS C
npennoiaraeMeIM. Pe3ynbTupyloias KjlacCuuUKanys MO3BOJIUT CO34aBaTh BEIOOPKHT
IJis aCTPOU3NYECKUX U aCTPOMETPUUYECKUX 3ajad. B majnbHeuIlen IepCrieKTuBe
IJIAaHUPYETCS aJallTUPOBaTh pa3paboTaHHBIN KJIaCCU(PUKATOP OO UHCTPYMEHT OJI
roncka n3obpaxenuu AAT co cxoxeu Mopdoioruei, a Tak?kKe MacCOBO CPaBHUTD
MOPGOJIOTHIO AKEeTOB Ha MacmiTabax mapcek M KUIonapCcek.

42. Application of Kolmogorov-Arnold Networks in high energy
physics

Abasov E.(1,2), Boos E.(1), Bunichev V.(1), Volkov P.(1), Vorotnikov G.(1), Dudko L.
(1), Zaborenko A.(1,2), Iudin E.(1,2), Markina A.(1), Perfilov M.(1)

(1) Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, (2)
Lomonosov Moscow State University, Faculty of Physics

Kolmogorov-Arnold Networks represent a recent advancement in machine learning,
with the potential to outperform traditional perceptron-based neural networks
across various domains as well as provide more interpretability with the use of
symbolic formulas and pruning. This study explores the application of KANs to
specific tasks in high-energy physics. We evaluate the performance of KANs in
distinguishing multijet processes in proton-proton collisions and in reconstructing
missing transverse momentum in events involving dark matter.



44. T'enepanusi IOKa3aHHH HA€MHBIX eTEKTOPOB H IIOHCK
QHOMAJIUH B TaHHBIX C IOMOIILI0 HEMPOHHEIX CeTeH

®umazduHos Pobepm Paguavesuu (1,2), Xapyk MeaH Bauecaasosuu (1,2)
(1) MOTH, (2) U PAH

OCHOBHOM 11e/bI0 JaHHOU PaboTHl OBITIO pa3paboTaTh reHepaTUBHYIO0 HEUPOHHYIO
CeTh [J11 PEKOHCTPYKIIUHU TOKa3aHUM IIOBEPXHOCTHHIX IETEKTOPOB 9KCIIEPUMEHTA
Telescope Array u mouCKa aHOMaJIUU B JaHHBIX CTEHEPUPOBAHHBIX C IIOMOIIIBIO
Pa3IUYHLIX MOJeJiell OCHOBaHHEIX Ha MeTone MoHTe-Kapro. [ pelenus aTou
3apmaym Oblyla BEIOpaHa reHepaTUBHO-COCTS3aTelIbHAasI CeTh BacTepiiieiiHa C
rpagueHTHBEIM mTpadgom. 115 o0ydeHuss Mofenel ObIJIM MCIIOJIb30BaHbl JaHHEIE,
COMIIIMPOBAHHBIE C IOMOIIBIO MeToma MoHTe-Kapio. B pamkax paboThl OBIIO
pelieHo aBe 3amayuu. [IepBoy 3ajadyel CTOSIJIO HAllMCaHe HEMPOHHOM CETH O
reHepaluu MoKa3aHWU U IIOMCKa aHOMaJIul Ha Hanbojiee aKkTUBHOM JIETEKTOPE B
KaXX[JOM perucTpupyeMoM coOvTuu. HanrcaHHas Mopenb MoKa3aja peajluCTUYHbIe
pe3ybTaThl U IIOMOTJIa HaluTU AeTalbHble pa3/Inyus MeXy peajlbHbIMU JaHHBIMU U
OaHHBIMM, COMIUINPOBAHHLIMU C IOMOIIBI0 MeTona MoHTe-Kaprno. Takxke s
YMCJIEHHOTO CPaBHEHUS PA3JIMYHBIX MOAesiel OblI IPUMEHEH aJlrOPUTM IOUCKa
aHOMaJIuu. AJITOPUTM BHISIBUJI OTJIMYHOE MTOBEJEHNE COMIIJIMPOBAHHBIX JaHHBIX C
noMmomibio Mmogener QGSJET-11-03 u QGSJET-11-04 Ha nmpoTOHaxX C BEPTUKAIbHBIMU
yriaMu nageHusi. Bropou 3agadeu CTOAI0 HallMCaHUuEe HEUPOHHOU CEeTHU 171
reHepanuu nmokalaHui 36 geTeKTopoB. B pamMKkax 3Tol 3amayu TpeboBaoCh HAYYUTD
MO[eJib TeHepUpoBaTh 4 MoKa3aTess oI KaXA0ro AeTeKTopa: UHTerpajlbHbIU
CUTHAJI JeTeKTopa, BpeMs IIpUxoaa PeKOHCTPYUPOBaHHOTO IJIOCKOTO (DPOHTa, BpeMS
IIpUXoda CUTHAJIa, U MacKa, IToKa3kiBaollas cpaboran nu geTekTop. [ aTou
3apmaum ObIIM HaMMCaHbl QYHKIIUU ITOTEPb, OCHOBaHHBIE Ha QU3UKE
pacrIpocTpaHeHus MIUPOKOT0 aTMOoC(hepHOTo NTUBHA. Moaesnb moKa3ajia BU3yalbHO
CX0XKHe JaHHbIe U IPUMEHHUMOCTh QYHKIIUU IIOTEPh, OCHOBAHHOM Ha BEIUYUHE
ITPaBOOIIOmO00Ms XU-KBapaT, OJis TeHepalluy JaHHBIX GU3NUYEeCKUX 9KCIIEPUMEHTOB.
Mopenu CMOTIU IPEBLICUTH CKOPOCTh T€HePalluy JaHHLIX, B CDABHEHUU C
reHepalnuey MeTogaMu, OCHOBAHHEIX Ha MeTone MoHTe-Kapiio, Ha HECKOJIBKO
IIOPSAOKOB.

MamnuHHoOe OﬁY‘IGHIfle H BBICOKOIIPOHU3BOOHUTE/IbHbBIE
BBIYHUCJICHMHSA. CXOJ_ICTBa H Ppa3/IHYUA

A.Mockosckull

['pynna komnauuu PCK

25. PekoHncTpykuus IIIAJI, 3aperucrpupoBaHHbIX
dbayopeciieHTHBIMH TeJIeCKOIIaMH, C IIOMOIILI0 HEMPOHHEIX CeTeH

Muxaua 3omos(1), ITasen 3axapos(2) 0asa Koaaabopauuu JEM-EUSO
(1) HUMA® MTI'Y (2) BMK MI'Y

®nyopecuenTHbIe TenecKonbl (OT) aBIIAIOTCS OOHUM M3 BaXKHBIX MHCTPYMEHTOB IJIsI



perucTpaluu CBeUYeHHUs IMUPOKUX aTMochepHbix muBHen (IITAJI), mopoxmaeMbIx
KOCMUYECKUMHU JIlydaMU CBEPXBBICOKUX 3Heprui. Ha 0CHOBe MOAENIbHBIX JaHHbBIX OJI4
ctpaTochepHoro teneckona EUSO-SPB2 u HazemHuoro teneckorna EUSO-TA,
pa3paboTaHHBIX B MeXAyHapoaHol Kojnabopauuu JEM-EUSO, MBI moOKaxeM, KaKUM
00pa30oM pa3nuYHblE METOOL MAIIMHHOTO 00y4YeHusT MOTYT OBITh MCIIOJIb30BAHKI I
pacno3HaBaHUus TpeKoB IIIAJI, 3aperucTpupoOBaHHBIX C TOMOIIbIO TaKMUX TPUOOPOB.
Me1 TakKe IpeAcTaBUM IIpeaBapUTEeIbHbIE PEe3yIbTaThl PEKOHCTPYKIIUY SHEPTUU U
HaMOpaBIeHUS NPUX0a MEPBUYHBIX YaCTHUL] C TOMOIIbIO CBEPTOYHBIX HEMPOHHBIX
CeTenu.

MopenupoBaHnue u aHanu3 ana EUSO-TA nmogmepkaHbl rpaHToM PHO 22-62-00010;
pa3paboTka HelpoHHLIX ceTel miust EUSO-SPB2 Oninia BhITIOJTHEHA ITPU ITOAEPIKKE
rpauTta PH® 22-22-0367.

46. Onpenenenue HanpasjaeHus IIIAJI mo nanasiM TAIGA
HiSCORE c noMoOIIIbI0 IMOJIHOCBSI3HBIX HeHpoceTeH

A.Il. Kpwkos (1), C.I1. Iloaskos (1), A.A. Baackuna (1), I1.A. Boauyeos (1), E.O.
I'pecw (1,2), A.I1. Temuues (1), FO.FO. IIybexckas (1), J.I1. Kypos (1,2), E.B.
ITocmHukos (1)

(1) HUU4Ado MI'Y, (2) HUUII® UTY

HanpaBneHue npuxoga IMUPOKuX aTMochepHbix nuBHen (IITAJI) mo3Bonser
OIIpEelesIuTh UCTOYHUK raMMa-U3JIy4eHUs U UrpaeT BaXXHYI0 POJIb OJ1 OLleHKU
SHEPTrUuU IMePBUYHOU YaCTULEL. YIaBIUBalOIIe YePEHKOBCKOE U3JIyYeHUEe CTaHIIUU
HiSCORE B npoekTte TAIGA pacnpepneneHbl Ha IIJIOMagu OKOI0 1 KB. KM 1
PEruCTPUPYIOT BpeMs Ipuxoga GOTOHOB U UX KOJIMYECTBO, YTO IIO3BOJISIET
onpenensTh HampaBneHue ocu IITAJI ¢ BEICOKOM TOYHOCTBHIO. B manHOU paboTe MbI
HWCHOJIb3yeM [OJis olpenesieHus HanpasieHus [IIAJI nonHoCBsA3HBIE HerpoceTu. CeTu
o0y4anuch 0 JaHHBIM, CMOAEJIMPOBaHHBEIM C TIOMOIIbI0 anroputrmMa MoHTe-Kapio
IJIs1 raMMa-KBaHTOB. [loKa3aHa BO3MOXKHOCTE OIIpefesIeHusa HallpaBJIeHUs CO
cpenHel omnbKkoi okoso 0.3 rpagyca. B manbHeleM npeanoxKeHHbIN moaxon OyoeT
KWCIOJIb30BaH AJIsi MYJIbTUMOOAJIbHOTO aHajiu3a JaHHBIX, [T0JIlydaeMbIX C HECKOJIBKUX
TUIIOB YCTaHOBOK, BXOoOAInuX B KoMmmiekc TAIGA.

Pa6oTa BeIIOTHEHA IIpU nTofaepkKe Poccuiickoro HaydyHoro goHaa (rpadT Ne
24-11-001306).

45. [IpyMeHeHHe HEHPOHHBIX CeTEeH J/IsSI BEIYHCICHHUSI
KOHTHHYaQ/ILHBIX HHTETI'Pa/IOB B KBAHTOBOH TEOPHH

CanavHukos [1.B.(1,2), Bacuaves A.B.(1), HeaHos A.C.(1), Yucmskos B.B.(1)
(1) MT'Y umenu M.B. JlomoHocCOBa, (2) UAU PAH.

B KBaHTOBOM TEOPUH IIOJISI CPEIHUE 3HAaYEHUS HaOII0gaeMbIX MOTYT OBITh
TIpelCTaBleHbl B BUe PyHKIIMOHAIBHOTO UHTETpasia. B obiieM cnydae ero He
yOaeTCcs BHIYUCIUTh aHaNMUTHYeCcKu. CyIleCTBYIOT pPa3/InyHble TPUOINKEHHBIE
MEeTOOBl PAaCYETOB Ha pelleTKe, HanpuMep, meton MoHTe-Kapro. B HacTos1iee
BpeMs pa3BHUBaETCS IMOOXO0M K PEILIeHUI0 3TOU 3aJayy, UCIIOIb3YIOIINNA HEUPOHHBIE



cetu. B Hamre#t paboTe MBI BEIYUCIUIU PYHKIIMOHATbHBIE NHTErPasbl B PA3TUYHBIX
MOMEeJIATX KBAHTOBOM MEXaHUKU C ITOMOIIBIO aJiIrTOPUTMa HOPMaIU3YIOUIUX ITOTOKOB.
II717 OBICTPHIX BHIYUCIIEHUM C BBICOKOM TOYHOCTHIO 9TOT aJITOPUTM IPUMEHSIJICS
COBMECTHO C METO[IOM I'eHepalluu ITPU MOMOIIY MapKOBCKUX LeTe.

40. AcciiegoBaHue MeXaHU3Ma reHepaluyu raMMa-BCIIbIIIEK B
OJ1a3apax

CatipemouHos A.P., Jlucakos M.M.

MockOBCKHH (PU3UKO-TEXHUYECKUNU UHCTUTYT, ACTPOKOCMHUYECKUU IIEHTP
®dusuyeckoro nuctutyta uM. I1. H.Jle6emeBa PAH

Brna3apsl, pa3HOBUOHOCTH @KTUBHBIX I'aJlaKTUYECKUX SAeP, 3allyCKaloluX
y3KOHaIpaBJIeHHbIE CTPYU PEJISTUBUCTCKOU IJIa3Mbl, U3BECTHHI KpallHeu
M3MEHYUBOCTBIO IPKOCTU B BCEM 3JIEKTPOMarHUTHOM CIIeKTpe. B raMMa nuarna3oHe
X SIPKOCTb MOZKEeT YOBOUTHCS BCEr0 3a HECKOJIBKO 4acoB. OMHaK0 MeXaHU3MEL
o0pa30BaHUS TaKWX BCIHIIIEK A0 CUX IIOP He NOHATHHL. B maHHOU paboTe MHI
pa3paboTtanu Mofeb, ITI03BOJISIONUIYIO ONIPENEeNINTh AMana30H TapaMeTPOB BCIBIIIEK B
raMMa Ouanas3oHe. IIJIs 9TOro MBI CO3OAJIU OaTaceT, BLIOeIuB 869 BCHOBIIIIEK B raMMa
ouaria3oHe M3 KPUBBIX O671eCKa, IMTOTyYeHHBIX C IOMOIIbI0 KOCMUYECKOM 00cepBaTOpPUM
Fermi B quamna3sone snepruu 20 MsB - 300 I'sB. [locrne co3ganu HEUPOCETEBYIO
MOJeIb Ha OCHOBE BapuallMOHHOTO aBTo3HKoAepa (VAE) u paccmoTpenu
reoMeTprUYeCcKU MexXxaHu3M 00pa30BaHUS BCIILIIIIEK, OCHOBAHHHBIN Ha CIIMPAJIbHOU
popme ctpyu. Mogens VAE no3Bonuia NOaIyduTh 2-MepHOE HHPOPMATUBHOE
IIPOCTPAHCTBO BCEX BCHHIIIEK, a CTeHEPUPOBaHHBEIE T€OMETPUUYECKOU MOIEIBIO
BCIIBIIIIKY ONpEefeJInIu paclpenesieHre napaMeTpoB B 9TOM IPOCTPaHCTBeE.
[TonydyeHHass MOOENb II03BOJISIET HE TOJILKO 3(P(PEKTUBHO KJIaCTEPU30BaTh BCIBIIIKYI
1o (popMe, HO U OBICTPO T€HEPUPOBATH BCIHIIIKY C 3aJaHHEIMU TapaMeTpaMu. B
maibHEeWIeM NJIaHUPYyeTCs caelaTh 00jiee CI0XKHOEe MOoelIupoBaHue oOpa3oBaHUe
BCIIBIIIIKY U PACIIUPUTH KOJIMYECTBO OIIpenesiieMbIX (U3UUYEeCKUX IapaMeTpPOB.

70. MHOroMepHasi OITUMHU3AIIUsI JEeTEKTOPHBIX CUCTEM Ha
npuMepe MIOOHHOHM 3aIllUTHI B 9KcnnepuMmeHnTte SHiP

Kypbamos E.O., PamHukos @.]].
HWY BIIIS

SHiP (Search for Hidden Particles) - HOBBIN 3KCIEpUMEHT 0O0IIIero Ha3HaUYeHUs Ha Ha
Konbile SPS B CERN, B 3aayu KOTOPOTO BXOOUT MOUCK CKPBITHIX YaCTHII,
MIPENIOKEHHBIX MHOTOYHCJIEHHBIMU TeopusiMu BHe CTaHmapTHOU Mopgenu. BaxXHBIM
9JIEMEHTOM 3KCIIEPUMEHTA SIBISAETCS MIOOHHAs 3ainuTa. C OJHOM CTOPOHEI, OHA
monKeHa oOecliedynBaTh XOpOIllee IomaBieHue ¢hoHa, a C APYrou - He OBITh CIIUIIKOM
TsIKesnol. B manHOU paboTe MpeacTaBlIeHbl Pe3yIbTaThHl IIONyYeHUsI KOHQUTypaluui
MIOOHHOM 3allfUTHI C IOMOIIBI0 0alleCOBCKOMN OIITUMU3AIIHH.

39. PenteHue 3aJa4 MaTeéMaTHYE€CKOH (PU3HUKH HaA CETAX
pagHaIBHBIX 0a3UCHBIX PYHKITHH



CmeHbkuH [Imumputi AasekcaHoposud, 'opbauyeHko Baadumup HeaHosuY
[leH3eHCKUM rOCyapCTBEHHLIM YHUBEPCUTET

BOnBIIMHCTBO 3ajay MaTeMaTUYeCKOU (PU3UKU He yOaeTCs PEIIUTh aHAJIUTUYECKHU.
PelieHue nonynsspHEIMUA MeTOOaMXA KOHEYHBIX PA3HOCTEU ¥ KOHEYHBIX 3JIEMEHTOB
TpeOyeT MOCTPOEHUSI CETKU U PEIIeHUsI CUCTEM CETOYHHIX YPaBHEHUN BHICOKOU
pa3mepHOCTHU. [10CTPOUTH CETKYy 3a4acTyl0 HOBOJILHO CJIOKHO, OCOOEHHO IS
obracTel ClI0XKHOU KOH(puUryparnuu. CeTouHble YypaBHEHUS UMEIOT BEICOKYIO
pPa3MepHOCTh U IJIOXYI0 00yCJIIOBJIEHHOCTh. PemuTh 9TU nIpo0IeMEl TO3BOJISIOT
pusmuecku nHPopMUPOBaHHBEIE HEUPOHHBIE ceTH (physics-informed neural
networks). Takue ceTu allIpOKCUMHUPYIOT PelleHNe KpaeBou 3agadyu, MUHUMU3UPYSI
HEBSI3KY YpaBHEHHUS B TOUKaX KOJJIOKAIIMM BHYTPU U Ha rpaHuUIle 0671aCTU pelIeHus.
dusnyecku HHPOPMUPOBAHHBIE HEUPOHHLIE CETU IO3BOJISIOT HAUTHU pEIleHNEe B
IIPOU3BOJIbHBEIX TOUYKaX 00/1acTu 6€3 MOCTPOEHUS CETKHU, IIO3BOJISIIOT pelllaTh IIPsMble
1 oOpaTHHIE KpaeBble 3amauyu. B ¢pusnuyecku nHPOPMUPOBAHHBIX HEMPOHHBIX CETSX
OOBIYHO ITPUMEHSIOT ITIOJTHOCBSI3HBIE HEMPOHHBIE CeTH (MHOTOCJIONHEBIE
IIEPCENTPOHEI). B KayecTBe albTepHATUBEL aBTOPHI IIpeAJjiaraiT UCIIO0Ib30BaTh
dbuzuvecku nHGOPMUPOBaHHbLIE CETH PagualibHbIX 0a3uCHBIX QpyHKUUM. CeTu
paguanbHbIX 6a3uCHBIX QYHKIIMYM COOepIKaT TOJIBKO [IBA CJIOS, YTO YIIPOIlaeT IPOIiece
o0yudeHus. [TOTHOCBSI3HBIE CETU CJIOKHEee O0YYUTh M3-3a OOJILIIOTO YHUCIIa CJIOEB.
[Tpu pelleHUU Ha CETSIX pafuasibHBIX 0a3UCHBIX QYHKINYM KPaeBhIX 3adayd
MaTeMaTU4YeCKoM (QU3UKHU CII0KHOM MPo6IeMOo sIBIsIeTCs BEIOOD ITapaMeTpoB
paguanbHBIX 6a3UCHBIX QYHKIIUNM. ABTOPHI IpeajaraioT B Ipoliecce 00y4eHUsI
¢pr3znvecky nHGOPMUPOBAHHBIX CETEN pafgualbHbIX 0a3MCHBIX QYHKIINYM HaCTpanuBaTh
He TOJIbKO JIMHEUNHbIE TapaMeTpPhl CETEeN — Beca, HO ¥ HeJIMHENHbIe TapaMeTpPhI
06a3ucHbIX QyHKIUN. 1715 00ydyeHUsa Gpu3ndecKu NHGOPMUPOBAHHLIX CETel
paguanbHBIX 0a3UCHBIX QYHKIIUNM HaMU afallTUPOBAHbI T'PafeHTHEIE aJlTOPUTMEL
IIePBOTO OpsAfKa (rpagueHTHOr0 cinycka, HecTepoBa, aJlrTOPUTMEL C afalTUBHOU
CKOPOCTBHIO 00yUeHUsI) ¥ aJITOPUTM BTOPOTO IOPsSIAKa — aJrOPUTM
JleBeHOepra-MapkBapaTa. ABTOpaMu BIIepBbIe pa3paboTaHbl, peaii30BaHbl U
9KCIEPUMEHTAJIbHO UCCJIef0BaHbl 0€CCETOYHEIE aJITOPUTMEL PelIeHUs Ha QU3UIECKHU
MHOOPMHUPOBAHHBIX CETAX PagUaibHBIX 0a3UCHBIX QYHKIIUY IIPSIMBIX KPaeBhIX 3agayd
1 00paTHHIX KO3(h(GUIMEHTHBIX KpaeBhIX 3aflayd OJIs1 KyCOYHO-OOHOPOOHEIX CPET,
OTJIMYAIOIIUeCs UCII0Ib30BaHueM ObICTpOro Metona JleBeHbepra-MapkBapaTa C
QHATUTUYECKUM BHIUKCIIEHMEM MaTpulbl AkoOu. [Ins peleHusi oOpaTHOM 3agayu
OblJIa MPpUMEeHeHa mapaMeTpHUYecKasi ONTUMHU3AIUsI. ABTOpaMu OBITHM pa3paboTaHEHI,
peanu30BaHbl U 3KCIIePUMEHTAaIbHO UCCJIefOBaHbl 0€CCETOYHBIE aJITOPUTMBI
pelnreHus Ha GU3NYEeCKU NHPOPMUPOBAHHBIX CETAX pPafUalIbHBIX Oa3UCHBIX QYHKIINN
3apa4 rugpoguHaMuKHU. B moKiage mpeacTaBiieHbl pe3yabTaThl PEIleHus psaga
MOMEJILHBIX 3a/lay, JEMOHCTPUPYIOIIVE ITPEeUMYyIlleCcTBa pa3paboTaHHBIX aJITOPUTMOB.

58. Enhanced Image Clustering with Random-Bond Ising Models
Using LDPC Graph Representations and Nishimori Temperature
Estimation

Usatyuk Vasiliy, Sapozhnikov Denis, Egorov Sergey

South-West State University, T8 LTD, South-West State University



This article investigates the application of Random-bond Ising Models (RBIMs) for
clustering image data while utilizing graph representations derived from Low-
Density Parity-Check (LDPC) and Quasi-Cyclic LDPC codes. These codes are
constructed using an approach rooted in Energy-Based Models (EBMs),
incorporating topology-aware graph models to enhance dynamic analysis within
Deep Neural Networks (DNNSs). By leveraging the graph structures inherent in tree-
like, QC-LDPC codes, our approach aims to capture intricate patterns and latent
features present in image datasets. The integration of EBMs facilitates a deeper
understanding of the underlying energy landscape, enabling effective representation
learning and clustering. Through empirical evaluation, we demonstrate the efficacy
of our methodology in uncovering complex data structures and elucidating the
interplay between graph representations, energy dynamics, and clustering
performance. Our findings underscore the potential of RBIMs and LDPC-based
graph models in advancing unsupervised learning tasks and enhancing the
interpretability of clustering algorithms in diverse application domains. The article
demonstrates the improvement of image classification algorithms based on Erdos-
Rényi graph RBIM and EMD Spectrum and Hamming Distance optimized LDPC
codes bipartite graphs RBIMs. The proposed approach also refines a numerical
method for accurately estimating the Nishimori temperature using the eigenvalues
of the Bethe Hessian matrix from the curvature landscape of optimized weighted
graphs.

Cexknus 2. MammHHOEe O0Oy4eHHEe B HayKax 00
OKpYyzKaloIlleH cpeae

9.CpaBHHUTEJILHBIA aHA/IU3 METOA0B MAIlIHHHOI O U I'TYyOOKOI O
00y4YeHHsI B 3aJlade KIaCcCH(PHUKAIIUU BOTHOBBIX (GOpPM MOTHOTO
3JIEKTPOHHOI O COOepP2KaHUSA

TeH A.C.(1), CopokuH A.A.(1), Illecmaxos H.B.(2,3)

(1) Beruucnutenbubiyt 11eHTP [IBO PAH, r. XabaposBck, (2) MHCTUTYT IPUKJIagHOM
MmaTteMaTuku [IBO PAH, r. BnaguBocTok, (3) [lanbHEeBOCTOYHBIN (efepalbHbII
YHUBEPCUTET, T. B1aguBOCTOK

MHorue onacHble IPUPOLOHEIE SIBJIEHUS BHI3BIBAIOT HOHOCHEPHBIU OTKIIUK, KOTOPHIA
MOKeT OBITh 3apUKCUPOBAH BO BpEMEHHBIX PsAMax IIOJIHOTO 3JIEKTPOHHOTO
cogepxkanus (IT9C), pekoHCTpyupoBaHHBIX 13 maHHBIX [[HCC-HabmomeHu .
PazButue cetett THCC u COOTBETCTBEHHO POCT 00beMa UHCTPYMEHTATbHBIX JaHHBIX
YCIOXKHSAET uX 00paboTKy, YTO 3HAUUTEJIbHO YBEJIMUMBAET BpeMs Ha IIOUCK U aHaJIu3
COOBITHS, IPU 9TOM pPacTeT PUCK BOSHUKHOBEHUS Pa3/IMYHBIX TEXHUYECKUX OIITUOOK.
Llenp HaLIEro UCCIenOBaHus - CPDAaBHUTH HEKOTOPEIE KJIaCCUYEeCKUe MOesln
MaIIMHHOT0 OOy4YeHMs U HEUPOHHEBIE CEeTH B 3aade KjacCcuduKaIvuy BOJTHOBEIX (opM
[I19C u O11eHUTH UX BO3MOXKHOCTH [JI1 CO3JaHUs aJroOpuTMa aBTOMaTU3UPOBAHHOTO
IIOKMCKa KOBYJIKaHNYEeCKUX noHOoChHepHbIX Bo3MmyIleHul (KWUB) no garasiMm THCC. B
IIPEI0OKEeHHOM aJITOPUTMeE POJib KlaccuduKaTopa BHIIIOIHSIET 00y4yeHHass MOJEb.
Mopenu OblT 00y4€eHHI OJI pellleHus 3ajayu OMHapHOU KilaCcCUPUKAIINU C
HCIO0JIb30BaHMEM HabOpOB HaHHBIX BOTHOBHIX (popM [19C, comepKaiinux MpuMeph
OByX KjaccoB - ryM u KM B. BonmHoBEIE (hOPMEI pa3MedaIucCh Ha IpuMepe



n3BepxkeHud ByjkKaHa [Iuk CapriueBa (KypuiabCckue ocTpoBa), npou3soilenuero 11-
16 utonsa 2009 r. [Ins oOydyeHUs KJIaCCUYECKUX MOJieel OblIU ITPEeaI0KeHb
crenuanbHble TPU3HAKU JAaHHBIX BOJTHOBBLIX (OpPM, ITogoOpaHHbIe C YYETOM
BBIUHCIUTENBHOU 3¢ GHEKTUBHOCTU anroputMa. [IpoBegeHO cpaBHEHHUE MOfesiel 110
MeTpuKaM KadecTBa KjlacCUu(pUKALUU: OJI1 MOOEJIM Ha OCHOBE TPaAUEHTHOT O
OyctuHra KoadgduimeHT Koppensiuu MeTbioca Ha TeCTOBOM BEIOOPKe paBeH 0,83, a
JIy4IlIUY pe3yJibTaT Cpegu HEWPOHHEIX ceTeu oka3asa ceTb FCN co 3HaueHuEeM
0,79. B pe3ynbpTaTe IIPaKTUYECKOT0 IIPUMEHEHU IPEIJIOKEHHOI'0 aJIfOpUTMa Ha
TECTOBBIX JAaHHBIX aJlTOPUTM C KjlacCU(PHUKATOPOM Ha OCHOBE I'PafiueHTHOT0 OyCTHUHTa
rmoka3an 96% oOHapyKeHHBIX BO3MYIIIEHUM, IIPU HEOOJIBIIIOM KOJIMYECTBE JIOKHBIX
cpabaTtbeiBauui (48 Ha 200 TecTOBHIX (aiijioB), a aJITOPUTM C HeUPOHHOU ceThio FCN
- 95% npu 105 noxHBIX cpabaThiBaHUAX. [I0Ka3aHO, YTO IIPU YCJIOBUU HEXBATKU
pa3MedYeHHBIX JaHHBIX UCIOJIb30BaHUE KJIaCCUYECKUX MOAEIed MallluHHOT' O
o0ydeHus 0oJiee OMpaBOaHHO, T.K. HEUPOHHBIE CETHU UMEIOT IPU3HaKU
niepeoOy4eHus. [lomydeHHbBIE HAMU PE3yIbTaThl IO3BOJISIOT YTBEPXKAATh, YTO
MO[eJib, 00ydyeHHas Ha MPeajI0kKeHHBIX TPU3HaKax HaHHbBIX, 00ecleuyruBaeT BEICOKYIO
TOYHOCTH OOHapyxkeHusa KVB, u TakXke, 4TO IPEOI0KEHHBIA aJITOPUTM MOXKHO
HCIIOJIb30BaTh B CUCTEMaX OlepaTUBHOI'O MOHUTOPUHTA 3a ByJIKAHUYECKOU
aKTUBHOCTHIO.

72. Application of machine learning methods for analyzing data
from semiconductor gas sensors in dynamic temperature mode.

Isaev 1.V. (1,2,3), Chernov K.N. (4), Shchurov N.O.(1,4), Dolenko S.A. (1), Krivetskiy
V.V. (3,5)

(1) D.V. Skobeltsyn Institute of Nuclear Physics, M.V. Lomonosov Moscow State
University, (2) Kotelnikov Institute of Radio Engineering and Electronics, Russian
Academy of Sciences, (3) Scientific-Manufacturing Complex Technological Centre,
(4) Physics Department, M.V. Lomonosov Moscow State University, (5) Chemistry
Department, M.V. Lomonosov Moscow State University

This work considered the problem of environmental monitoring of air in cities and
industrial areas, which consists in detecting gases and volatile organic compounds
using semiconductor gas sensors. To provide selectivity in the detection of certain
gases, several semiconductor sensors with different doping components were used.
Also, to ensure selectivity of gas determination, as well as high temporal resolution
of the sensors, nonlinear temperature operating conditions were used - the so-called
heating dynamics. Due to the high complexity of the model describing the processes
of interaction between gases and sensors, machine learning methods based on the
use of physical experiment data were used to process the sensor response. In this
study, we considered such machine learning problem statements as the regression
problem, the binary and the multi-class classification problem. The regression task
was to determine the concentration of a specific gas using data from a single
physical experiment. Also, within the framework of one physical experiment, the
presence/absence of a specific gas was determined in a binary classification
problem. Using a merged data set including several physical experiments, a multi-
class classification problem was solved, which consisted of determining the presence
of one of the gases under consideration. Each individual computational experiment
used response data from a single sensor and within a single heating dynamic. Based



on the results of the work, conclusions were drawn regarding the selection of
optimal sensors and heating dynamics for a specific gas/all gases.

The study was carried out at the expense of the grant No. 22-19-00703 from the
Russian Science Foundation, https://rscf.ru/en/project/22-19-00703/ [https://rscf.ru/en/
project/22-19-00703/1.

64. IPOTHO3UPOBAHUE XAPAKTEPUCTUK BO3BPATHOM
MHUATPAIIMA HEPKU B YCTBE PEKH ®PEU3EP C
INPUMEHEHMWUEM METOHOB I'JIYBOKOI'O OBYYEHUA

M. A. Bopucos (1,2) M. A. KpuHuukuu(1,2)
(1)Mockosckul ¢pu3uko-mexHuuyeckul uHcmumym, (2)MHcmumym okeaHos102uu
umenu I1.I1. [llupwosa PAH

B peruone yctbs peku ®perizep B npoBuHIMM bputanckas Komym6Oust, Karama,
BeLeTCs IIPOMBICJIOBEIM BBIJIOB HEPKU npennpuatuaMu u3 Kanansr u CIIA. 9ToT
PErvoH XapakKTEPU3yeTCs CIIOXKHOU CUCTEMOU IIPOJINBOB MeXy OCTPOBOM BaHKyBep
1 MaTepukKoBOU 4yacThi0 KaHanwl. [IpoMEBICTIOBEIE CE30HBI U COOTHOIIIEHME BBIJIOBA
Hepku Mexny CIIIA u Karanou onpenesnsioTCs XxapakKTepuCTUKaMy BO3BPaTHOU
MUT'PallUy HEPKU B 9TOU CHCTEME IIPOJIMBOB. B JaHHOM HCCIeJOBaHUU
paccMaTpUBaIOTCS CJIeOyIollye KJII0YeBhie ITapaMeTPhl BO3BPATHOM MUTPAllUUd HEPKU
(Oncorhynchus nerka) B KauecTBe 1LieJIEBLIX TIEPEMEHHBIX: MeAUaHHas gaTa
BO3BpaTHOU murpanuu and nonsunos Chilko u Early Stuart u gons ceseprOro
OTKJIOHEeHUs. MenraHHas JaTa BO3BpPAaTHOW MUIpalliy XapaKTepu3yeT MOMEHT,
Korga 50% Bo3Bpamatommuxcsa Hepku noasuga Chilko u Early Stuart u3s cesepo-
BOCTOYHOM YacTu THUXOT0 OKeaHa IIPUOBIBAIOT B YCThe MpoJiiBa XyaH-ne-OyKa Mexay
Kanapou u CIIA. [Tonst HepKU ¢ ceBepHBIM MapiupyToM murpanuu (NDR - North
Diversion Rate), Bo3Bpainaroiercs B peKy Operizep dyepes3 nNpoauB [I:KOHCTOH, B
CpaBHEHUHU C BO3BpAIlaIOIIMMUCS yepe3 NpouB XyaH-ge-OyKa, oTpaxKaeT
IIPOIIEHTHHIN KO3(pPUlieHT yXxoga prIOLI Ha CEBEPHBIM MaplIPyT B TeUeHUe roga. B
HaCTOAIEM UCCIIedOBaHUM IIpeAnojaraeTCs CBs3b IIOBEIEeHUSI HEPKU C XUMUYECKUM
COCTaBOM MOPCKOU BOABI, TEMIIEPATYPOU ITOBEPXHOCTU MOPS U AUHAMUKOU TeYEeHUU
B BEPXHUX CJIOAX OKeaHa. B kauecTBe oOy4atoliei BEIOOPKU MCIIOIb3YIOTCS
pas3/nyHbIe IIepeMeHHbIe U3 JaHHBIX OTKPBITHIX peaHain30B, B YaCTHOCTH, JaHHbIE
Glorys12, Takue Kak JIOKaJIbHbIE TEYEHUSI, CKOPOCTU T€YEeHUU Y ITOBEPXHOCTU MOPSI,
COJIEHOCTh U TeMIlepaTypa IIOBEPXHOCTHU MOPS, a TaKXkKe IIepeMeHHble, CBI3aHHEIE C
B3aKMMO[EeUCTBHEM BO3yXa U MOPS, TaKMe KaK CKOPOCTb BeTpa, XapaKTEPUCTUKU
MOPCKUX BOJIH, faBJIEHUE Ha YPOBHE MOpPS, TeMIepaTypa BO3yXa, BJIaX)XHOCTb U
ocagku. [Togxog Momentum Contrast (MoCo) npuMeHsieTCS OJId U3BI€YEHUST
IIPU3HAKOBOI'O OIIMCAaHUS U3 JaHHLIX peaHain3a U YMEeHbIIIeHNUsI Pa3MepPHOCTHU
OaHHLIX, flajlee B Ka4eCTBE MOJeJiey UCIOIb3YI0TCS CIIyYaWHBIN JIeC, TPagUueHTHBIN
OycTUHT U rpebHeBast perpeccusi. B pe3ynbTaTe MOJIyYeHbl MOIEJIH, ITI03BOJISIONINE
ITPOTHO3UPOBATh XapaKTEPUCTUKU BO3BPATHOU MUTPAIlM HEPKH.

56. O0630p NOTOYEUYHBIX M KOMIUIEKCHBIX MEP KadeCcTBa B
HCCJIeJOBaHUAX aTMOCc(dephbl U OKeaHa

Pessoe B.IO. (1,2), KpuHuukuu M.A. (1,2)
(1) Mockosckuli pusuko-mexHudeckulu uHcmumym, (2) HHcmumym oKeaHo102uu
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um. I1.I1. Hlupwosa PAH

B Haykax 00 okeaHe M aTMocdepe OJisi OMMCaHusI KadeCTBa MOOEIUPOBaHUS U
MacCIHITaOUPOBaHUS UCIIOJIb3YIOTCSA 0000IIeHHbIe KOJIMYEeCTBEHHEIE ITOKa3aTeJlu,
Ha3bIBaeMble MeTPUKaMU. MeTpUuKHU, UM MepPHl, KaueCTBa [al0T IpencTaBJIeHHUe O
TOYHOCTH BOCIIPOM3BEHOEHUSI MOIENIbI0 (U3UIECKUX ITPOIIECCOB, 1 IIO3BOJISIOT
OLIEHUTDL HeOoNpenesIeHHOCTU Pe3yabTaToB Momesnel. B HacTosmiel paboTe Mbl
IIpefcTaBasieM Kiaccudukalmnio Haubojiee 4acTO BCTPEYaIONIUXCSI B HAyYHOMU
MTepaType MeTPUK KadecTBa. [[/19 KaxKao¥ IPyINbl MEP KauyeCTBa IIPUBEIEHEI
IIPUMEPHI UX UCIIOTh30BaHUS B HaYYHBIX 3ajavyax. [IoMUMO OIIEHKU JOCTOUHCTB U
HEeOOCTAaTKOB TPAOUIIMOHHBIX TIOTOYEYHBIX METPUK HUCCIIEOYETCS aKTYaIbHOCTh
IIPUMEHEHUST KOMIUIEKCHBIX METOIOB, PaCCMaTPUBAIOIINX Pa3JINYHbIE aCIIEKTH
pe3ynbTaTOB MOIOenupoBaHus. Cpeau TakKux cunenuduuecKux MeTPUK BBIIEIISIOTCS
MepHI C aKIIEHTOM Ha MPOCTPAaHCTBEHHOM CTPYKTYPE U HEOOHOPOIHOCTSIX
ITPOTHO3UPYEMBIX IT0JIEN U BEPOSITHOCTHLIE METOMOHLI IIPOBEPKHU aHCaMOJIEeBBIX
IMporHo30B. OTOeNnbHOE BHUMaHNE B TaHHOM paboTe TaKKe ITOCBSIIEHO POCTY
TIOMYJITPHOCTH (DEHOMEHOJIOTUYECKUX METPUK, BKJIIOUAsi METPUKH, OCHOBAaHHHBIE Ha
PenKux U 9KCTpeMalbHBIX SIBIeHUsIX. Bce paccMaTpruBaeMble MEPHI JOIOIHSIIOTCS
CYIIIECTBYIOIIMMH B HAyUYHOM JTUTEPAType OlleHKaMHU UX MPUMEHEHUS K HayYHBIM
3aJavaM HCCJIeIoBaHuS aTMOC(epHl 1 OKeaHa.

36. CTaTUCTHYECKOE MMPOrHO3HUPOBaHHE YPOBHSA 3arpsi3HEHMUSI
BO3ayxa YacTunaMu PM10 u PM2.5 B rOopoJCKHX arjioMepalnusix B
YCJIOBHSIX CJIOZKHOI'O pejibeda C IpuMeHeHHeM MeTOO0B
MAIIMHHOI'O 00y4YeHHsI Ha nmpuMmepe r. 'peHo01s

Cycnos AnekcaHOp Heanosu4 (1), KpunHuukuu Muxaua Aaekceesuu (1,2), Staquet
Chantal (3), Le Bouédec Enzo (3)

(1) HHcmumym okeaHoaoz2uu um. I1. I1. Illupwoesa PAH, (2) Mockosckul ¢u3uko-
mexHuveckul uHcmumym, HHcmumymckutl nepeyaok, (3) Université Grenoble
Alpes, France

B HacTofIeM UCCIeoBaHUM MEI IpefjiaraeM HECKOJIBKO METOI0B, OCHOBaHHEIX Ha
IIOAXOJdaxX MallMHHOTO 00y4YeHUsI, OJid NPOTHO3UPOBaHUS YPOBHS 3arpsA3HEeHUs
BO3[yXa B ropofax, pacIOJIOKEeHHEIX B TOPHBIX NOIUHAaX. B KauecTBe nipumepa
paccmatpuBaeTcs ['peno6nb (Ppanuus). 3agadya IPOrHO3UPOBAHUS YPOBHSA
3arpsi3HeHUs pellaeTcs KakK B [IOCTAHOBKE PErpecCcuy, Tak U B IIOCTAaHOBKE
Krnaccudrkanum ¢pakTa IPEBHIIIEHNUS ITIOPOTOBEIX YPOBHEN. [1711 MPOTHO3UPOBAHU S
MBI IIPUMEHsIeM ITOAX0[, OCHOBAHHLIU Ha OAaHHBIX, IPUBJIEKas pa3JIndYHbIe MOEIU
MaIlnHHOTO 00y4YeHusi. Ha 0CHOBe HCTOpMYECKUX OaHHBIX 3a nmepuon ¢ 2012 mo 2018
rofi, coOpaHHBIX Ha HECKOIbKHUX METEOPOJIOTUYECKUX CTAHIIUAX, PACIIOI0KEHHBIX B
nonvHe 'peHo06Is, MBI 00y4YUIIM HECKOJIBKO MOMAesiel MalIuHHOTO0 O0YYeHU S IOJIst
IIPOTrHO3UPOBAHUS CPEeNHECYTOYHEIX 3HaUEeHUU KOHIIEHTPpalui MeJIKOOUCIIEPCHBIX
yacTtuil PM10 u PM2.5 Ha Tpu gHs BOepen. Haubonbsimuii mHTEPEC B HAIllEM
KCCJIEqOBAHVY IIPECTAaBIAIT OJHU C BEICOKMM YPOBHEM KOHIleHTpauuu PM,
IIPEBHIIIAIOIIUM IOPOTOBLIE 3HAUEHUS ollpenesieHHble BcemupHou Opranusanuen
3opaBooxpaHeHnust (BO3). Brisio oO0HapyXKeHO, YTO HaIu4due JTOKaTbHBIX
MEeTeOpPOJIOTUYECKUX YCIIOBUY IPUBOOUT K GOPMUPOBAHUIO TEMIIEPaTypHOU
WHBEPCUY, KOTOpasi UMeeT CTaTUCTUYECKYI0 B3aMOCBS3b C YPOBHEM 3arpsi3HEeHUA
BO3yXa B 3TOM peruoHe. HecMoTpsa Ha TO, UYTO YPOBEHD 3arpsI3HEHUS B



3HAYUTENIbHOM CTEeIleHu 00YCJIOBIEH JIOKAJIbHBIMU METE0YCJIOBUSIMU, MOAEITN
MAaIlIMHHOTO 00y4YeHUs, paCCMOTPEHHbIE B HAIlIEM MCCIIEIOBaHUU, MOTYT OBITh
amalTUPOBAHEL U OJI OAPYTHUX FOPOAOB, HAXOOAIIUXCSA B HU3UHAX. [IJI 3TOr0 UX
HeoO0xoouMo OOYYUTH Ha peJIeBaHTHHIX TaHHBIX. B HacTOsIIEM UCCIeI0OBaHUU
HCII0JIb30BaIUCh METOIObI aHCaMOJIMPOBaHY, OCHOBAHHBIE Ha OEPEBbSIX PEIIeHUH,
Takue Kak Catboost u Balanced random forest. [laHHbBIE METOOBI KOMOUHUPYIOT
ITPOTHO3BI HECKOJILKUX MOMEIeH MJIs1 MMOBHIIIEHNUSI TOYHOCTU M YCTOMYUBOCTHU
OKOHYATEIbHOI'0 pellleHusi. Haunyuiie pe3ynabTaThl B IIPOTHO3UPOBAHUY YPOBHS
3arpsi3HeHH’s BO3AyXa KaK B IOCTAaHOBKE Perpeccuu, Tak U KilacCuduKaluy nmokKasai
anroputMm Catboost. B 3agayax knaccudurauu TakxKe XOPOIIIO 3apeKOMeHI0Bal
ceb6s anroputMm Balanced random forest, npengHa3HaYeHHBIN OJid PabOTHI C
HecOaTaHCUPOBAaHHBIMU JaHHBIMU. B paMKax 3amauu perpeccuu Catboost
9(pPeKTHBHO aINIPOKCUMUPOBAJI MUKU 3arpsidHeHusi. 3HaueHuss RMSE cocraBunu
7.35 * 0.58 MKr/mM3 Oy IpoTrHO3a Ha TPU OHS BIiepen. B moagxone Kinaccudukauuu
Catboost goctur Fl1-mepr 0.65, a BRF — 0.64 3a aHaJIOTUYHLIN IIEPUOI.

49. AINIPOKCHMAIIHA MPOCTPAaHCTBEHHO-BPEeMEeHHOH
M3MEHUYUBOCTH I'OPOJICKOr0o OCTpoOBa Telila MOCKBBI MeTOdaMu
MaIIMHHOI'O 00y4YeHHU ST

BapeHuoe Muxaua HsaHosuu (1,2,3,4), KpuHuukutu Muxaua Aaekceesuu (4,5,1),
CmenaHeHko Bukmop Muxatunaosuu (1,2)
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I'eoepaguueckuti pakyabvmem, (3) T'udpomemeoposo2uuyeckull Hay4Ho-
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OpHUM M3 MEePCIEeKTUBHBIX HAllPaABJIEHUW IPUMEHEHUSI METOO0B MAIlTMHHOT O
o0yuenusi (MO) B METEOPOJIOTUHU SIBJITETCS 3afadya CTaTUCTUUYECKOTO
MacIITabupoBaHUS UJIM HayHCKENIUHTa, TO €CTh MOBLIIIEHNE pPa3pelleHust
METEeOPOJIOTUYECKUX NaHHBIX. B pamMKax 3Tol 3amayu meTogsl MO 4acTo
paccMaTpUBaIOTCS KaK allbTepHATHBa BEIYMCIUTENbHO-3aTPAaTHOMY METOLY
OUHAMH4YEeCKOT0 JayHCKENIMHTa C UCIIOIb30BaHNEM PETUOHAIbHBIX
ruapoguHaMUYecKux momesielr atMocdeps! [1]. 3amaya mayHCKeWInHTa 0C000
aKTyalbHa O1si ypOaHU3UPOBAaHHBIX TEPPUTOPUM B CUITY UX ITPOCTPAHCTBEHHOM
HEOOHOPOMHOCTHY 1 HAJIMYMIO JTOKAJILHBIX ITOTOIHO-KIIMMaTUYeCKUX aHOMAaJIuK, B
IepByio ouepensb 3a¢dpdeKTa ropoicKOro OCTPOBa TeIljia - MOJI0XKUTEIbHOM aHOMAaIUuN
TeMIIePaTypPHl, OKa3kIBAIOIIeN 3HaYUMOEe BIUSHUE Ha TEPMUYECKUN KOMPOPT U
300pOBbe HacesieHud [2]. B mokiaze pacCMOTPEH OIBIT IPUMeHeHUus: MeTonoB MO
IOJISI CTAaTUCTUYECKON allIPOKCUMAIIUU ITPOCTPAaHCTBEHHO-BPEMEHHON U3MEHUYNBOCTHU
OCTpOBa TeIlya (FrOpPOICKOM aHOMAaJIMU TEMIEpPaTypPhl BO3AyxXa) Ha OCHOBE
IIPEOUKTOPOB, XapaKTEePU3YIOIINX KPyITHOMacCIITaOHble aTMOC(EPHEIE TIPOIIECCH , Ha
nmpuMepe MOCKOBCKOTO MeraroJjirca. Ha mepBoM aTame HccieqOBaHUS pellleHa
3afjada «JayHCKeWUJIMHTa B TOUYKY>» - alllIpOKCUMaINX Hab/IIogaeMol pa3HOCTHA
TeMIepaTypsl «ropoa-GoH» A neHTpa MockBH [Varentsov et al., 2023a]. B Takou
IIOCTAHOBKE BBIIIOJITHEHO CpaBHEHUE HECKOJIbKUX Momeneil MO Tuma perpeccu,
BKJTIOYasi TUHEWHYIO MO[eJIb, METOOBI CIIy4alHBIX JIECOB, TPAafUEHTHOr0 OYCTHUHTA,
OIIOPHBIX BEKTOPOB, a TaKKe IOJTHOCBI3HYI0 HelipoceTh (Multilayer Perceptron).



[Toka3aHo, 4yTO Mozenu MO MOTryT YCIHEIIHO BOCIPOU3BOOUTH BPEMEHHYIO AUHAMUKY
pas3HOCTHU «TropoA-GpOoH» Ha CYTOYHOM, CHHOIITUYECKOM U Ce30HHOM MacliuTabax. [Tpu
3TOM HauJy4lllee Ka4yeCTBO OBLIIO TOCTUTHYTO MOMEJbIO TPAaiueHTHOT0 OYCTUHTa
CatBoost, oHa XKe Mmoka3ajyla MakcuMalibHOe ObicTpoAericTBre. Ha BTopoMm 3Tare
rcciiefoBaHus pa3dpaboTaHHasi MOAeJIb Ha OCHOBE MeToda IrpafiueHTHOTro OyYCTHUHTa B
peanusamuu CatBoost Oblyla aganTUpoBaHa OJIS alIpPOKCUMAIIUK TOPOLOCKOM
aHOMaJIuU TeMIlepaTypPHl yKe KaK TPEXMECTHOU (IIPOCTPaHCTBEHHO-BPEMEHHOM)
BEJINYUHLI. B KauecTBe JONOTHUTENbHLIX IPEIUKTOPOB UCIOIb30BaHbI
OeTaJu3UupPOBaHHbBIE JaHHBIE O CBOMCTBAX IMOOCTUJIAOIIEN TOBEPXHOCTU U TOPOACKOU
cpennl. B KayeCcTBe gaHHBIX OJI OONTUMHU3aUU Mogener MO UCIIO/Ib30BaHbI
pe3ynabTaThl CyIIEPKOMIBIOTEPHOTO MOAEIUPOBAHUSA METEOPOJIOTUYECKOTI 0 pexXuma
MOCKOBCKOTO pervoHa C peruoHaJIbHOU TUAPOOUHAMUYECKON MOLEIbI0 aTMOC(EpPEI
COSMO c miarom ceTku 1 KM, JOTIOJTHEHHOU CIEelMalbHOU IT'OPOACKOMN
napaMmetpusauuer TERRA URB [3]. [In1s onucaHusa IPOCTPAaHCTBEHHOU CTPYKTYPHL
OCTpPOBa TeIljla IIPEOJIOKEH OPUTMHAIbHBIN «KBa3UJIOKAIbHEIU» ITIOAXO0 K
npuMeHeHn0 MeTogoB MO. OH 3akirodaeTcs B 3aJaHUU IIPU3HAKOBOTO ONIMCAHUSA B
bopmMe Tabnulbl C JAHHBIMHU OIS MHOXKEeCTBa (OpMabHO HE CBI3aHHBIX APYT C
OPYTOM TOUeK (y3JI0B paCUYETHOU CETKH), U TOPOKAEHUYU OOMOTHUTETHHBIX
MIPU3HAKOB [JIs yYyeTa HeJIOKaJIbHBIX IPOCTPaHCTBEHHBIX B3aUMOIEUCTBUU MEXKIOY
npegukTopamu. IJIsg 3TOTO K UCXOOHBIM ABYMEPHBIM IOJISIM XapaKTEPUCTHUK
IIOBEPXHOCTU IPHUMEHsIeTCsI Habop npeoOpa30BaHUl, B TOM YHCIIE
caMOHaCTpauBawIuecs HalpaBieHHble QUIbTPEI, (GOPMUPYEMEIE C YIYETOM
KPyITHOMAacCIITaOHBIX TaHHBIX 0 CKOPOCTHY U HallpaBleHUU BeTpa. [Ioka3aHOo, YTO
TaAKOU IIOAXO0[ IIO3BOJIIET OOCTAaTOYHO PEeaIuCTUYHO BOCIIPOU3BOAUTH
IIPOCTPAHCTBEHHYIO CTPYKTYPY OCTPOBa Telljla B Pa3JINYHEIX YCJIOBUAX, B TOM YHUCJIE
BOCIIPOM3BOOUTH HeJIOKalIbHbIE 3 PEeKThI, CBSI3aHHBIE C IIepeMelllnBaHuEM U
aJIBeKIIMeN, HallpuMep TeIlIOBhIe ITeldrl. B paMKax npomonKeHust UCCIIeqOBaHUuM
IIpefCcTaBlIsieTCs IIePCIEeKTUBHOM 3aZlaya CpaBHEHUS IPENJI0KEHHOI 0
«KBa3UJIOKAJIbHOT0» II0AXO0Ha C MOIYJIAPHEIM B 3ajaydye JayHCKEUJIUHTa
«HeJIOKaJIbHOTO» IIOAX0da Ha 0CHOBe cBEPTOYHEIX MHC, mogpa3ymeBaromero
3aflaHre IPU3HAKOBOTO OMMCAHMUS B BUE OIBYMEPHBIX MPOCTPAHCTBEHHKIX Iojien [1].
Pa6oTa BBITIOTHEHA IIPU MTOAAEPKKe HEKOMMepYeCcKoro ¢hoHa pa3BUTUS HaYKU U
oOpa3oBanus “MHTennekT”. AHanu3 pe3yabTaTOB Me30MacIITabHOT o

MO EeJINPOBaHUSA BHIIIOJIHEH IPU YaCTUYHOU HoAnep)Ke PoOCCUUCKOT0O HAy4YHOT O
donupga, mpoekT Ne24-17-00155.

Cceuikm: 1. Sun Y. et al. Deep learning in statistical downscaling for deriving high
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of Photogrammetry and Remote Sensing. 2024. Vol. 208. P. 14-38. 2. Oke T.R. et al.
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M. et al. Megacity-Induced Mesoclimatic Effects in the Lower Atmosphere: A
Modeling Study for Multiple Summers over Moscow, Russia. Atmosphere. 2018. Vol.
9, Ne 2. P. 50. 4. Varentsov M., Krinitskiy M., Stepanenko V. Machine Learning for
Simulation of Urban Heat Island Dynamics Based on Large-Scale Meteorological
Conditions. Climate. 2023. Vol. 11, Ne 10. P. 200.

3. OnbIT UCIIO0JIB30BaHHUSI METOT0OB MAIIIHHHOI O OﬁyquI/Iﬂ B
3ada49aX THAaI'HOCTHPOBAHHSA T'€eOHHAYIHPOBAHHBIX TOKOB B
BBICOKOIIMTHPOTHBIX JHEProcucreMax



Bopobves AHOpetli Baadumuposuu (1), Bopobvesa I'yavHapa PasuaesHa (2)
(1) I'eoppusuueckuti uenmp PAH, Mockea, (2) YpumcKkuu yHugsepcumem Hayku u
mexHo102ull

Kak u3BecTHO, reonHayuupoBaHHbie TOKU (I'M'T) BO3HMKAIOT B IPOCTPaHCTBEHHO-
pacnpeneeHHBIX TOKOIIPOBOOSIINX TEXHUYECKUX CUCTeMaxX (MarucTpajbHble
TPyOONIPOBOMLI, TUHUU 3eKTporepenaun (JIDII) u TenerpadHoi CBsI3U, 0OHEKTHI
2KeJIe3HOOOPOXKHOM MHPPACTPYKTYPH U IIP.) BCJIEACTBUE T€OMarHUTHBHIX Bapralui
('MB), CKOPOCTh U3MEHEHHUS KOTOPBIX B BEICOKOIMIUPOTHLIX PETMOHAX 4acTo
COCTaBJIsIET HECKONMBKO coTeH HTn/MuH. [IpoTekas mo 3a3eMJIeHHLIM 00MOTKaM
CUJIOBBLIX TPaHC(GOPMATOPOB CUCTEMOOOPA3YIOUIUX 3JIEKTPUUECKUX IeTIeH,
akcTpemanbHbie 'UT crtocoOHEBI ITePEeBECTU UX MAarHUTHBIE CUCTEMEBI B PEXKUM
HACHIIIIEHUS, YTO, B CBOIO OYepeb, MOXKET BhI3BAaTh COOM HUIU OTKA3
COOTBETCTBYIOIIUX 3IEKTPOTEXHUUYECKUX cUCTeM. OHAKO MO0 IPUYMHE MaJIOoh
W3y4YEHHOCTU MeXaHu3MOB BOSHUKHOBeHUA u pa3Butusa ['UT, a Takxke
(bparMeHTapHOCTHA ¥ HEOOHOPOOHOCTU MUMEIOIIUXCS SMIIMPUYECKUX JaHHBIX, 3aJa4da
WX IPOTHO3UPOBAHUSA M OUAarHOCTUPOBAHUS Ha CETOOHSAIIHUU OeHb COIpPsKeHa CO
MHOXKECTBOM HeOIIpeneIeHHOCTEN U OCTaeTCsI MPaKTUUYeCKH HepellleHHOM. B paboTe
Ha OCHOBE METOHOB MAIIMHHOTO 00yYeH’sI paCcCMaTPUBAIOTCS ITOAXOIbI K
OuarHocTupoBaHuio ypoBHA 'MT B MarucTpanbHOU 3/1eKTpuYecKou ceTu «CeBepHBIN
TpaH3uT». [Ipy 9TOM B KauyeCTBEe BXOOHBIX ITapaMeTPOB BBEICTYIIAIOT KaK
reOMarHuTHBIE aHHbIE, PETUCTPUPyEMble MAarHUTHBIMU CTaHIMSAMU B 3aJaHHOM
cyoperuone (Kombckuii m-0B, Poccusi), Tak U eCTeCTBEHHbBIE (BUOUMEIE) MHOUKATOPHI
9KCTpEeMaIbHOM IreOMarHUTHOM aKTUBHOCTU. Ha mmpuMepe romoBoli BEIOOPKH,
BKJIto4amwIen 6osee 35 000 3anuceii ObBIJIO TOKAa3aHO, YTO MOOXOT K
nuarHoctupoBaHuio 'MT, Ha 6a3e MHOKECTBEHHOU JINHENHOU PETPECCUH,
obecrieunBaeT cpegHeKBagpaTudeckyw omuoky (CKO) ~ 0.122 A™2.
Hcnonb30BaHMe UCKYCCTBEHHON HEeWPOHHOU ceTu ¢ RelLu QpyHKIMel aKTUBAIIUU
CII0COOHO HECKOIBKO YIIYYIIUTh TOYHOCTDb AuarHoctupoBanus (CKO ~ 0.119 A™2),
OOHAKO IIPU 3TOM CYILIECTBEHHO CHUXKAETCSI UHTEPIIPETUPYEMOCTh U TeopeTuYecKas
3HAYMMOCTh Mopenu. [I[puMeHeHMe B CBOIO o4Yepenb baiieCOBCKOT0 KilaccudpuKkaTopa
K TaHHBIM OIITUYECKUX HaOIIOOeHUH ITONSIPHBIX CUSTHUM MOKa3aJsio, YTO
alnocTepuopHas BePOSITHOCTDh TOT'O, YTO BO BpeMS CUSSHUU Ha ceBepe ypoBeHb ['UT Ha
CTaHIIMMU «BBIXOOHOW» MPEBBICUT 2 A cocTaBisaeT 5.78 %, B TO BpeMs KakK
BEPOSITHOCTS IIPEBLILIEHUS JaHHOT0 3HAaYEHU IIPU CUSHUAX B 3€HUTE U Ha Iore
coctannsieT 10.04 % u 14.93 % cOOTBETCTBEHHO. B OTCYyTCTBUE XKe CUSHUU JaHHAs
MO[eJib YKa3bIBaeT Ha TO, YTO BEPOSITHOCTD AocTuxkeHus 'M'T aHamoruyHoro ypoBHs
He npesBbiaeT 0.26 %, a BEpOATHOCTE IPeBHIIIeHNs 3 A IpakKTU4YeCKU paBHa HYJIIO.

72. Application of machine learning methods for analyzing data
from semiconductor gas sensors in dynamic temperature mode

Isaev 1.V. (1,2,3), Chernov K.N. (4), Shchurov N.O.(1,4), Dolenko S.A. (1), Krivetskiy
V.V. (3,5)
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This work considered the problem of environmental monitoring of air in cities and
industrial areas, which consists in detecting gases and volatile organic compounds
using semiconductor gas sensors. To provide selectivity in the detection of certain
gases, several semiconductor sensors with different doping components were used.
Also, to ensure selectivity of gas determination, as well as high temporal resolution
of the sensors, nonlinear temperature operating conditions were used - the so-called
heating dynamics. Due to the high complexity of the model describing the processes
of interaction between gases and sensors, machine learning methods based on the
use of physical experiment data were used to process the sensor response. In this
study, we considered such machine learning problem statements as the regression
problem, the binary and the multi-class classification problem. The regression task
was to determine the concentration of a specific gas using data from a single
physical experiment. Also, within the framework of one physical experiment, the
presence/absence of a specific gas was determined in a binary classification
problem. Using a merged data set including several physical experiments, a multi-
class classification problem was solved, which consisted of determining the presence
of one of the gases under consideration. Each individual computational experiment
used response data from a single sensor and within a single heating dynamic. Based
on the results of the work, conclusions were drawn regarding the selection of
optimal sensors and heating dynamics for a specific gas/all gases. The study was
carried out at the expense of the grant No. 22-19-00703 from the Russian Science
Foundation, https://rscf.ru/en/project/22-19-00703/ [https://rscf.ru/en/

49. MamuHHOEe O0y4eHHe U Iri1y0oKoe o0yueHHe B HayKax 00
arMmocdepe, oKeaHe U KJIMMaTe: TOCTHKEHHUSsI U IePCHEeKTUBHI B
2024 rony

KpuHnuuxkuu M.A. (1,2)
(1) HHcmumym okeaHonozuu I1.I1, [ITupwosa Poccutickou akademuu Hayk, (2)
Mockoeckul ¢pusuko-mexHuvyeckul uHcmumym

MeTtonbl MammuHHOTO 00y4ueHus (ML) u rimy6okoro ooydyenus (DL) akTUBHO
MIPUMEHSIOTCS B Pa3/IMYHLBIX chepax u3ydeHusa oKeaHa, aTMOChepHl U KJIUMaTa,
TaKUX KaK OKeaHorpadusi, METEOPOJIOTUS M KJIIMMATOJIOTHUS. DTHU ITIOOXOIbLI TTO3BOJISIOT
a¢hdhekTuBHO 0OpabaThiBaTh O0JIbIINE 00BEMBI MAHHBIX, BHISIBIISITh CKPHITHIE
3aKOHOMEPHOCTHU, YMEHBIIATDL WU OIIEHUBATh HEOMIPEHOEeIeHHOCTh B KJIMMAaTUYECKUX
1 ITOTOOHBIX IPOTHO3aX, aBTOMATU3UPOBATh MOHUTOPUHT U YCKOPSTH aHAIMTUUYECKUE
rccienoBanusi. Cpeau yCIIEIIHBIX IIPUMEPOB MOXKHO YIIOMSHYTh aHaJIU3 JaHHBIX
OUCTAHIIMOHHOTO 30HANPOBAHUS, MOeJINPOBaHUE Te0pU3UUECKUX IPOIIECCOB,
aIIIpPOKCUMAIII0 HEU3BECTHHIX (M3UUYECKUX ITapaMeTPOB U pellleHne 3aau
CTAaTUCTUYECKOTO ITPOTHO3UPOBAHUS IOTOAbl U KJIMMaTa. TeM He MeHee, CYIIeCTBYIOT
onpenesieHHbIEe CII0OXKHOCTH, TaKhe KaK HeoOXOOUMOCTh B OOJIBIINX 00beMaX JaHHbBIX,
BLIUHCIUTEJIbHEIE U TEXHUYECKNE 0COOEHHOCTU METOMIOB HaYK O JaHHHIX, a TaK¥kKe
obecnedyeHue GpU3NUECKOU ITPaBAOIIOOOOHOCTH Pe3yIbTAaTOB. B mmepcrnekTuBe
0XKHUOaeTcs pa3BUTHE TUOPUOHBIX MOOesiel, KOTOphle 00beIUHSAIOT (U3NIECKUE U
CTAaTUCTHUYECKHE METOMbI, a TaKKe yIydllleHle HHTePIpeTupyeMocTu moaenei ML u
DL. B goknage MBI paCCMOTPUM TeKYIUe OOCTUXKEeHUS B npuMeHenvu ML u DL B
H3y4YeHUU OKeaHa, aTMOCQepPHl U KJIMMaTa, a TakKxkKe 00CyauM IIpoOJieMbl 1
IIEPCIEKTUBHI UX OaJIbHEUIIIero pa3BUTHS.
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71.Towards the Statistical Correction of High-Resolution Weather
Forecasts from the WRF Model employing Deep Learning

I'onukoe Bukmop Apmémosuu (1, 2), KpuHuukuti Muxaua Aaekceesuu (2, 3),
BaHoeckuti Baaoumup Banaepvesuu (1, 2)/

(1) CkosaKkoeckuli uHcmumym Hayku u mexHosao2uu, (2) Mockosckut ¢pu3uko-
mexHuveckuu uHcmumym, (3) HHcmumym okeaHoaoz2uu um. I1.I1. [ITupwosa PAH

Numerical weather prediction models, like the WREF, are crucial for simulating
atmospheric conditions and forecasting significant geophysical parameters.
However, due to limitations such as coarse spatial resolution and imperfect
parameterizations, these models often exhibit systematic biases when compared to
observed data. To mitigate these discrepancies, numerous statistical correction
techniques are employed. In this study, we introduce a neural network-based method
for statistical correction of WRF model forecasts. Framed as a time series prediction
problem, the model inputs are hourly WRF forecasts, with corrected WREF fields as
the target outputs. The correction algorithm features a U-Net inspired architecture
augmented with a transformer mechanism for processing latent representations. In
our study, we are focused on correcting three environmental variables denoted by
T2, U10 and V10: temperature and two wind components on heights two and ten
meters above the surface, respectively. The model is trained, validated, and tested
using ERAS reanalysis data, meteorological station observations, and satellite
scatterometer data from 2019 to 2023. Only the WRF forecast data is required for
practical application (inference mode). In order to effectively merge data from
multiple sources while retaining the inherent characteristics of the WRF outputs, an
additional term is included in the loss function. We compared a few neural network
architectures, demonstrating that the proposed method significantly reduces
forecasting errors and retains the resolution of mesoscale processes. Experiments
on the corrected environmental fields show improved representation of mesoscale
phenomena.

74. The Ob-Yenisei plume movement analysis in the Kara Sea
using artificial neural networks

A.S. Savin (1,2), M.A. Krinitskiy (1,2), A.A. Osadchiev (1,2)

(1)Shirshov Institute of Oceanology, Russian Academy of Sciences, Moscow, Russia,
(2) Moscow Institute of Physics and Technology, Dolgoprudny, Moscow Region,
Russia

The movement of the Ob-Yenisei plume is a key factor determining the dynamics of
the surface layer in the Kara Sea during the ice-free period. Traditionally, this
movement is described by the action of wind shear stress on the sea surface, which
leads to the formation of a drift current in accordance with Ekman's theory. In this
study, the movement of the Ob-Yenisei plume under the action of wind stress is
investigated using Artificial Neural Networks. The evolution of the plume from its
initial position to its final position over a period of 2-3 weeks is considered, taking
into account the action of the wind field from ERA-5 reanalysis data. Wind data are
processed using a Convolutional LSTM Neural Network, which also allows for the
consideration of the evolution of the wind field and its influence on the plume's
position throughout the entire period examined. The importance of input features for



the trained Neural Network model is analyze. This approach allows for conclusions
about the most significant wind conditions that determine the movement of the Ob-
Yenisei plume in the Kara Sea.

72. IIPOrHO3UPOBaHHE COCTOSTHUSI MarHUTOChepbl 3eMJIH C
IIOMOIILI0 CHEITHA/ILHOI0 aJITOPUTMA IJisi padoThI C
MHOTOMEPHBIMH BPEMEHHBIMHU psiTaMu

Baadumupos P.[1. (1), llupokuu B.P. (1), BapuHos O.I'. (1), HoaeHko C.A. (1),
Msekosa HU.H. (1)
(1) HUH soepHol ¢pusuku umeru [I.B. CkobeavubiHa MI'Y umeHu M.B. JIomoHOoco8a

[laHHOE HCcCcIemoBaHMe MIOCBALIEHO afalTally U IPUMEHEeHUH CIeuaabHOro 4-
CTYIIEHYaTOTro0 aJIrOPUTMa Ha OCHOBE METO[IOB MAaIlIMHHOTO O0y4YeHUs,
pa3paboTaHHOTO OJI aHaIn3a MHOTOMEPHLIX BPEMEHHBIX PSIIOB ITPU PEIIeHUU 3amayd
ITPOTHO3UPOBAHUS OIPEIeeHHBIX COOBITUM 1 BRISIBIE€HUS UX ITPEIBECTHUKOB -
SIBIIEHUM, TIPECTaBJIEHHBIX HEM3BECTHOM KOMOUHAaIMel 3HaUYeHNU ITapaMeTpPoB,
onuchIBaIIMX 00beKT [1]. [ToMHMO TPOTrHO3UPOBAHUS COOBITHM, alITOPUTM MOIKHO
KCIIOJIb30BaTh AJIsI IPOTrHO3UPOBaHUS 3HAYEHUUM HENIPEPHIBHBIX BEJIMYUH. [Ipu aTOM
HCIIOIb3YEMBIM aJITOPUTM TIO3BOJISIET afallTUBHO OTOMPATh KakK Ppu3mdecKre BXOOHBIE
MIPU3HaAKM, TaK U KOHKPETHHIEe 3HaUEeHUS 3aJiePXKKU [IPU ydeTe UCTOPUU KaxKaoro
(pusmnyeckoro nprusHaka B paMKax IMOTPyKEeHHUS (TOMOJIOTUYECKOTO BIIOKEHUA)
COOTBETCTBYIOIIIETO €My BPEMEHHOTI 0 psifa. Takoi oTOOP MOXKeT 00eCIIeYUuTh JIydIlnee
IIOHMMaHUe IIPOI[eCCOB, IIPOUCXOOAIINX B U3ydaeMoM 00bekTe. O0masa cxeMa 4-
CTyIIEeHYaTOr0 aJIrOPUTMa BKJII0OYaeT B ce0s ciepymoinnue stansl: 1. Beibop Haubonee
3HAYMMBIX PU3NYECKUX IIPU3HAKOB (IIepeMeHHBIX) CPeX TeX, KOTOPhIe, II0 MHEHHUIO
KCCIJIeloBaTells, MOTYT IIOBJIUATH Ha IPOTHO3UPYEMOe 1leJieBoe 3HaueHue. B Tekylen
peanusaluu Ojis 3TOM LieJIM UCIIOJIb3YeTCsa UTepaTUBHBIN IOoAX0d. B paMKax 3Toro
IIOOXOoHa cucTteMa oneHuBaeT Koppensanuio (I[Tupcona/CnupMeHa) MeXay BXOOHBIM
IIPU3HAKOM U ero 3aZlepKKaMU ¥ IPOrHO3UPYEeMOU IlepeMeHHOU. 3aTeM Ha OCHOBE
3aIaHHOTO IOPOTa BEIOMpPAETCS YacTh IIEPEMEHHBIX, KOTOPhle OYOYT UCIIOIb30BaATHCS
Ha CIeOYIoUIIMX 3Tarnax. 2. BeIOop Amama3oHa UCIOIb3yeMBIX 3aiePXKeK.
PaccMmaTpuBaeMbie HAOOPH! BXOJHBIX TPHU3HAKOB CO3JaBajuCh CIIeAyIOIINM 00pa3oM.
Ha6op 0 BKIo4Yasl BLIOPaHHLIE BXOOHBLIE IEPEMEHHEIE B TEKYITUM MOMeHT. B Habop 1
BOIIIJIM BCe BXOOHLIE TepeMeHHbIe U3 Habopa 0, a Tak>Ke BCe 3TU IIepeMeHHEBIE C
3apiepkKoi B 1 BpeMeHHOU 11ar. B Habop 2 BOILIM BCe BXOOHBIE TTIEPpEMEHHbBIE U3
Habopa 1, a Tak>Ke BCe 3TU IIepeMEeHHbBIE C 3aJIePKKOU B 2 BpEMEHHEBIX I11ara ¥ Tak
majiee OO OIpeNesIeHHOTO UCCliefoBaTeneM npenena. Moaenb MalllMHHOTO 00y4YeHust
oOydaeTcs Ha KaXXAoM Habope JaHHBIX, CO3JaHHOM B paMKaXxX 3TOT0 LIMKJIa, U ee
Ka4yeCTBO OIleHWBAeTCs Ha IIpefBapuUTEeJIbHO ITOATOTOBJIEHHOM Habope TeCTOBHIX
maHHBIX. [IUKT OCTaHaBIMBaeTCs, KOTda 10 3aJaHHOMY KPUTEPUIO yBeJIUYeHue
Ouana30Ha 3afiepKKHU OO0JIbIlle He ITPUBOAUT K 3HAUUTETbHOMY ITOBBIIIIEHUIO
TOYHOCTH IIPOTHO3UPOBaHUs. 3. BeiOop Hanbosiee BaXKHBIX BXOOHBIX IPU3HAKOB U3
IMOJTy4EeHHOT' 0 MPOCTPaHCTBa NPU3HAKOB, OTPAaHMYEHHOI0 Ha MEePBHIX ABYX dTallax.
[I71s1 aTOT0 3Tana MOTyT OBITh MCIIOJIb30BAaHBI CTaHAAPTHHIE IIOAXOObI K OIleHKE
CYyLIeCTBEHHOCTHU BXOOHBIX ITPU3HAKOB. 4. HacTpoliKa rumneprnapaMeTpoB Mofesnu. B
OaHHOU paboTe alrOPUTM NPUMEHSJICS [OJIS MPOTHO3UPOBaHUSI 3HAYEHUM MOTOKa
PENATUBUCTCKUX 3JIEKTPOHOB ¢ E > 2 M3B Ha reocrainuoHapHoi opOUTe, a TaKkKe
3HaUYEeHUU reoMarHuTHBIX UHAEeKCOB Dst u Kp. Pe3ynbTaThl cCpaBHUBAJIUCh MEXOY
co00M 110 3HaUYEeHHNI0 OTHOCUTEIbHON OIIMOKYM IIPOTHO3UPOBaHUS U 10 HabopaM



Haubojiee 3HAUYMMBIX BXOOHBIX TPU3HAKOB, BLIOPAHHBIX aJITOPUTMOM.
PaccmaTpuBanuch BpeMeHHbIe PSAObL C IIaroM B OOWH 4ac. B KauecTBe BXOOHEIX
(pu3myecKrX IPU3HAKOB MCIOIb30BAIUCh 3HAYEHUS CIEOYyIOIINX BeIUUnH: 1.
[TapameTpsl comHEedHOro BeTpa (CB) B Touke Jlarpanxka L1 mexny 3emneu u
ComnuueM: ckopocTb CB v (km/c), TemniepaTtypa CB T (K), nmnoTHOCTE IpoTOHOB B CB n
(cm~3). 2. ITapamMeTphl BEKTOPa MEXMIIaHEeTHOTO0 MarHUuTHOro nomnsa (MMII) B Tou xe
Touke L1 B cucteme GSM: komnioneHTEl MMII BX, By, Bz, mogyne MMII Bmagn
(aTm). 3. T'eoMmarHUTHBIE UHOEKCHI: 9KBAaTOPUAIbHBIN T€OMarHUTHBLIA NHAEKC Dst
(aTn), maHeTapHBIM reoMarHuTHLIN nHOeKC Kp (6e3pa3mepHsriin). 4. CnenuanbHO
noOaBJieHHbIEe QYHKIIUU CIIy4aWHOTO IIyMa, YTOObI TPOBEPUTH, paCiO3HAET IU
CUCTeMa UX KaK HepeJjieBaHTHEIE [Ji IPOTrHO3UPOBaHUS LieJIeBOU IIePEMEHHOMU.
HabGop Tak>ke BKJII0OYa/ YeThHIpe TapMOHUYECKHE TepeMeHHbIe (OBe C CYTOYHBIM
IIePUOAOM U ABE C TOLOBBIM IEPUOAOM) AJid ydeTa BpallleHUus: 3eM/IU BOKPYT CBOEU
ocu u BOKpyT CosHIla (A1 3TUX IepPeMEeHHBIX IIOTPyKeHNe BPEMEHHBIX PSIO0B He
KCII0JIb30Basioch). Iloka3aHo, 4TO IpuMeHeHUe 4-CTyIIeHYaToro aJirOpuTMa K
paccMaTpuBaeMbIM 3aJjadyaM IPOTHO3UPOBAHUSA MO3BOJISIET MOBLICUTh KQUueCTBO
IIPOTHO3UPOBaHUS 10 CPAaBHEHUIO C IPOTHO3UPOBaHUEM Ha IIOJITHOM Habope
IIPU3HaAKOB 0e3 ucnoab3oBaHus orbopa. [Ipu aToM oTOMpPaeMble aIrOPUTMOM
BXOOHBIE ITPU3HAKU COOTBETCTBYIOT CYIIECTBYIOIINM (QPU3NUYECKUM IIPECTABIEHUSIM O
(pu3myeckrx BeIUUYMHAX, CYIIeCTBEHHBIX [JI IPOTHO3UPOBAHUS PACCMOTPEHHBIX
IleJIeBBIX IIepeMeHHBIX. YccriemoBaHme BEIIOJTHEHO 3a CUET rpaHTa Poccuiickoro
Hay4dHOro gorma Ne 23-21-00237, https://rscf.ru/project/23-21-00237/ [https://rscf.ru/

36. MeTOabl BEPOSITHOCTHOI'O IIPOIPaMMUPOBAaHUS IIPHU
PEKOHCTPYKIHH COOBITHH MHOTOKAaHAIBHOT 0O H300pazKaroiiero
merexkTopa: 3JIb®bl u TPEKHA

IllapaxkuH Cepeeti AnekcaHOposuu (1) Capaes PomaH Egz2eHbesuY (2)
(1) MT'Y um. M.B. JlIomoHocosa, HUHUA® um. II.B. CkobeavubiHa (2) MI'Y um. M.B.
JlomoHocosa, acnupaHmypa ®Pu3suueckozo ¢pakyasbomema

B mokiape mpenioXKeHbl HOBbIE CIIOCOOBI aHaIu3a JUHaMU4YeCKUX n300pakeHuH,
PETUCTPUPYEMBIX MHOTOKaHaIbHBIMU BEICOKOYYBCTBUTEJILHBIMU OETEKTOPAMU C
BLICOKMM BpPEMEHHBIM pa3penieHueM. OpbuTanbHbii neTekTop “Y® atmocdepa”
HabmomaeT 3a atMocdepoit 3emnu ¢ 6opta MKC u peructpupyeT psif TPaH3UEHTHBIX
ONTUYECKUX SIBJIEHUMN, CBI3aHHBIX C TPO30BOM aKTUBHOCTHIO, B TOM YHUCJI€ U COOBITUS
tura ELVES (“anbdrn1”). BeposiTHOCTHass Mogensb 3/1bda B KadyeCTBe MapaMeTpoOB
BKJII0OYaeT KOOPOWHATH U OPMEHTAINI0 TOPOAUBIIIEr0 CBeYEeHNEe I'PO30BOT0 pa3psana,
a TakXe BHICOTY MOHU3UPOBAHHOTO CJI0SI, B KOTOPOM PETUCTPUPYETCS CBEYEHUE.
BaiiecoBCKUU BHIBOM (peanln30BaHHBIN cpencTBamMu 6ubnmoreku PyMC) mmo3Bomnsier
BBIYMCJIUTE allOCTEPUOPHBIE pacupenesieHus Ha 3TU lTapaMeTphl Ha OCHOBAHUU
BPEMEH ITMKOB CUTHAJIOB B OTHOEJILHEIX KaHalax AeTeKTopa. CucTeMa Ha3eMHBIX
MHOTOKaHa/lIbHBIX feTeKTop PAIPS kpoMe m3ydeHUs pa3HbIX TUIIOB MOJITPHBIX
CUSTHUU CJIyKUT TaKKe CBOe0OpPa3HBIM IIOJIMTOHOM OTPa0OTKHU aJIrOPUTMOB
BEPOSITHOCTHOM PEKOHCTPYKIUU. [1JIg 3TOT0 UCIOIb3yeTCs MINPOKUM KlacC Tak
Ha3bIBaEMBIX TPEKOBBIX COOBITUU - METEOPOB, IIPOJIETOB CIIyTHUKOB M CaMOJIETOB,
OBUJKeHUe 3Be3[ 1o HeOy. baliecoBCcKas Momenb BKJII04aeT B ce0s KaK mapaMeTpPH
CaMOT0 TPEKOBOT'O COOBITUS, TAK U OCOOEHHOCTH €r0 PeTrucTpaluu (anmapaTHyio
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dbyHKUIMIO meTekTopa). KpoMe TOro, Ipu TakKOM HOOXOHEe yOaeTCs BKIIIOUUTH B MOTEIb
anpHoOPHYI0 NHOOPMAIIUIO O COOBITUY (TOPU30HTAIBHOCTh ABUXKEHUS CIIYTHUKA,
XapakKTEePHYI0 CKOPOCTh ¥ HallpaBJIEeHUS OBUXKEHUS IIOTOKOBOI'O MeTeopa U T.II.).
IlaHHBIEe METOOBI MOTYT OLITH 000OIIIEHH Ha CTEPEO-COOBITUS (PETHUCTPAIIUIO TPEKOB
OBYyMs OETEKTOpPaMU C IlepeCeKalIIuMUCS IOJIIMU 3PEHUS) UK IPUMEHATHCS IPU
pekoHcTpykuuu KJI [1B3 B meTekTopax ¢pnyopecuenTHoro ceeuenus [IIAJI. Pab6orta
BBIIIOJTHEHA ITPU (PprHAHCOBOU nopaepzkke rpadta PH® Ne 22-62-00010

71. IIpuMeHeHue METOT0B MAallITHHHOT 0 O0Oy4YeHHusI 151
HIeHTH(PHUKAIIUHU ITOJISIPHBIX Me30MaCHITAOHBIX IIMK/IOHOB B
OAHHBIX YHCJIE€HHOI 0 MOIe/IHpOBaHusI atTMocdepshl

Jleskoeckas FO. A. (1), KpuHuukuu M. A. (2, 3), Bepezemckaa Il. C. (2)

(1) HauuoHaabHbIU uccaedosamenbCkul yHugepcumem “Bouvlicwau wKoaa
aKkoHoMuKu” (2) HHcmumym okeaHoaoz2uu um. I1. I1. [ITupwosa PAH (3) Mockosckuu
¢usuko-mexHuueckul uHcmumym

[TonsipHBEIe Me30oMacIITaOHbIe ITUKIIOHEL (IIMII) — 3TO MHTEHCUBHLEIE aTMOChEpPHBIE
BUXPU HEOOJBIIIOTO pa3Mepa, GopMuUpyomrecs Hag OKeaHOM Ha TpaHulle
apPKTUYECKOU U YMEPEHHOU aTMOC(EepPHBIX BO3OYIIHBIX Macc. [IML] xapakTepHEI
CUJIbHBIMHU BETPaMM, IO3TOMY IPEACTaBIISIT YIPO3y MOPCKOU UHPPACTPYKType M
CYHOOXO[ICTBY, a TaKKe OKa3bIBalOT BIIMSIHUE Ha I'Ty0OKYyI0 KOHBEKIIUIO OKeaHa. Ha
CerofHs CYIIeCTBYeT ABa OCHOBHBIX MeTOAa IIOTydeHus1 nHPOPMaIUuu O
Me30MacCIITaOHbIX IUKJIOHAX - PYYHOEe Oelu@prupoBaHue CIIyTHUKOBLIX CHUMKOB U
nnenTudukanusg [TIMII o pa3snuyHBIM SMOUPUYECKUM KPUTEPUSIM B TaHHBIX
YHUCJIEHHOT0 MOIEINPOBAHUS aTMOCGhepPhl. Y KaxKI0ro U3 CIoco00B eCTh CePhe3HbIe
HepocTtaTkKu. M3-3a KOpOTKOro BpeMeHu xkXu3Hu [IML] maHHbBIE JUCTAaHIIMOHHOT O
30HOUPOBAHUS, XapaKTepPHLIE Pa3PeKEeHHOCThI0 BO BpEMEHHU, MOT'YT HEJOCTATO4YHO
TIOJTHO U [IeTaJIbHO OTpaXKaThb AUHAMUKY 3TUX Buxpel. OOHapyX)KeHUe
Me30MacIITaOHBIX [TUKJIOHOB B MOJIETbHBIX TAHHBIX 3aTPYIHEHO 3MIIUPUYECKON
ITPUPOION KPpUTEePUuEB UAeHTU(UKAINY, pa3padaThiBaeMEIX UCCIIeqoBaTeIIMU. B
HacCTosMIe paboTe Mbl MPUMEHHUIN MOOXO0O HHTEPIIPeTau Moiesiell MalllThiHHOTO
0o0y4eHMsI, HATPEHUPOBAHHBIX UAeHTUGUIMpPoBaTh [IMI] B maHHBIX MOIETUPOBAHUS
aTMocdepsl, OJ1s COCTaBJIEHUS CIIMCKa Haubojiee 3HaYUMBIX KpUuTepues. [I1s
00y4YeHUsT MOJieJied UCIOIb3YIOTCS XapPaKTePUCTUKN Me30MacCIITaOHBIX IIMKIIOHOB,
pa3MedeHHBIX B peTpociieKTuBHOM aHanu3e RAS NAAD no maHHBIM KajleHOapeu
[IMII (Rojo et al., 2019), (Golubkin et al., 2021), (Noer et al., 2011). [Ins oueHKn
3HAUMMOCTHU IIPU3HAKOB HCIIOJIb30BaIMCh BCTPOEHHBIE METOIOBI MOAENIEN, a UMEHHO:
3HaUYeHUsa KO3(pGUIMEHTOB MOOENIU OJII TOTUCTUUYECKOU PEerpeccruu U MeToma
OMIOPHBIX BEKTOPOB C Y4E€TOM CTaHAapTU3alUU IPU3HAKOB; MOOXO0 OLIEHKU CPEJHETO
MHTErpajJbHOT0 HOPMaJIM30BaHHOTO CHUXKEHHUSI PYHKIMY TOTEPh AJIS KaXKIOOoTro U3
IIPU3HAKOB B CITy4ae MOJEJeN CIydYalHbIX JIECOB U IpafueHTHOTro OycTuHra. I1o
pe3ybTaTaM NPOBEJEHHOTO UCCIeA0BaHUsI CaMbIMU 3HAYUMBIMU IPU3HaAKaMU
SIBJIISTIOTCS: MHOEKC XO0IOAHBIX BTOpKeHuM Ha 500 rlla, pa3uuila MexXay
TeMnepaTtypou Ha BeicoTe 700 rlla u Ha ypoBHE MOPS, 3aBUXPEHHOCTD Ha 850 rlla u
OaBJIeHHe Ha YPOBHE MOpPS. OTHU MpU3HAKU ObIJIM BEIOpaHbl KaK Hanubojiee 3HaUYNMbIe
IIpu aHanm3e O0JbIINHCTBA Mofesiel MO, 1 UX COCTaB XOPOIIIO COTJIaCyeTcs C
(pusmyeckuM acrekToM uaeHTUGUKAIIUA Me30MacCIITaOHbIX ITUKJIOHOB. Pe3ynbTaTh
HACTOSIIEro UCCjIemoBaHUs B OTHOIIIEHUU 0TOOpa Haubojiee 3HAYUMBIX TPU3HAKOB
MOTYT OBITH B Ja/JIbHEMNIIIEM HCIIOIb30BaHBI OJIsI IIOCTPOEHUS HaleKHBIX 00bEeKTUBHBIX



CHUCTeM UOeHTU(PUKALIUN U TOCTPoeHusa TpaeKTopuu [TMLI, ncnonb3yrouux IIOOX0OH],
OCHOBaHHBIE Ha IaHHBIX, @ UMEHHO METOIbl MAIlIMHHOTO O0YYEeHUS MU T'JIYyOOKOTO
o0y4deHus.

Ceknusi 3. MammuHHOE 00y4eHHe B €eCTeCTBEHHBIX
HayKax

47. IIlpegcka3aHue CTPYKTYPhI JepeKToB M0S2 no 3agaHHBIM
CBOMCTBaAM

I'. Kapaunckut (1), M. Jlazapes (1)
(1) HauuoHanabvHbIU uccsiedosamenbCkuli yHugepcumem «Bovicwasa wkoaa
3KOHOMUKU»

IIr3aH MaTepuasa C 3aJaHHbBIMUA CBOMCTBAMU SBJISE€TCS NPUHIMUINAIbHO BaXKHOU
3aja4ey, B CBOIO O4Yepenb, CBOUCTBA MaTepuasla CUJIIbHO 3aBUCAT OT TUIlA U
KOHIIeHTpaluu nedekToB. B manHo# paboTe MBI CO3aiu aJrOPUTM reHepalnuu
nedeKTOoB, 10 3aJJaHHEIM CBOMCTBaM, B IByMEpPHBIX MaTepuajiax Ha nmpumepe MoS2.
[Ipennaraemblii anropuTM paboTaeT Ha OPSAKU OBICTPEEe M KaueCTBEHHee
aJITOPUTMOB Ha OCHOBE HEMPOCETEBLIX T€eHEPATUBHBIX MofieJiel. 3a OCHOBY OBIJT B3ST
IIOOXO[ OIpeneIeHusl CBOMCTB KpUCTasljla, SHEPTrUuu (POPMUPOBAHUSA KpUCTAaJljla "
pa3uunsl LUMO-HOMO, ¢ nomotibio MeToma CuMBOIbHOU perpeccuu SEGVAE.
®opMyIHl B3aMOENUCTBUS KaXXA0OT0 TUMa AedeKToB Mexkay coO00l B SBHOM BHU[IE
OBbLNIM HalileHbl B IPUOIUKEHUHN ITOIIapHOT0 B3aUMOAEUCTBUS. BHIJIN U3yUYeHEl
XapaKTEePUCTUK KPUCTAIJIOB C pa3HOOOpa3HbIMU KOHPUTypalusamMu aedeKTOoB.
PazpaboTaHHBIN METO[ SIBISIETCSI MHTEPIPETUPYEMBIM U MOKET OBITH MCIIOJIb30BaH
IJis TeHepaluuu KOHGUrypauui neekToB ¢ 3aJaHHBIMU CBOUCTBAMU U B IPYTUX
OBYMEPHLIX MaTepuasax.

61. Estimation of signals in white noise using neural networks
modeling

Kurdoshev Z.M.(1), Pchelintsev E. A.(1)
(1) Tomsk State University

We consider the problem of statistical signal processing using neural networks. Let
the observed process obey the following stochastic differential equation [1] dy t=S t
dt+edw t, O= t=< 1, (1) Here St is the unknown signal, (y t) is the observations, €>0
is the intensity noise, and the noise process (w t) is the standard Brownian motion
(Wiener) process. This work explores the use of artificial intelligence (Al) in signal
processing, its applications and results. Al is used to reconstruct noisy signals. As a
result, signal processing time and efficiency increased. Methodology: Different types
of signals are pre-modeled to solve this problem. White noise of varying intensity is
added to the modeled signals. The generated signal is processed according to
traditional methods, that is, it is cleaned of noise and it is evaluated with the original
signal, and in the next step, a neural network model is built and this neural network
is trained. . Previously created noise functions and conventionally evaluated signals
are used as a database for training. LSTM and Danse models were used to construct
the neural network model. Adam's optimizer was used for the neural network and



mean squared error as the loss function. Main results: Signal processing through
neural networks improves accuracy up to 107 (-4) and reduces time by more than 20
times. Conclusion: The use of neural networks in this field, as in other fields, leads to
effective results. Signal processing tasks have been simplified and accuracy has
been increased. Based on the obtained results, experiments can be carried out in
practice.

37. HeunpoceTeBasi Moe/ib Ha OCHOBe TpaHcdopMepa ajis
aHaJ/IM3a JaHHBIX NAllMEHTOB Ha HAa/INUYHE MEeTa00InYEeCKHX
HapyIIeHuH

I'py3odea?!, Casenves?, banaHOuHa®, ByoakaH!, Kucuawv®, I'paues?

(1) ®uzuyeckuit pakynbreT MI'Y umenu M.B.JlomoHocoBa; (2) [TAO “BeiMniennkoM” (B
repuop paboTel Han nyonukanuei) (3) MHCTUTYT PyCCKOTO si3blKa M KyJIbTyphl MI'Y
vnmeHnu M.B.JIomoHOCOBA.

B MemuimuHe KpaliHe BaXXHO YYUTHIBATh KOHTEKCT ITPU BLICTABJIEHUU OHArHO3a
narreHTa. OOWH U TOT JKe IToKa3aTeslb B PAa3JIMYHOM KOHTEKCTEe MOXKEeT 03HavaTh
O4YeHb pas3Hble Bemu. HelipoceTeBble MOOesi, OCHOBaHHBLIE Ha apXUTEKType
TpaHchopmMepa, He MPUMEHSI/IUCh paHee B aHaIU3e OUeTOJIOTHYeCKUX JaHHBIX
aHaAaMHE30B MMAllMeHTOB C ITIOJ03PeHNeM Ha Haluudue y HUX MeTaboIndecKoro
CUHIOpoOMa. BMecTe c TeM, OCHOBHBIE ITIOCHI 9THUX apPXUTEKTYP, TaKUe KaK y4deT
r1006aTbHOTO KOHTEKCTA, METOObl MHTEPIIPETAlluN BECOB BHUMAHUS, ITONyUYEeHUS
MH(GOPMATUBHBIX BEKTOPOB 3JIEMEHTOB BXOIHOM ITOCI€0BATEIbHOCTH, KOTOPHIE
MOTYT OBITH 3aTeM 3(PHEeKTUBHO UCIIOIb30BAHHI B MPUKIAOHBIX 3aavax — KpaiHe
Ba’XHBI KaK pa3 B aHa/In3e OMOMEOUITMHCKUX HaHHBIX. CIOCOOHOCTh MeXaHu3Ma
attention BHIIBISATE MHOTO(MAKTOPHLIE CBA3U JaeT BO3MOXKHOCTb 3KOHOMUTh BPEMS
Bpayda U aKIIEHTUPOBATh €T0 BHUMaHNE Ha ONpee/IeHHBIX, BhISIBJIEHHBIX HEMPOHHOM
CeThlo, IIaTTepHax. B manHoi paboTe Encoder Transformer Obl1 afanTUPOBaH 10
paboTy ¢ TaOMUYHBIMU TaHHBIMU U TPUMEHEH Ha JaHHBIX aHaMHEe30B MallueHTOB U UX
OUETOJIOTUYECKOM UCTOPUHU OJIA KiacCupUKAIIUU HaJIUUUsI U UCTOYHUKOB
MeTabomIuuyecKuX HapylleHuui. MccineqoBaHus 1Mo MPUMEHEHUIO apXUTEKTYPhI
TpaHchopMepa Ha TaOMIUUYHBIX JaHHBIX B OOIIIEM U IMETOJIOTUYECKUX TaHHBIX B
YaCTHOCTU UMEIOT OOJIBINION IMoTeHInan. B maHHoUM paboTe OBII MOy4YeH pe3yabTarT,
CKOPPEeJIMPOBAHHBIN C HU3BECTHBIMH MEIUITMHCKHUMU Pe3yIbTaTaMH, U OBIITH
pa3paboTaHbl HOBEIE METOMLI MPpUMeHeHusa attention Ha TaGIMYHLIX JAaHHBIX, @ TaKXKe
HOBBIE METOMLI BeKTOPU3AIIUK ITUX JaHHEIX.

68. MeToq cerMeHTAaIlM| 04YaroB OMYyX0JIEBOT0 IIOPa’keHHus Ijia3a
PEeTHHOO/IAaCTOMOM HAa OCHOBE I'/IyDOKOI0 O0OyUYeHHsT

Boaxkoe Ez2op Hukoaaesuu(1), AsepkuH Aaekcet Hukonaesuu(1l), Heuaesckul
AHOpet Bacuavesuu(1)
(1) Yuusepcuret «JlybHa»

Hcrnionb3oBaHUE UCKYCCTBEHHBIX HEMPOHHEBIX ceTell (MHC) B 3agayax OuarHOCTUKHA
3a00s1eBaH1l Ha OCHOBE aHaJlM3a MEeOUIIMHCKUX 1300paKeHUM Pa3IuYHbBIX TOMEHOB
He TOJIbKO aBTOMAaTU3UPYyEeT PYTUHHLBIE 3adayd KJIMHUIMCTOB 3a CUHET YMEHBIIIEHUS
BpeMeHU 00paboTKU M300paKeHUM, HO U SIBASIETCS OJHON U3 OTJIMYUTEJIbHEIX YEPT
rmapagurmel 3gpaBooxpaHeHue 5.0. ABToMaTUYeCKuM aHalIu3 CHUMKOB C IIOMOIIBIO



WMHC BHeOpéH B moaBsiionieM OOJILITMHCTBE 061acTelt MeOUIIUHLI (CHUMKU Ty4eBOMt
OUATrHOCTUKH, CHUMKM KOXKHBIX ITIOKPOBOB U1 T.M.). OgHOM u3 o6acTedl MeOUIINHEI, e
BHEeJIpeHUE MPOAYyKTOB Ha ocHoBe MHC mnst guarHocTuku 3abojieBaHui OCTaéTCs
KpaliHe HU3KUH SIBIsIeTCS oDTaIbMOJIOTHS. PeTuHOOIacTOMA SIBIISIETCS PEOKOM
3JI0KaYeCTBEHHOU OITyXO0JIbI0, BO3HUKAIOIIEN U3 KJIETOK ceTYyaTKu. B mogaBisioieM
OOJILIIMHCTBE CJIy4yaeB BO3HUKAET B paHHEM AEeTCKOM Bo3pacTe. M3-3a cBoel peakou
BCTPEYAEMOCTHU OIYXOJIb CIIOKHOAMArHOCTUPYyeMa 0COOEHHO B YCIJIOBUSIX
y4YpexXOeHNl MePBUYHOr0 3BeHa 3apaBooxpaHeHuss. OCHOBHBIM METOMOB
OVarHOCTUKU SABJIIETCSA 0OPTaIbMOCKOIIMS U aHaIu3 PeTUHATIbHBIX CHUMKOB.
Hcmonb3oBaHue ITy00KOT0 00yYeHUsT MOXKET IIOMOYb B UATHOCTUKE U
CTagupoBaHuM 3a00JieBaHtsI, 0COOEHHO Ha PAaHHUX CTAAUSIX, KOTga YaCTUYHO
COXPAHUTh 3PEHUE eIlle IIPEeCTaBIISIeTCs BO3MOXKHBIM. B paboTe nmpencraBiied MeTO
CerMeHTalluid Y4aCTKOB OIyXOJIEBOT0O IMOpaXKeHus rjla3a Ha OCHOBE UCIIOIb30BaHUS
MHC U-Net-momo6HOM apXUTEKTYPHL. [IpUBOOUTCS MOIHBIM IIpoIlecC pa3paboTKU
MauIIaliHa OT CO3gaHUusI COOCTBEHHOTO Habopa JaHHBIX A0 ITPOBEPKHU PabOTHI CETH Ha
TeCTOBHIX JaHHBIX. OIleHKa KayeCcTBa CerMeHTalluy IPOU3BOAUIIaCh C
KCII0/Ib30BaHUeM 3HaueHUu MeTpukK IoU u DSC. KoppeKTHOCTh CerMeHTalluu
OlleHEeHa C IIOMOIIbI0 MeTofla OOBSACHUTENBHOTO0 HCKyCCTBEHHOTO UHTesieKTa Grad-
CAM. PaccmaTpuBalOTCs BO3MOXKHOCTHY COBEPIIEHCTBOBaHUS METOHa B YCIIOBUSX
HU3KOM JOCTYIIHOCTU 00yYaloIluX JaHHBLIX. PaboTa BHIIIOJIHEHA B paMKax
roCyJapCTBEHHOTO 3afJaHus MUHHUCTEPCTBA HayKM U BBHICIIIET0 0Opa30BaHUA
Poccuiickoui ®epepannu (Tema Ne FEEM-2024-0014 IMpuMeHeHNe 00BSICHUTEILHOTO
HCKYCCTBEHHOI'O MHTeJIJIEKTa AJIs HHTepIIpeTaluy aJITOPUTMOB MAIlIMHHOI' O
o0y4eHusI).

73. Nonlinear relevance estimation of multicollinear features for
reducing the input dimensionality of optical spectroscopy inverse
problem

Shchurov N.O.(1,2), Isaev 1.V.(1,3), Burikov S.A.(1,2), Laptinskiy K.A.(1,2),
Sarmanova O.E.(1,2), Dolenko T.A.(1,2), Dolenko S.A.(1)

(1) D.V.Skobeltsyn Institute of Nuclear Physics, M.V.Lomonosov Moscow State
University, (2) Physics Department, M.V. Lomonosov Moscow State University, (3)
Kotelnikov Institute of Radio Engineering and Electronics, Russian Academy of
Sciences

In this work we considered inverse problems of optical spectroscopy, which consist
in determining the ingredient ions concentrations of multicomponent water solutions
by their spectra. Due to the nonlinearity of the problem under consideration, as well
as to the lack of an adequate mathematical model describing the spectra of
multicomponent solutions, machine learning methods based on the use of physical
experiment data were used to solve this problem. At the same time, inverse
spectroscopy problems are characterized by high input dimensionality with a large
number of features, both relevant and irrelevant. In turn, some of the corresponding
relevant features are redundant due to their multicollinearity, caused by the fact
that the characteristic lines of the solution components have a certain width and
cover several spectrum channels at once. This leads to a deterioration in the quality
of machine learning solution of the problem, and therefore there is a need for a
feature selection procedure that takes into account their relevance and redundancy,
as well as the nonlinear relationship with the determined parameters. In this study,



we considered a feature selection procedure based on the iterative selection of
features with the highest relevance to the target variable and on the elimination of
features with a high relationship with each other. In this selection procedure, the
method of weight analysis of a trained neural network was used as a nonlinear
measure of relevance, and the Pearson correlation coefficient was used as a measure
of the relationship of features with each other. Finally, the quality of a neural
network solution of the problem of determining the concentrations of solution
components from spectroscopic data was compared on the full set of input features
and on its subsets compiled using the selection procedure under consideration, as
well as using traditional methods for selecting significant input features. The study
was carried out at the expense of the grant No. 24-11-00266 from the Russian
Science Foundation, https://rscf.ru/en/project/24-11-00266/ [https://rscf.ru/en/

project/24-11-00266/].

69. Use of Neural Network Approximation of the Parameters-
Property Relationship in Synthesis of Carbon Dots

Dolenko S.A. (1), Laptinskiy K.A. (1), Korepanova A.A. (2), Burikov S.A. (1,2),
Dolenko TA. (1,2)

(1) D.V. Skobeltsyn Institute of Nuclear Physics, M.V. Lomonosov Moscow State
University, (2) Faculty of Physics, M.V. Lomonosov Moscow State University

The unique optical properties and simplicity of the methods for obtaining carbon
dots (CD) open up wide prospects for their application in optoelectronics,
biomedicine, sensors, analytical chemistry, etc. The physico-chemical properties of
CD are determined by their synthesis method and by the precursors used. One of the
most common methods for producing CD is solvothermal/hydrothermal synthesis,
based on heating solutions of carbonaceous materials in a closed volume. Synthesis
conditions, sets of precursors, and the ratio of their concentrations significantly
affect the photoluminescent properties of CD - the wavelength of photoluminescence
radiation, its quantum yield, and photostability. However, in the modern world, for
specific applications, it is necessary to understand the interrelationships of
Synthesis - Structure - Properties and the ability to synthesize CD with specified
properties. That is, it is extremely important to determine precursors and optimal
synthesis parameters for obtaining nanoparticles with predetermined properties,
e.g. quantum yield of luminescence (QYL). To solve the specified inverse problem of
the type “Synthesis Parameters - Properties” it is advisable to use machine learning
(ML) methods, which have great potential in identifying hidden correlations in
multiparametric systems. In this study, ML was used to determine the optimal
conditions for the hydrothermal synthesis of CD from citric acid (CA) and
ethylenediamine (EDA) with a wide range of precursor ratios, temperature and
reaction time to obtain nanoparticles with a given QYL. As is known, it is from this
pair of precursors that CD with the largest range of QYL changes are synthesized -
from 0 to 100%, which significantly complicates the solution of the task. In physical
experiment, we synthesized 343 CD samples from CA and EDA. CA concentration
was fixed at 0.1 M. EDA concentration varied from 0.01 to 2 M, the time of the
hydrothermal reaction from 30 to 360 minutes, the temperature of synthesis from
80°C to 200°C. For each CD sample, optical absorption spectrum and 2D
fluorescence spectrum were obtained, and QYL value was calculated using the
method of the reference dye. The purpose of the study was to determine the areas of
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change in the parameters of hydrothermal synthesis of CD, in which the
nanoparticles are likely to have the highest QYL. The described experimental data
was used to build a neural network approximation of the dependence of QYL on the
three synthesis parameters (EDA concentration, time and temperature of synthesis).
The optimal architecture turned out to be a multi-layer perceptron with 8 neurons in
the single hidden layer. According to the results of the approximation, the highest
QYL of the CD was estimated to be 99.15%, obtained at EDA concentration 0.35 M,
synthesis temperature 145 °C, and synthesis duration 240 sec. The experimental
value of the QYL obtained at the specified values of the parameters, was 98.9%. The
study was carried out at the expense of the grant No. 23-12-00138 from the Russian
Science Foundation, https://rscf.ru/en/project/23-12-00138/ [https://rscf.ru/en/

project/23-12-00138/].

62. Improving Representativity of Spectroscopic Data using
Variational Autoencoders: Approaches and Problems

Mushchina A.S. (1,2), Isaev 1.V. (1), Sarmanova O.E. (1,2), Dolenko TA. (1,2),
Dolenko S.A. (1)

(1) D.V.Skobeltsyn Institute of Nuclear Physics, M.V.Lomonosov Moscow State
University, (2) Faculty of Physics, M.V.Lomonosov Moscow State University

This study constitutes an investigation into the potential improvement of neural
network methods through the augmentation of the training dataset using a
variational autoencoder (VAE). We consider the inverse problem of spectroscopy of
multi-component water solutions, aimed at determining the concentrations of
various ions in the solutions based on their spectral data (Raman, IR or optical
absorption spectroscopy). While the shape of the spectra is sensitive to the
concentrations of ions, the dependence of spectral intensities on ion concentrations
in multi-component solutions is complex and non-linear, thus requiring analysis of
many spectral channels at once. Such analysis may be performed using machine
learning methods, e.g. neural networks. However, to train a neural network, a large
dataset is required. Adequate modeling of spectra of multi-component solutions is
yet far beyond reasonable computational capabilities. The required dataset may be
obtained through laboratory measurements, but such experiment is very laborious
and expensive. Furthermore, the experimental data may also exhibit a significant
imbalance in the space of target values that can interfere with the training of a
regression neural network model. Thus, the issue of adequately expanding the
training dataset is highly pertinent. This study examines the possibility of
augmenting the training dataset by generating extra spectra using a VAE. The aim is
to provide reduction of the error of solving the inverse problem. There are several
possible approaches to such generation. It seems that the simplest way is to use a
conditioned VAE (cVAE) trained on experimental data. However, we demonstrate
that the quality of such generation is insufficient - generated spectra differ too much
from experimental spectra with the same ion concentrations. Expanding the
experimental dataset with such generated spectra even increases the error of
determination of ion concentrations. Two other approaches use VAE. In this case, we
require a way to determine the target ion concentrations for each of the generated
spectra. This may be done by some ML regression model trained on experimental
data - either in the feature space of the spectra or in the latent space of VAE.
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Subsequently generated spectra can be used in various ways along with
experimental ones during the training of regression neural networks solving the
inverse problem. In this study, we compare these two approaches and discuss their
merits and shortcomings. The impact of the level of noise in the experimental data,
and of the level of noise added to experimental spectra during training of the VAE,
on the generated spectra is also explored. Possible ways of improving data
distribution during spectra generation are also discussed. The study was carried out
at the expense of the grant No. 24-11-00266 from the Russian Science Foundation,
https://rscf.ru/en/project/24-11-00266/ [https://rscf.ru/en/project/24-11-00266/].

68. IIpo6/1eMbI 0OPA0OTKH HAaHHBIX B PU3UKE KOCMHUYECKHX
ay4deH

JI.Ky3vmuues (1)

(1) HUUAdo MI'y

65. Comparative Analysis of the Procedures to Forecast the Kp
Geomagnetic Index by Machine Learning

Gadzhiev 1.M. (1,2), Dolenko S.A. (1), Barinov O.G. (1), Myagkova I.N. (1)

(1) D.V.Skobeltsyn Institute of Nuclear Physics, M.V.Lomonosov Moscow State
University, (2) Faculty of Physics, M.V.Lomonosov Moscow State University

Geomagnetic disturbances are one of the most important factors in space weather,
the role of which will increase with the development of the space industry and the
global digital industry, both on Earth and in near-Earth space. Geomagnetic activity
is usually characterized by special indices. One of the most common geomagnetic
indices is the Kp index, first introduced by Julius Bartels in 1939. In this study, we
explore the possibility of predicting the following Kp index values during the next
day (24 hours) using machine learning (ML) models based on the hourly values of
the parameters of solar wind and interplanetary magnetic field, and of the hourly
Dst geomagnetic index. We use such ML models as linear regression, gradient
boosting and multilayer perceptrons. We test to what extent the use of time series
delay embedding improves the performance of ML models. Due to the specifics of
the Kp index (it is measured once every three hours, different from other
geomagnetic indices), several ML models are calculated separately, depending on
the number of hours remaining until the next Kp index value is calculated, to
comprise a composite model making hourly predictions. A special procedure using a
synthetic KpH index with an hourly frequency as a target variable for ML models
training to improve the quality of the forecast is also being tested. The quality of all
the models is assessed on an hourly basis on various testing data depending on Kp
index range, corresponding to various levels of disturbance of the magnetosphere.
Finally, conclusions were drawn about the optimal procedure of creating and
applying of a machine learning model to solve the Kp index forecasting problem. The
best results by most of the quality metrics were demonstrated by the composite
model. The significance of the features that are used by the model for prediction was
also studied. The most significant input features detected were preceding values of
the Kp index itself, phase of the Earth’s daily rotation, solar wind velocity, modulus
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and z-component of the interplanetary magnetic field. This list well matches the
existing physical notions on feature significance based on the results of physical
experiment. The study was carried out at the expense of the grant No. 23-21-00237
from the Russian Science Foundation, https://rscf.ru/en/project/23-21-00237/ [https://
rscf.ru/en/project/23-21-00237/].

50. CeTH ri1y00OKOro o0y4yeHHusi Ajisi IOCTPOEHHUSI BUPTYya/IbHBIX
JATYUKOB TEXHOJIOTHYECKHX IIPOLecCoB HedTenepepadoTKu

JlazyxuH HeaH Cepeeesuu(1), [Tempoackuu Muxaua Hzopeguu(1l), MaweukuH H20opb
Banepvesuu(1)

(1) MT'Y umenu JIomoHOCOBa

B HacTosIIee BpeMsi, B CBSI3U C PAa3BUTHUEM CHUCTEM aBTOMATHUYECKOTO U
aBTOMAaTU3UPOBAHHOTO YITPAaBJIEHUS, IPEANPUATHS HaKalJInBaloT 00JIbie 00 beMbI
OAHHBLIX O COCTOSTHUU TEXHOJIOTMYECKUX IIPOIIeCCOB. MHOXKeCTBa PU3NYECKUX
OaTYUKOB PUKCUPYIOT COCTOSTHHE CUCTEMBI B KaXKObIM MOMEHT BPEMEHH, TEM CaMbIM
OTBedas 3a ynpaBJIeHWEe CUCTEMOMU U IIOAOEPKKY €€ ITapaMeTPOB B MOITyCTUMBIX
npenesnax. OOHOBPEMEHHO C 3TUM, 3HAYUTEJIPHYI0 YaCTh KaUYeCTBEHHBIX
XapaKTEPUCTUK TAaKUX IMPOILECCOB, B 0COOEHHOCTH, CBI3aHHBIX C HePTEeXUMUYIECKOMN
ITPOMBIIIIIIEHHOCTHIO, COCTABASIOT TabopaTOpHBIE UCCIemoBanus. Takue
HMCCJIeIOBAHUS IPOBOISTCS C HEPETYISIPHON YaCTOTOM — CYIIECTBYIOIINE Ha
ITPAKTHUKE CPEICTBa UX MHTEPIIOSIINY OCHOBAHLI Ha TMHEWHBIX UJTH Ke KYCOYHO-
TIOCTOSTHHBIX UHTEPIIpeTauusax. MaTeMaTudeckue Moaenu, ob6o0Iaomniie
nmabopaTopHbIe UCCIIeNOBaHUS Ha YaCTOTY, COOTBETCTBYIONIYIO GU3UUECKUM
maTyuKaM OyaeM Ha3blBaTh BUPTYaJIbHEIMM JaTYMKaMU. TakKuM oOpa3oM,
rccienyeMasi B paboTe 3amada ITPOTHO3UPOBAHUS BUPTYAIbHBIX HAaTYUKOB, TO ECTh
IOJIyYEeHUSI XUMUUYEeCKUX IToKa3aTeslel IIPOU3BOOCTBEHHOIO ITPOIlecca B PpealbHOM
BpeMEHU Ha OCHOBe 3HaYeHUM PU3NYECKUX HAaTUYUKOB SIBIISIETCS aKTyaJIbHONU. ABTOPHI
HCCIIenyioT Habop maHHBIX, COOTBETCTBYIOUINY HedTenepepabaThiBalollleli yCTaHOBKE,
comepzxkaruii okomno 10,000 nmokazauuit 300 pru3nyecKux NaTYNKOB, COOMPAEMBIX C
yacToTol 1 9ac, omHaKO COOTBETCTBYIOIME JTabopaTOPHBIE UCCIEI0BAHUS
cocTaBnsiioT Habop Bcero B 300 mmokalaHui, COOMpPaeMbIX C 4aCTOTOM OKOJIO CYTOK.
CoOTBETCTBEHHO, BOBHMKAET HECKOJIBKO 3a/iayd, CBSI3aHHBIX C BHICOKOM Pa3MeEPHOCThHIO
BXOJIOB, Pa3pPeKEeHHOCThIO 1 B I1€JIOM HEeOOJILIIUM YHCIIOM IMOKa3aHUM 11eJIeBOM
IIepeMeHHOM, a caMa 3aJadya ITPOTrHO3MPOBaHUs J1a00pPaTOPHEIX UCCIIeNOBaHUM
COEepPKUT MofA3aiavy alnpoKCcUMalluu. ABTOpaMu OBIJTH ITPeOI0KeHbl HECKOJIBKO
TTOAXOM0B, OOBEAMHSIONINX 3alaYy MPOTHO3a U 3al0JITHEHUS IIPOITYCKOB IS
MOJeIuPOBaHUs 1ab0opPaTOPHEIX MCCIIeqOBaHUM. BEIIM pacCMOTPEHBEI METOOEI 0TOOpPa
ITPU3HAKOB Ha 0CHOBe PLS perpeccuu (uepapxudeckasi KjiacTepu3alius),
rpagueHTHOro OyCTUHTA, HepeBheB baiieca, rpadoBoi HEMPOHHOM ceTu, 6a30BHIE
MeTombl B Buae Lasso u Koppensanuii. Kaxablii 13 IpeaIoKeHHBIX MEeTOI0B 0TOopa
OBIJT @AIITUPOBAH [JII BO3MOXKHOCTH YYUTHIBAaTh 9KCIIEPTHOE MHEHUE CIEeIUaIiCTOB
oGnacTu. Briny peaokKeHbl METOOBI ITPOTHO3UPOBAHUS JTaO0pPaTOPHBIX
HCCJIeqOBaHNM Ha OCHOBe IrpadOBLIX HEMPOCETEN, TeHePaTUBHBIX IOAX0OO0B,
TIOJTHOCBSI3HBIX U PEKYPPEHTHBIX CETEM, PACCMOTPEHEI MHTEPIIONSAIINY OTKIIMKA C
HCIIONIb30BaHeM Loess U CIJIafHOB, a TaKXe BapHUaHT PeryJssspu3aliuy,

VYU THIBAIOIIEN KOPPEJISLNIO C OTKIUKOM. [TolmydeHHBIE aBTOpaMu
9KCIIepUMEHTAJIbHBIE PEe3yIbTAaThl IIOKA3bIBAIOT IIPEUMYIIECTBO UCIIOIb30BAHUS IS
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OaHHOU 3ajayuH IIPOCTHIX PEKYPPEHTHHIX CceTel, rpadOBLIX HEMPOCETEH C
IIpeaBapuTEIbHON MHTEPIIOJNAIe, oTOopa IMPU3HAKOB Ha OCHOBe JepeBbeB baetica.
OTHenbHO CTOUT OTMETUTh HEOMHO3HAYHOCTh OIIeHKM KadeCTBa MOJIyYeHHBIX
MopeJiel; aBTopaMu OBl MTPEeI0XKeH KOMOMHUPOBAHHBIM ITOAX0[, VUYUTHIBAIOIINHI
ageKBaTHOCTh MOMEJIH, KOPPENSIIUIO ee C UCTUHHBIMU 3HAUYEHUSIMU 1abopaTopuu U
CTaHOAPTHBIE OIITUOKMU.

37. HerpoHHBIE OonmepaTopsl IJIsi THAPOIHHAMHYECKOT 0
MOJe/IMPOBAaHHUs MOO3eMHBIX XpaHWIHII ra3a (IIXI)

II.II. Cupoma (1), K.A. I'ywuH (1), C.A. XaH (1), C.JI. Kocmukos (1), K.A. Bymos (1)
(1) ITAO “T'azopom”

3HauMTeJIbHAS YaCTh UCCIeNoBaHUl B 00J1acTu Irity00KOT0 00y4eHUs COCpeoToYeHa
Ha U3Y4YEeHUU OTOOpaKeHUM MexKay KOHeYHOMEPHBIMHU ITPOCTPaHCTBaMu. BMmecTe C
TeM TUOPOOUHaMHUYeCcKue Imponecch dunbTpanuu rasa B [1XIT', onuckiBaeMbie
nuddepeHIManbHBIMU YPaBHEHUSI MU B YaCTHHIX MPou3BOAHBIX ([IYYIT), TpebyioT
M3y4YeHUsI 0TOOpakeHu MexXny GyHKIIMOHATbHLIMHU IIPOCTPaHCTBaMU O€CKOHEUYHOMU
pPa3sMepHOCTH, YTO OT/IMYAET JaHHYIO 3aJjady OT TPAOUIIMOHHEIX. B HacTosIlee BpeMs
TTOAXOABI M METOHBI TJIyOOKOTO 00y4YeHMsI aKTUBHO PAa3BUBAIOTCS U BCe Yallle
OOCTUTAIOT BBICOKOUM TOYHOCTHU B PA3/IMYHBIX 3aJadaxX YHUCJIIE€HHOTO0 MOOeINpPOBaHUs.
OpHUM U3 MEePCIEKTUBHBIX IIOAXOMO0B SIBISETCS IIOCTPOEHNE HEMPOHHBIX OIIEPATOPOB
- 0000111eHEe HEMPOHHBIX CETEM IJII allllPOKCUMAIINU 0TOOpaKeHUu MexXAy
(pyHKUIMOHaANMLHBIMU ITPOCTPAHCTBaMU. B maHHOM paboTe OBIJI TIOCTPOEH U 00yUYeH
onepaTtop ®ypre c nobasnernueM ciaoeB U-Net (U-FNO) gmnst rugpoguHaMU4eCcKOTo
MOOEeINPOBaHUS IIPOIlecCcoB punbTpanuu ra3a B [IXI'. BriepBele moKa3aHO, YTO
OaHHBIM METO[ MOXKeT OBITh IPUMEHEH He TOJIBKO IS 3ajad MOOeTupPOBaHUS
(punpTpanuu rasa B QUINHIPUIYECKOU CUCTEME KOOPAUHAT C OOHOU CKBaXXMHOU, HO U
IJid 3aja4d TpexXMepHou GuiIbTpaluy ra3da B IeKapTOBOU CUCTEMe KOOPOUHAT C
MHOJKEeCTBOM CKBaXuH. [Ip1 9TOM HEMPOHHOMY OIlepaTopy He TpebyeTcs O0JbIIon
pa3mep oOydaroiieil BEIOOPKU [JI JOCTUXKEHUs TpebyeMoro KauecTBa
annpokcuMmauyu OYYII, 4To feMOHCTPUPYETCS He TOJIBKO Ha TECTOBOU BEIOOPKE, HO
U Ha UCKYCCTBEHHO CT€HEPUPOBAHHELIX CLlIeHapPUAX C BHECEHUEM CYIllleCTBEHHEIX
M3MEHEHUN B CTPYKTYPY MOLEIUPYEMOro 00beKTa.

46. Mopgenb MalIMHHOTO O0OYY€eHHsI Ha TayCCOBCKHX IIpoIeccax
IJIsI IpeCKa3aHHusI SHEProOBbIAe/IeHUsSI B TOIUIMBHBIX sTYeHKaX
AKTHBHOM 30HBI HCCJIEOBATE/IbCKOI'0O SITI€ePHOI0 peaKTopa

H.B.CmoavHukos (1), A.I . HatimywuH (1), U.h.JIebedes (1), M.H.AHukuH (1)
(1) HanuoHaIbHEIM HCCIIeqOBaTEIbCKUM TOMCKUU ITOJIUTEXHUYECKUN YHUBEPCUTET

Braromapsi KOMIIAKTHBIM pa3MepaM aKTUBHOM 30HBI ¥ OOJILIIIOMY KOJTUYECTBY
3KCIIEPUMEHTAJIbHBIX YCTPOUCTB HCCJIeIOBaTENIbCKHeE simepHble ycTaHOBKU (MAY)
HAIIJIU IITUPOKOe MPUMEHeHUe OJIs MpoBeaeHus: GyHoaMeHTaIbHBIX U MTPUKIaIHBIX
HcciiefoBaHui (GU3UKU TBEPOOTrO Tejla, HEMTPOHHOI'O PacCessHUs, TPOU3BOICTBA
M30TOIIOB, MaTePHUAJIOBEIeHUST U MeOULIMHEI. MaJjibie pa3Mep aKTUBHOU 30HBI U
YyacTUYHas MeperpyskKa TOIJINBa, IPU KOTOPOM IIPOUCXOAUT 3aMeHa TOIbKO



HanOoJiee BEITOPEBIINX TEIJIOBLIAeNsionux cOopok (TBC), asBnsioTCs MPpUYNHAMU
(bopMupOBaHUS y4aCTKOB C BEICOKOU HEOOHOPOOHOCTHIO PacCIpeneieHus U3TydYeHu .
Kaxk pe3ynbTaT, IPOUCXOOUT IIepepaclipefesieHe SHeProBLIIeIeHUs 110 TOJIUBHEIM
si9eKaM, 4TO OKa3bIBaeT BIUSAHME Ha 3GEKTUBHOCTh UCIIOJIb30BaHMUS TOIJINBA U
yCJI0BUS IIPOBEJEHUSI Hay4YHBIX U IIPOU3BOACTBEHHLIX paboT. bosee TOro, B yCIOBUSX,
KOT[la TEeIIOBLIOENSIoIME 3JIeMEeHTH paboTaloT IIpu HeOOJIBIIIOM 3amnace 0 Kpu3uca
TemyiIo00MeHa, BEICOKAasi HEOMHOPOAHOCTh U3NTyYeHUSI MOXKET CTaTh IIPUYNHOMN
orpaHunyeHus skcryatauuu TBC. BelpaBHMBaHVEe HEPAaBHOMEPHOCTU
pacipepeneHusl SHEPTOBLIOETIEHNS B aKTUBHOU 30HE UCCJIEeNOBAaTEIbCKOT0 peaKkTopa,
KakK IIPaBUJIO, OCYIECTBIIAETCS 3a CYeT IIepPeCTaHOBOK «CcBexux» I'BC oT jeHTpa K
nepudepun. OgHaAKO, TIOATOTOBKA K Ipolleaype npodunnupoBaHus TpebyeT
onpefesieHrs XapaKTePUCTUK aKTUBHOU 30HBI IS KaXKIOOTO IIara npu
IepecTaHOBKaX, YTO OCYIIECTBISAETCS Ha OCHOBE PECYPCO3aTPaTHOTO PaCYeTHOI O
MOMEJIMPOBaHMUS ITPOIECCOB IIepeHoca U3JiydeHus u 6ajaHca HEUTPOHOB. B
HacTosIel paboTe IPeaioXkeH NOAX0 K MCIIOJIb30BaHUI0 MOLEIM MaIlluHHOT O
00y4eHUs Ha rayCCOBCKHUX IIPolieccax OJisg IPOTHO3UPOBaHUS 9HEPTOBHIIEI€HUS B
reTepOreHHOU CTPYKTYpe AOePHOT0 peakTopa. JTO MO3BOJIUT OLleHUBATh U3MEHEHU T
IlapaMeTpPOB 3HEPTOBLIAEJIEHUS B TOIJIMBHLIX ss9eiiKax 0e3 IpOBemeHU s
MOAeNnupoBaHus. Mogesnb oOy4dasach Ha OCHOBE XapaKTEPUCTUK aKTUBHOU 30HBI OIS
Pa3/IUYHLIX TOIJIMBHEIX KaMIIaHUU peaKTopa C IpUMeHeHUueM Kpocc-Banupanuu. I1o
pe3ynbTaTaM 00ydeHUs ¥ HaCTPOUKYU 00Iast TOUHOCTh PabOTH MOJOEeH 10
K03hGUIINEeHTy OeTepMUuHanuu coctaBuiia 0.99.

47. An effective algorithm for predicting human fatigue using a
portable Brain-Computer Interface

Aoicoeun KoHncmanmuH 30yapdosuu (1), IlllesueHko Muxaua I'enHadvesuu (1),
IIlepbaHb HM2opv Bacuavesuy (1)

(1) FOxnubBIN DegepanbHBI YHUBEPCUTET, I'. PocToB-Ha-IloHy, Poccus.

MOHUTOPUHT COCTOSTHUS OIIEPaTOPOB OTBETCTBEHHBIX TEXHOJIOTHYECKHUX IIPOLIECCOB
WTpaeT KIIYEBYIO POJib B o0ecnedyeHUU 0e30TacHOCTU U 3¢ GHEKTUBHOMU
9KCIJIyaTalluU CIIOKHBIX TEXHUYECKUX CUCTEM B 1leJIoM. CBOEBpeMEHHOEe
oOHapyzKeHUe yCTaJIOCTH, CTpecca Ui MOHOTOHUH 4YeJIOBeKa-oepaTopa nomMoraeT
IIPEeOTBPAaTUTh BO3MOZKHEIE ITPOUCHIECTBUA U 00ecIliednBaeT rapaHTUPOBaHHOE
BBITIOJTHEHME BaXKHBIX 3a7a4. [IJ1s1 pelreHus npobieMbl MOHUTOPUHTA
IIepedYmnCIeHHbIX (PU3U0TIOTUUYEeCKUX IPOLIECCOB, a TaKKe IIPOTHO3a
(byHKIIMOHATLHOTO COCTOSTHUS OIllepaTopa Iie1eco00pa3HbIM SIBJISETCS
HCII0Ib30BaHMe MOPTAaTUBHBIX NHTePPercoB Mo3r-KoMnbioTep (MMK). 'apHUTYDH
Takux UMK MMelT TOJILKO JIMIIE YeThIPEe-BOCEMbB 3JIEKTPOOOB [OJISI PETUCTPALNU
sneKTposHIedanorpamMmel (331°) Mo3ra 4YenoBeKa, OCHAIIIEHL CPeCTBaMU
0eCIIpOBOOHOM CBSA3U C MUHUATIOPHBIMY BEIYUCITUTENSIMU, 3PTOHOMUYHEL U HE
MeMIaloT OIePaTOPy BLIMOMHATL TPYHOOBEIE QYHKIIUU. TeM He MeHee, UCII0Tb30BaHUe
COKpAIIleHHOT'0 YHCcia oTBefeHul DI He M0o3BOoJIIeT 00eCIIeYnuTh MOJTHOLIEHHBIH
aHanM3 6MO3TEeKTPUYECKON aKTUBHOCTH MO3Ta, @ PEerUCTPUPYEMbIE CUTHAJIIBI
3alllyMJIeHbl BCIIECTBHE ABUTAaTENbHON U UIEOMOTOPHOM aKTUBHOCTU YeJlOBeKa-
orepaTopa TP BHITIOJITHEHUH UM TEKYINUX QYHKIITMOHAILHBEIX 00513aHHOCTEM, ero
MYCKYJIbHOM aKTUBHOCTH WUJIM TJIA3HBIX OBUKEeHUU. [lomoOHbIe TPOOIeMbl He
II03BOJISIIOT 00ecnedyuTh 3HEeKTUBHOE MCIIOJIb30BaHUE TEXHOJIOTUY ITOPTAaTUBHBIX



WMMK pj1ss MOHUTOPMHI'Aa COCTOSIHUS YeJIOBeKa B HacTosIlee BpeMsi. PadpaboTan
aJITOPUTM IIPOrHO3a YCTaJIOCTU YejloBeKa Ha OCHOBE perucrpanuu cursanos 990 ot
YyeThIpeX oTBefmeHuM noprtatuBHoro MMK. Anroputm paboTocroco6eH B YCIIOBUSIX
gerpagaiuy CUCTEMBI HaOmomeHUsT 61M031eKTPUYeCKOM aKTUBHOCTHA MO3Ta, a TaK¥XkKe
MMeeT CBOMCTBa pPoOACTHOCTH K apTedaKTaM ABUTATEILHON U UIEOMOTOPHOMU
aKTUBHOCTH, MOPTaHUU U I'JIa3HBIX ABUXKEHUU. 3a CYeT IPUMEHEHUsI HEIIPEPHIBHOTO
BeliBJieT-ipeoOpa3oBanus (HBII) kK peructpupyemMblM curdajnaM O3 BHIIOTHSAETCS
Iepexol B Y4aCTOTHO-BPEMEHHOM KOHTUHYYM. M30biTouHOoCcTh HBII mo3BonseT
OILIEHMBATh JIOKAJTM30BaHHBIE SHEPTEeTUYECKNE XapPaKTEPUCTUKHU BPEeMEeHHOT 0 psifa u,
TaKUM 00pa30M, IIOJTHOLIEHHO BHISIBISITh CTPYKTYPY CUTHAJa U JeTEKTUPOBaTh
IIIyMOBBIE TaTTEPHBI. TaK KaK 9HEepPreTU4eCKuu BKiIa[ NaTTepHa IIyMOBOI'O
apTedakTa onpeneseHHON IPUPOALl KOHIIEHTPUPYETCS BOKPYT HEKOTOPOTO YPOBHS
HBII-pa3noxXeHus CUrHajia, TO CIEeKTpaJlbHble COCTaBIAKIINE paclpenesisstoTCs 10
YacToTaM HEPAaBHOMEPHO, U BEUBJIET-9HTPOIINUS B YAaCTOTHOM [OHalla30He MATTEePHA
IIpUHUMaeT HU3KOe 3HaueHUe. 3a CUeT UCKITIOUYEHUS U3 PaCCMOTPEHUS TexX
4acCcTOTHEIX Auana3oHoB HBII currana, KOTOphle 3allyMJIeHE HaTTePHAMU IIIyMOBBIX
apTedakToB, o6ecneyrBaeTCs BEIIIe Ha3BaHHOE CBOMCTBO POOACTHOCTH ajJrOpHUTMa.
MOHUTOPUHT yCTaJIOCTU YeJlOBeKa BHIIIOJIHAETCS Ha OCHOBE aHaslu3a II0BefeHUus
pyHKUIMHU r100anbHOTO CIIEKTPa SHEPTUH I BBIOPaHHOI'0 YaCTOTHOTO Auana3oHa
curtHana O30l Ha nHTepBasie HabmogeHn. CHUIKEHNE 9TOr0 (PyHKIMOHAIBHOTO
IapaMeTpa CBUIOETEIbCTBYET O HAKOIJIEHUU YCTAJIOCTU. [I71g pelleHus 3agadu
IIPOrHO3a YCTaJIOCTU UCIIOJIb3YETCSA MOAEIb HEMPOHHOU MepapXnuyecKoun
nuTepnonsmuu N-HiTS. B ornuuue ot 6;1u3koi momenu N-BEATS, BeiOpanHas
Mopelib obecneuynBaeT 3¢(pPeKTUBHBIN TPOTHO3 Ha BapUATUBHBIX BPEMEHHBIX
MaciTabax. B kauecTBe IUCKPUMUHATUBHBIX TPU3HAKOB UCIIOIb3YIOTCS 3HAUEHU S
CKaJIorTpaMM B T€X YaCTOTHBIX AHWana30HOB, T'e BEUBJIET-OHTPONUS Ha UHTEepBaJje
BpeMEHU MUHUMaJIbHA.

55. AITOPHTM KJIaCCH(PHKAIIMH MPEMOTOPHBIX IOTEHIIUAJIOB 1O
CHUTHAJTy 3JIEKTPOo3HIeda1orpaMMbI I/Isi HEHPOPEAaOH/IUTAIIHH C
IIOMOIIbLI0 HHTEep(deHca «MO3r-KOMINbIOTEP» 3aMKHYTOr0 ITHKJIa

Caesckuli A.U. (1), Illenenes HU.E. (1), IllepbaHb HU.B. (1)
(1) FOx#ubBIM (hegepanbHBI YHUBEPCUTET

B TeyeHHe moCIeOgHUX OECATUIETUN aKTUBHO Pa3BUBAIOTCS TaK Ha3bIBaeMbIe
nHTepdench «Mo3r-komnbioTep» (MMK). UMK npencTaBnsieT u3 cebss CUCTEMY, B
KOTOPOU CUTHaJIbl aKTUBHOCTH MO3Tra CYUTHIBAIOTCS METOAaMU 3JIeKTPOPU3UOJIOTHH,
TIOCJIe Yero IMoABePralTCs aBTOMaTU3UPOBaHHOM 00paboTKe IJid KOHBEPTAIUU B
YeTKYyI0 KOMaHOy ynpaBneHus. [TociegHee 3BeHO TaKUX CUCTEM SIBIIIeTCS Haubosiee
NTpo0JIeMHOM YacCThiO B CBSI3U C HECTALIMOHAPHOCTHIO CYUTHIBAEMBIX OMOJIOTUUYECKUX
CUTHAJIOB, KOTOpas YCIOXKHSAET YCTOUYUBOE U TOYHOE NEeKOOupoBaHue. B cBsA3m C
3TUM pa3paboTKa yCTOMYUBHEIX METOHOOB 00pabOTKM U KilacCU(PUKAIIMN CUTHAJIOB,
yalie Bcero sHnedanorpammel (331), misa ussnedeHus KoMmaHp ynpasneaus UMK
SIBJIIE€TCS KpalHe aKTyaJIbHOU 3afadeu. BHyTpu 9TOU 3aja4yu TaKXKe CYIeCTBYET
Oosee y3Kasi, CBI3aHHAasI C goJjiei nHGOPMaTUBHOTO CUTHAJIa B 00pabaThiBaeMbIX
CcerMeHTaxX: OHa MOXKeT OBITh Majla, a B C/Ilydae MaJioll BEIPakKeHHOCTU IeJIEBBIX
IIaTTEPHOB OHU MOTYT IIPOCTO 3aTepPSAThCA B ()OHOBOM CUTHAJIe U3-3a rpy0oi
pa3MeTKu BLIOOPKU. B manHOU paboTe mpenaraeTcs NOOXOM OJIS peIleHusT



BhIIIIeyKa3aHHBIX 3ajiay Ha IpuMepe KjlacCuPUKaIud IPEeMOTOPHBIX IIOTEHIINAIOB,
OCHOBAHHBIYM Ha MPUMEHEHUU TaKOM MOAeJIM MAIIMHHOTO 00y4YeHUs KakK JTUHEeUHbIN
OUCKpPUMUHAHTHBIY aHanu3 (JIA) K mociemoBaTeIbHOMY BBIAEJIEHUIO
MHGOPMATUBHBIX COCTABJISIONIUX B YaCTOTHOM U BpeMeHHBIX o6macTsax. [IepBeIi aTamn
3aKJII0YaeTcs B MOUCKE IOJIst KaXKIoTo 1ieieBoro nuxkeHus JIITA-mpeoO6pa3oBaHus
BHIOOPKY Ha OCHOBE CIEKTPaIbHBIX MOITHOCTEMN KIIaCCUYECKUX YaCTOTHBIX
Orana3oHOB MHOTOKaHaIbHOro 93I curHasa, COCTaBJIEHHOU U3 IIPUMEPOB 3TOTO
OBUKEHUUN 1 POHOBOTO CUTHaIa. B pe3ynbTaTe momydaeTcss CTOIBKO ke JIITA-
KOMIIOHEHT, CKOJIBKO OBIJIO IIeJIeBhIX ABUKEHMM, B HAIlleM CiIydae [IBa - ABUKEHUS
IIPaBOU U JIEBOM pyKaMM, TO €CTh KOMIIAKTHO IIpeACcTaBjieHa HHPOpMaLa U3
YacTOTHOM 00JIaCcTH CUTHaJla 3a CYeT MOHUKEHUS Pa3MEPHOCTH C nmomoinbio JITTA.
[I71 manbHeNIero BhAEeIeHNsT UHPOpMaIliy B YaCTOTHOM 00/1aCTU IpefJjiaraeTcs
Hape3aTh CUTHAaJ KaXXJ0ro ABUXKEHUS U aHaJIOTUYHOI'O I10 AjIuHe ()OHOBOI'O CUTHAJla
Ha mepecekamwlnuecs KOpoTkue cerMeHTHI oT 250 go 750 Mmc. Ha KaXXgoM KOPOTKOM
CerMeHTe PaCCYUTHIBAIOTCS NPU3HAKU, IOCJIe Yero CO3[aeTcs BRIOOPKa U3 pPa3HOCTEU
IMpu3HaKoB (poHa M ABUKEeHUS (Kiacc 1) U pa3HBIX CerMeHTOB (POHa MeXKOy co00M
(xkmacc 0). CTon0busl faHHOM BEIOOPKY COOTBETCTBYIOT UAEHTUYHBIM BpEMEHHBIM
ceTrMeHTaM, II03TOMY Ha JaHHOU BEHIOOPKe MOXKHO 00yuuTh JIITA (B HalleMm ciydae 2-
KOMIIOHEHTYI0) OISl IOHUXKEHUS Pa3MepPHOCTH, UTO B pe3yabTaTe cKaTo OymeT
IIPEeICTaBAsATh MHGOPMaLMIO U3 BpeMeHHOoU oOmactu. TakuMm o6pa3oM, JaHHBIY 1Iar,
10 CyTH, IPENCTaBJIsAeT U3 cebs MONyJIIpHYI0 B 0071aCTU MaIIMHHOTO O0y4YeHU s
ayrMeHTallUI0 JaHHBIX C IOCJIeAYIOUIUM IIOHUXKEeHNEM Pa3MePHOCTHU C IIOMOIIbIO
JIOA. [1719 OKOHYATENIbHOU KjIacCu(pUKAIIUY 110 TAKOMY CXKaTOMy IPU3HAKOBOMY
IIPOCTPAHCTBY IPUMEHEHa TaKasi MOOEeJb MAallTMHHOTO 00y4YeHUsI KaK JIOTUCTUYecKast
perpeccus. [IpuBeeHbl pe3yabTaThl CPAaBHEHUS KauyecTBa paboTHl alropuTMa B
HECKOJIbKUX Bapuallusax Ha OCHOBe IIPH3HAKOB Pa3HOU IIPUPOAH! (ClIeKTpaibHbIEe
MOIITHOCTH, TapaMeTpsl FOpTa, MeKKaHaIbHEIE KOPPEISAINN) C TPagUIIUOHHBIM
TTIOAXOO0M Ha OCHOBE OOIIUX ITPOCTPAHCTBEHHBIX ITAaTTEPHOB U JINHEWHOT O
KjlaccuduKkaTopa, 4aCTO UCIOIb3YEMBIM B MUPOBHIX MCCJIEJOBAaHUSIX, a TaKKe MEXIy
coboti. [Toka3zaHOo, YTO yXKe IEePBBLIN 3Tal C NTpeobpa30BaHUSIMHU B YaCTOTHOM 06acTu
OaeT yay4dllleHre TOYHOCTHU ¢ 63.9 B TpaguIIMOHHOM moaxone A0 77.5% Ha BEIOOpKe
13 16 3KCIepUMEHTOB Ha pa3HbIX UCHBEITyeMbIX. C mobaBneHreM BTOPOTO 3Talla C
1mpeoObpa3oBaHEM BO BpEMEHHOM 0071aCTU TOYHOCTD IOBHIIIIaeTcs: 1o 98.8% mpu
HCII0JIb30BaHMU JTHO0 MPU3HAKOB KOPPENSIIIUY Ha cerMeHTax aiauHbl 750 Mc, mubo
napaMmeTpoB FOpTa ¢ cermernTamu 1o 500 mc. B cpegHeM 1o pa3HbIM KOHPUTypaLUsIM
Mopersnel anuHa cermeHTa 500 Mc siBnsieTca HauboJiee onTUMaNbHOU. TakKuM
00pa30oM, TIOMUMO IIOJIy4YEeHHOTO ITOBBIIIIEHUS METPUK TOYHOCTH, IIPeajiaraeMblil
aJITOPUTM Ha OCHOBE KJIaCCUYECKUX METONOB MAIIMHHOTO 00y4YeHHS UMeeT CBOUCTBO
YCTOMYUBOCTHU K IIPEXOASIIUM IITyMy U apTedaKTaM 3a cYeT pa30ueHusI CUTHajla Ha
KOPOTKUE CEerMEHTEH], a TaKXKe pellaeT aKTyaJlbHYI0 3aJavy BhIOEJIeHU
MHOPMATUBHOMN YaCTU CUTHAJIa B CUTyallusaX, KOra 9KCIlepTHas pa3MeTKa CUrHaa
MOJKeT OBITh JIUIIL TpUMepHOU. Bonee TOro, mokasaHo, 4YTO IIOC/IE BCEX
nnpeoOpa30BaHUs JaHHBIE OT PA3HBIX UCOBITYyEMBIX OCTAIOTCS IOYTHU IOJTHOCTHIO
JIMHEWHO pa3fdeIMMbl U MOT'YT OBITh Ka4EeCTBEHHO KJIaCCU(PUIIMPOBAHEL 00IIIe
MOJeJIbI0, YTO €CJIU U BCTpevYaeTCsl B MUPOBEIX, TO C PALOM OONYIIEHUY,
TPOMO3OKUMU MOMEJIAIMU U YCTYHaIUMU I0Ka3aTelIsIMU TOYHOCTU. [IpennoxkeHHbIN
aJITOPUTM MOZKET OBITh UCIOJIb30BaH [JIs1 HepopeaObuIuTallu - BOCCTAaHOBJIEHUE
yrpadeHHbX pyHKuu [ITHC unu [THC, B yacTHOCTH, MOTOPHEIX. [I7I 3TOTO YaIe
Bcero ucnonbs3dyercsas UMK 3aMKHYTOro 1iKjia, B KOTOPOM IIAllUeHT I10JIy4yaeT
00paTHYIO CBSI3b, CUTHAJIU3UPYIOIIYIO0 00 YCIIEIITHOM BHITIOJTHEHUY 11€J1€BOT0



OBUXKeHUs. B cnydae yTpaueHHBIX MOTOPHBIX (PYHKIIUYM BHIIIOJIHEHMEM 11€J1€BOTO
cTuMyJia 6ymeT yxKe gaxe reHepanuus B 39 mpocTpaHCTBEHHO-BPEMEHHOTO
raTTepHa HaMepeHUs OBUKEHUS KaKOU-TN00 KOHEYHOCTHIO (IIPEMOTOPHOTO
IIaTTepHAa), YTO MOXKEeT OBITh YCIEIIHO NeTEKTUPOBAHO IIPEAJIOKEHHBIM aJITOPUTMOM.
YTo BaXHO, 3a CYET UCIOJIb30BaHUS IIPOCTHIX MOJeIell MalllMHHOTO 00y4YeHUs
IIPEIOKEHHBIN aJITOPUTM MOXKET MCIIOTh30BaThCS B PEXMME pPeajibHOIr0 BpeMeHH
0e3 BrICOKHX TpeboBaHMM K IMpousBoauTenbHOCTH T1K.

75. Spiking neural network actor-critic reinforcement learning
with temporal coding and reward modulated plasticity

Vlasov D. S. (1), Rybka R.B. (1), Serenko A.V.(1), Sboev A.G. (1, 2)

(1) NRC “Kurchatov Institute, (2) National Research Nuclear University MEPhI
(Moscow Engineering Physics Institute)

The article presents an algorithm for adjusting the weights of the spike neural
network of the Actor-Critic architecture. A feature of the algorithm is the use of time
coding of input data. The critic neuron is used to calculate the change in the
expected value of the action performed based on the difference in spike times
received by the critic when processing the previous and current states. The change
in the weights of the synaptic connections of the Actor and Critic neurons is carried
out under the influence of local plasticity (Spike-timing-dependent plasticity), in
which the change in weight depends on the received value of the expected reward.
The proposed learning algorithm was tested to solve the problem of holding a cart
pole (cart-pole), in which it demonstrated its effectiveness. The proposed algorithm
is an important step towards the implementation of reinforcement learning
algorithms for spiking neural networks on neuromorphic computing devices.

48. CBepTOYHbIE€ HEHPOHHBIE CETH [IJIsI CO3MaHHUusI YIIePOTHOr 0
(pOTOTIIOMHMHECIIEHTHOT0 HAHOCEHCOPAa HOHOB METa/IJIOB

I'. Yyepeeaa (1), K. JlanmuHckuu (1,2), O. CapmaHosa (1), T. [Toaexko (1)

(1) ®uzuyeckuui pakynpret, MI'Y um. M. B. JlomonocoBa, Mocksa, PO (2) HUNA®
uM.J1.B.CkoOenbisiHa, MI'Y um. M. B. JlomounocoBa, MockBa, P®

Yrnepopgusie Touku (YT) - KllacC HOIb-Pa3MEePHBIX HAHOYACTUII, 00JIagaronIux
cTaOuJIbHOM UHTEHCUBHOU poTomomMmuHeciieHumen (OJI), KoTopas 3aBUCHUT OT
YCJIOBUM CUHTE3a U KpalHe YyBCTBUTEIbHA K U3MEHEHUIO ITapaMeTPOB OKPYKEHUS -
TeMIiepaTyphl, pH, Hanuuus noOHOB U 6rnoMakpoMoJiekyn [1]. Takue cBoicTBa
YIJIEPOAHBIX TOYEK OTKPHIBAIOT IIMPOKNE BO3MOXKHOCTU UX UCIIOIb30BaHUS B
KadyeCTBe HaHOCEHCOPOB ITapaMeTpoB cpefrl [2]. Tak, akTyanbHOU 3afaden IBIsEeTCS
KOHTPOJIb MOHOB TSI2KEJIBIX METaJIJIOB B TEXHOJIOTUYECKHUX CpefaX, IPUPOOHBIX 1
CTOYHBIX BofaxX. Takou KOHTPOJIb ITOApa3yMeBaeT MOHUTOPUHT OOHOBPEMEHHO
KOHIIEHTpPallil HECKOJIbKUX KaTUOHOB MeTalJIoB B cpefe. OQHAKO B HacTosIIee
BpeMsI HaM U3BECTHHI pabOTH], B KOTOPHIX YT MCHONIb3YIOTCS JTUIIL KaK HAaHOCEHCOPHI,
MaKCHUMVyM, 2-X KaTHOHOB MeTasuIoB [3]. B Takux paboTax oguH U3 ITapaMeTpPOB
(puKcupyeMsbIil, a KOHIIEHTPalLXs BTOPOT'O ONPeAesisieTCs C IIOMOIIbI0 KaTuOPOBOYHBIX
KpuBbIX. O4EeBHUOHO, YTO IOJIs CO3OaHUs MYJIbTUMOLAIbHOTO HAaHOCEHCOpa



HeoO0X0OUMO PEIIUuTh MHOTOlapaMeTPUYeCcKyio 00paTHYIO 3afavy JIIOMUHECIIEHTHOMN
CIIEKTPOCKOIINU, YTO YCIIEILITHO JOCTUTAEeTCs C IIOMOIIbI0 UCKYCCTBEHHBIX HEMPOHHBIX
ceteit (MHC). B manHol paboTe mpencTaBieHbl pe3yJibTaThl pa3paboTKu
OIITUYECKOTO yTJIEPOHOTO0 HAaHOCEHCOpPa, CITIOCOOHOT0 OMHOBPEMEHHO OITPENIETUTH
TUI ¥ KOHIIEHTPAILUI0 6 HOHOB B BOOHOU cpepde no cuektpaM ®JI VT. [Ing pemeHus
yKa3aHHOU 6-TTapaMeTpuYecKoi 0OpaTHOM 3ajlayy IIPUMEHSIINCh PA3TUYHbIE
apxutekTypsl MHC: mepcenTpoHsl C pa3IUYHBIM KOJIMYECTBOM CKPBITEIX CJIIOEB U
HeUupoHOB HUX, 1D u 2D cBepTouHbIEe ceTU. C MOMOILBIO IBYMEPHEIX CBEPTOYHBIX
HENPOHHBIX CETEN yOalloCh PEIINTh 00paTHYIO 3aiady POTOIIOMUHECIIEHTHOU
CIIEKTPOCKOIIUHU M0 ONIPeAesIeHUIO TUIla U KOHIIEHTPalui KaTUOHOB TSAXKEJIBIX
MmeTannoB Ni2+, Cu2+, Co2+, Al3+, Cr3+ u anuona NO3- co cpegHel abCOMIOTHON
ommbkou 1.22+0.13 MM, 0.77%0.15 MM, 0.79+0.10 mM, 0.39+0.11 mM, 0.40%0.10
MM, 2.26+0.35 MM, cooTBeTCTBEHHO. [lonydeHHasi TOYHOCTh pellleHusI 0OpaTHOM
3aay¥ yOOBIETBOPSET NOTPEOHOCTIM MOHUTOPUHTA BOOHBIX TEXHOJIOTUYECKUX CPEN
[4].

HccnemoBaHue BBHIIIOJIHEHO 3a CUET rpaHTa Poccuirickoro HaygyHOro ¢poHpga Ne
22-12-00138, https://rscf.ru/project/22-12-00138/ [https://rscf.ru/project/22-12-00138/1.

[1] A.M. Vervald, K.A. Laptinskiy, G.N. Chugreeva, S.A. Burikov, T.A. Dolenko.
Quenching of Photoluminescence of Carbon Dots by Metal Cations in Water:
Estimation of Contributions of Different Mechanisms. J. Phys. Chem. C, vol. 127, pp.
21617-21628, 2023. [2] Wibrianto, A., Khairunisa, S. Q., Sakti, S. C. W,, Ni'mah, Y. L.,
Purwanto, B., & Fahmi, M. Z. (2021). Comparison of the effects of synthesis methods
of B, N, S, and P-doped carbon dots with high photoluminescence properties on
HeLa tumor cells. RSC Advances (Vol. 11, Issue 2, pp. 1098-1108). Royal Society of
Chemistry (RSC). https://doi.org/10.1039/d0ra09403j [https://doi.org/10.1039/

based on carbon dots for sensing and speciation of heavy metals. Nanophotonics
(Vol. 10, Issue 2, pp. 877-908). Walter de Gruyter GmbH. https://doi.org/10.1515/

Treatment of metal plating wastewater by electrocoagulation, Environ. Prog.
Sustain, vol. 31, pp. 340-350, 2012.

73. Kolmogorov-Arnold Networks vs Multi-Layer Perceptron:
Solution of an Inverse Problem of Exploration Geophysics

Kupriyanov G.A. (1,2), Isaev 1.V. (1), Dolenko S.A. (1)

(1) D.V. Skobeltsyn Institute of Nuclear Physics, M.V. Lomonosov Moscow State
University, (2) Faculty of Physics, M.V. Lomonosov Moscow State University

Kolmogorov-Arnold neural networks (KAN) are an alternative approach to standard
neural network models. In contrast to the search for matrix coefficients, the KAN
searches for continuous activation functions [1]. This allows KAN to show greater
non-linearity, and makes the result of its prediction easier to interpret. In this study,
we test KAN against usual multilayer perceptron type neural networks on solving
the inverse problem of exploration geophysics. Exploration geophysics requires
solving specific inverse problems—reconstructing the spatial distribution of the
medium properties in the thickness of the earth from the geophysical fields
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measured on its surface [2]. Dependence of the target variables on a large number
of interconnected input features and non-linear interaction among the latter make
neural networks one of efficient method of solving such problems. Here we
demonstrate that for parameterization schemes with a relatively small number of
input features KAN outperform multi-layer perceptron in respect to regression error,
at the expense of higher computational cost.

The study was carried out at the expense of the grant No. 24-11-00266 from the
Russian Science Foundation, https://rscf.ru/en/project/24-11-:00266/ [https://rscf.ru/en/
project/24-11-00266/].

1. Liu, Z., Wang, Y., Vaidya, S., Ruehle, F., Halverson, J., Soljacic, M., Hou, TY., &
Tegmark, M. (2024). KAN: Kolmogorov-Arnold Networks. ArXiv, abs/2404.19756. 2.
Isaev, I.V,, Oborney, I.E., Obornev, E.A., Rodionov, E.A., Shimelevich, M.I., Dolenko,
S.A. (2023). Study of the Integration of Physical Methods in Neural Network
Solution of the Inverse Problem of Exploration Geophysics with Variable Physical
Properties of the Medium. Moscow University Physics Bulletin, 2023, Vol. 78, Suppl.
1, pp. S122-S127.

67. Mogudukamnusi BU3yaJIbHOro TpaHchopmepa MmeTogoM b-cos
IJIs1 MOBBIINIEHUSI HHTEPNIPETHPYEeMOCTH B 3aJaye
KJ1acCH(PHKAIHH H300paKeHHH JepMaTOCKOIIHH

JIykvaHo8 AHOpeu Hukoaaesuu (1), Boakos Ez2op Hukonaesuu (1), Apywes Cepeeu
AnexkcaHoposuu (1), AsepkuH Aaekceu Hukonaesuu (1)

(1) Poccuiickuii skoHOMU4YeCcKul yauBepcuteT uM. ['.B. ITnexaHoBa

[TosiBNIeHUE apXUTEKTYPHI «TpaHChOpMep» COBEPUIUIIO PEBOMIOIMIO B 3ajadax
aHaJM3a TEKCTOB U MOBLICUJIO KQYeCTBO aHasin3a n3o0paxeHui. [1osis
HMCIIOIb30BaHUSI HEeNpoceTel apXUTEKTYPhl TpaHChHOPMEP PACTET C KAaXKIBIM I'OOOM.
OmHako, u3-3a KpaliHe cj1aboi UHTEPIPETUPYEMOCTH U TOTPEOHOCTH B OOJIBIINX
00BpEMax 0O0yUdaroINX JaHHBIX, UCIIOIb30BaHUE CTAaHOAPTHHIX apXUTEKTYP
BU3yaJIbHOT'O TpaHCopMepa 3aTpyngHeHOo. B 2023 rogy rpynmnou ucciegoBaTenen
(Manuel Tran, Amal Lahiani u gp.) Obl1 IpenioXKeH MEeTO Ha OCHOBE b-cos
BhIPABHUBAHUS OJIs yIYYIIeHUs IT0OKa3aTesiell paboTh BU3yallbHBEIX TpaHCHOpMEepoB B
3afadyax aHanu3a usobpaxkeHui. [1o 3aJjyMKe aBTOPOB, 3aMeHa BCeX JINHEUHBIX
mpeoOpa3oBaHUuM npeoOdpa3oBaHueM b-cos OJiss obecrieueHusT BEIpaBHUBAHUS BXOTHBIX
OaHHBIX CIIOCOOHO 3HAUUTENBHO YIIYUIINTh 00bSICHUMOCTb HEMPOCETU U ITOKa3aTeJin
OTHOENbHBIX METPUK KadecTBa. B mipefcTaBieHHOM paboTe IPUBOOUTCS IIPUMEP
IMPAKTUYECKOTO MIPUMEHEHHUS YKa3aHHOI0 MeTOoa IIyTEM MOoaudUKaIuU
apXUTEKTYPHl CTaHAAPTHOTO BU3yaJIbHOTO TpaHchopMepa. B Xxome aKCIIepuMeHTOB
MonauUKalMs IToKa3aJjia XOpolllie pe3yabTaThl B 3afjadye MHOTOKJIaCCOBOM
Kjlaccudukauyu n3o00pakeHuil JepMaTOCKONIUuU (MelaHOMa, MeJIaHOMOIIUTapHbIE
HEeBYCHI U T.[.). [IpuBe€H BLIBOA BU3yaJIbHOTO OOBSICHEHHUS B BUE TEIJIOBOM KapTHI,
oToOpazkarolen 061acTu u300pakKeHnil, BHECIINE HauOOIbIINYA BKJIag B UTOTOBOE
npenckalaHue. O6CyKOalOTCS ITEPCIEKTUBHBIE METOOBI 1 BO3MOXKHBIE ITYTU
yIIy4ieHus: 00bSICHUMOCTY BU3YyaJIbHLIX TPAHCHOPMEPOB.

HccnemoBaHue BBIIIOJIHEHO 3a cueT Poccuiickoro Hay4Horo ¢oHaa (rpaHT Ne
22-71-10112), https://rscf.ru/project/22-71-10112/ [https://rscf.ru/project/22-71-10112/1.
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73. Machine Learning for NICA SPD Aerogel Reconstruction

Foma Shipilov (1,2), Alexander Barnyakov (3,4), Artem Ivanov (5), Fedor Ratnikov
(1)

(1) HSE University, (2) Skoltech, (3) Budker Institute of Nuclear Physics of Siberian
Branch Russian Academy of Sciences, (4) Novosibirsk State Technical University (5)
Joint Institute for Nuclear Research

In the end-cap region of the SPD detector complex, particle identification will be
provided by a Focusing Aerogel RICH detector (FARICH). The FARICH's primary
function is to separate pions and kaons in final open charmonia states (momentum
range below 5 GeV/c). The optimization of detector parameters, as well as a free-
running (triggerless) data acquisition pipeline to be employed in the SPD necessitate
a fast and robust method of event reconstruction. In this work, we employ a
Convolutional Neural Network (CNN) for particle identification in the aerogel. The
CNN model achieves a superior separation between pions and kaons compared with
traditional approaches. Unlike algorithmic methods, an end-to-end CNN model is
able to process a full 2-dimensional detector response and skip the intermediate step
of computing particle velocity, solving the particle classification task directly.

52. Improving Physics-Informed Neural Networks via Quasi-
classical Loss Functionals

Sergey Shorokhov

Peoples’ Friendship University of Russia named after Patrice Lumumba, Moscow,
Russia

As is well-known, the loss functionals of physics-informed neural networks (PINNSs)
contain the residuals loss functional for the governing partial differential equation
(PDE) and the residuals loss functionals for each of the boundary (or initial)
conditions of the boundary value problem under consideration. We study the
problem of constructing loss functionals for PINN training using methods of the
theory of variational principles for nonpotential operators, developed by V.M.
Filippov. Generally, a quasi-classical variational functional contains derivatives of
lower order compared to the order of derivatives in the PDE with some boundary
conditions integrated into the functional, which results in lower computational costs
when estimating the loss functional via Monte Carlo integration. We demonstrate
advantages of quasi-classical loss functionals over the residuals loss functional for
some boundary value problems for hyperbolic PDEs. The first quasi-classical loss
functional contains first-order derivatives of the unknown function, requires
evaluation of two integrals, and is based on the variational formulation introduced
by V.M. Shalov. Another obtained loss functional does not contain derivatives of the
unknown function at all, requires evaluation of only one integral, and is based on the
variational formulation established by V.M. Filippov.

42. IIpuMeHeHHe CBEPTOYHBIX HEMPOHHBIX CETEeH /IS BhIJTE/ICHHUSI
coobiTuH ITTAJI B s3xkcnepumente COEPA-3


https://rscf.ru/project/22-71-10112/

9umuHa E.JI1.(1), ITooepydkos [[.A.(1), A3pa K.2K.(1), boneeu E.A.(1), 'aakuH B.H.
(1), 3usa M.I1.(1), MeaHos B.A.(1), KonodokuH T.A.(1), OsuaperHko H.O.(1), PoeaHosa
T.M.(1), Yepxkecosa O.B.(1), YepHos [I.B.(1)

(1) MockoBCcKUU rocygapCTBEHHBIN YHUBepcuTeT umeHu M. B. JlomoHocoBa, Poccus,
MockBa.

Teneckon COEPA-3 pa3pabaTeiBaeTCs OIS U3YYEHUS MaCCOBOTO COCTaBa U
9HEPTreTUYEeCKOro CIIeKTpa KOCMUYECKUX JIy4el B auana3oHe sHepruu 5-1000 I1aB.
Hcrnionb3yeMbll METO[, OeTEKTUPOBAHUS OTPaKEHHOI'0 OT CHEXKHOU ITOBEPXHOCTHU
n3nydeHus BaBunoBa-YepeHKOBa OT MIUPOKUX aTMochepHbIX nuBHeHu (IIIAJT)
IIpeanosiaraeT HelPEePLIBHYIO PEerucTpaliio CBeTa, Mo3ToMy TpebyeTcst pa3paboTaTh
TPUTTEPHBIN aJITOPUTM [OJIs BhIAEIeHUsI PparMeHTOB, COOTBETCTBYIOIIUX MPHUIIEOIINM
coOpiTusiM IITAJI, B HEITPepPEIBHOM ITIOTOKE (DOTOHOB 3BE3TMHOI0 (pOHA U COOCTBEHHOTO
cBedeHUs aTMocdeprl. B paboTe nmpeacTaBieHbl pe3yIbTaThl IPUMEHEHU S
CBEPTOYHLIX HEMPOHHEIX CeTel B 3ajlaye Kiaccudukaruy n300pakeHuni,
IIOJIYYEHHEIX C ITOMOLIBI0 MoHTe-Kapiio MogenupoBaHusa 4YepeHKOBCKOro ceseta HITAJL.
K n3o0paxkeHUIM IPUMEHSIOTCSI HeoO0XoauMble MOogUuUKaLIMK, BKIOUas
ONTUYECKUHU (POH, yUET TEOMETPUU OIITUUECKOU CXEeMBI U (QPYHKILIMU OTKIIMKA
9IIEeKTPOHUKU. [laHa OIleHKa KaYyeCcTBa HEMPOHHOM CETU B CPAaBHEHUU C
rmoKa3aTeJIsIMU TPUTTEPHOT O aJirOpuTMa, pealn30BaHHOro B ycTaHOBKe COEPA-2.

40. JeCKpHUNTOPHI IJIsI oONpeaeIeHHus JIOKAIbHOH CTPYKTYPbI
ATOMHCTHYECKHX Mojie/ieH aMOpP(dHBIX THI0B

IT. A. dwuH (1), E. P. BazaHuosa (1), A. A. Illlynaeuoaa (1), B. B. Cmezatinos(1)

(1) MockoBckuil GU3NKO-TEXHUYECKUU UHCTUTYT (HAllMOHAIbHBIA
HCCJIeIOBaTEIbCKUNW YHUBEPCUTET)

YacTo npu uccnemoBaHUU BOOB U €€ CBOUCTB C IIPUMEHEHNEM MOJIEKYISIPHOU
OUHaMHUKHU TpeOyeTcs paclio3HaBaTh pa3uyHbEIe Qas3wl JIbJI0B. Kpome TOTO0, BCE
OOJIBIITYIO TTOMYISTPHOCTh U 3HAUYUMOCTD ITOIy4aloT aMoOpP@HEBIE JIbIIbI, CPeON KOTOPHIX
MOZKHO BBIIEJIUTh aMOpP@HBIE TbAbl HU3KOU MJIOTHOCTU (LDA), BEICOKOU IMIIOTHOCTH
(HDA), a mo HejaBHUM HCCIIeIOBaHUSAM - U cpegHed minoTHocTu (MDA) [1]. [Tnsa
TaKUX JIbJIOB IPUMEHSIOTCS IPOCThIE METOObI PaCIIO3HaBaHUS JTOKaIbHOU CTPYKTYPHI
(mprHAaAIeKHOCTHU OTHEIbHOM MOJIEKY/IEl KOHKPETHOU (a3e), HO OHU 00J1afgaioT
MaJjIo¥ TOYHOCTHIO M B 3aBUCHUMOCTHU OT 3afaydyu MOTYT (DOPMYyJIUPOBaThCS HUHAYeE,
UMETh OPyTHUe BHYTPEHHUE IIapaMeTphl WU BOBCe OLIThL HEIIPpUMeHUMEHI [2]. [ToaToMy
0COORIM MHTEPEeC IMpeacTaBiIsieT pa3paboTKa MOesIi, CIOCO0OHOM KOPPEKTHO
oOpabaTeiBaTh B TOM 4uCJie U aMOpGHBIE CTPYKTYPHL. B manHO#! paboTe MHI
paccMaTpUBaeM IIPUMEHEHUNE Pa3/IMYHBIX JEeCKPUIITOPOB [OJIS ONMHCaHUSA
KPUCTAJIJINYECKUX ¥ aMOP@HELIX JIbAOB, a TaKXKe XKUAKON (a3bl BOALI OIS PEIIeHU
3aZlay¥ O paclio3HaBaHUU 3TUX CTPYKTYpP. CpaBHEHNE IPOU3BOOUTCS IIOCPEOCTBOM
00y4YeHUs KJIaCCUYECKOU [JI HaHHOTO THIa 3ajJad HEMPOHHOU CETH, BXOOHON BEKTOP
KOTOPOU - CTPYKTypa, OIMCaHHas OOHUM M3 OJEeCKPUIITOPOB. Ha 0OCHOBE IPOBOOAMMOTIO
CPaBHUTEJILHOTO aHa/In3a HaMU pa3pabaThIBaeTCs OIITUMAJILHBIM CIIOCO0 OIMMCaHUSA
JIOKAJIbHBIX aTOMUCTUYECKUX 00pa30BaHull, KOTOPHIM MOXKET ObITh IPUMEHEH IS
pellleHus 3ajavyy O paclio3HaBaHUH JIbAOB, B TOM YKCJIe aMOPMHEIX, ¥ BOOHI.

1. Rosu-Finsen A. [et al.]. Medium-density amorphous ice. Science 2023. V. 379. P.



474-478. DOI: 10.1126/science.abg2105. 2. Garkul A., Stegailov V. Molecular
dynamics analysis of elastic properties and new phase formation during amorphous
ices transformations. Sci. Rep. 2022. V. 12:13325. P. 2045-2322. DOI: 10.1038/
s41598-022-17666-2.

47. Engineering Point Defects in Transition Metal
Dichalcogenides for Tailored Material Properties

Abdalaziz Al-Maeeni (1) Tigran Ramazyan (1) Denis Derkach (1) Andrey Ustyuzhanin
(2,3)

1) HSE University, Myasnitskaya Ulitsa, 20, Moscow 101000, Russia 2) Constructor
University, Campus Ring 1, Bremen 28759, Germany 3) Institute for Functional
Intelligent Materials, National University of Singapore, 4 Science Drive 2, Singapore
117544, Singapore

The tunability of physical properties in transition metal dichalcogenides (TMDCs)
through point defect engineering offers significant potential for the development of
next-generation optoelectronic and high-tech applications. Building upon prior work
on machine learning-driven material design, this study focuses on the systematic
introduction and manipulation of point defects in TMDCs to tailor their electronic,
optical, and mechanical properties. Leveraging a comprehensive dataset generated
via density functional theory (DFT) calculations, we explore the effects of various
defect types and concentrations on the material characteristics of TMDCs. Our
methodology integrates advanced machine learning algorithms with defect
configuration representations, enabling accurate and efficient predictions of defect-
induced property modifications. This research not only enhances the understanding
of defect-property relationships in TMDCs but also provides a robust framework for
designing materials with bespoke properties, facilitating the advancement of
materials science and technology.

51. MammuHHOe o0yuyeHnue U 3D aHa/Iu3 CIleH B OIleHKe
CJIOZKHOU3MeEPsieMbIX F'eOMeTPUYECKHUX XapaKTePUCTHUK Tejla
YyeJI0oBeKa JJIs1 3aJa4 OMOMeUIIUHBI

Penuenko A.C., I'ones A.C., Kucuav C.H, I'paués E .A.
MI'Y umenu M.B.JIomoHOCOBa

ABTOpPHI TPEICTABISIOT HOBLIM ITOOXO0MI, 00 beOUHSIONINN TeXHOIOTUN 00paboTku 3D
1300pakeHu ¥ MAIlIMHHOTO aHa/In3a JaHHBIX, YTO O3BOJISIET aBTOMATU3UPOBATh
IIPOIeCC OIpenesieHusI aHTPOIIOMETPUYECKUX XapPaKTePUCTUK U (PYHKIIMOHAJIOB
MWUHKOBCKOTO TeJjla YeJIOBEeKa, B YaCTHOCTH, IIJIOMIaAN ero ITOBEPXHOCTHU U
rapamMeTpoB GopMHL. 'eoMeTpudyecKre XapakKTEPUCTUKH, TaKHe Kak 00beM (1 Bec),
IIJI0IIaAb ITOBEPXHOCTH, popMa Tena (COMATOTHIN) MAllMeHTa, UTPAIOT B MEOUIIMHCKOMN
IIPAaKTUKE KJII0OYEBYIO POJIb B IIEPBUYHOM nuddepeHIInantbHON JUAarHOCTUKE MHOTUX
3aboeBaHUM U IIPOTHO3€e UX TeUeHUs. Te Ke XapaKTePUCTUKU UCIIOJIb3YIOTCS IPHU
Ha3HavYeHUHU 0ObEMa BpaueOHOTro (JIEKapCTBEHHOTO, XUPYPTUYECKOTO U T.1I.)
BMeIllaTeIbCTBA BO MHOTHX 00JIaCTSIX MEOUIIMHEI, BKJTIOYAs XUMHOTEPAIIUIO PaKa,
TPAHCIIJIAHTOJIOTHIO, JIeUeHNe 03KOT0B, KOXKHBIX 3a00JIeBaH1, B TOKCUKOJIOTHH.



TpaguinoHHbIE U3MEPUTEIILHBIE U PaCUYeTHLIE METOOUKU aHaliM3a YKa3aHHBIX
ITapaMeTpPOB YaCTO HAl0T HACTOJILKO IPyOble UX OLIEHKHU, YTO B HEKOTOPHIX CIIydasiX
OHY MOTYT 3HAYUTENbHO BIUATH laKe Ha CMEPTHOCTh MAllMEHTOB, 0OCOOEHHO IS
meTey U JoOed ¢ HeugealbHBIM TeJIOCJIOXKEeHUeM: UMEHHO OHU U HYXIOal0TCS B
0COOEHHO TOYHBIX U MHONBUOYATIU3UPOBAHHBIX U3MepeHusix. [1s 6omnee
Ka4eCTBEHHOT 0 U3MEPEHUs CTOJIb BAaXKHEIX TEOMETPHUYECKHUX XapPaKTEePUCTUK aBTOPEI
paboTHI ITpeaIaraloT UCIIOIb30BaHUEe MEeTOM0B MAIlIMHHOT0 00y4yeHusi. B pa6oTe
pelaeTcs 3afgada perpecCrui OIleHKH IreOMeTPUUYeCKHUX XapaKTePUCTHK Teja
YyeJ0BeKa I10 ero JTMHEeHHEIM oOMepaM (00XBaThl TPYOH, TAIUU, OJIUHBI PYK, HOT 1
T.0.). JIy4diuM MeTogoM moKa3asia ce0si TuHelHass perpeccusi, KoTopas II03BOJIHIIa
VIIyYIIINTh OTHOCUTENBHYIO IIOTPENIHOCTL U3MePeHUs o0beMa Tena ¢ 15% (uepes3
OILIEHKY IJIOTHOCTH Tejia) A0 2%, IIolagu ITOBePXHOCTH Tejla YeJloBeKa B CpPaBHEHUU
c nonyJisgspHou ¢opmynoi iobya c 1.6% mo 1.1%. [Ipu aToMm Momens obnamaeT
Oosbler 0600IIaINe ClI0COOHOCTHIO, ITO3BOJISIONIEN TOYHO BEIYUCISATL 00BEM U
IIJIOIIAadb IIOBEPXHOCTH Tejla B He3aBUCUMOCTH OT €T0 KOMIIJIEKITMH, YTO MOXKET OBITh
KPUTUYECKHU BAasKHO B CIIydasiX, KaCaloIUXCs XKU3HU YeJioBeKa. Pe3ynbTaThl
HCCJIeJOBAHUS ITOKA3bIBAIOT BEICOKYIO TOYHOCTh U 9PHEKTUBHOCTH pa3paboTaHHOTO
MEeTOMa, OTKPBIBAs MePCIEKTUBEI IJIT CO3MaHUsT MHHOBAIIMOHHBIX
ABTOMATHU3UPOBAHHLIX PEIIeHuN B psamge obacTeir OMOMEeIUIIMHEL 1
3[PaBOOXPAHEHUS, ITOBLIIIIEHUS KaYeCTBa MUArHOCTUKY U JIEUEHUS.

dlcp2024/abstracts.txt - Last modified: 14/06/2024 23:01 by admin



