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

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 KANSs 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.
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Deep learning-based eye anatomical structures synthetic images generating: a
comparative analysis of techniques and models

Matveev Ivan (1), Volkov Egor (1), Averkin Alexey (1) (1) FRC CSC RAS

Applications of artificial neural networks (ANN) in the diagnosis of various
diseases based on deep learning image analysis is one of the most important
technologies developing within the Healthcare 5.0 paradigm. However, the
major limitation associated with the applicability of this technology is the
availability of data for training ANNs. The labeling of real medical images is
performed by clinicians and is therefore extremely costly. In addition, not for
all pathologies, not enough images can be obtained for quality ANN training.
The problem of data scarcity for ANN training is particularly acute in
ophthalmology, where publicly available datasets exist only for the most
common pathologies. The solution to the problem of data limitations is the
generation of synthetic images of the necessary anatomical structures of the
eye (retina, ocular nerve, iris) with the presence of pathologies on them. Deep
learning methods and various generative ANN models (GAN, VAE, Diffusion
models, etc.) are also actively used for this purpose. The use of each of the
models is associated with different quality of the generated images. In this
paper a comparative analysis of techniques and models for generating
synthetic images of anatomical structures of the eye is carried out. The
principles of realistic image generation and the dependence of image quality
on the groups of model architectures used are considered. Conclusions are
made about current possibilities and prospects of generation of synthetic
images of anatomical structures of the eye using ANN. This study was
supported by the Russian Science Foundation (grant no. 24-21-00330),
https://rscf.ru/en/project/24-21-00330/.
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An effective algorithm for predicting human fatigue using a portable Brain-
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Computer Interface
ABTODEL C AsxoruH Koncrantun Oayapaosud (1), Lllesuenko Muxaunn 'enHaabeBuy (1),

P . [ITep6anb Urops BacunseBuu (1) // (1) FOxHBIM (esepaibHbI YHUBEPCUTET, T.

appunanueit

PocroB-Ha-/[lony, Poccus.
AnHoTanus (B MOHUTOPUHT COCTOSIHUS OTIEPaTOPOB OTBETCTBEHHBIX TEXHOIOTMUECKUX
MPOU3BOJIBHOM  TIPOLIECCOB UIPaeT K/IF0UEBYHO Pojib B 0becrieueHnr 6e30MacHOCTH U
¢opme) 3¢ deKTUBHOM IKCIITyaTallUM C/IOXKHBIX TEXHUUECKUX CUCTEM B LIe/IOM.

CBoeBpeMeHHOe 0OHapy>KeHHe yCTaloCTH, CTpecca Wik MOHOTOHUU
ye/ioBeKa-oreparopa roMoraeT MpeZi0TBPATUTh BO3MOXKHbIE TIPOUCIIIeCTBUS U
obecrieuriBaeT rapaHTUPOBAHHOE BBITIO/IHEHUE BaXKHBIX 3azad. [Ijist perieHust
1po6/1eMbl MOHUTOPHUHTA TTEPEUMC/IEHHBIX (DU3HUOIOrMUeCKUX TTPOIIeCCOB, a
TaK)Xe TIPOTHO3a (PyHKIIMOHA/ILHOTO COCTOSTHUS OTiepaTopa 1iesiecoobpa3HbiM
SIBJISIETCSI UCTIONTb30BaHUe TTOPTAaTUBHBIX UHTeP(eCOB MO3r-KOMIILIOTED
(MMK). 'apautypsl Takux UMK 1MMer0oT TONBKO UL YeThIpe-BOCeMb
5/1eKTPOJIOB /Il perucTpaLyu 371ekTpo3HLedanorpaMmmsl (3317) Mo3ra
yesi0BeKa, OCHAIIeHbI CPeACTBaMU OeCTIPOBOHOM CBSI3U C MUHUATIOPHBIMHU
BBIUKC/TUTE/ISIMA, SPTOHOMHUYHBI ¥ He MeIIIat0T OTlepaTopy BLITIOTHSITh
TpyZoBble (yHKLIMU. TeM He MeHee, UCIT0/Tb30BaHUe COKPAIlleHHOr0 Unc/ia
otBezienui DOI" He 103BoJIsIeT 00ECTIEUNTD TIO/THOIIEHHBINM aHa/IN3
0103/1eKTPHUYeCKOM aKTUBHOCTH MO3Ta, a PeTUCTPUPYyeMble CUTHAJTbI
3alIyMJ/ieHbl BC/Ie/ICTBHE ABUTaTe/IbHOM U WIeOMOTOPHOM aKTUBHOCTH
yesiOBeKa-oreparopa Mpy BbIMIOTHEHUH UM TeKYL[UX (PyHKL[MOHATbHBIX
00s13aHHOCTeMH, ero MyCKy/IbHOH aKTUBHOCTH WU T/Ia3HBIX JIBWKEHUH.
[Togo6HbIe pobieMbl He TT03BOJISTIOT 06ecieunTsb 3¢hheKTHBHOe
HCTI0/Th30BaHUe TeXHOIOTUU rnopraTuBHbIX UMK 7711 MOHUTOpUHTA
COCTOSIHUSI UesioBeKa B HacTosiee Bpemsi. Pa3paboTaH anroputm nporHo3sa
yCTaJIOCTU Ye/I0BeKa Ha OCHOBe pervucTpaLuu curHanoB D3I oT ueTbipex
otBefieHHH roptatieHOro UMK, AnroputM paboTocriocobeH B yCIOBHSIX
Jlerpaialiii CUCTeMbI Hab/TIOZIeHNsT OM03/IeKTPUUECKOM aKTUBHOCTH MO3ra, a
TaK)Ke MMeeT CBOMCTBA poOaCcTHOCTH K apTedakTam JIBUraTe/IbHOU U
H/IeOMOTOPHOM aKTUBHOCTH, MOPTaHWH U IVIa3HbIX JABWXEeHUM. 3a cueT
NIPUMeHEeHHUsT HeTIpephIBHOTO BeliBieT-mipeodpa3oBanusi (HBIT) k
pervucTpupyeMbiM curHaniam DI BBITIOMHSIETCS Mepexof B UaCTOTHO-



BpeMeHHOW KOHTHHYYM. M36brTouHocTs HBIT 1o3BosisieT olieHuBaTh
JIOKa/M30BaHHbIe SHepreTHuecKie XapakTepUCTHKU BpeMeHHOTO psijia 1,
TaKUM 00pa3oM, TIOJTHOLIEHHO BBISIB/IITE CTPYKTYPY CUTHaJIa M IeTEKTUPOBATh
LIIYMOBBI€e TIaTTepHbl. Tak Kak SHepreTUyeCckyi BK/IaJ MaTTepHa LIyMOBOIO
apredakTa onpezie/ieHHOW MPUPO/Ibl KOHLIEHTPUPYETCsI BOKPYT HEKOTOPOTO
ypoBHs1 HBII-pa3noeHus cursasa, TO CrieKTpasibHble COCTaBJISOLIUe
pacrpe/iesisitoTCs TI0 YaCTOTaM HepaBHOMEPHO, U BeMB/IeT-3HTPOMUS B
YaCTOTHOM JIfiaria30He MaTTepHa MPUHHAMaeT HU3KOe 3HaueHue. 3a cuer
WCKJIFOUEHUs U3 PaCCMOTPEHMs TeX YaCTOTHBIX Auaria3oHoB HBII curHara,
KOTOpbIe 3alllyM/IeHbI IaTTepHaMH IIyMOBBIX apTe(akToB, obecrieunBaeTcs
BbIllIe Ha3BaHHOE CBOMCTBO POOACTHOCTH a/irOpUTMa. MOHUTOPUHT yCTaI0CTH
yesiOBeKa BBITOJTHSIETCSI Ha OCHOBe aHa/M3a NoBefieHus1 PyHKLUU I7100a/1bHOTO
CTIeKTpa SHEpPruM /11 BBIOPAHHOTO YaCTOTHOIO AiKara3oHa curdana O30 Ha
uHTepBase HabmogeHnii. CHIKeHUe 3Toro QyHKI[MOHA/IBHOTO TlapaMeTpa
CBU/IeTeTbCTBYET O HAKOIJIEHUU yCTaNOCTU. [/ peleHus 3ajauu MPOrHo3a
yCTa/IOCTH UCII0/Ib3YeTCs] MOZie/Tb HEMPOHHOM MepapXyuueCcKod UHTEePIIOJSLN
N-HiTS. B omnume ot 6/mm3koii mozeni N-BEATS, BeiOpaHHasi Moziesb
o6ecrieuriBaeT 3()(eKTUBHBIN MPOTrHO3 HAa BAPUATUBHBIX BPEMEHHBIX
MaciuTabax. B kKauecTBe JUCKPUMHUHATUBHBIX TIPU3HAKOB UCITO/TB3YHOTCS
3Ha4yeHHsl CKaJorpaMM B TeX YaCTOTHBIX JMaria30HOB, I7ie BeUB/IeT-3HTPOIKUS
Ha VHTepBajie BpeMeH! MUHUMaJIbHa.
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"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 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.
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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 TMDC:s 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 the use of pre-trained large language models to
generate defect configurations, enabling efficient predictions of defect-
induced property modifications. This research differs from traditional
methods of material generation and discovery by utilizing the latest advances
in transformer models, which have proven to be efficient and accurate discrete
predictors. In contrast to high-throughput methods were configurations are
generated randomly and then screened based on their physical properties, our
approach not only enhances the understanding of defect-property relationships
in TMDC:s but also provides a robust framework for designing materials with
bespoke properties. This facilitates the advancement of materials science and
technology.

- Part of my thesis is funded by the Ministry of Education and some additional
funding was obtained through AI Center and RScF.
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MockoBckuti ['ocygapcTBeHHbIN YHUBepcuTeT uMeHu M.B.JIomoHOCOBa

2 acrvpaHTypbl
annikk007 @yandex.ru

A

C moknagoM

ApxuTektypa "TpaHchopmep" A1l aHa/IM3a PUCKOB TPYIIIIOBOTO BAMSHUS
HYTPUEHTOB IUIU

bananauna A.H.1, I'py3ges b.BY, CasenveB H.A.2, bynaksaH .C.1,
Kucunp C.1.3, I'paueB E.A.1 // (1) ®usnueckuii pakynsTer MI'Y nmeHH
M.B.JIomoHocoBa; (2) ITAO "BeivmmesnkoM" (B rieprof; paboThI Hajl
ny6sukarpeit) (3) IHCTUTYT pycCKoro si3blka U Ky/ibTypbl MI'Y umenu
M.B.JIomoHOCOBa.

B MequiiHe KpaiiHe Ba)KHO YUUTHIBAaTh KOHTEKCT TIPY BBICTAB/IEHUH [TUArHO3a
naifpeHTa. OZWH U TOT >Ke TI0Ka3aTe/b B PA3/IMYHOM KOHTEKCTEe MOXKeT
03HauaTb OueHb pa3Hble Bellld. HelipoceTeBbie Mo/, OCHOBaHHbIE Ha
apxXuTeKType TpaHchopMepa, He IPUMEeHSITUCH paHee B aHa/Th3e
[TUETOJIOTUUE CKUX JTAHHBIX aHAMHE30B TIALIMEHTOB C M0/J03peHNeM Ha Ha/TMuue
y HUX MeTaboIMuecKkoro cCMHApoMa. BmecTte ¢ TeM, OCHOBHBIE TITFOCHI 3THX
apXUTEKTYP, TaKhe KaK yueT I7100aIbHOTO KOHTEKCTa, MeTO/[bl UHTEPIIPEeTaIuu
BECOB BHUMaHHUS, MOTy4YeHUst UH(OOPMAaTUBHBIX BEKTOPOB 37IEMEHTOB BXOJHOM
M0C/Ie/I0BATEIbHOCTH, KOTOPBIe MOTYT OBbITh 3aTeM 3(h(heKTUBHO
HCTI0/Th30BaHbl B TIPUKJIQIHBIX 3afladyaX — KpaiiHe Ba)KHBI KaK pa3 B aHaM3e
OroMeUIIMHCKUX AaHHBIX. CIIOCOOHOCTh MeXaHM3Ma attention BBISIBISTE
MHOTO(aKTOPHbIE CBSI3U laeT BO3MOYKHOCTb SKOHOMUThH BpeMsi Bpaua U
aKI[eHTHPOBaTh €r0 BHUMaHMe Ha OTpe/ie/IeHHbIX, BbISB/IEHHbIX HEHPOHHOMN
CeThlo, marTepHax. B manHo paboTte Encoder Transformer Ob171 afjanTUpoBaH
nof;, paboTy ¢ TabMMUHBIMY JAaHHBIMH Y TIDUMEHEH Ha JJaHHbIX aHAMHE30B
TMaI[MeHTOB U UX JUeTOIOTUUeCKOW UCTOPUHM IS KnacCU(UKALIUN HaTMuus U
HCTOUYHUKOB MeTabo/MueCcKrUX HapyleHUuni. ccieoBaHust 10 IPUMeHEeHUIO
apXUTEeKTYpPhl TpaHCPopMepa Ha TaOIMUHBIX JaHHBIX B 00IIIeM U
JTUETOJIOTUYe CKUX JJAHHBIX B YaCTHOCTH UMEIOT OO0JIBIIION roTeHIHasn. B
JlaHHOM paboTe OB MOMyUYeH pe3y/bTaT, CKOPPeTUPOBAHHBIN C U3BECTHBIMU
MeIMI[UHCKUMU pe3y/ibTaTaMH, ¥ ObLT pa3paboTaHbl HOBbIE METO/IbI
rpyUMeHeHus attention Ha TaOMUYHBIX IaHHBIX, A TAK)Ke HOBbIE METO/bI
BEKTOPU3ALIUU 3TUX JJaHHbIX.
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[TPOIHO3MPOBAHUE XAPAKTEPMCTUK BO3BPATHOM MUT'PALIN
HEPKU B YCTBE PEKU ®PEM3EP C IIPUMEHEHMEM METO/IOB
[JTYBOKOI'O OBYYEHUA.

M. A. Bopucos (1,2) M. A. Kpununkuii(1,2) (1)MockoBckuii ¢pusmko-
TeXHAYeCKUW MHCTUTYT, Jonronpyansiii, Poccus (2)VIHCTUTYT OKeaHO/IOTHUH
nmenu [LI1. Tupmosa PAH, Mocksa, Poccus

B peruioHe yctbst peku ®@petizep B ripoBuHIMK bputanckas Konymbus,
KaHnapza, BefieTcsi IpOMBIC/IOBBIM BBUIOB HEPKU NpeAnpusTusamMu u3 Kanazasl u
CIIIA. 3TOT peruoH xapakTepu3yeTcsl CJIOKHON CUCTEMOM MPOIMBOB MEX/AY
oCcTpoBOM BaHKyBep u MaTeprkoBoH yacTbio Kanazel. [IpoMbIc/ioBble ce30HBI
Y cooTHOLIeHHe BblioBa Hepku Mexxay CILIA u Kanagoii onpezensitorcs
XapaKTepUCTUKaMU BO3BPaTHOW MUIpalliy HEPKU B 3TOM CUCTeMe MPOJIUBOB.
B faHHOM HMCC/leloBaHMM pacCMaTpUBalOTCs CIeyolre K/IoueBble
rapameTphsl Bo3BpaTHOM murpaiuu Hepku (Oncorhynchus nerka) B kauectBe
Lie/leBbIX MlepeMeHHbIX: Me/lMaHHas /laTa BO3BPaTHOW MUTrpaLIMH JJisl TTOJBH/IOB
Chilko u Early Stuart u o5 ceBepHOro OTK/I0OHeHUsl. Me/iiaHHas iata
BO3BPAaTHOM MUTpALIUU XapaKTepu3yeT MOMeHT, Korja 50% Bo3BpalljatoIuXcs
Hepku noauza Chilko u Early Stuart u3 ceBepo-BocTouHo# uactu Trxoro
OKeaHa TMpPUOLIBAIOT B YCThe MposiiBa XyaH-Ae-Pyka mexxay Kanagoii u CIIIA.
Honst Hepku ¢ ceBepHbIM MapiipyToMm murpauyd (NDR — North Diversion
Rate), Bo3Bpaiiiatoiiieiics B peky ®peiizep yepe3 nposuB JI>)KOHCTOH, B
CpaBHEHMH C BO3BpALLAIOLIMMUCS uepe3 NpoynB XyaH-ge-Dyka, oTpakaeT
TMIPOLIeHTHBIN KO3 ULIMEeHT yXo/ia pbiObl Ha CeBepHBIM MapIIPyT B TeUeHHe
roza. B HacTosIeM uccie10BaHUN TIPeANo/araeTcs CBsi3b OBeleHHsI HEPKU C
XUMHUUECKUM COCTaBOM MODPCKOM BO/ibl, TEMITepaTypOil IOBEPXHOCTH MOPS U
JVHaMHKOU TeUeHHI B BEPXHUX CJIOSIX OKeaHa. B kauecTBe oOyuatoreit
BbIOOPKY MCIIOJIB3YIOTCS Pa3/InyHble NepeMeHHbIe U3 JaHHBIX OTKPBITBIX
peaHasii30B, B YaCTHOCTH, JaHHble Glorys12, Takue Kak JIOKa/JbHble TeueHusl,
CKOPOCTU TeUeHUH Y MTOBEPXHOCTHU MOPs1, COJIEHOCThb Y TeMriepaTrypa
TOBEPXHOCTU MOPSI, a TAKXKe NepeMeHHble, CBS3aHHbIe C B3aUMO/IeCTBUEM
BO3/lyXa U MOp$1, TaKHe KaK CKOPOCTh BeTpa, XapaKTepUCTUKN MOPCKHX BOJH,
JlaB/ieHre Ha YPOBHE MODS, TeMIiepaTypa BO3/lyXa, BIaXXHOCTb U OCAJIKH.
[Togxon Momentum Contrast (MoCo) npuMeHsieTcs Jj1s1 U3B/1eYeHUs
TPU3HAKOBOT'O OMMCAHUS U3 [JaHHBIX peaHav3a U yMeHbLIeHUs1 Ppa3MepHOCTH
JlaHHBIX, Jjafiee B KaueCTBe Mo/le/iel UCTIO/b3YTCS C/TydYaHbIl J1ec,
rpaiIieHTHBIN OyCTHHT U rpebHeBasi perpeccust. B pe3ynbraTe MoTyyeHsbl



MO/Ie/H, TI03BOJISIFOLMe TIPOTHO3MPOBATh XapaKTepUCTUKY BO3BPATHOM
MUTpaL[uy HEPKHU.

IIpeanoiaraemas . . . .
Pea 2. Machine Learning for Environmental Sciences
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C poknagom

AnnpokcrManys NpoCTPaHCTBEHHO-BPEMEHHOM U3MEHUMBOCTH FOPOJCKOTO
ocTpoBa Teryia MOCKBBI MeTOJJaMU MalIMHHOTO 00yueHUsI

1. Kakue mogenu MO BbI UCTI0/IB30BaJIA.

2. Kakue KOHKpeTHbIe pe3y/bTaThl ObI/U TIOTy4YeHbl B pabore.

BapentioB Muxaun MBanosuu (1,2,3,4), Kpunuikuii Muxaun AnekceeBuu
(4,5,1), Crenanenko Buktop Muxaiinouu (1,2) (1) MockoBcKuii
rocyJapCTBeHHbIM yHHUBepcuTeT iMeHd M.B. JlomoHocoBa, HayuHo-
HcceloBaTeTbCKUM BBIUMCIUTE/bHBIN 1[eHTp, JIeHHHCKue rophl, 1 cTp. 4,
Mocksa, Poccus, 119234; e-mail: mikhail.varentsov@srcc.msu.ru; e-mail:
stepanen@srcc.msu.ru (2) MoCKOBCKUI rOCyjapCTBEHHBIN YHUBEPCUTET
umeHu M.B. JlomoHoCOBa, ['eorpaduueckuii Gakynbret, JIeHUHCKHe TOpkI, 1
cTp. 4, Mocksa, Poccus, (3) ['MapomeTeoponoruueckuii Hay4yHo-
rccnenoBarenbCKkui LeHTp Poccutickoit ®efepaiuu, bosnbliioit
[IpenTeueHckuii epeynok, 4. 13, crpoenue 1, Mocksa, Poccus, 123376; (4)
WHcTuTyT dusrku atmocdepsl umern A.M. O6yxoBa PAH, ITepkeBCKuit 1iep.
I. 3, Mocksa, Poccus, 119017 (5) MactutyT okeaHonoruu uM. I1.I1. [upiioBa
PAH, HaxumoBckuii npocrnekT, 1. 36, MockBa, Poccus, 117218,
krinitsky@sail.msk.ru (6) MockoBckuli ¢h13UKO-TeXHUUECKU UHCTUTYT,
WHcTuTyTCKUM TIepeynok, 4.9, T. JJonronpyaHbiid, MockoBcKasi 06/1aCTh,
Poccusg, 141701

OpHMM W13 NepCreKTUBHBIX HarlpaB/ieHWi PUMeHeHUs] MeTO/I0B MalllMHHOTO
o6yuenusi (MO) B MeTeOpOJIOTUHM SIBISIETCS 3a/jada CTaTUCTUUeCKOTO
MaciuTabupoBaHUs WU JAYHCKEH/IMHTA, TO €CTh TIOBBILIEHHEe Pa3pelleHus
MeTeopOoJIOTHUeCKUX JJaHHbIX. B paMkax 3Toi 3aaun Metogsl MO yacto
paccMaTpUBAlOTCS KaK aJibTePHATUBA BbIUMC/IMTEIbHO-3aTPaTHOMY MeTOy
JMHaMHYeCKOTO JIayHCKeM/IMHTa C UCI0/Ib30BaHHEeM perroHaIbHbIX
TUPOIUHAMUYEeCKUX Mogesielt atmocdepsl [1]. 3agaua gayHckeiivHra 0co60
aKTyaJibHa 7151 ypOaHW3UPOBaHHBIX TEPPUTOPHI B CHUTYy UX MPOCTPAHCTBEHHOMN
HEOJHOPOJHOCTU Y HAJIMUMIO JIOKATbHBIX MOTOJHO-K/IMMaTUueCKUX aHOMasIui,
B TIepBYI0 ouepe/ib 3pdeKTa ropo/CKOro 0CTpPOBa Tellia — MOJIOKUTeTbHON
aHOMaJIMU TeMIlepaTyphbl, OKa3bIBarolllel 3HaurMoe B/IMsHYEe Ha TepMUueCKUi
KOM(OPT U 370pOBbe HaceneHus [2].

B noknaze paccMoTpeH onbIT npuMeHeHus1 MeTo0B MO fJ1d cTaTuCThYe CKOM
anrpoKCUMalliy TIPOCTPaHCTBEHHO-BPeMeHHOW N3MeHUMBOCTH OCTPOBa Terl/la
(ropockoli aHOMaIMK TeMIiepaTyphl BO3/lyxXa) Ha OCHOBe TIPeJUKTOPOB,



XapaKTepHU3YIOIUX KPyrmHOMacInTabHble aTMocdepHbIe MPoLiecChl , Ha
nipuMepe MocKoBCKoro Merariosiica. Ha mepBoM sTtare vcciefiloBaHUs peliieHa
3ajlaua «/IayHCKeW/TMHTa B TOUKY» - alMpOKCHMAaIy HabmogaeMoi pa3HOCTH
TeMIlepaTyphbl «ropo-poH» AJs 1jeHTpa Mockssbl [ Varentsov et al., 2023a]. B
TaKOW MTOCTAaHOBKe BBITIOJTHEHO CPaBHEeHUe HeCKOMbKUX mMogenelt MO Tumna
perpeccuu, BK/Itouasi JIMHENHYI0 MOZie/b, MeTO/bl ClTy4aliHbIX JIeCOB,
IPaIieHTHOTO OyCTUHTA, OTIOPHBIX BEKTOPOB, a TAK)KE TOJIHOCBSI3HYIO
HelipoceTs (Multilayer Perceptron). [Toka3aHo, uto Mozenu MO MoryT
YCIEeLIHO BOCIPOM3BOAUTL BpEMEHHYI0 JUHAMUKY Pa3HOCTH «TOpoA-hoH» Ha
CYTOUHOM, CUHOTITUUECKOM M Ce30HHOM MaciuTtabax. I1pu 3Tom Haummyuiiee
KaueCTBO OBUIO JOCTUTHYTO MOZe/bio rpagueHTHoro Oyctudra CatBoost, oHa
JKe TO0Ka3asia MakCUMasibHOe ObICTpO/ieiiCTBYE.

Ha Bropom 3Tarie nccienoBanust pa3paboTaHHast MoZiesib Ha OCHOBE MeTOZa
rpajiueHTHOro OycTuHra B peanu3aiuu CatBoost Oblia afanTUpoBaHa Jjist
anmnpoKCUMalY TOPO/ICKOM aHOMa/liu TeMriepaTyphl yKe Kak TPEXmMeCTHOU
(MpocTpaHCTBEHHO-BPeMEeHHOI) BelTMUMHLI. B KauecTBe [JOMO/THUTeTbHbBIX
NpeJUKTOPOB UCI0/Ib30BaHbI /leTaTu3upOBaHHbIe JaHHbIe O CBOMCTBAX
TIO/ICTH/IAIOLLeH TIOBEePXHOCTU U TOPOACKOM cpefibl. B KauecTBe JaHHBIX [iIs
ontuMu3aLuu Mogieneid MO uCTonMb30BaHbl pe3y/ibTaThl CyNepKOMITbIOTEPHOTO
MO/IeJTUPOBaHKsI METeOpPOJIOTMUeCKOTro pexkxruMa MOCKOBCKOTO peruoHa C
pervuoHabHOM TUIpoJuHaMuueckoit Mojienbio atMmocdepbl COSMO c 11arom
ceTkH 1 KM, ZIOTIOJTHEHHOW CrieliasibHOM ropo/iCKOM rapameTpu3aliveid
TERRA_URB [3].

17151 oriicaHust TPOCTPAaHCTBEHHOM CTPYKTYPbI OCTPOBA Tellia MpefJioykKeH
OpUTMHaTbHBIN «KBa3W/IOKaIbHBIN» TOAX0 K TpUMeHeHHt0 MeTo1oB MO. OH
3aK/TF0YaeTCsl B 3a/laHUM TIPU3HAKOBOTO OTMCaHus B (hopme TabIUIIbI C
JJaHHBIMH /1151 MHOKECTBa (pOpMasibHO He CBS3aHHBIX JIPYT C APYTrOM TOYeK
(Y3710B pacuéTHOM CeTKH), U MOPOXKAeHUU [JOTIOJTHUTeTbHBIX TIPHU3HAKOB /151
yueTa HeJIOKabHbIX POCTPAHCTBEHHBIX B3aUMO/EMCTBUI MeXIY
npeAvKTOpamMu. [1jisi 3TOro K MCXOJHBIM IByMePHBIM I10JISIM XapaKTepUCTUK
TTIOBEPXHOCTH TIPUMeHsIeTCs Habop npeobpa30BaHMM, B TOM UKC/Ie
CcaMOHaCTpauBaloLL1eCs HarpaB/ieHHble GUIBTPEI, (hOpMHUpYyeMbie C yUeToM
KpYITHOMAacCIITabHBIX JaHHBIX O CKODOCTH U HarpaB/ieHuH BeTpa. IToka3aHo,
YTO TaKOM MOAX0/| TI03BOJISIET JOCTAaTOUHO PeajMCTUYHO BOCIIPOM3BOIUTh
MPOCTPAaHCTBEHHYIO CTPYKTYPY OCTPOBA Terljla B Pa3/IMUHbIX YCIOBUSX, B TOM
Yuc/ie BOCTIPOU3BOAUTD HesloKasibHbIe 3(hdeKThl, CBsi3aHHbIE C
riepeMeIlIMBaHHEM U aJiBeKIHel, HarlpyuMep TeTlIoBbie ITeUdbI.

B pamMKkax rpopo/keHusi UCC/ieJOBaHUI MPe/CTaB/IsIeTCs MepCrieKTUBHON
3ajlaua CPaBHEHUS MPe/TIO’KEHHOTO «KBa3WI0KaTbHOTO» MOIX0/ia C
TIOTY/ISIPHBIM B 3a/iaue layHCKeM/TMHra «HeI0KaJlbHOT0» MOJX0/la Ha OCHOBe
ceéprounbix MHC, noapasymMesaroliero 3ajaHue rpu3HakoBOro ONMCaHUs B
BHU/Ie IByMepHbIX MPOCTPAHCTBeHHbIX mosel [1].

PaboTa BbITIO/THEHA TIPU TIO//IeP>KKe HeKOMMepUeCcKoro (hoH/ia pa3BUTHS HAYKU
1 obpa3oBanus “VIHTeneKT”. AHa/IU3 pe3y/bTaToB Me30MacIiTabHOTo
MO/1eTMPOBAHUSI BBITIOJTHEH TPU YaCTUYHOM nofep>kke Poccuiickoro
HayuHoro ¢oHza, mpoekT Ne24-17-00155.

Ccpuiku:

1. SunY. et al. Deep learning in statistical downscaling for deriving high
spatial resolution gridded meteorological data: A systematic review // ISPRS
Journal of Photogrammetry and Remote Sensing. 2024. Vol. 208. P. 14-38.

2. Oke T.R. et al. Urban Climates. Cambridge: Cambridge University Press.
2017. 509 p.



3. Varentsov 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.
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[TporHo3upoBaHue COCTOSIHUSI MarHUTOCGepbl 3eM/TU C TTOMOIIbI0
CTieLIaIbHOTO a/ropuTMa Jijist paboThl C MHOTOMEPHBIMU BpeMeHHBIMHU
psfaMu

Bnagumupos P.[. (1), upokuii B.P. (1), bBapunos O.I. (1), Jonenko C.A. (1),
MsirkoBa 1.H. (1) // (1) HUU sagepHoii dusuku umenu [1.B. CKobesbIbIHa
MI'Y umenu M.B. JlomoHOCOBa

[laHHOe ucciefioBaHYe TIOCBSILEHO a/lanTaliui U IPUMEHEHNH CIelUalbHOro
4-CTyTIeHYaToro a/rOpUTMa Ha OCHOBE METO/|0B MAIIIMHHOTO 00yJeHwus],
pa3paboTaHHOTO /Jisi aHa/IM3a MHOTOMEePHBIX BDeMeHHbIX PsiIOB MU pellieHUH
3a/lau IPOrHO3UPOBAHMS OTIPeZie/IeHHBIX COOBITUI U BBISIBJIEHUS UX
TIpeJIBECTHUKOB - SIB/IEHUM, TIPe/ICTaB/IeHHbIX HeM3BeCTHOW KoMOUHaIel
3HaueHW TTapaMeTPOB, OMUCKIBarOIMX 00beKT [1]. [Tomumo
MPOTHO3UPOBAHUS COOBITHI, aTOPUTM MOXKHO HCTIOb30BaTh [Isi
NPOrHO3UPOBAHUS 3HAYeHUU HelpepbIBHBIX BeJIMuuH. [Ipu sTOM
WCTI0/Ib3yeMblii a/ITOPUTM T03BOJIsIeT alallTUBHO OTOMPAaTh Kak Gu3nueckrie
BXO/[Hble TIPU3HAaKK, TaK ¥ KOHKPeTHble 3HaueHUs 3a/|ep>KKU MpH yJeTe
HICTOPUM Ka)KJ0ro (pr31ueCcKoro rnpu3Haka B paMKax MOrpY>KeHHsI
(TOMOIOrMYeCKOro B/IOJKEHMS) COOTBETCTBYIOILEr0 eMy BPEMEHHOI'0 psifia.
Takoii 0T6op MoXkeT 0becreunTs yylliee MOHUMaHKe TPOLeCCOoB,
TIPOUCXOAAIINX B M3ydaeMoM obbekTe. OO1rjast cxema 4-CTyIeHYaToro
a/Jiropy¥TMa BKJIto4aeT B ce0si ciefytoiiue stanbl: 1. Beibop Haubosee
3HauUMMBbIX (PH3UYeCKUX TIPH3HAKOB (TlepeMeHHBIX) CpeJju TeX, KOTOpble, 0
MHEHMIO UCCJIeZloBaTeisl, MOTYT MOB/IUATH HAa IPOTHO3MPYEMOE LiesieBoe
3HaueHue. B Tekyllen peanusaluu /151 3TOU Lie/IM UCIIO/Ib3YeTCsl UTepaTUBHbIN
nojxo/. B pamkax sToro nozgxoza cucrema oLjeHUBaeT KOpPPeJIsiLiUI0
(ITupcona/CriupMeHa) Me>Jy BXOAHBIM MPH3HAKOM U €T0 3a/lep>KKaMu U
MPOrHO3UPYeMOM MlepeMeHHOW. 3aTeM Ha OCHOBE 3a/IaHHOT0 110pora
BBIOMpAeTCs UacThb IIepeMeHHBIX, KOTOpbIe OyyT MCITO/Ib30BaThCsl Ha
C/lefyIOIIMX 3Tarax. 2. Beibop Aurana3oHa UCMoib3yeMbIX 3a/lepikek.
PaccmarprBaeMble HAOOPBI BXOJHBIX TIPU3HAKOB CO3/[aBa/ICh CJIEYIOIIM
obpa3om. Habop 0 BK/rOuas BeIOpaHHbIE BXO/HBIE TIepeMeHHbIe B TeKYIINNA
MoMeHT. B Habop 1 Borm Bce BXOHbIe TepeMeHHbIe 13 Habopa 0, a Takxke
BCe 3T TlepeMeHHbIe C 3a/lep)KKoi B 1 BpeMeHHOM 1miar. B Habop 2 Boiuiv Bce
BXO/IHbIe TIepeMeHHbIe 13 Habopa 1, a TakKe BCe 3TH MepeMeHHbIe C
3a/1ep’KKOM B 2 BpeMEeHHBIX 111ara U Tak Jiajee 0 Ornpe/ie/leHHOro
uccaenoBareneM npezesna. Mogens MalmmHHOTO 00yueHust o0yuyaeTcst Ha



Kak/IoM Habope /IaHHBIX, CO3/[aHHOM B PaMKax 3TOTO IMK/Ia, U ee KaueCTBO
OLIeHMBAeTCsl Ha MpeJjBapyTe/IbHO TIOATOTOB/IEeHHOM Habope TeCTOBbIX JJAHHBIX.
LIk ocTaHaBIMBAETCS, KOT/ia TI0 33/laHHOMY KPUTEPUIO yBe/nueHUe
[Miara3oHa 3aJiep>KKy 00JTbIlie He TIPUBOJUT K 3HAUUTE/TEHOMY TTOBBIIIIEHHIO
TOYHOCTH TIPOTHO3UPOBaHUs. 3. BeiOOp Hanbosiee BaKHBIX BXOJHBIX
TIPU3HAKOB M3 [TOJIyYeHHOTr'0 NMPOCTPaHCTBA MPH3HAKOB, OFPaHUYEeHHOI0 Ha
TepBbIX ABYX 3Tarax. J{jist 3Toro 3tara MOryT ObITh WCTIOb30BaHbI
CTaHZJapTHBIE TIOX0/IbI K OL|eHKe CYI1leCTBeHHOCTH BXO/HbIX MMPHU3HAKOB. 4.
HacTpoiika ruriepriapameTpoB Mojend. B qaHHoM paboTe anroputm
TIPUMEHSI/ICS A1l MIPOTHO3UPOBaHWs 3HaUeHW MOTOKA PeISITUBUCTCKUX
3/1eKTPOHOB ¢ E > 2 M3B Ha reocrarjoHapHoii opouTe, a Takxe 3HAUEHHUH
reoMarHUTHBIX UHEeKCOB Dst 1 Kp. Pe3ynbraThl CpaBHUBA/IKMCH MEXy COO0M
10 3HaUE€HUI0 OTHOCUTE/TbHOM OIIMOKY TIPOTHO3WPOBAHUS U 110 Habopam
Haubo/iee 3HAUMMBIX BXOZHBIX TIPU3HAKOB, BBIOPAHHBIX a/TTOPUTMOM.
PaccmarpuBanuch BpeMeHHbIe psifibl C 1IaroM B O/IMH Yac. B kauecTBe
BXO/IHBIX (pri3MUeCKUX MPU3HAKOB HUCIOIb30BaINCh 3HAUeHUS CIeYIOLX
BennuuH: 1. [Tapametpsl conHeuHoro Betpa (CB) B Touke Jlarpanka L1 mexay
3emneit u ConHueM: ckopocTb CB v (km/c), Temneparypa CB T (K),
TJIOTHOCTB TPOTOHOB B CB n (cM™3). 2. [TapaMeTpbl BeKTOpa MeKIJTaHETHOTO
MarHuTHoro nossi (MMII) B Toli xe Touke L1 B cucteMe GSM: KOMIIOHEHTBI
MMII Bx, By, Bz, mogyne MMII Bmagn (1Tn). 3. [eoMarHuTHbIE UH/EKChI:
5KBaTOPUAJIbHbIN reOMarHUTHbINM UHJeKC Dst (H1), miaHeTapHbIN
reoMarHuTHBIA UHZAEKC Kp (6e3pasmepHsiii). 4. CrieninaibHO J00aBIeHHbIe
(GYHKIMY C/Ty4aifHOTO IITyMa, YTOOBI TPOBEPUTH, PACIIO3HAET JIU CUCTEMa MX
KakK HepeJleBaHTHbIE /I7Is IPOrHO3UPOBaHMS 1jeIeBOU repeMeHHON. Habop
TaKKe BKJIIOYa/l YeTbIpe rapMOHHUYeCKHe TlepeMeHHbIe (ZiBe C CyTOUHBIM
TepUOZIOM U [iBe C TOI0BbIM MePHO/I0M) AJisl yueTa BpalljeHus1 3eM/I BOKPYT
cBoeli ocu ¥ BOKpYT CosHLIa (J/151 5STUX TlepeMeHHbIX TOTrpyKeHre BpeMeHHbIX
PSIZIOB He UCIMO/b30Banock). [TokazaHo, yTo prMeHeHre 4-CTyTIeH4YaToro
anropuTMa K paccMaTpyBaeMbIM 3a/iauaM IPOrHO3UpOBaHUS [103BOJISeT
TOBBICUTH KaueCTBO MPOTHO3MPOBAHKsI 10 CPaBHEHUIO C POTHO3HMPOBaHKEM
Ha T0/THOM Habope TIpH3HaKOB 0Oe3 UCmosib30BaHus otoopa. [1pu 3ToM
oTOMpaeMble alTOPUTMOM BXO/[HbI€ TIPU3HAKU COOTBETCTBYIOT
CYIeCTBYIOLUM (hH3UUeCKUM TIpe/ICTaBIeHUsM O PU3NUeCKUX BeJTMUMHAX,
CYLL|eCTBEHHBIX [I/Is1 IPOTHO3MPOBaHKSI PACCMOTPEHHBIX 1]e/IeBbIX
repeMeHHbIX. VcciejoBaHMe BBIMOMHEHO 3a CUéT rpaHTa Poccuiickoro
HayyHoro ¢oHza Ne 23-21-00237, https://rscf.ru/project/23-21-00237/. 1.
Dolenko, S. et al. LNCS 5769, 295-304. https://doi.org/10.1007/978-3-642-

04277-5_30
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Research assistant
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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.
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BBICIIETO 00pa30BaHuUs « YHUBepCHUTET «/lyOHa»

acrupaHT
envolkoff@gmail.com
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C noknagomM

MeTop cerMeHTaLMK OUaroB OITyXO0JIEBOTO TTOPayKeHusI I71a3a
PETHHO0/IaCTOMOM Ha OCHOBe TTyOOKOTo 00yueHust

Bonkos Erop HukonaeBuu (1), ABepkuH Anekceii HukonaeBuu (1),
HeuaeBckuii Anzpeli BacunbeBuu (1) (1) ®egepasibHOe rocyjapCTBEHHOE
OrokeTHOE 0Opa3oBaTe/bHOE yupeXkieHHe BhICIero obpa3oBaHust
«YHuBepcureT «lybHa»

Vcnonb3oBaHue ncKyccTBeHHbIX HepoHHBIX ceTeit (MHC) B 3agauax
[MarHOCTHKY 3a00/1eBaHMiA HA OCHOBE aHa/IM3a MeJULIMHCKUX U300pakeHui
Pa3/IUYHBIX JOMEHOB He TOJbKO aBTOMaTH3UpYyeT PyTUHHBIE 3a/1a4uU
K/TMHULIMCTOB 3a CUET yMEeHbIIIeHUs] BpeMeHH 00paboTKu n300paXkeHui, HO U
SIBJIIETCS] OJHOM U3 OTJIMUMTE/bHBIX YepT napaZurMel 31paBooxpaHeHue 5.0.
ABTOMaTUUeCKHHM aHa/M3 CHUMKOB C romolso MTHC BHepéH B
TI0/JaB/ISIIOIEM OOBIIMHCTBE 001acTelt MeJUI[UHBI (CHUMKH JTy4eBOM
[TMArHOCTHUKH, CHUIMKH KO>)KHBIX TIOKPOBOB U T.71.). OiHOM 13 obmacTeid
Me/IULIMHBI, TJje BHe[peHHe NMpoAyKToB Ha ocHoBe THC /151 AMarHoCTUKKU
3ab0s1eBaHMI OCTAETCS KpaiiHe HU3KHWH SBJISIETCST O TaIbMOJIOTHSI.
PeTtrHOGMacTOMa SIBJISIETCS PEJJKOM 3/710KaueCTBEeHHOU OMyXOJbio,
BO3HHUKAIOIIeH 13 K/IeTOK CeTyaTku. B mozassstomieM O0bIIMHCTBE CTyuaeB
BO3HUMKaeT B paHHEM JIeTCKOM Bo3pacTe. /13-3a cBoeli peJjkoli BCTpeyaeMOCTH
OIYXOJIb C/IOKHOZIMAarHOCTHpyeMa 0COOEHHO B YCIOBHSIX YUPeXK/1eHUH
TIePBUUHOIO 3BeHa 3/ipaBooxpaHeHUsi. OCHOBHBIM METOZOB JUarHOCTUKHU
SIB/IsIeTCs1 0(PTaIbMOCKOIIMS M aHa/INU3 peTHHaNIbHBIX CHUMKOB. VM cronb30BaHue
rinybokoro obyueHusi MOXKeT TIOMOUb B IMArHOCTHKe U CTaJUPOBAaHUU
3aboseBaHus], 0COOEHHO Ha PaHHUX CTAJMSAX, KOT/Ia YaCTUYHO COXPAHUTh
3peHue elljé Mpe/ICTaB/IseTCsl BO3MO)KHbIM. B paboTe mpesicTaBieH MeTo/
CerMeHTal[MM YYaCTKOB OITyX0JIeBOIO ITOPakeHUs IJ1a3a Ha OCHOBe
ucnosb3oBanuss MHC U-Net-nogo6Hoit apxuTekTyphbl. [IpUBOJUTCS MOTHBIH
niporiecc pa3paboTKu MakruiaiiHa OT co3/aHusi COOCTBEHHOTO Habopa JaHHBIX
J10 TIPOBEpPKX pabOThI CETU Ha TeCTOBBIX AaHHBIX. OljeHKa KauecTBa
CerMeHTalM1 [POU3BOU/IACH C UCTIO/Ib30BaHUeM 3HaueHn MeTpuk loU u
DSC. KoppeKTHOCTb cerMeHTaLMy OLleHeHa C [IOMOLLbI0 MeTo/a
00BSICHUTENTBHOTO UCKYCCTBEeHHOTO nHTesutekTa Grad-CAM.
PaccmarpuBaroTCcst BO3MOKHOCTH COBEPILEHCTBOBAHUSI METO/A B YC/IOBHUSIX
HU3KOM ZOCTYHOCTH 00yuarouux JaHHbIX. PaboTa BhIMOHeHa B paMKax
roCy/japCTBEeHHOTO 3aJjaHist MUHHUCTePCTBa HayKU U BBICILIETO 0Opa3oBaHus
Poccuiickoit @epepariuu (TeMa Ne FEEM-2024-0014 TIpumeHeHue



00BACHUTETLHOIO HNCKYCCTBEHHOI'O MHTEJ/VIEKTA OJId MHTEPIIPpETALIUH
d/ITOPUTMOB MAIIMHHOT'O O6y‘—I€HI/IH).
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SHEepProcucreMax

BopobweB Anppeti Bnagumuposuu (I'eodusnueckuii ieHTp PAH, Mocksa)
BopoOnera I'yibHapa PaBuieBHa (Y PUMCKHUM YHUBEPCUTET HAayKH U
TeXHOJIOTHH)

Kak n3BecTHO, reonHaypoBaHHble TOkU (I'MT) Bo3HUKaIOT B
TPOCTPAHCTBEHHO-PaCIIpe/ie/IeHHbIX TOKOIPOBOJALMX TEXHUYECKUX CUCTeMax
(MarucTtpasbHble TPyOOIIPOBO/BI, TMHUU 3/1eKTporepesauu (JIOIT) u
TesierpadHOM CBsI3U, 00BEKTHI JKeJle3HOJOPOKHOM WH(MPACTPYKTYPHI U TIP.)
BCJIe/ICTBHe reOMarHUTHbIX Bapuanuii ('MB), ckopocTh H3MeHeHHs1 KOTOPBIX B
BBICOKOLLIMPOTHBIX PErMOHAX YaCTO COCTaB/IsIeT HeCKOJIbKO COTeH HIJI/MUH.
I[TpoTekast TI0 3a3eMJIeHHBIM OOMOTKaM CHJIOBBIX TPaHC(HOpPMAaTOpOB
cUCcTeMOo00Opa3yIoIIMX 3/IeKTPUUeCKUX 1iere, 3KkcTpeMabHbie ['UT crioco6HbI
repeBeCcTH UX MarHUTHbIE CUCTEMbI B Pe)KUM HaCbILIeHUs], UTO, B CBOIO
oyepe/lb, MO>KET BbI3BaThb COOM WJTH OTKAa3 COOTBETCTBYHOIUX
3/IEKTPOTEXHUYECKUX crucTeM. OfHaKO M0 MPUYKMHEe Majiol U3yUeHHOCTH
MexXaHU3MOB BO3HUKHOBeHHs U pa3BuTusi ' T, a Takke hparMeHTapHOCTU U
HEOJHOPOJHOCTH MMEIOLIMXCS SMITIUPUYECKUX JaHHbIX, 3a/la4ya X
MPOrHO3UPOBAHUS U JMAarHOCTUPOBAHUS Ha CErOAHSILIHUM IeHb COMpshKeHa Co
MHOJKECTBOM Heorpe/ieJIeHHOCTel Y 0CTaeTCsl IPaKTUUeCKU HepellleHHoM. B
paboTe Ha OCHOBe MeTOZI0OB MALIMHHOTO 00yUueHUs paCCMaTPUBAIOTCS TIOAXO/IbI
K JMarHoCcTupoBaHuio ypoBHs 'I'T B MarucTpasbHOU 371eKTpUYeCKOr CeTH
«CeBepHbIil TpaH3UT». [Ipy 3TOM B KaueCTBe BXOAHbIX [TapaMeTpPOB
BBICTYIAIOT KaK F'eOMarHWTHbIE JJaHHbIe, peTUCTPUPYeMble MarHUTHBIMU
CTAHLUSIMU B 3a7jaHHOM cybpervioHe (Konbckuii 1-oB, Poccust), Tak 1
ecTeCTBeHHbIe (BUAUMBbIE) UHAUKATOPbI SKCTpeMaibHOM TeOMarHuTHOU
akKTUBHOCTH. Ha mpuMepe rozioBoii BbIOOPKH, BK/IIoUaroIieit 6onee 35 000
3amuceld ObUIO MOKa3aHoO, UTO MOAX0/ K AuarHoctupoBanuio I'NT, Ha Gaze
MHOKeCTBEHHOU JTMHEMHOM perpeccru, 00ecrieuiBaeT
cpeaHekBagpaTrueckyto omuoky (CKO) ~ 0.122 AA2. Vcrionb30BaHNe
HCKYCCTBEHHOM HelpOoHHO ceTu ¢ ReLu dyHKIMel akTUBaI[uK CIIOCOOHO
HEeCKOJIBKO Y/IYUIIUTb TOYHOCTh AuarHoctupoBanus (CKO ~ 0.119 AA2),
O/JHaKO MPH 3TOM CyILleCTBEHHO CHM)XAeTCsl MHTePHPeTUPYEMOCTb U
TeopeTHUecKasi 3HauMMOCTb MoZieny. [IpuMeHeHre B CBOKO ouepesib
BatiecoBckoro KiaccuduKaTopa K JJaHHbIM ONTHUeCKUX HabOMOeHII
TOJISIPHBIX CHUSIHUM TT0Ka3aso, YTo aroCcTepyuopHasi BePOSITHOCTb TOTO, UTO BO



BpeMmsi cusiHUM Ha ceBepe ypoBeHb 'I'T Ha cTaHLM «BBIXOAHOMN» MPEBBICUT 2
A cocrasinset 5.78 %, B TO Bpemsi Kak BepPOITHOCTb IIpeBbILIeHUs JaHHOIO
3HaueHUsl TIPU CUSIHUSIX B 3eHUTe U Ha rore coctasssieT 10.04 % u 14.93 %
COOTBETCTBEHHO. B 0TCyTCTBUe XXe CUSHWM JJaHHas MOZie/lb YKa3bIBaeT Ha To,
YTO BEPOATHOCTH J0CTHKeHUs I''T aHa/moruyHoro ypoBHs He MpeBbIliaeT
0.26 %, a BepOSAITHOCTB IIpeBBbILIeHUs 3 A NpakTUYeCKU paBHa HYJIIO.

IIpepnoiaraemas . . . .

Pea 2. Machine Learning for Environmental Sciences
CeKIUA
user_request 3

This mail was generated by DokuWiki at
https://theory.sinp.msu.ru/


https://theory.sinp.msu.ru/

The following data was submitted on 08/06/2024 14:25.

3asgBKa Ha yyactue B KoHdepeninu DLCP2024

damvunua
Nma
OTuecTBO

Opranusanus/
yueOHoe
3aBefieHUe

JLO/DKHOCTB/KYpC
Email

OuHoe yyacTue:
be3 goknajga:

3asiBKa Ha JOKJIAJ

Ha3Banue

ABTOPpBI C
appunsauen

AHHoTanus (B
NMPOU3BOJILHOU

¢opme)

Tl'amxueB
Ncmann
MaparoBuu

MI'Y vm. M.B. JloMmoHOCOBa, r3nueckuii hakynabTeT

acCIvpaHT, 3 rof
ismailgadzhievff@gmail.com
HET

C poknagoMm

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

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

Gadzhiev .M. (1,2), Dolenko S.A. (1), Barinov O.G. (1), Myagkova L.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 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/.
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MeTo/ibl MAllIMHHOTO 00yUYeHus B 3a/jaue TpeacKa3aHust guddepeHiidaTbHbIX
CEeUYeHUH U CTPYKTYPHBIX (YHKLIUH 3/IEKTPOPOXKEHHS TIMOHA Ha [TPOTOHE B
pe30HaHCHOM 006/1acTH.

1. Kakuie KOHKpeTHbIE pe3y/IbTaThl ObLIN MTOTyueHbl B paboTe.

A.B.T'onga / MI'Y umenu M.B.JlomoHOCOBa, @Pusnyeckuii ¢haKy/bTer,
MockBa, Poccust

OT nepBbIX TEOPeTUUECKUX MOZesiel TTIOCTPOeHUS UCKYCCTBEHHbIX HEMPOHHBIX
ceTeli - 0 COBpEMEHHbBIX, OCHOBAaHHBIX Ha TpaHC(OpMepax, apXUTEKTyp
HEMPOHHBIX ceTeli ObLT MPO/ie/iaH KOJIOCCATBHBIN MyTh B PA3BUTUN METO/[OB
WCKYCCTBEHHOTO0 MHTesuieKTa. C TeueHHeM BpeMeHH T0I00HbIe MeTO/IbI
MaIlIMHHOTO 00yueHHsI BCe TTy0)ke TIPOHUKAIOT B HAOOP MOBCeTHEBHBIX
WHCTPYMEHTOB UCC/Ie[ioBaTesiel B pa3HbIX 00/1acTsax Hayku. Pur3vka
5/1IeMeHTPaHbIX YaCTUL] He SBJISIeTCS NCK/IF0UeHHeM - Ha OCHOBe a/lrOPUTMOB
HCKYCCTBEHHOTO WHTeJIIeKTa yke MOYKHO CTPOUTh reHepaTophl JAHHBIX,
TI0/IaB/ISITh LIIyMbI U (JOHOBBIE MPOLIECChI, ONpeZe/siTh TPEKU YaCTHUL] U TaK
nanee. VccnepoBarenu (pri3vKy 37eMeHTapHbIX YaCTUL] 4acTo paboTaroT C
OospIIMMU 00BEMaMU [JAaHHBIX, KOTOPBIe TI03BOJISIOT 3(h(heKTUBHO CTPOUTH
nozlobHbIe MOJe/T MallIMHHOTO 00yueHusi. B nanHoi pabote ncciefyrorcst
MeTO/Ibl NCKYCCTBEHHOI'O MHTe/I/IeKTa B 3a/iaue TpeZicKa3aHus

I depeHLIMabHBIX CEUeHUM peakLUii B MpoLieccax poXKAeHUs!
TIOJIOKUTE/IbHO 3apsDKeHHbBIX ITMOHOB 110/ IeliCTBUEM 3/1eKTPOHOB. [1pu
pPacCMOTPeHHU peaKL[MK pOXK/IeHUs MMOHa ObUT UCTI0/Ib30BaH Habop JIAHHBIX,
Ha OCHOBe KOTOPOIO Ipe/|CKa3biBaj0Ch CeueHUe peakliiy B pa3IMuHbIX
obsacTsx pa3oBOro NpoOCTpaHCTBA 15l pa3HbIX SHEPrui MyykKa 3/1IeKTPOHOB.

B nipezicraBneHHoi paboTe pelianack 3aZiada perpeccuy U 0CHOBHBIM
a/ITOPUTMOM, pa3paboTaHHBIM /IS pellieHus JaHHOM 3a/iauu, sIB/ISIeTCsT
riyboKasi oJTHOCBsI3Hast HEHMPOHHaAsI CeTb, C apXUTEKTYPOU cocTosieit u3 19
CKPBITBIX CJI0€B, KOTOpasi o0y4asachk ¢ yHKI[Hell TIoTepb, He BK/IFOUAIOIel B
cebst Kakux-1M00 arpuOPHBIX TeOpPeTHUYeCKUX 3HaHUM o Tiporiecce. st
o0yueHust ObLTH B3SITHI IaHHBIE U3 3KCIiepuMeHTa ¢ fetekTopa CLAS, KoTopbie
xpaHsTcs B 6a3e gaHHbIX «CLAS Physics Database». [TockombKy
Tnpe/iCKa3aHrsIMU HePOHHOM CeTH SIB/ISIOTCS A depeHLiuaibHble CeueH s, TO
3TO T103BOJIJI0 HaM MPOBEPUTH B GUKCUPOBaHHBIX 00/1acTsix ¢a3oBoro
NIPOCTPAHCTBA COOTBETCTBYIOLME COXPaHSIOLMeCs: 3aBUCUMOCTH, HarlpuMmep, B



CUTY POTAIlMOHHON MHBAPUAHTHOCTH aMIUIATY/IbI, Mbl TIOKa3bIBaeM TO, UTO
Tipe/[CKa3aHusl CeTH COXPaHSIOT 3aBUCUMOCTh AU depeHI[HaibHOTO CeueHUst
OT yI7Ia MEXKy TUIOCKOCTBIO PeaKLUH U TJIOCKOCThIO paccestHust. [ToMuMo
9TOTr0 HaMU ObL/TM MPOBe/IeHbI CPaBHEHUS MPeiCKa3aHHBIX CTPYKTYPHBIX
(GYHKLMI, TTepecunTaHHbIX U3 MpeZicKa3aHHbIX 3HaueHul AruddepeHIanbHbIX
CeueHuH, C IKCTIepUMeHTaTbHBIMU JaHHbIMU. Ha 0CHOBe JaHHOTO a/iropuTMa
MOYKHO MHTEePITOJIUPOBATh U SKCTPAToIMpOBaTh KaK 3HaUeHUs] CeUeHUH, TakK 1
3HaUyeHHUsI CTPYKTYPHBIX QYHKIMM B pa3/IMUHbIX 00/1acTsX Ga3oBoro

TIPOCTPAaHCTBA.
IIpepnosraraemas . o .
pea 1. Machine Learning in Fundamental Physics
ceKnus
user_request 57

This mail was generated by DokuWiki at
https://theory.sinp.msu.ru/


https://theory.sinp.msu.ru/

The following data was submitted on 09/06/2024 23:38.

3asgBKa Ha yyactue B KoHdepeninu DLCP2024

damvunua
Nma
OTuecTBO

Opranusanus/
yueOHoe
3aBefieHUe

JLO/DKHOCTB/KYpC
Email

OuHoe yyacTue:
be3 goknajga:

3asiBKa Ha JOKJIAJ

Ha3Banue

ABTOPpBI C
appunsauen

AHHoTanus (B
MPOU3BOJILHOU

}opme)

IIpeanosiaraemas
CeKLus

user_request

l'onvikoB
Buktop
AprémoBuY

CKOMKOBCKWIM MHCTUTYT HAayKW U TEXHOJIOT UM

Mnaimii uHXeHep Ucc/iefioBaTeslb
golikov.va@phystech.edu

A
C poknagoMm

Towards the Statistical Correction of High-Resolution Weather Forecasts from
the WRF Model employing Deep Learning.

TlonukoB Buktop AprémoBuu (1, 2), Kpunuikuii Muxaun Anekceesud (2, 3),
Banosckuii Bnagumup BanepbeBnu (1, 2)// (1) CKONKOBCKUI MHCTUTYT HayKU
Y TeXHOJI0TuH, (2) MoCKOBCKU (DU3UKO-TeXHUUECKHI UHCTUTYT, (3)
NuctutyT okeanonoruy uM. I1.I1. upmiosa 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.
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Gamma/hadron separation in the TAIGA experiment with neural network
methods

E. O. Gres (1), A.P. Kryukov (2), P. A. Volchugov (2), A. P. Demichev (2), J. J.
Dubenskaya (2), D. P. Zhurov (1), S. P. Polyakov (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.
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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 T.A. (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 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/.
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Image Data Augmentation for the TAIGA-IACT Experiment with Conditional
Generative Adversarial Networks

Dubenskaya Yu.Yu. (1), Kryukov A.P. (1), Demichev A.P. (1), Gres E.O. (2),
Polyakov S.P. (1), Postnikov E.B. (1), Volchugov P.A. (1), Vlaskina A.A. (1),
Zhurov D.P. (2) // (1) Moscow State University, Skobeltsyn Institute of
Nuclear Physics, (2) Irkutsk State University, Research Institute of Applied
Physics

Modern Imaging Atmospheric Cherenkov Telescopes (IACTs) generate a huge
amount of data that must be classified automatically, ideally in real time.
Currently, machine learning-based solutions are increasingly being used to
solve classification problems. However, these classifiers require proper
training datasets to work correctly. The problem with training neural networks
on real IACT data is that these data need to be pre-labeled. In addition, the
distribution of incoming events is highly imbalanced. Firstly, there is an
imbalance in the types of events, since the number of detected gamma quanta
is significantly less than the number of protons. Secondly, the energy
distribution of particles of the same type is also imbalanced, since high-energy
particles are extremely rare. This imbalance results in poorly trained classifiers
that, once trained, do not handle rare events correctly. Using only traditional
Monte Carlo event simulation methods to solve this problem is possible, but
extremely resource-intensive and slow. To address this issue, we propose to
perform data augmentation with artificially generated events of the desired
type and energy using conditional generative adversarial networks (GANS).
For each type of event we propose to use a separate conditional GAN,
distinguishing classes by energy values. In the paper, we also describe a simple
algorithm for generating balanced datasets using these GANSs. To predict the
energy values of generated events, we use an independent neural network.
Thanks to this approach, the proposed neural network model produces datasets
suitable for training other neural networks. The work was supported by the
Russian Science Foundation (grant No. 24-11-00136).
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Boosting Novelty Detection Neural Networks with Rational Activations
1. YTouHUTe Ha KaKUX eCTeCTBeHHO-HAyUHbBIX 33/jauaX ObUIM arfpoOHUpPOBAHBI
Baiuu pesynbrarsl.

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.
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Mopdonoruueckasi Kiaccuukaiysi JKeTOB aKTUBHBIX sifiep TaJakKTHK
3aropyss . C. (1), JTucakoB M. M. (2) // (1) MocKkoBcKuii pU3MKO-

TeXHUUeCKUU UHCTUTYT, (2) ACTpOKOCMUYeCKU 1ieHTp Pr3uuecKoro
uHctutyTa uM. I1. H. JleGemeBa Poccuiickoi akazieMur HaykK

O6beMm pagrovHTep(epoMeTprUUeCKUX HabMoieHHI KBa3apOoB MO3BOJISET
HCTI0/Tb30BaTh METO/[bI MAllIMHHOTO 00yueHus [/ KjlacCu(UKaluy 00beKTOB
0 UX BU3ya/bHBIM 0cobeHHOCTSIM. PaHee ®aHapoBbiM U Paiinu Obina
rpoBeJieHa Ki1accrrKalys pesiiTUBUCTCKUX CTPYH (I)KeTOB) B
paJuorasakTHKax Ha MaciuTabax Kuionapcek v Oblia BbIsiB/IeHa KOPPeJISLys
MEXTy TIOJTHOM CBETUMOCTBIO 00beKTa v ero Mopdosioruei.
Mopdonoruueckas knaccupHKaLys Ha MaciiTabax mapcek, ropaszo o/mke K
L[eHTpaIbHOW YépPHOM /IbIpe, 1M03BOoJH/Ia ObI CO3/1aTh BLIOOPKU, OCHOBAHHBIE Ha
BH3yaJIbHBIX 0COOEHHOCTSIX CTPYH: /leTa/lbHee UCCIe[joBaTh XapaKTepHble
MPOCTPaHCTBeHHbIE CTPYKTYPhI JPKETOB, a TaK)Ke YBeTUUNUTh TOUHOCTh /IS
cucteM rnobanpHoro no3urionuposanusi (IJIOHACC/GPS) ¢
HCTI0/Tb30BaHUEM TOUEUHBIX UICTOYHUKOB. [171s1 CO3/aHus TIOZOOHBIX BEIOOPOK
HaMH ObI/IM BbIZIe/IEHBI YeThbIpe MOP(OIOrHYeCKUX Klacca: OAMHOUHBIN
TOUEYHBIN MUCTOUHMK, JBOMHOM TOUEUHBIN NCTOUHUK, UICTOUHUK C OJHO- U
JIBYCTOPOHHUM /i>KeToM. Mbl pa3paboTanu CHHTeTHYeCKre MOJIe/iU JI)KeTOB
aKTHBHBIX sifiep ranakTuk (ASI'), KoTopble UCTIO/Ib30Ba/IMCh [I/Is1 TeHepal[in
oOyuarorieit BEIOOPKH A/1s1 Kyaccruukaropa. Mopdgosioriuueckum
K/1accu(UKaToOpoM cTasia pa3paboTaHHasi HAMU CBEPTOUHAsi HeMPOHHas! CeTh,
oOyueHHast Ha CHHTeTHUECKUX JJaHHbIX. OOyueHHast HepOHHasl CeTh
WCII0/Tb30Baach A1l MyJIbTUK/IaCCOBOM Kiaccudukaiuu 89 Toicsiy
n3obpaxxennii ASIT" u3 6a3b1 Actporeo. [I1si KOMMYeCTBEHHOU OLIeHKH
KauecTBa paboThI K/lacCH(HUKATOpa JOMO/IHUTEILHO ObLT pa3paboTaH Beb-
uHTepdetic s pyuHoii pa3meTku Kapt AT PacrnipeseneHue n3obpakeHui
T0 BbI/IeJIeHHBIM KJlaccaM, NpefickazaHHOe HelpoCeThi, KaueCTBeHHO
COOTHOCHUTCS C MpejrionaraeMbiM. Pe3ynbsTupyrolijasi Kinaccuukaius
TMO3BOJIUT CO3/]aBaTh BBIOOPKH [I7Is aCTPO(U3NUeCKUX U aCTPOMEeTPUYeCKUX
3ajau. B manpHeltiieli epcrieKTyBe TIaHUPYETCS aflalTHPOBaTh
pa3paboTaHHBIN K/lacCU(UKATOP IO UHCTPYMEHT [I/Ist TTIOUCKa U300paXkeHU
AT co cxoxeil Mopdomnoruel, a Tak)ke MaCCOBO CPaBHUThL MOP(OIOTHI0
[DKeTOB Ha MaciiTabax mapcek v KAIomapCek.
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PexoncTpykiusi IITAJI, 3aperucTprupoBaHHBIX (P1yopeclieHTHBIMU
TeJIeCKOIaMH, C IIOMOILBbI0O HEUPOHHBIX CeTekr

Muxaun 3otoB (1), ITaBen 3axapoB (2) asist Komaboparuu JEM-EUSO (1)
HUNAD MI'Y (2) BMK MI'Y, Cbep

®nyopecrieHTHbIe Tesieckonbl (DT) SBAAIOTCS OIHUM U3 BaXKHBIX
WHCTPYMEHTOB /IJisl PErUCTPalliy CBeUeHHs IIIMPOKUX aTMOC(epHBIX JTMBHeM
(LIIAJT), mopoxx/iaeMbIX KOCMUUeCKUMU JTy4yaMU CBEPXBBICOKHX SHeprui. Ha
OCHOBe MO/ie/IbHbIX JaHHBIX [I71s cTpaTtocdepHoro Teseckoria EUSO-SPB2 u
HasemHoro Teneckoria EUSO-TA, pa3paboTaHHbIX B MeXKAyHapOJHOM
komnabopauun JEM-EUSO, Mbl IOKa)keM, KakuM 00pa3oM pa3/iuyHbIe
METO/[bI MallIMHHOTO 00yUeHHsI MOTYT ObITh UCIIO/Ib30BaHbI /IS
pacriosHaBaHus TpekoB IITAJI, 3aperucTpUpoBaHHBIX C ITIOMOLLBIO TAKUX
npuOOPOB. MBI TakKe MpeICTaBUM TIpeJBapUTe/TbHbIE Pe3y/IbTaThl
PEKOHCTPYKLIMM SHEPTUU U HaTlpaB/IeHUs NIPUXO0/a MePBUYHBIX YaCTUL] C
TOMOILIbIO CBEPTOYHBIX HEMPOHHBIX ceTeil. MojielMpoBaHre U aHau3 JJis
EUSO-TA noagep>xanbl rpanToM PH® 22-62-00010; pa3paboTka HEMPOHHBIX
cetert it EUSO-SPB2 6bi1a BBITIO/IHEHA TIPU TIO/iep>kKKe rpaHTa PH® 22-
22-0367.
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KoprpoBaHue BXOHBIX CUIHA/IOB B TEDMUHAX OPUEHTUPOBAaHHBIX
noArpadops B CrlalikoBOM HEMPOHHOMW CETH C JIOKa/IbHOM T/IaCTUUHOCTHIO.

S.I1. euna, HNL] KypuaroBckuii uHcTUTyT P.B. PBi6Ka, HUL KypuaToBckuii
nHcTUTYT A.B. Cepenko, HNL] KypuatoBckuii nHcTUTYT M.FO. XpucTrueHKo,
M®TU B.A. Vinbun, HULL KypuyaToBCKUIT UHCTUTYT

[peacraBneHbl pe3y/ibTaThl HOBOTO CII0COOa KOAMPOBAHUS BXOAHBIX CUTHAJIOB
BO BHYTPEHHUX TePMHUHaX CIaUKOBOW HEMPOHHOW CeTH - B TEPMUHAX
OpPUeHTUPOBaHHBIX ToArpadoB. B TakoM Mojxo/ie K/IF0UeBbIM SIBJISIETCS
JIOKa/ibHast TVIAaCTUYHOCTO CPAaiKOBOM CETH - JIOKAJIbHOTO TUHAMUYE CKOTO
MexaHusMa STDP - spike timing dependence plasticity. Ha mpumepe nipoctoii
MO/Ie/ i BXOZIHBIX CUTHAJIOB, COCTOSIIeH nX 16 OMHAapHBIX CUTHAJIOB,
TM0KAa3aHo, YTO KaXK/bIi U3 3TUX CUTHAJIOB YHUKA/ILHO KOAUPYETCS B BU/JE
OpPHeHTHPOBaHHOTO noArpada. IlprueM MHO>KeCTBO 3TUX OPUEHTUPOBAHHBIX
noArpadoB n3oMophHO MHOXKECTBY BXOJHBIX CUTHAOB. KaXKbIl UX 3THX
rozArpadoB CoziePXKUT CBOM (YHUKAJIBHBIN) HAOOp CUMIUIEKCOB ¥ TOMOJIOTHH.
OTOT pe3y/bTaT OTKPbIBaeT BO3MO)KHOCTH 110 pa3paboTke HOBBIX TIOAXO/0B K
aHasM3y JlaHHBIX, HallpuMep, K KjlacTepu3aliiM 1 KinaccuuKaliy, Ha OCHOBe
aire0po-TOTO/IOTMYeCKUX MeTOZIOB, 6e3 3Tara o6yueHusi HeHPOHHOM CceTH.
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Application of machine learning methods for analyzing data from
semiconductor gas sensors in dynamic temperature mode.

Isaev I.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/.

3. Machine Learning in Natural Sciences



user_request 72

This mail was generated by DokuWiki at
https://theory.sinp.msu.ru/


https://theory.sinp.msu.ru/

The following data was submitted on 28/05/2024 17:15.

3asgBKa Ha yyactue B KoHdepeninu DLCP2024

damunusa Karpamansia

Nmsa HaBup
Opranusanus/yueoHoe 3aBegenne HUY BIIID
JLO/DKHOCTB/KYpC CTa)Kep-uccjeoBareslb

Email dgkagramanyan@miem.hse.ru
OuHoe yyacTHe: OA

C pokiajoM: HET

user_request 35

This mail was generated by DokuWiki at
https://theory.sinp.msu.ru/


https://theory.sinp.msu.ru/

The following data was submitted on 05/06/2024 18:29.

3asgBKa Ha yyactue B KoHdepeninu DLCP2024

damuana
Nma
OtuecTBO
Opranusanus/

KapnuHckuii

Teopruii

EBrenneBuu

HauyoHanbHbIN UCC/ief0BaTe/IbCKUM YHUBEPCUTeT «Bbiciias mkona

yuyeOHoOe 3aBefieHHe SKOHOMHUKH»

JO/DKHOCTB/KYpC
Email

OuHoe yyacTHe:
be3 goknapga:
3asiBKa Ha JOKAa

Ha3Banue

ABTOpBI C
appunanueit

AHHoTanus (B
NMPOU3BOJILHOU

¢opme)

IIpeanosiaraemas
CeKLus

user_request

3 KypcC
gekarlinskiy@edu.hse.ru
OA

C poksazoM

[Mpexncka3aHue CTPYKTyphl AedekToB M0oS2 1o 3afiaHHBIM CBOWMCTBAM

I". Kapnunckutii (1), M. Jlazapes (1) // (1) HaipoHanbHbIN UCCeA0BaTeTbCKUM
YHUBEpCUTET «BrICIIast 111Ko/1a SKOHOMUKU»

[wv3alin marepuasna C 3aJaHHbIMU CBOKMCTBaMHU SIB/ISIETCS IPUHLIUINAIBHO
Ba)KHOM 3aJjaueid, B CBOKO OUepe/ib, CBOMCTBA MaTeprasia CUIbHO 3aBUCAT OT
THUIA U KOHLIeHTpaLuu edekToB. B maHHOM paboTe MbI CO3/au aAropuT™
reHepauuu jeeKToB, M0 3aZlaHHbIM CBOWCTBAM, B IByMepHbIX Marepuasax Ha
nipuMepe MoS?2. [peasiaraemMsbiii airoputm paboTaeT Ha MOpsiAKU ObICTpee 1
KaueCTBeHHee a/lTOPUTMOB Ha OCHOBe HeHMPOCeTeBbIX FreHepaTUBHbIX
Mogesieil. 3a 0CHOBY ObUI B3AIT TIO/IXO0/ OTIpe/iesieHUsi CBOMCTB KpUCTaJlia,
SHepruu GopMUpoBaHUs KprcTtasuia u pasHuiibl LUMO-HOMO, c nomoriibio
MeToia cuMBoIbHOU perpeccun SEGVAE. dopmyribl B3auMo1elCTBUS
Ka)KJ0ro THra ie)eKTOB MeXy co00ii B SIBHOM BHZie ObLTH Hal/|eHbl B
MpUO/T>KeHUH TI0TTaPHOTO B3aUMO/1eHCTBUsL. BTl M3yueHbl XapaKTepUCTUK
KPHCTaJIZIOB C pPa3HOOOpa3HbIMU KOH(UTYpaLsiMH /1e(heKTOB.
Pa3paboTaHHbIN MeTo/, SIBJISIETCSI UHTePIPeTUPYEeMbIM U MOXKET OBbITh
WCTI0/Ib30BaH Ji/1s FeHepaLyy KOHQUrypanui e@eKkToB C 3aJaHHbIMU
CBOMCTBAMU U B IPYTUX JBYMEPHbIX MaTepuasax.
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3agBKa Ha yyactue B KoHdepeHiiu DLCP2024 *** ['me MO?

damums Kupninues
Nmsa Bnagumup
OTt4yecTBO OpHeCTOBUY
Opranusanus/

MQOY NPMO "I'panosckas COIL"
yueOHoOe 3aBejieHUe

Jlo/DKHOCTB/KypC — yueHHK, 10 Knacc

Email kirpichev.vladimir@list.ru
OuHoe yyacTue: HEF
be3 goknaga: C noknamom

3asgBKa Ha JOKJaj

I/ICKYCCTBEHHHﬁ HWHTEJIJIEKT B 60p]:6€ C JIeECHBIMHU T10’KapdMH: PpdaCIIO3HaBaHHUE

Ha3Banue Y TIPOTHO3UPOBaHUe

OTKA3

Kuprimuer B.3.1, Kogupos II.I11.2 1 MOY UPMO "T'panoBckas COLI", e-
ABTOPpBI C mail: kirpichev.vladimir@list.ru 2Jouient kadeaps! “VHdpopmaiiioHHO-
appunsauen v3MepuTesibHasi TexHUKa” HO)KHO-YpasibCKOro rocyZapCTBEHHOTO

yHUBEpCHUTeTa, K.T.H., e-mail: kodirovss@susu.ru

B nipeicraBneHHo paboTe mpejiaraeTcs peliieHre OFHOM U3 CaMbIX
aKTyaJ/IbHBIX 3a/1au /7151 Poccuiickoii ®eiepaliinl — BBISIBIIEHHE
3aKOHOMEPHOCTe U MOCTPOeHUe TIPOrHOCTUUeCKUX MOZiesieit

AnHoTanus (B
BO3HMKHOBEeHUS N0XapoB. IIpesicTaBiieHsl pe3ynbraTel pa3BefjloqHOro U

NMPOM3BO/ILHOM
bopme) KJ/IaCTEPHOTO aHa/in3a JIaHHbIX, IPOBe/IeHHbIE Ha peasbHbIX JaHHbIX O
P NlecHbIX No)kapax Ha Teppuropun Poccuiickon ®egepanyu. Kpome toro, ¢

WCTI0/Ib30BaHUeM MallIMHHOTO 00yueHUst TOCTPOeHa MPOrHOCTHYeCKast
MO/jeJTb [10’KapoB.

IIpepnosnaraemas . . . .

pe 2. Machine Learning for Environmental Sciences
ceKuus
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3asgBKa Ha yyactue B KoHdepeninu DLCP2024

damunus Kpunuukuii
Nmsa Muxaun
OTuecTBO AnekceeBuu
Opranusanus/

yueOHoe MOTU
3aBe/ieHHe

JI0/DKHOCTB/KYpPC  C.H.C. - 3aBeJYIOL1I 1abopaTopueit

Email krinitsky@sail.msk.ru

OuHoe yuyacte: [IA

be3 goknajga: C poknagom

3asiBKa Ha JOKJIAJ

MaimHHOe oOyueHue 1 TIyboKoe oOyueHHe B HayKax 00 atMocdepe, okeaHe

Ha3Banue
Y KJIUMaTe: JOCTHKEeHUS U mepcrieKTuBbl B 2024 rogy
ABTODEL C Kpununkuii M.A. (1,2) // (1) UactutyT okeanosoruu I1.I1, [lupiioBa
P . Poccuiickoit akaieMyu Hayk, (2) MOCKOBCKUM (PU3UKO-TeXHUUe KU
abpunanuen

HWHCTUTYT

MeTtogp! MammHHOTO 00yueHust (ML) u rmy6okoro obyuenus (DL) akTHBHO
TIPUMEHSIFOTCSI B Pa3/IMUHbIX cdepax u3yueHUst OKeaHa, aTMocqepsl U
K/TMMaTa, TaKuX Kak OKeaHOTpadwsi, METeOPOJIOTHS U KJTUMATOIOTHsL. OTH
TI0IX0/TbI TI03BOJISTIOT 3¢ deKTHBHO 00pabaTbiBaTh Oo/bIe 06BeMbl JAHHBIX,
BBISIB/ISITH CKPBIThIE 3aKOHOMEPHOCTH, YMEHbIIIaTh UM OLIeHUBaTh
Heoripe/ie/IeHHOCTh B K/IMMaTH4eCKUX U MOTO/HBIX MPOrHO3aXx,
AaBTOMAaTU3WPOBAaTh MOHUTOPHHT U YCKOPSATh aHAJTUTUUECKUE UCCIeOBaHMS.
Cpeay yCrelHbIX TIPUMEePOB MOXKHO YTIOMSIHYTh aHaIU3 JJaHHbBIX
JUCTaHI[MOHHOTO 30HUPOBAHKSI, MO/Ie/TUPOBaHUe reoU3nUeCKIX
TIPOLIeCCOB, anMpOKCUMAL[|I0 HeM3BEeCTHBIX (PU3NUeCKHX MapaMeTpOoB U
pellieHye 3a/iad CTaTUCTUUeCKOTO IMPOrHO3WPOBaHMSI TTOTOAbI U KMMarta. Tem
He MeHee, CYII|eCTBYIOT OTpe/je/ieHHbIe CJI0OKHOCTH, TaKue Kak
HeoOX0UMOCTh B O0/BIINX 00BeMax JJaHHbBIX, BEIYMCUTETBHbBIE U
TeXHUUeCKre 0COOeHHOCTH MeTO/IOB HayK O JIaHHBIX, a TaKKe obecrieueHue
(bu3nUeCcKoii TIPaBAONOA0OHOCTH Pe3y/IbTaToB. B MepcrieKTHBe 0XKKU/IAaeTCst
pa3BUTHe THOPUAHBIX MOZesield, KOTopble 00beJUHSIOT hr3UUYecKre U
CTaTUCTUYEeCKHe METO/IbI, a TAKXKEe YIyUllleHHe UHTePIIPeTHPYEeMOCTH MOojieJieit
ML u DL. B noknaze Mbl pacCCMOTPUM TeKyllje JOCTUXKeHUs B [IPUMeHeHUU
ML u DL B usyueHnu okeaHa, arMoc(hepbl ¥ K/IUMara, a Takxke 00Cyum
nipo6/ieMbl ¥ TIepCTeKTHBLI UX Jla/IbHeHIIero pa3BrUTHs.

AxHHoOTauus (B
NMPOM3BO/ILHOM

¢opme)

IIpeanosiaraemas

2. Machine Learning for Environmental Sciences
CceKIu
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3asgBKa Ha yyactue B KoHdepeninu DLCP2024

damunusa KprokoB

Nmsa AnekcaHgp

P e HIWTONIY

JI0/DKHOCTB/KypC 3aB. 71a0.

Email kryukov@theory.sinp.msu.ru

OuHoe yyacTHe: OA

C pokiagoMm: OA

Ha3Banmue Machine Learning in Gamma Astronomy

ABTOpHBI C A.P.Kryukov(1), A.P.Demichev(1) Skobeltsyn Institute of Nuclear Physics,
adpunsanueit Lomonosov Moscow State University, Moscow, Russia

This short review aims to summarize the most common deep learning
methods that are used to analyze the astroparticle data collected with the

AnHoTauus help of the Imaging Atmospheric Cherenkov Telescopes (IACTs) as well as
to provide references to original works.

IIpeanonaraemas 1. Machine Learning in Fundamental Physics

CeKIus
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3asgBKa Ha yyactue B KoHdepeninu DLCP2024

damvunua
Nma
OTuecTBO

Opranusanus/yue0Hoe 3aBeieHHe

JLO/DKHOCTB/KYpC
Email

OuHoe yyacTue:
be3 goknajga:

3asiBKa Ha JOKJAJ

Ha3Banue

ABTOpBI ¢ adppuasuen
AHHoTAaIus (B MPOU3BO/ILHOU
dopme)

IIpegnosiaraemas ceKuust

user_request

Ky3bemnues

JleoHup
AJlekcaH[poBUY
HUA® mMry

3aB. j1a0.
kuz@dec1.sinp.msu.ru
OA

C poknagoMm

AcTpodri3uKa yaCTHL] U aHaIU3 SKCIIepUMeHTa/IbHbIX
JlAaHHBIX

JI.Ky3emuues (1) // (1) HUAAD MTI'Y
Ha3sBanue TpeOyeT yTOuHeHUsI.
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3asgBKa Ha yyactue B KoHdepeninu DLCP2024

damvunua
Nma
OTuecTBO

Opranusanus/
yueOHoe
3aBefieHUe

JLO/DKHOCTB/KYpC
Email

OuHoe yyacTue:
be3 goknajga:

3asiBKa Ha JOKJIAJ
Ha3Banue

ABTOpBI C
abpunanuen

AxHHoOTauus (B
NMPOM3BO/IHOM

¢opme)

IIpeanosiaraemas
CeKLus

user_request

KyripusinoB
I"aBpunn
AsekcaH[poBUY

dusnueckuit dpakynsTeT MI'Y um. M.B.JloMoHOCOBa

4 Kypc
gavriil101@yandex.ru

A

C noknagoM

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

Kupriyanov G.A. (1,2), Isaev I.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 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/. 1. Liu, Z., Wang,
Y., Vaidya, S., Ruehle, F., Halverson, J., Soljacic, M., Hou, T.Y., & Tegmark,
M. (2024). KAN: Kolmogorov-Arnold Networks. ArXiv, abs/2404.19756. 2.
Isaev, 1.V., Obornev, 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.
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3asgBKa Ha yyactue B KoHdepeninu DLCP2024

damvunua
Nma
OTuecTBO

Opranusanus/
yueOHoOe 3aBejieHUe

JO/DKHOCTB/KYpC
Email

OuHoe yyacTHe:
be3 goknapga:
3asiBKa Ha JOKAa

Ha3Banue

ABTOPpBI C
appunsauuen

AxHHoOTauus (B
NMPOM3BO/ILHOM

¢opme)

IIpeanosiaraemas
CeKLus

user_request

KypbaroB
EBreuutii
OJseroBuu

HINY BIID

MHC
kurbatov.phys@gmail.com

IA

C moksazom

MHoromepHasi ONNTUMM3aLMs JeTeKTOPHbIX CUCTeM Ha IPUMepe MIOOHHOMN
3alUThl B 3KcriepumenTe SHiP.

Kypbaros E.O., Pataukos @./1. / HUY BII3

SHiP (Search for Hidden Particles) - HOBBbIi 3KCIIepUMEHT 0011[eT0
Ha3HaueHus Ha Ha Kosble SPS B CERN, B 3ajaui KOTOPOT0 BXOAMUT MOUCK
CKPBITBIX YaCTUL], TIpe/JIOKEHHbIX MHOTOUUC/IEeHHBIMU TeOPUSIMU BHE
CrangaptHoii Mojienu. BaXKHbIM 3/1eME@HTOM 3KCIIepUMeHTa SIB/ISIeTCst
MrOOHHas 3ammuTa. C OHOM CTOPOHBI, OHA ZIo/KeHa 00eCTrieuyrBaTh XOpoIiee
rofiaBieHre hoHa, a C IPyTro - He ObITh CJTUIIKOM TsKesiou. B maHHOM
paboTe Mpe/CTaB/IeHbl Pe3y/IbTaThl MO/TyueHHs] KOH(DUTYpaliii MEOOHHON
3al[UThI C TIOMOII[LI0 OalieCOBCKOM ONTHUMU3AI[MU C IIPUMeHeHHeM
HEeCKOJIbKUX TUIOB CyppOraroB. JDTO M03BOIUI0 3(p()eKTUBHO TTPOBECTH
r71006a/IbHYI0 MHOTOMEPHYIO ONTUMU3AIUI0 B 42-MepHOM MPOCTPAHCTBE U
CHU3UTH MOTOK MIOHOB B 2.5 pa3a Npy COXpaHEeHWH UCXOJHOM MacCChl
3aLLUTHI.
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3asgBka Ha yuyacTtue B KoHhepenimu DI.CP2024

damuiua
Nma
OTtuecTBO

Opranusanus/
ydeOHoe
3aBefieHUe

JO/DKHOCTB/KYpC
Email

OuHoe yyacTue:
be3 goxkaaga:
3adBKa Ha JOK/a/

Ha3Banue

ABTOPpBI C
adppunsauuen

AHHoTauus (B
NMPOU3BO/IbHOM

¢opme)

IIpeanonaraemast
CeKIHs

user_request

Kypgomes
3apudrkoH
MaHcyp yrinu

Tomckuii ['ocyjapcTBeHHBIN YHHUBEPCUTET

acCIpaHT 2-Kypc
zarifbek001@gmail.com
HET

C mokazoM

Estimation of signals in white noise using neural networks modeling

Kurdoshev Z.M.(Tomsk State University), Pchelintsev E. A. (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, 0< 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 (AI) 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 10/(-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."
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3asgBKa Ha yyactue B KoHdepeninu DLCP2024

damvunua
Nma
OTuecTBO

Opranusanus/
yueOHoe
3aBefieHUe

JlazyxuH
VBan
CepreeBuu

MI'Y umenu JIoMmoHOCOBa

Jo/DKHOCTB/KypC AcnupaHT 2 r.o.

Email
OuHoe yyacTue:
be3 goknajga:

3asiBKa Ha JOKJIAJ

Ha3Banue

ABTOpBI C
apdunanueit
AHHoTanus (B
MPOU3BOJILHOU
}opme)

ivanlazuhin@mail.ru

A

C moknaaoM

Cetr T71y60KOTO 00yUeHust [ijisi TIOCTPOEHUsI BUPTYa/IbHBIX JATUMKOB
TEXHOJIOTMUeCKUX MPOLieccoB HedTernepepaboTku

JlazyxuH VBaH CepreeBuu, [TeTpoBckuii Muxann VropeBry, MailleukvH
Wrope Banepsesuu // MI'Y nmenu JIomoHOCOBa

B HacTosiitiee BpeMmsi, B CBSI3U C Pa3BUTHEM CUCTEM aBTOMAaTH4eCcKOro 1
aBTOMAaTHM3UPOBAHHOTO YTIPABJIeHUs, TIPeINPUSATHS HAKATUTUBAIOT OO0/bIIIHe
00beMbI ZIJAHHBIX O COCTOSIHUM T€XHOJIOTMUeCKHX TMpoLieccoB. MHOeCTBa
(13rYeCcKUX 1aTUMKOB (PMKCUPYIOT COCTOSIHUE CUCTEMbI B Ka)XK/IbIii MOMEHT
BpeMeHH, TeM CaMbIM OTBedas 3a yrpaB/ieHle CUCTEMOU U TIO/JIePXKKY ee
rapamMeTpoB B JIONyCTUMBIX npejiesiax. OZIHOBPeMeHHO C 3TUM, 3HAYUTe/IbHYH0
YacTh KaueCTBeHHBIX XapaKTepHUCTUK TaKUX MPOLeCCOB, B 0COOeHHOCTH,
CBSI3aHHBIX C He(pTeXMHUYeCKOU MPOMBIIIIEHHOCTbI0, COCTAB/ISIFOT
nabopatopHble UccaeoBaHus. Takue UcciefoBaHUsI IPOBOJSTCS C
HeperyJ/isipHOI YaCTOTOW — CYILleCTBYIOLMe Ha MPaKTUKe CpeZiCTBa UX
VHTepIOJSILIMKA OCHOBAHBI Ha JIMHEMHBIX WK K€ KYCOYHO-TIOCTOSTHHBIX
VHTepIIpeTanusix. MaremaTrrnueckre Mofesi, 00001aroiye 1abopaTopHbIe
HCCJIeIOBaHUsI Ha YaCTOTY, COOTBETCTBYIOLIYIO hH3MUeCKUM JaTuiKaM Oyzrem
Ha3bIBaTh BUPTYasIbHBIMU JaTunKamMu. Takum obpa3om, riccienyemMasi B pabote
3ajlaya MPOTrHO3UPOBAHKsI BUPTYa/bHbIX IaTUMKOB, TO €CThb TIOMyUYeHusi
XUMHYeCKUX TI0Ka3aresieli Mpor3BO/CTBEHHOTIO MPOLiecca B peajbHOM
BpeMeHH Ha OCHOBe 3HaueHWH (pU3nueCKUX JJaTUMKOB SIB/ISIETCS aKTya bHOM.
ABTOpBI CCeAYIOT HAbOp [JaHHBIX, COOTBETCTBYIOIINI
He(TernepepabaTkIBatoIIlell yCTaHOBKe, cofiepyKatiuii okoio 10,000 roka3aHui
300 du3nuecKux JaTUMKOB, COOMPAaeMbIX C YaCTOTOM 1 yac, OffHaKO
COOTBETCTBYIOLIME 7abopaTopHbIe UCCIe0BaHUs COCTABJISIFOT HAOOP BCero B
300 roka3aHuii, COOMpaeMbIX C YaCTOTOM OKOJIO CyTOK. COOTBETCTBEHHO,
BO3HHMKaeT HeCKOJIbKO 3a/iay, CBSI3aHHBIX C BLICOKOM pa3MepHOCTBIO BXO/IOB,
Pa3pe’KeHHOCTHIO U B 11e/I0M HeOObIINM YKC/IOM TIOKa3aHWH LIeIeBOr
repeMeHHOM, a cama 3ajjaya MpOrHO3MPOBaHUs 1ab0paTOPHBIX UCC/IeA0BaHUM
COZIeP)KHT TI0/|3aZiauy anmpOKCUMali. ABTOpaMH ObLIN Tpe/I0/KeHbl
HEeCKOJIbKO TT0IX0/I0B, 00BeIUHSIIOIIMX 3a/]aul MPOrHO3a U 3aro/THeHUs
TMIPOITYCKOB /ISl MO/e/TMPOBaHMs 1ab0paTOPHBIX UCCae0BaHUN. Bbutn
paccMoTpeHbI MeToZibl 0TOOpa MpU3HaKoB Ha 0cHoBe PLS perpeccuu
(uepapxuyeckast K/lacTepu3ariysi), rpaJjeHTHOro OyCcTHHTa, JepeBbeB batieca,
rpadoBoii HelipOHHO ceTH, 6a30Bble MeTOZbI B BU/le L.asso 1 KoppessiLuii.
KakzpIii 13 Tpe/|ioyKeHHBIX MeTOZI0B 0TOOpa ObLT alanTUPOBaH ISt



BO3MO)XKHOCTH YUUTHIBATh YKCIIEPTHOE MHEHUE CTIelaucToB 0bmacty. buutu
TIpe/IJIOKeHbI METOZbI IPOrHO3UPOBaHUS J1Tab0paTOPHBIX UCCIeJOBAaHUM Ha
ocHOBe rpaoBbIX HelpoceTel, TeHepaTUBHBIX MOAX0/0B, MOTHOCBSI3HBIX U
PEeKypPPEeHTHBIX CeTel, pacCMOTPeHbl UHTEPITO/ISI[UN OTK/THKA C
MCTIo/Tb30BaHUeM Loess 1 CIiyIaiiHOB, a TakKe BapUaHT perysipu3aliii,
YUUTBIBaOIIel KOPPeJISLIKIO C OTKJIMKOM. [loyueHHbIe aBTOpaMU
JKCITIePUMEeHTAa/IbHbIE Pe3y/IbTaThl TTOKA3bIBAIOT TIPEUMYIIIECTBO MCIIO/Th30BaHKUS
JIIsT TAaHHOM 3a/1auu TIPOCTBIX PeKYPPEHTHBIX ceTeld, rpadoBbIX HelipoceTelt C
TpeJiBapUTe/IbHON UHTEPITO/SALMeN, 0TOOpa MPHU3HAKOB Ha OCHOBE JIePEBhEB
baetica. OTieTbHO CTOUT OTMETUTh HEOTHO3HAUHOCTh OL[eHKH KauecTBa
MO/TyYeHHBIX MOJIesield; aBTopaMu ObLT Mpe/yioykeH KOMOMHUPOBAaHHBIN
TMO/IX0/], YUMTHIBAIOIIUI a/[eKBaTHOCTh MO/Ie/TH, KOPPEeJISLIMIO ee C UCTUHHBIMU
3HaUeHUsIMU 1ab0paTOPHH U CTaHAAPTHBIE OITHOKH.

IIpepnosiaraemas . L .

pea 3. Machine Learning in Natural Sciences
ceKnus
user_request 50

This mail was generated by DokuWiki at
https://theory.sinp.msu.ru/


https://theory.sinp.msu.ru/

The following data was submitted on 09/06/2024 16:32.

3asgBKa Ha yyactue B KoHdepeninu DLCP2024

damvunua
Nma
OTuecTBO

Opranusanus/
yueOHoe
3aBefieHUe

JLO/DKHOCTB/KYpC
Email

OuHoe yyacTue:
be3 goknajga:

3adBKa Ha JOKJ/a]
Ha3Banue
ABTOpBI C
appunanueit
AHHoTauus (B

NMPou3BO/IbHOM
¢opwme)

JIeBKOBCKas
HOnmuga
AnekceeBHa
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[TpumeHeHMe MeTOZOB MAIIMHHOTO 00yueHust /1711 AeHTU(UKALUH TTOJISIPHBIX
Me30MacIITabHbIX LIMK/IOHOB B JAHHBIX YMC/IEHHOTO MO/le/TMPOBaHMUs
arMocdepsl

JleBkoBckas FO. A. (1), Kpunuukuii M. A. (2, 3), Bepesemckas I1. C. (2) (1)
HarmoHanbHbIN McciefoBaTeNbCKU YHUBepCUTeT "Bricliaii ikoa
5KOHOMUKH" (2) MIHCcTuTyT oKeanosorum uMm. I1. I1. [lupmosa PAH (3)
MockoBcKui (hH3UKO-TeXHUUe CKUI UHCTUTYT

[MonsipHbie Me3omaciTabHbie IUKIOHBI (ITMII) — 3T0 UHTEHCHUBHBIE
arMocdepHbie BUXPU HEOOJIBIIOTO pa3mepa, (GopMUpyoLLrecs: HaJj OKeaHOM
Ha rpaHulie apKTUUeCcKoi U yMepeHHOU aTMOC(epHbIX BO3YLLIHbIX MacC.
[IMII xapakTepHbl CU/IbHBIMU BETPaMH, [I03TOMY IPe/ICTaBIISIOT YTPO3Y
MOPCKOI UH(PACTPYKTYpe M CY[0XO/CTBY, @ TAK)Ke OKa3bIBalOT B/IMsSHUE Ha
rmybOKy0 KOHBEKLIMIO OKeaHa. Ha cerofiHs CyIiiecTByeT /iBa OCHOBHBIX MeTO/ia
ronyueHust MH(OpPMAaLKM 0 Me30MacIITaOHbIX LIWK/IOHAX - PyYHOe
Jlel(prpoBaHre CIIyTHUKOBBIX CHUIMKOB U neHTUpUKanus [IMI] o
Pa3IMUYHBIM SMIIMPUYECKUM KPUTEPUSIM B [JaHHBIX UUC/IEHHOTO
MO/Ie/TUPOBaHuUsI aTMOCdephl. Y KaXKA0ro U3 CrocoboB ecTb cepbe3Hble
HejoCTaTKu. M3-3a KopoTkoro Bpemenu xusHu [IMI] naHHb1e
JIMCTaHLIMOHHOT'O 30HUPOBaHNsl, XapaKTepHble Pa3pe’KeHHOCTHI0 BO BpDeMeHH,
MOTYT HeZJOCTaTOYHO II0/THO U /leTa/bHO OTpaXkaTb JUHAMMKY 3THX BUXPEH.
OO6Hapy>keHre Me30MacIITaOHbIX [JUKIOHOB B MO/Ie/TbHBIX JJaHHBIX
3aTpy/IHEHO 3MITMPUUEeCKOl MPUPOJOM KPUTEepUEB WEeHTUDHUKALINY,
pa3pabarbiBaeMbIxX UCCIefloBaTensiMUA. B HacTosiell paboTe Mbl IPUMeHUTA
TIOZIX0[], UHTePTIpeTaLiii Mo/ieriell MallMHHOTO 00yueHHsl, HaTPeHUPOBAHHBIX
naeHtuduuyposars [IMII B 1aHHBIX MOJieIMpOBaHuUsI aTMOC(epHI, JJ1s
COCTaBJIeHHS CITMCKA Hanbosee 3HAUMMBIX KpuTepreB. [t oOyueHust Mozieneit
WCTIO0/Ib3YHOTCS XapaKTepUCTUKU Me30MacCIITabHbIX [JUKIOHOB, pa3MeueHHbIX B
perpocnekTuBHOM aHanu3e RAS NAAD no ganneiMm KaneHzgaper ITML (Rojo
et al., 2019), (Golubkin et al., 2021), (Noer et al., 2011). [I1s oLieHKH
3HAYMMOCTH MPU3HAKOB UCTI0/Ib30Ba/IMCh BCTPOEHHBIE METO/bI MOJeNel, a
VIMEeHHO: 3HayeHUs KO3(PPULIMEHTOB MO/ JJIs1 IOTUCTUUECKOU perpeccuu U
MeTOZla OIIOPHBIX BEKTOPOB C y4eTOM CTaHAapTU3aLjiH IPU3HAKOB; MOAXOZ
OLIeHKH Cpe/IHero MHTerpajbHOr0 HOpMaau30BaHHOTO CHIDKEHUS (PyHKLIMK
NOTepb J/Is1 KaXKJ0T0 U3 IPU3HAKOB B CJIyyae MoZeJel CJIy4alHbIX J1eCOB U
rpasveHTHOro Oyctura. [1o pe3ysbraTam rpoBe/IeHHOT0 UCC/IeJOBaHUs
CaMbIM{ 3HaYMMBIMH MPH3HAKAMU SIBJIIIOTCS: UHZEKC XOIOJHBIX BTOPKeHNN



Ha 500 rlla, pasHulja Mmexky Temreparypoii Ha BeicoTe 700 rlla v Ha ypoBHe
Mop4, 3aBUXpeHHOCTh Ha 850 rlla v faBieHue Ha ypoBHe MOpsl. DTU IPU3HaKU
ObLTM BEIOpAHBI KaK Harbosiee 3HaUMMbIe TIPU aHa/Iku3e OO/IBIIMHCTBA MOZesiei
MO, 1 UX cocTaB XOPOLIIO COIacyeTcsi C (GU3NYeCKUM acrieKTOM
UeHTU(UKALIUY Me30MacIlTabHbIX [IUK/IOHOB. Pe3ybTaThl HACTOSIIIETO
WCC/Ie[IOBaHUs B OTHOLIIEHWH 0TOOpa Hanbosiee 3HaUMMBIX MPU3HAKOB MOTYT
ObITh B Zla/TbHEMIIIEM HUCTIOb30BaHbI /IJ1s1 TIOCTPOEHUST HafIeXKHbBIX
00BbeKTUBHBIX CUCTEM HeHTU(HUKALIUY U TOCTpoeHust TpaekTopuit [TIMII,
WCTIO/Tb3YHOIIUX MOAX0/bl, OCHOBaHHbIE Ha /IaHHBIX, @ UMEHHO METO/IbI
MAIIIMHHOTO 00y4eHust UK ITyO0KOro 00yueHusl.
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JIyKbHOB
Anppeii
HwukonaeBuu

Poccutickuii s5KoHOMUYecKui yHuBepcuTeT uM. [.B. [1nexaHoBa

CTYZleHT, 3 KypcC
andreylukianovai@gmail.com
HET

C noknagomM

Mopudukaiys BU3yaabHOT0 TpaHCGopMepa MeToioM b-Cos jisl OBBILLIEHUS
WHTEPIPeTUPYeMOCTH B 3a/iaue KiacCubuKaluu n300pakeHui
JlepMaToCKOMHH

JlykbssHoB AHpper Hukonaesuu (1), Bonkos Erop Hukonaesuu (1), fpyiues
Cepreit Anekcanzipouu (1), ABepkuH Anekceit HukonaeBuu (1) (1)
Poccuiickuii skoHOMUYecKui yHuBepcuTteT uM. [.B. [lnexanoBa

[MosiBNneHre apXUTEKTYPbI «TpaHC(hOpMep» COBEPIIN/IO PeBOJIOLMIO B 3a/jauax
aHa/M3a TeKCTOB U TIOBBICKJIO KaueCTBO aHain3a u3obpakeHuit. Jlosst
WCTI0/Ib30BaHUs HelpoceTel apXUTeKTYPbl TpaHC(OPMep PacTéT C KaXK/IbIM
rogom. OfiHaKo, 13-3a KpakiHe €1ab0ii MHTEePIIPeTUPYeMOCTH U TOTPeOHOCTH B
6osbIMX 06BEMAx 00yUaroIUX JaHHbIX, UCTI0/Ib30BaHKWe CTaHJAPTHBIX
apXUTEeKTYyp BU3ya/IbHOrO TpaHchopMepa 3atpygHeHo. B 2023 rogy rpymnmnoi
vccnenosareneit (Manuel Tran, Amal Lahiani u fp.) 6611 nipefioykeH MeTO[,
Ha OCHOBe b-C0S BbIpDABHUBAHUS /IS Y/TyUllIeHHs TIOKa3aTesneid paboTsl
BH3ya/ibHbIX TPaHC(HOPMEpOB B 3a/jauax aHau3a u3obpaxenuit. [1o 3agymke
aBTOPOB, 3aMeHa BCeX JIMHeHHbIX TIpeobpa3oBaHuii peobpa3oBaHreM b-cos
Juist obecrieyeHsl BbIpaBHUBAHKS BXOJHBIX JAHHBIX CIIOCOOHO 3HAUMTETbHO
YAYUIIATE 0OBSICHUMOCTD HEMPOCeTH U TT0Ka3aTe/N OT/AeMbHBIX MEeTPUK
KauecTBa. B nipezicTaBneHHOM paboTe MPUBOAUTCS TIpUMep MPaKTHUe CKOro
NIpYMeHeHHs1 YKa3aHHOTO MeTo/ja Iy TéM MOJU(UKALIMK apXUTeKTYPbl
CTaHZAPTHOTO BU3ya/bHOTO TpaHCpopMepa. B xofie SKcriepuMeHTOB
MoAu(UKaLMs M0Ka3aaa XOpollye pe3y/bTaThl B 3a/jaue MHOTOK/IaCCOBOM
KaccuuKal n300pa’keHnii JiepMaToCKOIMY (MelaHoMa,
MeJIaHOMOLIMTapHble HeBYChl U T.71.). [IpuBe/j€H BBIBOZ, BU3ya/IbHOTO
00bsiCHeHUsI B BU/Ie TeTJIOBOM KapThl, 0ToOpaskatolieid 06s1acT n300pakeHnH,
BHECIIIMe HaNOOJTBILINIA BK/IaZ, B UTOTOBOE TpeZicka3aHue. OOCyKaaroTcst
TepCrieKTUBHbIE MeTO/IbI U BO3MO)KHBIE TTYTH Y/TyullleHus] 00bsSICHUMOCTH
BH3ya/bHbIX TpaHC(hopMepoB. ViccieioBaHNe BBITIOTHEHO 3a CYeT
Poccuiickoro HayuHoro ¢oHza (rpant Ne 22-71-10112),
https://rscf.ru/project/22-71-10112/.
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Improving Representativity of Spectroscopic Data using Variational
Autoencoders: Approaches and Problems

Mushchina A.S. (1,2), Isaev I.V. (1), 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) 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. 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/.
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Orekhov
Andrey

St Petersburg University

Senior Lecturer
A_V_Orehov@mail.ru
HEF

C nokasom

Construction of a tree data structure in metric space using approximation-
estimation tests
OTKA3

Orekhov Andrey (1) Vasiliev Egor (1) (1) St Petersburg University

Machine learning algorithms use data structure trees to organize and store
information. The choice of the best structure depends on the requirements for
the problem being solved. Each structure has certain advantages and uses that
allow you to maximize the potential of a specific machine learning algorithm.
A tree data structure is a connected graph that does not contain cycles. One of
its most important characteristics is its height, which is determined by the
number of levels at which the tree nodes are located. At the zero level, there
can be only one vertex — the root, at the 1-st level — the descendants of the
root, at the 2-nd level — the descendants of the descendants of the root, etc. A
serious problem is the subjective factor when determining the number of
levels of a tree data structure, so the automatic construction of such a tree in
metric space is of great practical interest. A possible approach to solving this
problem could be the use of approximation-estimation tests, and then the tree
data structure can be considered as a hierarchy of clusters nested within each
other.
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Parahonco
Alexandr
Veaceslav

Alexandru Ioan Cuza University of Iasi

PhD student at the Faculty of Computer Science
alexandr.parahonco@usarb.md

HEF

C nok/aaoMm

The design of a recommendation system for generating content. Context of the
sources
OTKA3

Parahonco Alexandr (1) , Parahonco Liudmila (2) // (1) PhD student at the
Faculty of Computer Science, Alexandru Ioan Cuza University of Iasi,
Romania, (2) Candiadate of Sciences (Dr. in Philology), Alecu Russo Balti
State University, Moldova

Recommendation systems (RS) are, of course, the most commonly used to
enhance various activities. These systems assist users by offering personalized
recommendations based on their interests and requirements. We have
developed a system that generates content using web scraping and automatic
text summarization. In order to select the most valuable text, we need
appropriate metrics based on text analysis. Thus, this article proposes a system
of indicators to recommend texts for further summarization. It begins with a
classification of recommendation systems and a general review of the content
generation system. The purpose of this study is to develop a recommendation
system for content generation, as well as to test the first module of the system -
"Context of the Sources ". The object of analysis is a set of algorithms,
services, or other software products used to determine a particular user's
preferences. The subject of the study is natural language processing (NLP)
methods in conjunction with the methods of supervised learning -
classification. The result of the study is an empirical assessment of the first
"Context of the Sources " module of RS, covering academic, security, and non-
security domains using a text classification approach. The act of evaluation
and qualification is carried out by determining the correct model of
classification of the text as well as establishing and identifying the most
appropriate method of feature extraction. In conclusion, ideas on the results of
the experiment and the prospects for implementation of RS are formulated.
Practical application of the research results is possible in the educational sector
(when developing e-learning materials for teachers). Key words:
recommendation system, NLP, text classification, quality assessment, method
of feature extraction.
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TTonskoB
CranuciaB
[TerpoBuu

HNNA® MI'y

Hay4HbIN COTPYJHUK
s.p.polyakov@gmail.com
HET

C noksazsiom

Onpepenenve HanpasieHus LLIAJT o ganaeiM TAIGA HiSCORE ¢
TIOMOILIBIO TIO/THOCBSA3HBIX HeWpoCeTen

A.I1. Kprokos (1), C.IT. TTonsxos (1), A.A. Bnackuna (1), [1.A. Bomuyros (1),
E.O. I'pecs (1,2), A.I1. Jemuues (1), FO.FO. dybenckas (1), 1.I1. XKypos
(1,2), E.b. [ToctHukoB (1) (1) HayuHo-nccnenoBatenbCKUi UHCTUTYT 1€ PHOM
¢u3rku MockoBckoro rocyfapctBeHHoro yHuBepcuteta (HUMAD MI'Y) (2)
HayuHo-uccreioBaTeIbCKUii MHCTUTYT MPUKIaJHON (pU3MKU VIpKyTCKOro
rocynapctBeHHoro yauBepcutera (HUUII® UT'Y)

HanpaeneHnue npuxoja mMpokux arMocdepHbix yvBHel (IIIAJT) mo3BossieT
Orpe/e/IuTh UCTOUHUK TaMMa-U3/1yueHusl ¥ UrpaeT BaKHYIO POJIb /11 OL[eHKU
SHepIruy NepBUYHOM YaCTHULbl. YJIaBIMBAOLe YepeHKOBCKOe U3/TyUYeHne
cranimu HiSCORE B npoekTte TAIGA pacrnipefiesieHbl Ha IJIOMIaZAU OKOJI0

1 KB. KM U PerMCTPUPYIOT BpeMsi Iprx0/a (POTOHOB U UX KOJIMYECTBO, UTO
TM03BOJISIET OrpeiensTh HarpasieHue ocu LITAJT ¢ BbICOKOM TOUHOCTBIO. B
JAHHOM paboTe MbI UCITO/Ib3yeM JIJis oTpeziesieHust HarpapsieHust [ITAJI
TIOJTHOCBSI3HBIe HelipoceTd. CeTu 00yYanuch 1o JaHHbIM, CMOZe/TMPOBAaHHBIM
C moMo1bIo anropurma MonTe-Kapsio /1 ramMa-KBaHTOB. [Ioka3aHa
BO3MO)KHOCTD OTIpe/ie/IeHus HaripaB/ieHust co cpefiHel ombkoi okoso 0.3
rpagyca. B manbHeliem rpeasiokeHHbINA TIOAX0/, OyAeT UCTI0Nb30BaH ISt
MYJIbTUMOZ,a/IbHOTO aHa/In3a JaHHbIX, [10/lyYyaeMbIX C HeCKOJIbKUX TUIIOB
yCTaHOBOK, Bxozsimx B komryiekc TAIGA. PaboTa BbIrosiHeHa ripu
noagep>kke Poccuiickoro HayuHoro oHja (rpadt Ne 24-11-00136).
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rezvov.vyu@phystech.edu
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O0630p NMOTOYEYHBIX U KOMITJIEKCHBIX Mep KauecTBa B UCC/Ie/JOBAaHUSX
arMocdepsl ¥ OKeaHa

Pe3BoB B.10. (1,2), Kpunuukuit M.A. (1,2) // (1) MockoBCKui (pu3HKo-
TeXHUUYe KU HHCTUTYT, Poccusi, 141701, MockoBckast 06/1acTh,
[Honronpyaxbiii, MHCTUTYTCKUM 11ep. . 9, (2) UHCTUTYT OKeaHOIOTUU KM.
IL.IT. upmosa PAH, Poccus, 117997, MockBa, HaxvMOBCKUI TIPOCTIEKT, J.
36

B Haykax 06 okeaHe u atmocdepe /7151 OMCaHWsl KadyeCTBa MOZe/TMPOBAHUS 1
MaciuTabrpoBaHUs UCTIOMb3YOTCS 060011jeHHbIe KOJTMUeCTBeHHbIe
TI0Ka3aresy, Ha3biBaeMble MeTpUKaMu. MeTpuKH, UM Mepbl, KauecTBa JJatoT
Tripe/iCTaB/eHre O TOYHOCTU BOCIIPOM3Be/|eHUST MO/ZIeJbI0 (pr3rueCcKrX
TIPOLIECCOB, U TIO3BOJISAIOT OLIEHUTb HEOTpe/ie/IeHHOCTH pe3y/bTaToB MoJieslelt.
B Hacrostiieit pabote Mbl rpeficTaBsisieM KiaccuduKaluio Haubosiee yacto
BCTPEYarOLMXCs B HAyUHOU /IUTepaType MeTpYK KauecTBa. 115l KaxKon
IPyMNIibl Mep KaueCTBa MpUBeleHbl IPUMePhI UX UCTO0Ib30BaHKS B HAyYHbIX
3afavyax. [IoMrMO OLIeHKU [JOCTOMHCTB U He/J0OCTaTKOB TPaJULIMOHHBIX
MOTOYEYHBIX METPUK UCC/IeYeTCs aKTyaJlbHOCTb PUMEeHEeHUs1 KOMILIEKCHBIX
MeTO/I0B, PACCMaTPUBAIOLLMX Pa3/IMYHbIe acCleKThl pe3y/bTaToB
Mo/ienvpoBaHus. Cpeay TakUX creluruuecKuX MeTPUK BbIJIe/SFOTCSI MephI C
aKL|eHTOM Ha MPOCTPAHCTBEHHOM CTPYKTYpe U HeOJHOPOJHOCTSIX
TIPOTHO3UPYEMBIX T10J1eli U BePOSITHOCTHbIE MeTO/IbI POBEPKU aHCaMO/IeBbIX
nporHo30B. OTAebHOe BHUMaHKe B IaHHOM paboTe Tak)Ke MOCBSIIEHO POCTY
MOMy/ISIPHOCTH ()eHOMEHOJIOTUYeCKHUX METPHK, BK/II0Yasi MeTPHUKH,
OCHOBaHHbIe Ha pe/IKUX U SKCTpeMaslbHbIX sIB/IeHUsIX. Bce paccmarpriBaeMble
Mepbl JOTOJTHSIIOTCS CYLLeCTBYIOLMMY B HAyUHOM JIUTepaType OLeHKaMu UX
NpYMeHeHHs K HayuHbIM 3aZlayaM MCC/ie/J0BaHusl aTMOC(ephl U OKeaHa.

2. Machine Learning for Environmental Sciences

56

This mail was generated by DokuWiki at
https://theory.sinp.msu.ru/


https://theory.sinp.msu.ru/

The following data was submitted on 06/06/2024 02:30.

3agBka Ha yyactue B KoHdepeHinu DLCP2024 *** B yem MO?

damvunua
Nma
OTuecTBO

Opranusanus/
yueOHoe
3aBefieHUe

JLO/DKHOCTB/KYpC
Email

OuHoe yyacTue:
be3 goknajga:

3asiBKa Ha JOKJIAJ

Ha3Banue

ABTOpBI C
apdunanueit
AHHoTanus (B
MPOU3BOJILHOU
}opme)

Peniuenko
Anekcanzp
CepreeBuyu

MI'Y numenu M.B.JIomoHOCOBa
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repchenko.as17@physics.msu.ru

OA
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MaimHHOe obyueHue 1 3D aHa/U3 CIIeH B OL[eHKe C/IOKHOM3MepSIeMbIX
reoMeTpUUYeCKUX XapaKTepPUCTHK TeJla uesioBeKa Jijis 3a/jau OuoMeui[uHbI

Pertuenko A.C., T'ones A.C., Kucuiis C. U, I'paués E.A. MI'Y rmenu
M.B.J/IomoHOCOBa

ABTOpBI TIpE/ICTAB/ISIFOT HOBBIH MOJX0/l, 00BeUHSIOIINN TeXHOTOTHU
06paboTku 3D n300pakeHUH ¥ MAIIMHHOTO aHA/U3a JAaHHBIX, UTO TI03BOJISIET
ABTOMATU3UPOBATh MPOLIECC OTIpe/ie/IeHNs] aHTPOTIOMETPUYE CKUX
XapaKTepUCTHK U (pyHKI[MOHAI0B MUHKOBCKOTO TeJia UesloBeKa, B YaCTHOCTH,
TUIOLIA/T €T0 TTIOBEPXHOCTH U NapaMeTPOB (POPMBI.

[eomeTpruecKre XapaKTepUCTHKH, TaKue Kak 00beM (1 Bec), TIoIab
TIOBEPXHOCTH, (popma Tesia (COMATOTHIT) TALMeHTa, UTPAl0T B MEAULIUHCKON
TIPaKTHKe K/IFOUeBYIO POjib B TIepBUUHON JuddepeHIaIbHOM AUarHOCTHKE
MHOTHX 3a00/IeBaHUH U TIPOTHO3€ UX TeueHusi. Te jke XapaKTepUCTUKU
WICTIO/NB3YIOTCS TIPY Ha3HaueHHH 00bEéMa BpaueOHOTO (J1IeKapCTBEHHOTO,
XUPYPruuecKoro | T.[.) BMellaTe/bCTBa BO MHOTMX 00/1aCTSIX MeAULUHBI,
BKJTFOUAst XIMHOTEPAITHI0 paka, TPAHCIUIAHTOJIOTHIO, JIeUeHHe 0’KOTOB, KOYKHBIX
3a00/1eBaHN, B TOKCUKOJIOTHH.

TpaguiLoHHBIE M3MepUTe/bHbIE U PACUeTHbIE METOAVKH aHa/IM3a yKa3aHHbBIX
TlapaMeTpPOB YaCTO /Ial0T HAaCTOJILKO IPyOble UX OL[eHKU, UTO B HEKOTOPBIX
C/Ty4yasix OHA MOTYT 3HauMTe/IbHO BIUSTh Jia)Ke Ha CMEPTHOCTB TIAL[eHTOB,
0Cco0eHHO /17151 IeTel U Jitofiel C HerziealbHbIM TeJI0C/I0KEeHHeM: UMEHHO OHU
Y HY)K/IalOTCSI B 0COOEHHO TOUHBIX ¥ MH/IMBU/1yaIM3UPOBAaHHBIX U3MEPeHUsIX.
Inst 6oee KaueCTBEHHOTO M3MEPEHHUSI CTOJTb BaXKHBIX TeOMeTPUYeCKUX
XapaKTepUCTHK aBTOPbI pabOThI TIpe/iIararoT UCIIOMb30BaHHE METO/|0B
MaIlIMHHOTO 00yYeHus..

B paborte pemaercs 3a/iaua perpeccuy OLeHKH TeOMeTprueCKUX
XapaKTepUCTHK TeJia YesioBeKa I0 ero JTMHeHHbIM 00Mepam (00XBaThl TPYAH,
TaJIuM, I/IMHBI PyK, HOT U T.7.). Jlyumym MeToz[oM 1oKasasa cebst TuHelHast
perpeccusi, KOTopast TI03BOJTH/Ia YYYIIUTE OTHOCUTE/TBHYIO TIOTPEITHOCTh
n3MepeHus: oobema Tesa ¢ 15% (uepe3 OrjeHKy IJIOTHOCTH Tefa) fo 2%,
TJI0La/IM TIOBEPXHOCTH TeJla YesloBeKa B CPaBHEHWH C MOIMY/SIPHON (POpMYJIoit
Irobya c 1.6% mo 1.1%. Ipu 3ToM Mozenb obmagaet Gosbliei 06001IatoIei
CIMOCOOHOCTHIO, MO3BOJISAIOIIEH TOUYHO BBIUMC/ISITH 00bEM U TIIONIA/b
TIOBEPXHOCTH Tejla B He3aBUCHMOCTH OT €r0 KOMIUIEKIUH, UTO MOKeT OBbITh
KPUTHUECKH BaXKHO B CJTyuasiX, KaCaroI[UXCsl XKU3HHU UesIOBeKa.

Pe3ynbTaThl MCC/Ie[0BaHNS TTOKA3bIBAIOT BHICOKYIO TOUHOCTD U



3¢ peKTHBHOCTb pa3pabOTaHHOTO METO/a, OTKPBIBAsI MEPCIIEKTUBBI /IJIsT
CO3/JJaHKsI UHHOBAIIMOHHBIX aBTOMATU3UPOBAHHBIX PeIlleHuH B psifie obacTei
OMOMeULIMHBI U 3[paBOOXPaHeHus], TIOBBILIEHHsT KaueCTBa J[UarHOCTUKU U
JIeUeHusl.

HpennonaraeMaﬂ
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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.
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Anroput™ KnaccryKaly MpeMOTOPHbBIX MMOTEHLMAJIOB 110 CUTHATY
3/1eKTpOo3HLedhasorpaMmsl Ji7isi HelipopeabUIMTALIMK C TTIOMOILbI0 UHTepdelica
«MO3T-KOMIBIOTEP» 3aMKHYTOTO IMKJIa

OFKAOHUTE?

Caesckuii A.W. (1), Illertene U.E. (1), Illep6ans M.B. (1) // Opranu3zanus 1 -
FO>xHbI# (efepanbHbIN YHUBEPCUTET

B TeueHue nocefHMX JeCATANETUI aKTHBHO Pa3BUBAIOTCS TaK Ha3bIBaeMble
uHTepdeich! «mo3r-kommnbiotep» (MMK). UMK npezcrapisieT u3 ceodst
CUCTEMY, B KOTOPOM CUTHa/Ibl aKTUBHOCTU MO3ra CUMTBIBaIOTCSI METOJ,aMU
3/1eKTPO(QU3UOIOT MY, T10C/Ie Yero Mo/ BepratoTcs aBTOMaTU3MPOBaHHOM
obpaboTke /711 KOHBePTAL[MM B YeTKYIO KOMaHJy yripasieHus. [TocieHee
3BeHO TAaKWX CHCTeM sIB/sIeTCs Harboee MpobeMHOM UacThbIO B CBSI3U C
HEeCTaLMOHAPHOCTBIO CUMTHIBAeMbIX OMO/IOTMUeCKUX CUTHAJIOB, KOTOpast
YCJIO’KHSIET YCTOMUMBOE U TOUHOE /leKoiupoBaHue. B cBs3u ¢ 3TuM pa3paboTka
YCTOMUYMBBIX METO/IOB 00paboTKK U KnacCu(UKalMi CUTHAIOB, uallle BCero
sHLIedanorpammel (I3T), A/is U3B/IeueHrs KOMaH/, yripaBieHusi UMK
SIB/ISIETCS1 KpaliHe aKTya/IbHOM 3a/iaueil. BHyTpU 3ToM 3afjauy Takke
cymjecTByeT Oosee y3Kasi, CBfi3aHHasI C jo/eii MH(OPMaTHBHOTO CUTHAJIA B
obpabarbiBaeMbIX CerMeHTaxX: OHa MOXKeT ObITb Masia, a B C/lyuae Majion
BBbIPa)KEHHOCTH Lle/IeBbIX NaTTePHOB OHU MOTYT MPOCTO 3aTepsiThCsl B (HOHOBOM
cUrHasie u3-3a rpy0oii pa3mMeTKy BbIOOPKHU.

B naHHOI paboTe mpesiaraeTcsi MOAXO ] /71 PelIeHus BbllleyKa3aHHbIX 3a7iau
Ha nprMepe Kiaccr(rKalyy TpeMOTOPHBIX ITOTEeHLIMAaI0B, OCHOBAHHBIM Ha
NIPUMEeHEeHUH TaKOW MO/Ie/T MAllTMHHOTO 00yueHUsT KaK JTMHEHHBIN
JVMCKPUMHWHAHTHBIN aHamu3 (JIZIA) K nocneoBaTe/lbHOMY Bbl/I€/IEHHUIO
MH(OPMATHUBHBIX COCTAB/ISIOLINX B YACTOTHOU U BpEMEHHBIX 00/1acTsIX.
[TepBbiii 5TaM 3aK/I04YaETCS B TOMCKE J1/1s1 KaXKI0T0 LiesieBoro ABrxeHus JIJA-
nipeoOpa3oBaHust BELIOOPKHM Ha OCHOBE CIIEKTPa/IbHBIX MOIIJHOCTEH
KJ/IaCCMYeCKMX YaCTOTHBIX jMaria30HOB MHOrOKaHaabHOro DOI" curHana,
COCTaB/IeHHOW U3 IPMMEPOB 3TOr0 /IBWKeHUH U (POHOBOTO curHana. B
pe3ysibTare IoJiyyaeTcst CTO/IbKO e JI/]A-KOMITOHEHT, CKOJTbKO ObIIO 1je/ieBbIX
JIBIDKEHHWH, B HallleM C/lyuae /iBa — JBW)KeHHsI [PaBOM U JIEBOW PyKaMH, TO eCThb
KOMIIAaKTHO Tpe/icTaB/ieHa UH($OopMallvsi M3 YaCTOTHOM 00/1acTy CUrHasa 3a
CYeT MOHWKEeHUs Pa3MepPHOCTH C oMol JIJJA.

5151 panbHeliero BeijesieHust “HGOpMalLvy B YaCTOTHOM 06/1acTh
Tpe/i/laraeTcsi Hape3aTh CUTHaJI KaXK/[0T0 JABW)KEHUsI M aHa/IOTMUHOTO 110 JI/TMHe



IIpepnonaraemas
CeKIUA

(hoHOBOTO cUrHasa Ha TepeceKarolecs: KOpoTkue cermeHThI OT 250 10 750
Mc. Ha Ka’k[JoM KOpOTKOM CerMeHTe PaCCUMTHIBAOTCS IPU3HAKH, IT0C/Ie Yero
co3paeTcst BLIOOpKa U3 pa3HOCTel MPHU3HAKOB (hoHa U ABWKeHUs (Knacc 1) u
pa3HBIX CerMeHTOB (oHa Mexkay coboii (kmacc 0). CTonoIbI JaHHOH BRIOOPKH
COOTBETCTBYIOT U/IEHTUUHBIM BPEMEHHBIM CerMeHTaMm, M03TOMY Ha JIaHHOM
BbIOOPKe MO>KHO 00yuuThb JIZTA (B Haiem ciydae 2-KOMIOHEHTYIO) JJist
TIOHIDKEHUST pa3MePHOCTH, UTO B pe3y/ibTaTe CKaTo OyzeT Mpe/CTaB/IsATh
vH(OpMaLMio 13 BpeMeHHOU 06s1acTy. TakuM 0O6pa3om, ZaHHBIH II1ar, TI0 CyTH,
nipeZicTaB/sieT U3 cebsi OMyJ/ISPHYIO B 00/1aCTU MAIIMHHOTO 00yUueHHUs
ayrMeHTaL1I0 JaHHbIX C MTOC/IeAYIOLMM TTOHKEHUEeM pa3sMepHOCTH C
niomo1tibto JITA. /115 okoHUYaTeTbHOW KlacCU(pUKAL[UKU 10 TaAKOMY C)KaTOMy
TIPU3HAKOBOMY IIPOCTPAHCTBY NpHYMeHeHa TakKasi MOZie/ib MalllHHOTO
00yJeHUs Kak JIOTUCTUYECKasi perpeCCHsl.

[TpuBeeHbI pe3y/bTaThl CPaBHEHHS KaueCTBa paboThI aropuTMa B
HEeCKOJIbKUX Bapyalysix Ha 0CHOBe MPU3HAKOB Pa3HOU MPUPO/bI
(criekTpanbHBIe MOLIHOCTH, TapaMeTpbl FOpTa, Me)KkaHambHbIe KOPPe/ISLiMU) C
TPaJULIMOHHBIM ITO/[X0ZIOM Ha OCHOBE OOII[MX TIPOCTPAaHCTBEHHBIX IMaTTEPHOB U
JTMHERHOTro K/1acCU(UKaTopa, 4aCcTo MUCIO0J/Ib3yeMbIM B MUPOBBIX
WCCIIe/IOBAaHUSX, a TAKXKe MexXay coboii. [Toka3aHo, UTo y»Ke TepBbIH 3Tarl ¢
npeoOpa30BaHUSIMU B YaCTOTHOM 00/1aCTH /laeT y/myullieHre TOUHOCTH ¢ 63.9 B
TPaULIMOHHOM mozaxoze 10 77.5% Ha BEIOOPKe U3 16 3KCIIEpUMEHTOB Ha
pasHbIxX ucnbITyeMbiX. C f06aBneHreM BTOpPOro 3Tara c mpeobpa3oBaHreM BO
BpeMeHHOM 00/1aCTH TOYHOCTh TIOBbIIIaeTcs 0 98.8% mpu UCTIOIB30BaHUM
b0 MPU3HAKOB KOPPeJISIUi Ha cerMeHTax JyiiHbl 750 Mc, b0 mapaMeTpoB

FOpta c cermenTamu 1o 500 mc. B cpefHeM 1o pa3HbIM KOHGUTYpaLUsSIM
Mojienel aHa cermenTta 500 Mc siBsieTcst Harbosiee ONTUMaIbHOM.

TakuM 06pa3om, MOMUMO TIOSTYYeHHOTO TIOBBIILIEHHUS] METPUK TOYHOCTH,
TripeJijlaraeMblid a/ITOPUTM Ha OCHOBE K/1aCCUYeCKHUX MeTOZ0B MalllMHHOTO
00yJeHHs1 IMeeT CBOMCTBO YCTOMUYMBOCTH K TIPEXO/SIINM IIyMy U apTedakTam
3a cyeT pa30MeHMst CUTHajIa Ha KOPDOTKKE CEerMeHTBI, a TaK)Ke peliaeT
aKTyabHYIO 3a/lauy BblJefieHrss MH()OPMaTUBHOW YaCTH CUTHAaJIa B CUTYyaLUsX,
KOTJla 9KCTepTHasi pa3MeTKa CUrHasla MOXKeT ObITh JIMILb TTpUuMepHOi. bosee
TOT0, TT0Ka3aHo, UTO T0C/Ie BceX Tpeobpa3oBaHus JJaHHbIE OT Pa3HbIX
WCTIBITYeMbIX OCTAIOTCS TIOUTH MOJTHOCTBIO JIMHEHHO pa3je/iiMbl U MOTYT ObITh
KaueCTBEHHO K/1aCCU(PUIMPOBaHbI 0011l MOIe/NbIo, UTO eC/TH U BCTPeUaeTCs B
MHPOBBIX, TO C PSJOM JOMNYIeHUH, TPOMO3JKUMU MOZEJSIMA U YCTYTaroLMU
roKa3saTesisiMd TOYHOCTH.

[Tpez/ioXkKeHHBIN aTOPUTM MOXKET OBITh UCIT0/Ib30BaH ISt
HelpopeabUMTAIL[UU — BOCCTaHOB/IeHHe yTpadeHHbIX GyHKImu LTHC win
ITHC, B yacTHOCTH, MOTOPHBIX. [l 3TOrO Yalre Bcero ucnossdyercss MMK
3aMKHYTOTO I[MKJ/Ia, B KOTOPOM TIalIUeHT Io/iyyaeT 0O6paTHYyo CBSI3b,
CUTHa/IM3UPYIOLIYI0 00 YCTelHOM BbITIOJTHEHWH 11e/IeBOro JBMKeHus. B
C/ly4ae yTpaueHHbIX MOTOPHBIX (DYHKLIMM BbITIOJTHEHUEM LIe/IeBOT0 CTUMY/Ia
OyzeT yxe faxke reHepauysi B 331 mpocTpaHCTBEHHO-BPEMEHHOTO NaTTepHa
HaMepeHUs JBIKeHUsT KaKOH-/TM00 KOHEUHOCTRIO (TIPEMOTOPHOTO TaTTepHa),
YTO MOXKET OBITh YCITEITHO /IeTEKTUPOBAHO TIPe/I/IO’KeHHBIM a/ITOPUTMOM. UTO
Ba)XHO, 3a CUET UCIO/Ib30BaHUSI MIPOCTLIX MOJe/iel MallliHHOTO 00yueHwUs
Tpe//I0KeHHBIN aJITOPUTM MOJKET UCII0/Ib30BaThCs B peXKMMe peanbHOro
BpeMeHH Oe3 BBICOKMX TpeOoBaHUi K pon3BoauTensHoCTH TTK.
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AN PAH, MI'Y umenu M.B. JlomoHOCOBa

acrypanT, 1 rog oOyueHUs
salnikov@inr.ru

OA
C poknazom

HpI/IMEHEHI/Ie HEﬁPOHHbIX cerei AJId BIUKMC/I€EHUA KOHTUHYa/IbHBIX
HWHTEerpajoB B KBAHTOBOM TeopuHu.

Canpnukos [1.B.(1,2), BacunseB A.B.(1), IBanoB A.C.(1), Yuctsaxos B.B.(1)
// (1) MI'Y umenu M.B. JlomoHocoBa, (2) 1SN PAH.

B KBaHTOBOW Teopuw M0JIsi CpefHUE 3HAUeHUST HaOJTIOIaeMbIX MOTYT OBbITh
Tipe/icTaB/ieHbl B BU/ie (DyHKIIMOHA/IBHOTO UHTerpasia. B obiiem ciydae ero
He y[aéTcsl BBIYUC/IUTh aHaIuTHUYeCKU. CyleCTBYIOT pa3/MyHbIe
NpUOMKEHHBIE METOZBI PACUETOB Ha peIIeTKe, HarpyuMep, MeTof, MoHTe-
Kapno. B Hacrosiiiee Bpemsi pa3BrBaeTCs OAX0/, K PEIIeHUI0 3TOW 3a/lauH,
HCTIO/Tb3YIOIIUM HeHpOHHBIe ceTH. B Hailleli paboTe Mbl BEIUUCTUIIN
(byHKIMOHaIbHbIe UHTErPasibl B pa3/IMUHbIX MO/Ie/IsIX KBAHTOBOM MeXaHUKHU C
TOMOIIIbIO a/ITOPUTMA HOPMaJTU3YIOI[UX TTOTOKOB. [1jisi OBbICTPBIX
BBIUKC/IEHUM C BBICOKOW TOUHOCTBIO 3TOT aTOPUTM MPHUMEHSI/ICSI COBMECTHO
C METO/IOM r'eHepaluy MpHY MOMOILA MapKOBCKHUX 1ieTiel.
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3asgBKa Ha yyactue B KoHdepeninu DLCP2024

damvunua
Nma
OTuecTBO

Opranusanus/
yueOHoOe 3aBejieHUe

JO/DKHOCTB/KYpC
Email

OuHoe yyacTHe:
be3 goknapga:
3asiBKa Ha JOKAa

Ha3Banue

ABTOPpBI C
appunsauuen

AnHoTanus (B
NMPOU3BO/ILHOM

dopme)

IIpeanosiaraemas
CeKLus

user_request

3aBepTsieB
CaBenuit

MNnon

acIpaHT
Alexander Sboev <saglll@mail.ru>

OA
C poknazom

HeiipoceTeBoe Mo/ielipOBaHUe ONTHYECKUX COJIMTOHOB, ONKChIBA@MbIX
0000111eHHBIMU HeJTMHEeHHBIMY ypaBHeHUsiMU [1peuHrepa

3aBeptsieB CaBenmmii(1), MonomHukoB MBaH(1,2), Cooer Anekcangp(1,2),
KyBakun Muxaun(2) // 1. HUAY MU®U, 2. HUL] KypuaToBCKUii UHCTUTYT

B pabore paccMaTprBaeTcsi MO/ie/IMPOBaHKEe PACIIPOCTPAHEHUs] UMITY/TbCOB B
HeJIMHEWHOM Ccpejie C UCTIO0Ib30BaHUEM JJBYX YPaBHEHUM B UaCTHbBIX
TPOM3BO/JHBIX, @ UMeHHO ypaBHeHus LlIpeseHrepa BToporo nopsjaka v
060611eHHOTr0 HenMHeliHOTO ypaBHeHueM Illpeaunrepa (OHYIL) uetBepToro
nopsifka. [Toka3aHa MPUMEHUMOCTb MeTO/I0B (hH3rUeCKU MOTUBUPOBAHHbBIX
HelipoHHbIX ceTel (PINN) ans petienuss OHYI gis aHanu3a ¢hy3ndeckux
3¢ PeKTOB C COMMTOHAMU Ha MpUMepe 3a/jau B3auMO/IeHCTBUSI COJTUTOHA C
yeJuHeHHOM BosiHOW. [TpoBesieHO ucciefoBaHre 3)peKTUBHOCTU METO/0B
6anmancupoBku Ayt OHYIII Ha KpaeBo 3aziaue C HY/IeBBIMU IPaHUYHBIMU
YCJIOBUSIMH, a TaKxKe olleHKa TouHoCTU MeTozia PINN ¢ cermeHTalyeit mytem
COTOCTAaBJ/IeHUs C TOUHBIM peLleHUeM /ISl O4UHOUYHBIX conmMToHOB OHYIII 2
U 4 nopsiika. DKCriepuMeHTa bHO 060CHOBAaHO MCTI0/Ib30BaHKe 3aKOHOB
COXpaHeHUs B KaueCTBe Cpe/iCTBa KOHTPOJIS JOCTOBEPHOCTH peLleHus, B
OTCYTCTBHe BO3MOXHOCTH COIIOCTAaBJ/IEHUS ero C TOUHBIM pellleHHWeM, B CBSI3U
C YeM OHH MOTYT UCIT0/Ib30BaTbCS B KaueCTBe J0IMO/HUTE/TbHOM METPUKHU
Ba/IM/laLivy TIOJTyUeHHBIX pelleHUi.

Kimouessle cnoBa: PINN, HYIII, OHYI1II, ontiueckre COMUTOHBI.

1. Machine Learning in Fundamental Physics

77

This mail was generated by DokuWiki at

https://theory.sinp.msu.ru/


https://theory.sinp.msu.ru/

The following data was submitted on 30/05/2024 10:42.

3asgBKa Ha yyactue B KoHdepeninu DLCP2024

damums Cupora

Nmsa Hanuunn
OTt4yecTBO OMutpueBru
Opranusanus/

yueOHoe ITAO "T"a3ripom"
3aBefieHUe

JIo/DKHOCTB/KYpC 3aMeCTUTe b Haua/IbHUKA OTZesia

Email D.Sirota@adm.gazprom.ru

OuHoe yuyactne: [IA

C pokagom: OA

HetlipoHHble omiepaTopsl AJisi THPOAUHAMUYECKOTO MO/e/TMPOBaHKS
ro/i3eMHbIX xpaHwuiy ras3a (ITXI)

ABTOpHBI C A.4. Cupora (1), K.A. I'yugun (1), C.A. XaH (1), C.JI. Koctukos (1), K.A.

appunsanueit bytos (1) // (1) ITAO "T"a3npom"
3HauyuTe/TbHAst YaCTh UCC/IeJOBaHUM B 00/1acTu T1y6oKoro 00ydyeHust
Cocpe/[oTOYeHa Ha M3yueHUH 0TOOpaykeHUi MeXKy KOHeUHOMEePHBIMU
MPOCTPaHCTBaMHU. BmecTe ¢ TeM ruzipoguHaMuyeckue MpoLecchl GUIbTpaLin
rasa B [IXT, onuckiBaeMble frddepeHIaNbHBIMU YPAaBHEHUSIMU B UaCTHBIX
nipou3BoAHbIX ([ YUII), TpeOytoT n3yueHusi 0TOOpa>keHUM Mex1y
(byHKLMOHATBHBIMU TTPOCTPAHCTBAMU O CKOHEUHOUM Pa3MepHOCTH, UTO
OT/IMYaeT JJaHHYIO 3a/iauy OT TPaJULMOHHBIX. B HacTosiIIlee BpeMsl MOAXOAbI U
MeTO/IbI T/TyOOKOTO 00yueHHst aKTUBHO Pa3BUBAIOTCS M BCe Yallle OCTUTAOT
BBICOKOW TOUHOCTH B Pa3/IMUHBIX 3a/jauaxX YMC/IEHHOTO MO/|e/TMPOBaHMUS.
OpHUM 13 NepCreKTUBHBIX MO/IX0/I0B SIB/SIETCS TOCTPOeHKe HEMPOHHBIX
orepaTtopoB — 000011jeHre HEHPOHHBIX CeTel [I/Is anpOKCUMAaLN

AHHOTaLUsA oToOpakeHUH MeXXy QyHKIMOHa/ILHBIMU TIPOCTPAaHCTBaMU. B naHHOM paboTte
ObUT IOCTpOEeH U 00yueH onepatop Pypre ¢ nobaenenuem cinoeB U-Net (U-
FNO) ans rupofiuHaMyye CKOTO MO/Ie/TMPOBaHus TPoLieCcCoB (hUIbTPaLIUU
rasa B [IXI". BriepBble 1oKa3aHoO, UTO JJaHHBIA METO/, MO>KET ObITb TIPUMeHEeH
He TOJIbKO JI/1s1 33/l MOZeTMpoBaHus GUIbLTPALIUY Ta3a B LIUIMHAPHUYECKOU
cucTeMe KOOPAUHAT C OJJHOM CKBa)KUHOM, HO U /1S 3a/jau TPeXMepHOM
(bunbTpaly rasa B eKapToBOM CUCTeMe KOOPJMHAT C MHO)KECTBOM CKBa’KMH.
I[Ipu 3TOM HEPOHHOMY OriepaTopy He TpeOyeTcst OOMbIION pa3mep
oOyuarolieit BLIOOPKH A1J1s IOCTKeHUsI TpeOyeMoro KauecTBa
annpokcumaryu [1YUIT, uto JeMOHCTpUpyeTCs He TOMbKO Ha TECTOBOU
BbIOOPKE, HO Y Ha UCKYCCTBEHHO CreHepUPOBAHHBIX CLIEHAPUSX C BHECEHHEM
CyILleCTBEHHbIX U3MeHeHU! B CTPYKTYPY MOZeIpyeMoro oobeKTa.

Ha3Banue

IIpeanosaraemas . . .

Pea 3. Machine Learning in Natural Sciences
CeKIus
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3asgBKa Ha yyactue B KoHdepeninu DLCP2024

damvunua
Nma
OTuecTBO

Opranusanus/
yueOHoe
3aBefieHUe

JLO/DKHOCTB/KYpC
Email

OuHoe yyacTue:
be3 goknajga:

3asiBKa Ha JOKJIAJ

Ha3Banue

ABTOPpBI C
adppunsauuen

AxHHoOTauus (B
NMPOM3BO/ILHOM

¢opme)

CMOJILHUKOB
Hukura
Bukroposuu

HarnmoHanbHbIM HcciefoBaTeIbCKUM TOMCKUM TTOJIUTEXHUYE CKUM
YHUBEPCUTET

acCIvpast, 3 Kypc
nvs38@tpu.ru
HET

C noknagomM

Mogenb MallIiHHOTO 00yUeHHsI Ha rayCCOBCKUX TPOLeccax /IS MpeiCKa3aHus
JHEPrOBbIZIE/IEHUS B TOTUIMBHBIX STU€HKaX aKTUBHOM 30HbI
WCCJIe/JOBATeIbCKOTO SZIePHOTO PeakTopa

H.B.Cwmonbaukos (1), A.I'Haiimyiuun (1), .1.Jlebenes (1), M.H.AnukuH (1)
// (1) HalioHa/ibHbIN HMccneoBaTelbCKUii TOMCKUM TTOMUTeXHUYe CKUM
YHUBEPCUTET

Bnarozapst KOMIakKTHbBIM pa3MepaM aKTHBHOU 30HbI U 00/BILIOMY KOJTMUeCTBY
3KCIIepYMeHTa/bHbIX YCTPOMCTB UCC/Ie/loBaTe/IbCKUe silepHble YCTaHOBKU
(MAY) Hamiy mMpokoe Np¥MeHeHue /151 IpoBe/ieHus (yH/jaMeHTalbHbIX U
TMIPUK/Ia/IHBIX UCC/Ie/J0OBaHMI (PU3UKU TBEPJOTO Tesla, HEMTPOHHOTO paccesiHUs,
MIPOM3BO/ICTBA U30TOIOB, MaTepraoBeJeH!s] U MeJULIMHbL. Maiible pa3mep
aKTMBHOM 30HBI ¥ YaCTUYHAs leperpy3Ka TOI/IMBA, ITPU KOTOPOM NPOUCXOAUT
3aMeHa TO/IbKO Harboriee BbITOPEBIINX TelioBblessitoiyx coopok (TBC),
SIBJISIFOTCS IPUYMHAMH (POPMHUPOBaHUSI YUaCTKOB C BbICOKOM
HEeOJHOPOAHOCTBIO pacrpe/iesieHus usnyuyeHus. Kak pesysbrar, IpOUCXOAUT
repepacripezie/ieHre SHeproBbl/ie/IeHHs 110 TOIUVIMBHBIM sSTYelKaM, YTo
OKa3bIBaeT BAMsIHUE Ha 3((eKTUBHOCTh UCI0/Ib30BaHHsI TOI/IMBA U YCIIOBUS
MIPOBe/IeHNsT HayUHBIX U MPOM3BOZACTBEHHBIX paboT. Bosee Toro, B yC/I0BUsIX,
KOI/la TeIUIOBbI/Ie/IsAIoIIMe 37IeMeHThl paboTaroT 1py HeOOJIbIIOM 3amace /10
KpH3¥ca TeryioobMeHa, BbICOKasi HeOZAHOPOAHOCTh M3/TyUeHHsT MOXKeT CTaTb
MIPUUMHOW orpaHuueHus s3Kcrutyarauyy TBC. BripaBHMBaHMe
HepPaBHOMEPHOCTH pacIipeie/ieHNs SHeProBbl/ie/IeHUs] B aKTUBHOU 30He
VICCJIe[,0BaTe/IbCKOT0 peakTopa, Kak IpaBU/Io, OCYLLeCTBIIseTCs 3a cyeT
repecTaHoBOK «cBexxux» TBC oT ieHTpa K nepudepun. OHaKo, MOATOTOBKA
K Tipotieype rpodumpoBanus TpebyeT omnpeziesieHrst XapaKTepUCTHK
aKTUBHOM 30HBI JI/Is1 K&XK/JOTO 111ara IIpy NepecTaHOBKax, YTO OCYIL[eCTB/ISeTCs
Ha OCHOBe Pecypco3aTpaTHOro paCueTHOro MO/e/IMpOBaHus IIPOLeCCOB
repeHoca u3nydeHus v banaHca HeMTPOHOB. B HacTosielt paboTe mpesiokeH
TIOZIXO/] K MCII0/Ib30BaHUI0 MO/Ie/IM MALlIMHHOTO 00y4yeHHsl Ha rayCCOBCKUX
TrpoLieccax Jijisi IpOrHO3MPOBaHKs SHEProBbl/le/IeHUs B TeTepOreHHOU
CTPYKTYpe siIepHOI0 peakTopa. JTO MO3BOJIUT OL|eHUBaTb U3MEeHeHUs!
rapamMeTpOB SHEProBbI/ie/IeHNsI B TOTUIMBHBIX siueiikax 0e3 rpoBeJieHust
MozienvpoBaHusi. Mogiesib o6yuasach Ha OCHOBe XapaKTepUCTHK aKTHBHOMN
30HBI IS Pa3/IMUHBIX TOIUIMBHBIX KaMIIAHUK peakTopa C IIpUMeHeHHeM KpOCC-
Banuauuu. 1o pesynbraram oOydeHusi 1 HACTPOUKM 00I1[asi TOUHOCTh PabOoThI
MoZesi 110 Ko3(duiimeHTy feTepMuHaLuu coctasuia 0.99.
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3asgBKa Ha yyactue B KoHdepeninu DLCP2024

damunusa CTeHbKVH

Nmsa Omutpuii
OTt4yecTBO AnekcaH[poBUY
Opranusanus/

[TeH3eHCKUI rOCYJapCTBEHHBIN YHUBEPCUTET
yueOHoOe 3aBejieHUe

Jo/DKHOCTB/KYpC  AcmnivpaHT/2
Email stynukin@mail.ru
Ounoe yuactne: HET

be3 goknaga: C moksazoMm
3asgBKa Ha JOKJIaj

Peitienve 3a/a4 MaTeMaThueCcKou (1)I/IBI/IKI/I Ha CeTAX paArd/IbHBIX 0a3MCHBIX

Ha3Banue o

(byHKUMI.
ABTOpBI C CrenbkuH [IMutpuii Anekcanaposuy ['opbaueHko Biagumup ViBaHoBUY
appunsauuen [TeH3eHCKUIA TOCYAAPCTBEHHbI YHUBEPCHUTET
AHHoTauus (B Bo/bIIMHCTBO 3a/jau MaTeMaTUueCcKo (U3MKU He Y/IaeTCsl PelnTh
NMPOU3BO/ILHOM aHanuMTHYeCcKy. PellleHre nony/sipHbIMA MeTO/IaMU KOHEUHbIX pa3HOCTeN U
¢opme) KOHEUHBIX 37IeMeHTOB TpeOyeT MOCTPOEHUs CETKH U PelleHHs] CUCTeM

CeTOUHBIX YpaBHEHUM BbICOKOW pa3MepHOCTU. [IoCTPOUTh CeTKY 3a4acTyro
ZIOBOJIBHO CJIOXKHO, 0COOEHHO [i1st 06/1acTel CI0)KHOM KOH(HUTypaLvH.
CeTouHble ypaBHEeHHsI UMEIOT BBICOKYIO Pa3MepHOCTh U TJI0XYIO
00yCJI0BNIeHHOCTb. PellnTh 3T 1po61eMbl TTO3BOISIIOT (GU3rye CKH
uHpopMUpoBaHHbIe HelipoHHbIe ceTH (physics-informed neural networks).
Takue ceTH anmpOKCHMUPYIOT pellieHre KpaeBOi 3a/jaud, MUHUMU3UPYS
HeBSI3Ky ypaBHEHUsI B TOUKAX KOJIJIOKAl[MX BHYTPH U Ha rpaHulie 061acTu
peteHust. Pr3nuecku MHHOPMUPOBAHHbIE HEMPOHHBIE CETU MO3BOJISIFOT
HaWTH pellleHre B MPOM3BOJIbHBIX TOUKaX 00s1acTu 6e3 MoCTpoeHust CeTKH,
TI03BOJISIFOT PellaTh MpsiMble ¥ 0OpaTHbIe KpaeBble 3ajaun. B ¢usnyecku
MH(POPMHUPOBaHHBIX HEMPOHHBIX CETSX 0OBIUHO MTPUMEHSFOT ITOJTHOCBSI3HbIE
HelPOHHBIe CeTH (MHOIOC/IOMHbBIe NTepCenTPOoHbl). B KauecTBe ajibTepHaTUBbI
aBTOPBI TpeJJIaratoT UCT0Jb30BaTh (Gr3ndecku HHGOPMUPOBaHHbIE CETH
paguanbHbIX 0a3ucHBIX QyHKIMA. CeTr pafnanbHbIX 0a3UCHBIX QYHKIHIA
coziepyKar TOJIbKO /jBa CJ10s1, UTO YIpOILLlaeT rporiecc o0yueHusl.
[TonHOCBsI3HBIE CETH CIO’KHEe 00yUnTh M3-3a OOMBIIOTO urcsia coé. [Tpu
pelleHNH Ha CeTsIX PaJuaibHbIX 0a3uCHBIX (YHKLIMI KpaeBbIX 3a/au
MaTeMaTH4eCcKoU (GPM3MKU CI0KHOU TIPOOIeMOi SIB/IsIeTCsT BLIOOP MapaMeTpoB
pajiMasbHBIX 6a3uCcHBIX QYHKIMNA. ABTOPBI TIPeAJIararoT B rpoLjecce 00yueHus
(bu3nyeckr THGOPMHUPOBAHHBIX CeTeH paiabHBIX 0a3UCHBIX (PYHKITUIA
HaCTpauBaTh He TOJILKO JIMHEelHbIe TlapaMeTphbl ceTeld — Beca, HO U
He/TMHelHbIe TapameTpbl 0a3ucHbIX GyHKUuWH. s 00yuenns ¢pusmuuecku
MH(POPMHUPOBaHHBIX CeTel pa/iua/bHbIX 0a3uCHBIX QYHKLUNA HaMU
a/lanTUPOBaHbI IPajIieHTHbIE aJITOPUTMBI [1€PBOro NMopsijKa (rpaZiieHTHOTO
cnycka, HecrepoBa, anroputMsl € aJJaliTUBHONM CKOPOCTBIO 00yUeHusi) U
aJITOPUTM BTOPOTO TOPsifika — anroput™ JleBeHOepra-MapkBapAra.
ABTOpamMu BriepBble pa3paboTaHbl, peayM30BaHbl U SKCIIePUMEHTA/IbHO
WCC/IeJ0BaHbI OeCCceTOuHble aITOPUTMBI pellleHHs Ha (Gr3rueCKH
MH(POPMHUPOBaHHBIX CETIX paZlaabHbIX 0a3UCHBIX (QYHKLMM MPSIMbIX
KpaeBbIX 33/ja4 ¥ 00paTHBIX KO3 (ULMEHTHBIX KPaeBbIX 3a/ad AJIsi KyCOUHO-



OZTHOPO/JIHBIX Cpe/], OT/IMUAOIIIMeCsl UCIT0/Ib30BaHKeM ObICTPOTrO MeTofia
JleBeHOepra-MapKBap/iTa C aHa/TMITUYECKUM BBIUMCIEHUEM MaTpHIibl SIKOOH.
[nist pettieHuyst 0OpaTHOM 3a/jaum Obla IPUMeHeHa rapaMeTpruyecKast
OnTUMH3aIMst. ABTOpaMH ObITM pa3paboTaHbl, peasi30BaHbI U
9KCIePUMEHTA/IbHO UCC/IeloBaHbl OeCCeTOUHbIe alTOPUTMBI PellleHus Ha
(hu3nyeckr MHGOOPMHUPOBAHHBIX CETSX Pa/IUA/IbHBIX 0a3UCHBIX (DYHKIMH
3aJjau TMApoAMHaMUKU. B fokiaje npezcTaBieHbl pe3y/bTaThl pelleHus psija
MO/ie/TbHBIX 3a/lau, AeMOHCTPUPYIOLIKe TIPerMYyIilecTBa pa3paboTaHHbIX

aJITOPUTMOB.
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3agBKa Ha vuactue B KoHbeperiuu DLCP2024

damunua
Nma
OT1uecTBO

Opranusanus/
yueOHOe
3aBefieHUe

Jo/mKHOCTB/KypC
Email

Ou4Hoe yyacTHe:
C pokiagoMm:

Ha3Banue

ABTOPpBI C
adppunsauuen

AHHOTa A

CycnoB
AnekcaHgp
NBaHoBuu

O PAH

MJ/IaZlIANA HayYHbIM COTPYAHUK

Alexandrsuslov90@gmail.com

oA

A

CratrcTrueckoe MpOrHO3UPOBaHUE YPOBHS 3arpsisHeHUsI BO3/lyXa UaCTULIaMHU

PM10 u PM2.5 B ropoficKuX arfioMepalysx B YCJIOBUSIX CIOKHOTO pefbeda C
MIpUMEeHEeHHeM METO/J0B MallIMHHOTO 00yueHus Ha npumepe T. [ peHo6/1b

CycnoB Anekcangp ViBanosuu (1), Kpunnukuii Muxaun Anekceesuu (1,2),
Staquet Chantal (3), Le Bouédec Enzo (3) 1 UncTuTyT okeanosnoruu um. I1. IT.
[Mupioa PAH, Poccuiickasi @epnepanus, 117997, r. MockBa, HaxuMmoBcKuii
MpOCIeKT, . 36, 2 MOCKOBCKUI (PU3UKO-TeXHUYeCKUN HHCTUTYT,
WHctutyTCKUM niepeynok, 9, 141701, JonronpyaHeiii, MockoBcKast 06/1acTh,
Poccus 3 Université Grenoble Alpes, France, Gieres, 38610, 1209 Rue de la
Piscine E-mail: suslov.ai@ocean.ru

B HacTosi1eM rcciej0BaHUM Mbl TIpe/ljlaraeM HeCKOJIbKO MeTO/I0B,
OCHOBAHHBIX Ha MOJX0/aX MAIIMHHOTO 00yYeHusl, [/ist TPOTHO3UPOBAHUS
YPOBHS 3arpsi3HEHUsI BO3JyXa B rOpo/jaxX, PaCIlO/IOKeHHBIX B TOPHBIX J0/IMHAX.
B kauecTBe ripumepa paccmarpuBaetcs I'peno6ss (Ppanuus). 3azaua
MPOrHO3UPOBAHUS YPOBHS 3arpsi3HEHUS pellaeTcs Kak B TOCTAaHOBKe
perpeccuu, Tak U B TIOCTaHOBKe KjiaccuduKalyy ¢hakTa MpeBbIeHUs
MOPOrOBBIX YPOBHEM. [1/1s MPOrHO3UPOBaHUS Mbl IPUMEHSIEM TOAXO[,
OCHOBaHHBIM Ha [JaHHBIX, TIPUBJIEKast pa3/IMuHble MO/[e/TM MallTUHHOTO
obyuenusi. Ha ocHoBe McTOpHYeCKHX JaHHBIX 3a reprof ¢ 2012 o 2018 rog,
CcoOpaHHBIX Ha HECKOJIBKUX METEOPOJIOTHYECKMX CTAHIUSX, PACTIONIOKEHHBIX B
nmosuHe I'peHo6s1s1, MbI 00YUH/IM HeCKOJIBKO MO/Ie/iel MalllMHHOTO 00yueHHst
JI7Isl IPOTHO3MPOBaHUS CpeZiHeCYTOUHBIX 3HAUeHWM KOHLIeHTpaluit
MeJIKoAucnepcHbIX yactul, PM10 u PM2.5 Ha Tpu AHs Briepes.

Haubosbiivii iHTEpeC B HAllleM UCC/Ie0BaHUU TIPECTAB/ISIOT IHA C BBICOKUM
YPOBHEM KOHL|eHTpauyy PM, npeBbIlLatoLM OPOrOBbie 3HAUeHUsT
onpefeneHHble BcemupHou Opranu3sanuent 3apaBooxpanenus (BO3). beino
00OHapy»KeHO, UTO HaJIMuue JIOKaJbHBIX METeOpOJIOTHUeCKUX YCIOBUM
MPUBOAUT K JOPMUPOBAHUIO TeMIlepaTypHOI UHBEPCHH, KOTOpasi UMeeT
CTaTUCTUYECKYH0 B3aMMOCBSI3b C YPOBHEM 3arpsi3HeHHs1 BO3JlyXa B 3TOM
pervoHe. HecMOTpsi Ha TO, UYTO YPOBEHb 3arpsi3HeHUs1 B 3HAUMTEIbHOU
CTereHu 00yCJIOB/IeH JIOKaTbHBIMU MeTeOyCJIOBUSIMU, MOZe/TH MalllMHHOTO
o0yueHusi, paCCMOTpPEeHHbIe B HallleM MCC/Ie[JOBaHUH, MOTYT ObITh
aZlarTUPOBaHbI U JJis APYTUX TOPOJOB, HAaXOAALMXCSl B HU3MHAaX. [11 3Toro
MX HeoOXoMMO 00yUMTh Ha PesieBaHTHBIX JJaHHBIX. B HacTosIem
HCCJIeIOBaHUY UCTI0JIb30Ba/IMCh METOZbI aHCaMOTMPOBaHKsI, OCHOBaHHbIE Ha
JlepeBbsiX pellieHuH, Takue Kak Catboost 1 Balanced random forest. /laHHbie
MeTO/[bl KOMOMHHUPYIOT MPOTHO3bI HECKOBKUX MO/Iesiei /1Jisi TIOBBILLIeHUsT
TOYHOCTU U YCTOMUMBOCTU OKOHUYATeLHOTO pellieHusi. Haunyurime
pe3y/bTaThl B IPOrHO3UPOBAHWN YPOBHS 3arpsi3HEHUSI BO3yXa Kak B



TOCTaHOBKe perpeccuu, Tak U Kiaccudukaluu nokasan anroputm Catboost. B
3afjauax KiaccuUKaliy TakyKe XOPOIIIo 3apeKoMeH0Bas cebsi aropuTm
Balanced random forest, mpegHa3HaueHHBIH /1 PabOTHI C
HecOaTaHCUPOBAHHBIMU JaHHBIMU. B pamkax 3ajauu perpeccun Catboost

3¢ deKTUBHO anMpOKCUMUPOBAJ MUKW 3arpsis3HeHus. 3HaueHuss RMSE
cocraBuu 7.35 = 0.58 MKr/mM3 /151 IpOrHO3a Ha TpU AHs Briepen. B roaxoge
knaccudukanuu Catboost goctur F1-mepsi 0.65, a BRF — 0.64 3a
aHa/IOTUYHBIA Meprof.
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WccnenoBanre MexaHW3Ma reHepaljii TaMMa-BCIIbIeK B O1a3apax.

CsiideraunoB A.P., JlucakoB M.M. // MocKoOBCKUii (prU3UKO-TeXHUUEeCKUI
HWHCTUTYT, ACTPOKOCMUYeCKUM LIeHTp Pr3nuecKkoro MHCTUTyTa um. I1.
H.J/Tebenesa PAH

bna3zapel, pa3HOBUIHOCTb aKTUBHBIX ra/lakKTUUeCKUX siJiep, 3amyCKaroLrux
y3KOHarpaB/ieHHble CTPYH Pe/ISITUBUCTCKOM T/1a3Mbl, U3BeCTHBI KpaliHel
HM3MEeHUUBOCTBIO SIPKOCTH B BCEM 3/IeEKTPOMarHMTHOM criekTpe. B ramma
[lvarna3oHe UX SIPKOCTb MOXKET Y/IBOMTHCS BCETO 3a HeCKO/IbKO uacoB. OHaKoO
MeXaHH3Mbl 00pa30BaHMs TAaKUX BCTIBIIIEK [0 CUX TIOp He MOHSATHBL. B gaHHOMN
paboTe MbI pa3paboTamu Mo/iesTb, TI03BOJISFOIIYIO OTIPee/TUThb Arara3oH
rapaMeTpOB BCIIbIILIEK B TaMMa /idaria3oHe. [171s1 3TOro Mbl CO3Jjau aTaceT,
BbIleniB 869 BCITBbIIIIEK B raMMa iiaria30He M3 KPUBBIX O/1eCKa, TOTyYeHHBIX C
TIOMOII[bI0 KOCMUUeCKoi obcepBaTopur Fermi B quana3oHe sHepruii 20 M3B -
300 I'B. ITocne co3pany HeilipoceTeBYIO MO/ie/ib HA OCHOBE BapUal[MOHHOTO
aBTo3HKOZepa (VAE) u paccMoTpenu reoMeTpuueCKUid MexaHU3M
o0pa3oBaHUs BCITBIIIIEK, OCHOBaHHBIN Ha CMIMpaibHOU (hopme cTpyu. Mozenb
VAE 1o3Bosii/ia Moiy4uTh 2-MepHoe WH()OPMaTUBHOE MTPOCTPAaHCTBO BCEX
BCIIBILLIEK, 8 CTeHePUPOBAHHbIE TeOMeTPUUeCKOM MO/Ie/TbIO BCITBILLKU
onpeJenuId pacripejiejieHre TTlapaMeTpoB B 3TOM NpocTpaHcTBe. [TonyueHHast
Mo/iefTb [103BOJIsSIeT He TOIBKO 3(pPeKTUBHO K/1aCTepHU30BaTh BCIBIIIKY 110
tdhopme, HO U OBICTPO reHepHpPOBaTh BCTIBIIIKY C 3alAHHBIMU ITapameTpaMu. B
JlaJIbHEeHIIIeM TJIaHUPYeTCsl CiesiaTh Oosiee C/I0XKHOe MO/Ie/TMPOBaHue
o0pa3oBaHKe BCIBIIIKH U PACIIIMPUTb KOJTMUECTBO OTPeesisieMbIX
(bu3MUecKUx rapameTpoB.
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CpaBHUTe/bHBIN aHAMM3 METO/I0B MAIlIMHHOTO U IJTyDOKOTO 00yueHwHs B 3a/jaue
KJIaCCU(PHKALMU BOJIHOBBIX (DOPM ITOJIHOTO 3/IEKTPOHHOIO COZlep>KaHUsI

Ten A.C., BeruncurenbHbii 1jeHTp [IBO PAH, 1. XabapoBck CopokuH A.A.,
BerunicriurensHbii HeHTp IBO PAH, . Xabaposck [llecrakoB H.B., IHcTUTYT
ripukiagHou marematuku [JBO PAH, r. BnaguBocTok / Jla/ibHeBOCTOUHBIH
(esepanbHBIN YHUBEPCUTeT, I. ByiaanBoCcTOK

MHorwue oracHble TIPUPOJHbIe SIBJIEHUSI BbI3bIBAIOT MOHOC(HEPHBIN OTK/IUK,
KOTOPBIN MOXKET OBbITh 3aMKCMPOBAaH BO BPEMEHHBIX Psifiax TMOJIHOTO
351eKTpoHHOr0 coziep>xanus (I19C), pekoHcTpyrpoBaHHbIX K3 faHHbIX [THCC-
HabOsmonenuii. Passutre cetert 'HCC 1 cOOTBETCTBEHHO POCT 0ObeMa
WHCTPYMEHTA/TbHBIX JJAHHBIX YCIOKHSET UX 00pabOTKYy, UTO 3HAUMTETbHO
yBeJIMUMBaeT BpeMsi Ha TIOUCK U aHa/Iu3 COOBITHS, IPU 3TOM pacTeT PUCK
BO3HMKHOBEHUSI pa3/IMUHbIX TeXHUUeCKUX OIMOO0K. Llesib Haltlero
WCC/IeIOBAaHUS — CDABHUTh HEKOTOPbIe K/1aCCUUeCKre MO/ie/Ti MalllMHHOTO
o0yueHUsI ¥ HeMPOHHBIE CeTH B 3a/laue K/acCU(pHUKALMKU BOTHOBBIX (hopm [13C
Y OLIeHUTb UX BO3MOKHOCTH /11 CO3/JaHUs a/ITOPUTMa aBTOMaTU3MPOBaHHOIO
TOMCKa KOBY/IKaHUUeCKUX MoHOC(hepHBIX Bo3myltieHun (KVB) 1o jaHHBIM
['HCC. B nipeiio)keHHOM a/IlOPUTMe POk KaacCcuhUKaTopa BhITTOTHSIET
o0yueHHasi Mo/iesib. Mogienu Ol 00yUeHbI [i/isl PelleHus 3afaur OMHApHOM
K/1acCU(hUKAL[MH C KCIT0/Ib30BaHHEeM HabOpOB AaHHBIX BOTHOBBIX hopM T13C,
cofiepyKallix mpruMepbl AByX KiaccoB — mymM u KMB. BosiHoBbIe (hOpMBI
pa3Meuanuch Ha puMepe u3Bep>keHus BynkaHa [Tuk CapbrueBa (Kypunibckue
octpoBa), nipousoiiesiiero 11-16 utons 2009 r. [y 0OyueHus: KnacCuueCKUx
Mogesielt ObI/M TIPeI/I0XKeHbI CrielrasTbHble MPU3HAKHU JaHHBIX BOJTHOBBIX
¢opm, rofio6paHHbIe C yUeTOM BbIUMCIATEIbHOW 3PPEeKTUBHOCTU alropuT™Ma.
[TpoBesieHO cpaBHeHMe Mo/jiefield TI0 MeTPUKaM KaueCTBa KaacCU(PUKALIUU: 7S
MOZIe/T1 Ha OCHOBe I'paZiieHTHOro OycTuHra ko3 duiiueHT Koppensuyun
MeTbloca Ha TeCTOBOM BbIOOpKe paBeH 0,83, a /yuliivii pe3ynbTaT cCpeau
HeWpOHHBIX ceTel Moka3asna ceTb FCN co 3HaueHueMm 0,79. B pe3ynbrate
MPaKTUYeCKOro MPUMeHeHUs TIPe/IJI0OKeHHOT0 a/if0OPUTMa Ha TeCTOBBIX
JAHHBIX alTOPUTM C K/IaCCU(UKATOPOM Ha OCHOBe TPa/IMEHTHOT0 OyCTHHTa
nokasas 96% oOHapy>KeHHBIX BO3MYIIIeHUH, PY HeOOJIBIIIOM KOJTHUeCTBe
JIOKHBIX cpabaTbiBaHMi (48 Ha 200 TecTOBBIX (haiinoB), a aITOPUTM C
HetipoHHOM ceTbi0 FCN — 95% mipu 105 /10’kHBIX cpabatbiBaHusaX. [TokasaHo,
YTO TPH YCJIOBUM HEXBaTKW Pa3MeUeHHbIX JaHHBIX UCIO/Ib30BaHUe
K/ITaCCUUYeCKUX MOZesiel MalllMHHOTO 00yueHusi Oosiee ornpaBaHHO, T.K.
HelpOHHbIe CeTU UMeIOT NMPU3HaKU repeobyuenus. [TonyueHHble HAMA



pe3y/bTaThl TI03BOJISIOT YTBEPKAATh, UTO MO/e/lb, 00yueHHasi Ha
TMIpe/IJIOKEHHBIX MPU3HaKaX JAaHHBIX, 00eCrieunBaeT BLICOKYO TOUHOCTh
obHapyxenust KVB, u Take, UTO Tpe//IO>KeHHBIN alTOPUTM MOXKHO
WCI0/Ib30BaTh B CUCTEMaX OMepaTUBHOTO MOHUTOPUHTA 3a ByJIKAHUUECKOU
aKTUBHOCTBHIO.
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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 (DNNs). 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.
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[eHepaljusi MOKa3aHU Ha@MHBIX JeTeKTOPOB U MOMCK aHOMaJ/IMi B IaHHBIX C
TOMOILIbI0 HEMPOHHBIX CeTeu.

durarguHoB Pobept PapuibeBnu (1,2), Xapyk MBan BsiueciiaBosuu (1,2) //
(1) M®THU, (2) USIA PAH

OCHOBHOM 11e/1bI0 laHHOM paboThl 66110 pa3paboTaTh reHepaTUBHYIO
HelPOHHYI0 CeTb [I7Isl PEKOHCTPYKLIMU NTOKa3aHWi TOBEPXHOCTHBIX eTeKTOPOB
sKkcriepuMenTa Telescope Array v movcka aHOMaMid B IAHHBIX
CreHepUPOBaHHBIX C MOMOIIbI0 Pa3/IMYHbIX MO/Ie/iell OCHOBAaHHbBIX Ha METO/le
Mosnre-Kapno. [Iyis1 perienust 3Tol 3a/jaurt Obuia BeIOpaHa reHepaTUBHO-
cocTsi3aTesibHast CeTh BacTtepiieiiHa ¢ rpajueHTHBIM ITpadom. s oOyueHust
Moyzienieli ObI/TM MCTIO/b30BaHbI JJaHHBIE, COMITTMPOBAHHBIE C TTOMOIIBbI0 METO/A
Momnte-Kapno. B pamkax paboTtsl 66110 peliieHo fiBe 3aj1auu. I1epBoii 3amaueit
CTOSI/I0 HaNMCaHWe HeMPOHHOU CeTH /1J1s1 TeHepaLuy NoKa3aHW U MoMCKa
aHOMaJiiii Ha HarboJsiee aKTUBHOM [IeTEKTOPE B KaXKZIOM PETHCTPUPYEMOM
cobbITun. HanvcanHast MoJiesTh ToKa3ajia peaTuCTUYHbIe Pe3y/IbTaThl U
TIOMOI7Ia HaWTH JleTaibHble Pa3/IUuus MeX/y peanbHbIMU JaHHBIMU U
JlaHHBIMH, COMITTMPOBAHHBIMU C MIOMOLLbIO MeTozia MoHTe-Kapsio. Takxke g5
YKC/IEHHOTO CPaBHEHUsI pa3/IMUHbIX Mo/iesielt OblsT PUMeHEeH arOpUTM
MOKCKA aHOMaJIui. AJITOPUTM BBISIBU/ OTJIMYHOE MOBeJeHNe COMITTMPOBAHHbBIX
JaHHbIX ¢ riomolisio Mogenelt QGSJET-11-03 u QGSJET-11-04 Ha rpoToHax C
BePTUKA/IbHBIMU yIJIaMU TNlafleHnst. BTopoit 3afaueid CTOS/I0 HanMcaHue
HeMpOHHOM CeTH [I/1s1 TeHepalliy MoKa3aHui 36 feTeKTopoB. B pamkax 3Toi
3aZiauu TpeboBaI0Ch HAyuUUTh MO/Ie/Ib TeHeprUpOBaTh 4 rokasaress JJist
Ka)K/IOTO [IeTeKTopa: MHTerpabHbIi CUTHa [eTeKTOpa, BpeMsi pruxo/a
PEeKOHCTPYMPOBAHHOTO TJIOCKOTO (PPOHTA, BpeMsi MPUX0/ia CUrHasa, U Macka,
ToKa3bIBaroIast cpaboTas i Aetekrop. s 3Toi 3a7aunt ObI/T HaMCAHbI
(yHKLMY IOTepb, 0CHOBaHHbIE Ha ()M3KKe pacrpoCTpaHeHusl IIMPOKOTo
aTMoc@epHOro aUBHS. Mo/jenb MoKasasa BU3yaJbHO CXOXKHe JaHHbIe U
NIPUMEHUMOCTb (DYHKI[U TIOTePb, 0CHOBAaHHOM Ha Be/TMUMHE MPABAOMOA00HS
XU-KBa/ipaT, [ reHepal[iu 1aHHbIX (H3UUeCKUX SKCrepuMeHToB. Mozenu
CMOIJIY IPeBLICUTH CKOPOCTh TeHepalviy JaHHbIX, B CDaBHEHUM C IeHepaLjuen
MeTOZaMU, 0CHOBaHHBIX Ha MeTozle MoHTe-Kaprio, Ha HeCKO/IbKO MOPSIIKOB.
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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/.
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CankT-ITeTepOyprckuii TOpHBINA YHUBEPCUTET UMIiepaTpuiibl ExaTepunsl 11

AcnupanT 1-ro Kypca
hady93327@gmail.com

Ha

Hert

BusiHYE OCTOSIHHOTO 3/IEKTPUUECKOTO TT0/Isi B HEBO3MYILIEHHOH I/1a3Me Ha
YCTOWYHMBOCTb CUCTEMBI 3JIEKTPOHHBIH MYUYOK — CTOJIKHOBUTE/IbHAS
rasopaspsiiHas Tia3ma.

OTKJVIOHEHO

MycradaeB Anekcanzap Ceut-Ymeposuu - CaHKT-IleTepOyprcKuii ropHbIi
yHuBepcuteT, 199106 Cankr-IletepOypr, Poccusi Bnagumup CepreeBuu
CyxomnuHOB - CaHKT-ITeTepOyprckuii rocyapcTBeHHbIN yHUBepcuTeT, 198504
CankT-ITetep6ypr, Poccusi Baap A6ayn Xaau - acupaHT 1-ro kypca - CaHKT-
[TeTepOyprckuii ropHbiii yHUBepcuTeT,199106 Cankr-ITetepOypr, Poccust

PaboTa rocasirieHa UCC/IeI0BaHUI0 CUCTeMbI OBICTPBIN HEPeSITUBUCTCKUN
3/IEKTPOHHBIN My4OK — ra3opaspsijHasi 1jia3Ma B paMKax KUHeTHUYeCKOU
TEOpPUH YCTOMUYMBOCTH. VI3yueHO BIMsIHUE [TOCTOSIHHOTO 3/1eKTPUYECKOro MoJist
B HEBO3MYIL[€HHOM T/1a3Me, KOJIZTMHeapHOro CKOPOCTH IyuKa, Ha
yCTOWUMBOCTE CUCTeMBI. [10Ka3aHo, UTo /laXke CPaBHUTETHLHO HeOOTbILIOe TI0
Be/IMUKHE 3/IeKTPUUEeCKOe T10J1e, He OKa3bIBalolljee CyIleCTBEHHOI'O B/IMSIHUS Ha
9HEprUi0 37IeKTPOHHOTO MyuKa, MOKeT MPUBOJUTh K 3HAUUTE/IbHbIM
V3MeHeHUsIM TlapaMeTpPOB rapMOHUUECKUX BO3MYILIeHUH,
PaCmpOCTPAHSIOIIMXCS B CUCTEMe 3/IeKTPOHHBIH MyYoK — Tyla3Ma B 00/1acTH ee
HEYCTOWUYMBOCTU. BbIsSICHEHO, UTO MPUYMHA TAaKUX U3MEHEHUI —
BO3HUKHOBeHMe Jpeli0oBOIi CKOPOCTHU 3/IeKTPOHOB T/1a3Mbl U, KaK Cie[iCTBUE,
r3MeHeHMe u3-3a 3ddekTa [lorsiepa 4yaCTOThl BO3MYILeHUH B cCUCTeMe
KOODJMHAT, CBA3aHHOM C Iy1a3MOU. Pe3ysibraTel KUHETHYeCKOW TeOpUMr
MPOZIeMOHCTPUPOBAHbI Ha IPUMepe HU3KOBOJIBTHOTO MyYKOBOTO pa3psijia B
WHEPTHBIX Ta3ax, KOTOPBIN UCITO/IL3YeTCs TIPH pa3paboTke MprubOpOB
T71a3MeHHOM 3/1eKTPOHUKU. VIcciejoBaHO BIMSIHKE 3/IEKTPOH — aTOMHBIX
CTOJTIKHOBEHU Ha YCTOWMUMBOCTb CUCTEMBbI 3JIEKTPOHHBIM MYUOK — MJ1a3Ma U
TIPOBe/IeHO CpaBHEHHe C pe3y/braTaMy paboT Apyrux aBTopoB. OOHapyKeHo,
YTO UHKPEMEHTHI U TIpe/ie/TbHble YaCTOThI 37IeKTPOH — aTOMHBIX
CTOJTKHOBEHUM, COOTBETCTBYIOIIIUE IT0Tepe YCTOMUUBOCTU CUCTEMOM,
paccuMTaHHbIe B 3THX paboTax, KakK 110 THIpOAMHAMUYEe CKOM, TaK U TI0
KWUHeTHUYeCKOW TeOpUH, [JAt0T 3aBblllIeHHbIe 3HAUeHUs JJ/11 MTHKpeMeHTa. JTO
SIBJISIETCS C/IE[ICTBUEM TOTO, UTO aBTOPHI He YUUTHLIBA/IU /IEKTPOH — aTOMHBIE
CTONIKHOBEHUsI Jj/151 37IeKTPOHOB, TIEPEHOCAIINX BO3MYILL[eHUS B MyUKe.
[TosyueHbI POCTLIE POPMYIIBI, TTO3BOJISIOLIME OLIEHUTh KPUTUUECKUe YaCTOThI



3JIEKTPOH — aTOMHBIX CTOJIKHOBEHHI yepe3 rapameTpbl cucteMsl. [1pu
OTCYTCTBUM TaKHUX CTOKHOBEHHWH pe3y/bTaThl PA0OTHI COBIAZAIOT C JAHHBIMU
JPYTUX aBTOPOB B 00/1aCTH UX IPUMEHUMOCTH.
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Bazip
Abnyn Xaau

CankT-ITeTepOyprckuii ropHbIN YHHUBepCUTET uMrepaTpulibl Ekatepunst 11

AcnmpaHT - 1-ro Kypca
hady93327@gmail.com

Ha

MEeTOAbI MAIlIMHHOI'O 06y‘-IEHI/IH W dHAJIM3 JdHHBIX B BBIUMC/IUTE/TbHOM Cl)I/IBI/IKe.

Bazgp Abxyn Xazu - hady93327@gmail.comacriupadT nepsoro Kypca CaHKT-
[TeTepOyprckoro ropHoro yHuBepcuTeTa umreparputibl Ekarepussi 11

MaumHHoe 00yueHre U aHa/IU3 JaHHBIX UTPAIOT K/TIOUEBYIO POJib B
(u3NUeCKUX MCCIe0BAHUSX, 0OecneurnBasi BO3MOKHOCTb 00pabOTKY U
MHTEpIIPeTalii OrPOMHbBIX 006eM0OB nH(popMaruu. C TIOMOILLIBIO aTOPUTMOB
MAIlIMHHOTO 00yUeHuUs yueHble MOTYT aHA/IM3UPOBATh JIaHHbIE, BBISBIISAT
3aKOHOMEPHOCTH U [Ie/IaTh MPOrHO3bI, UTO 3HAUMTETBHO YCKOPSET U Y/IyulllaeT
TMpOLieCC UCC/IeJOBaHMsl. B pe3ysbraTe 3TOro MOJTy4arOTCss HOBbIE OTKPBITHS U
CylIleCTBEHHbIE TIPOPBIBBI B PA3/TMUHBIX 00/1aCTSIX (HU3UKH, aCTPOHOMHUHY,
XUMHH, OUOJIOTUM U IPYTHUX eCTeCTBEeHHBIX HayK. MeTo/bl aHa/in3a JaHHbIX,
TaKye Kak Orucare/ibHasi CTaTUCTHKA, KOPPEJISILMOHHbIN aHa/IH3,
perpecCHOHHbIN aHaIM3 U aHA/IM3 BPEMEHHBIX PSiZIOB, MO3BOJISIFOT BBISB/ISTH
3aBUCUMOCTH MeX/y lepeMeHHbIMH U OTIPe/eJISITh X CTATUCTUUECKYHO
3HAYMMOCTb. MalllMHHOe 06yueHre Tak>Ke MOMOTraeT ONTUMU3HUPOBATh
TpOLIeCChl pabOThI U MOBBILIAET 3)PEKTUBHOCTh HAYYHBIX IKCIIEPUMEHTOB. B
1eJIOM, KCTI0J/Ib30BaHHe COBPEMEHHBIX METO/IOB aHa/I3a IaHHBIX B
(bu3MUeCKHX UCCIIeI0BAHUSX SBISIETCS BAXKHBIM HHCTPYMEHTOM [IJ1s
JOCTVDKEHHST HOBBIX HAyUYHBIX Pe3y/IbTaTOB U COBEPIIIEHCTBOBAHHUS METOZIOB
UCCIIe[IOBaHKS MUPA.
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CTapLLUMM HAYUHBIA COTPYAHUK
geomagnet@list.ru
Her

Het

CrarucTtuueckoe MofeupoBaHue 3(pQeKToB BO3AEeNCTBUSI KOCMUUeCKOH
TOro/bl HA TEXHUYECKUE 00BEKThI BEICOKOLITMPOTHON HHPPACTPYKTYPHI.
3ameHeH

Bopob6beB Anppeit Biagumuposuu (I'eodusnueckuii iientp PAH) BopobneBa
I'ynbHapa PaBuneBHa (Y GUMCKU yHUBEPCUTET HAYKH U TeXHOIOTUIA)

dvHaMHUuHOe OCBOEeHMe U pa3BUTHe APKTHYeCKOM 30Hbl PD Hepa3pbIBHO
CBSI3aHO C He0OXOAMMOCThI0 MUHUMM3ALIUY TeXHOC(EPHBIX PUCKOB,
COTIPSPKEHHBIX B TOM UMCJIe U € 3(pheKTaMu BO3/eliCTBUSI KOCMUUEeCKOH
TIOTO/IbI HAa CUCTeMbI SHepPreTUYeckoro 06opynoBaHusl, SKCILTyaTHpyeMble
BHYTPHU I'PaHUL] aBPOPa/ILHOIO oBasa. [Ipu aTom comyTcTByrOLMI
MOHUTOPHHI ITapaMeTPOB KOCMUUECKOW MOro/jbl ¥ Bapyallii TeOMarHuTHOTO
o7t B APKTHKe OCYIIeCTBIISIeTCS JIUIIb TT0CPEACTBOM HeOOJIBIION TPYTIITbI
CIYTHHUKOB U HEeCKOJIBKUX JIeCSITKOB MarHUTHBIX CTAaHLIUM, PaCOI0KeHHBIX
r71aBHBIM 00pa3om Ha Tepputopuu CIIIA, KaHazibl, ceBepHOU U LIEHTPaTbHOMN
EBponbl. OueBHHO, UTO C/I0KMBLLASICS CUTYaLUs TIPAKTUYe CKU UCK/TFOUaeT
BO3MO)XHOCTb OIepaTUBHOIO AUarHOCTUPOBAHUSA YPOBHS
reovHyLupoBaHHbIX TOKOB (I'T) asst Gosbiueit yacTy ApKTUYeCKOM 30HbI
P®, e dakTHUeCKY eJUHCTBEHHBIM J0CTYITHBIM UHJUKAaTOPOM COCTOSIHUS
KOCMHYeCKOU TOro/ibl OCTal0TCs TOJsIpHbIe CUsiHUsA. B paboTe ripefyiaraeTcsi
TIOAXOZ, K MHTepIpeTalyy MpOosiBIeHUs CUSTHUM /151 OLIeHKH 3((eKToB
BO3/1efiCTBUSI KOCMUYECKOM MOro/ibl HA 00bEeKThI U CUCTeMbl BBICOKOIIMPOTHOM
rHGpacTpyKTyphl. Tak, Ha MpuMepe Mo CTaHLMU «BbIxogHO»
MarucTpanbHOM 3/1eKTpruueckor ceTy «CeBepHBIM TPaH3UT» [10Ka3aHo, UTo
TIPY PeTMCTpaLvK MOJISIPHBIX CHSIHUM Ha CeBepe, B 3eHUTE U Ha ore Haubosiee
BeposiTHBIN (ycpesHeHHbIN 110 30 muH) ypoBenb ['UIT cocraBnser 0.08 A, 0.23
A 1 0.68 A coorBercTBeHHO. [Ipu 3TOM BepOATHOCTBL TOT'O, UTO
cpezHernonyuyacoBoi ypoBeHb 'MI'T ripeBbicuT 2 A (B C/iyuae CUSIHUM Ha
ceBepe, B 3eHUTe U Ha tore) cocTasnsieT ~6 %, ~10 % u ~15 %
COOTBeTCTBEHHO. B 3ak/toueHny paccMaTpyBarOTCs IyTU MOZEepHU3aLMy U
IPaHULIbl IPUMEHUMOCTH TPe/IJIOKeHHOI0 M0AX0/a.
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MI'Y um. M.B. JlomoHOCOBa

AcrivpaHTka 1 r.o.
chugreeva.gn17@physics.msu.ru

OA
C noknagomM

CBepTouHble HEHPOHHBIE CETH Il CO3/aHHSI YI/IEPOHOTO
(hOTO/MIOMUHE CLIEHTHOTO HAHOCEHCOpa MOHOB METaJl/ioB

I". Yyrpeesa (1), K. JTantunckwii (1,2), O. Capmanosa (1), T. Jonenko (1) (1)
dusnueckuit pakynsret, MI'Y um. M. B. JloMmoHOCOBa, MockBa, P® (2)
HUNWAD um.[1.B.CrobenbipiHa, MI'Y um. M. B. JlomoHocoBa, Mockea, P®

Yrnepogubie Touku (Y'T) — K/1acc HOJTb-pa3MepHBbIX HAHOUACTHL], 00/1a/[aF0IIX
cTabuibHOM MHTeHCUBHOM oTomomuHecleHLyel (PJI), KoTopasi 3aBUCUT OT
YC/JI0OBUM CUHTE3a Y KpaliHe UyBCTBUTE/IbHA K U3MEHEeHUIO NTapaMeTpOB
OKpY)KeHHs — TeMriepatypbl, pH, Hamuusi IOHOB U 6ruoMakpomosnekys [1].
Takure CBOMCTBA yI7epOJHbIX TOUEK OTKPBIBAIOT LIMPOKHE BO3MOKHOCTH UX
VICTI0/Tb30BaHMSI B KaueCTBe HAHOCEHCOPOB MapaMeTpoB cpefibl [2]. Tak,
aKTya/IbHOM 3a/lauei sIB/IsIeTCSl KOHTPOJIb MOHOB TSDKeJIbIX MEeTalJIOB B
TeXHOJIOTUYECKUX Cpe/iaX, MPUPOJHBIX U CTOUHBIX BoZax. Takoi KOHTPO/b
roZipazymeBaeT MOHUTOPUHT OJHOBPEMEHHO KOHLIEHTPALIUM HeCKOJTbKUX
KaTMOHOB MeTasuioB B cpezie. OJHaKO B HACTOsILL[ee BpeMsl HaM HM3BeCTHBI
paboThI, B KOTOPBIX YT UCIO/B3YHOTCS JIUIITh KaK HAHOCEHCOPhI, MaKCUMYM, 2-
X KaTUOHOB MeTasuioB [3]. B Takux paboTax oguH U3 rapaMeTpoB
buKkcupyeMmbiii, a KOHLIEHTpAaL1si BTOPOTO OTpe/ie/isieTCsi C TOMOLIbI0
KamMOpOBOYHBIX KPUBBIX. OUeBH/HO, UTO Ji/Isi CO3/IaHUsI MYJIBTHUMO/A/TbHOTO
HaHOCeHCopa HeoOX0IMMO PelTUTh MHOTOTIapaMeTPHUUeCKyr0 00paTHYIO
3a/jauy JIFOMUHECLIEHTHOW CIIEKTPOCKOMNHHU, UTO YCIIeIHO JOCTHUraeTcs C
MOMOLLbI0 UCKYCCTBEHHBIX HeMpOHHbIX ceTer (MTHC).

B naHHoi paboTe npe/cTaB/ieHbl pe3yabTaThl pa3paboTKX ONTHYeCKOTO
YIJIEPOTHOTO HAHOCEHCOPa, CIIOCOOHOTO OIHOBPEMEHHO OTIPeZIe/TUTh THII U
KOHILIeHTpaL1io 6 MOHOB B BoAHOM cpefie 1o criektpaM DJT Y'T. [Ins pelenus
yKa3aHHOU 6-TlapaMeTprueCcKoii 0OpaTHOM 3a/jauul MPUMEHSITUCh Pa3/THUHbIe
apxutekTypbl MUHC: nepcenTpoHbl € pa3/MYHbIM KOJTMUECTBOM CKPBITHIX
CJ1I0eB ¥ HeWpOHOB HuX, 1D u 2D cBeprouHble ceTr. C NOMOIIBIO IByMEepPHBIX
CBEpPTOUHBIX HEMPOHHBIX CeTel ylaaoCh PelnTb 00paTHYO 3azauy

(b oTO/IFOMYHE CLIEHTHOM CIIeKTPOCKOIMU 110 OTpe/ie/IeHUI0 TUTA 1
KOHLIEHTPALIMM KaTUOHOB TsDKesbix MeTasuioB Ni2+, Cu2+, Co2+, Al3+, Cr3+
u anroHa NO3- co cpeziHeit abcomoTHOM ommbkoi 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. [TosryueHHasi TOUHOCTD pellleHrst 00paTHOM 3a/1auu
YZIOB/IETBOPSIET NMOTPeOHOCTSIM MOHUTOPHHTA BOJHBIX TEXHOIOTUYECKUX CPef

[4].



VccnefoBaHue BBITIOMHEHO 3a cYéT rpaHTa Poccuiickoro HayuHoro ¢oHga No
22-12-00138, https://rscf.ru/project/22-12-00138/.

[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’'mabh, 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/d0ra09403;j

[3] Li, P, & Li, S. F. Y. (2020). Recent advances in fluorescence probes 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/nanoph-2020-0507

[4] F. Akbal, S. Camci, Treatment of metal plating wastewater by
electrocoagulation, Environ. Prog. Sustain, vol. 31, pp. 340-350, 2012.
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[MTapakuH
Cepreit
AnekcaHzpoBuu

HUNA® MI'Y

CTapLUMM HayYHbIA COTPYAHUK

sharakin@mail.ru

OA

OA

MeTo/ip BEPOSITHOCTHOTO TIPOTPAMMUPOBAHHUS TTPY PEKOHCTPYKLIMK COOBITHI
MHOTOKaHa/ILHOTO M300pakatoiriero getektopa: SJIb®bI u TPEKU

[Tapakun Cepreii AnekcanapoBuu (1) CapaeB Poman EBrenbeBuu (2) (1)
MTI'Y um. M.B. JlomonocoBa, HUMA®D um. [1.B. CkobesnbifpiHa (2) MI'Y um.
M.B. JlomoHOCOBa, acriipaHTypa ®Pu3nueckoro akynbrera

B noknazie npesisioxkeHbl HOBBIE CITOCOOBI aHa/IM3a JUHAMUYe CKUX
1300pakeHUH, peruCcTprUpyeMbIX MHOTOKaHa/TbHbIMU
BBICOKOUYBCTBUTEIbHBIMU [J€TEKTOPAMU C BEICOKUM BpPEeMEeHHbIM
paspeiiieHuemM. OpouTtanbHeI geTekTop “Y® atMocdepa” HabmogaeT 3a
arMocdepoii 3emu ¢ 6opta MKC 1 perricTpupyeT psifi TPaH3UeHTHBIX
OTITHUUeCKUX SIBJIEHUM, CBSI3aHHBIX C TPO30BOM aKTUBHOCTbHIO, B TOM UHUC/IE U
cobbiTust Tuna ELVES (“a71b¢b1”). BeposiTHOCTHast Mozienb 1b(ha B KauecTBe
rapaMeTpOB BKJ/II0YaeT KOOP/IMHAThI U OPUEHTAL|I0 MIOPO/IMBIIIEr0 CBeyeH e
IPO30BOr0 pa3psi/ia, a TAK)Ke BBICOTY MOHU3UPOBAHHOTO CJ10sI, B KOTOPOM
perucTpupyetcsi cBeueHre. baiiecoBcKuil BbIBO/, (peasM30BaHHbIN Cpe/iCTBaMU
6ubmmoreku PyMC) 1103Bos1sieT BEIUNC/IUTh alloCTePUOPHBIE PACIIPeie/IeHUsT
Ha 3TH MapaMeTpbl HA OCHOBAaHUY BPeMeH MUKOB CUTHAJIOB B OT/e/bHbIX
KaHasax fetekropa. CrUcTeMa Ha3eMHbIX MHOTOKaHaIbHBIX JeTekTop PAIPS
KpOMe U3yUeHus pa3HbIX THIIOB MOJISIPHBIX CUSIHUMN CJTYKUT TaKxKe
CcBoe0Opa3HbIM MMOJIUTOHOM OTPabOTKH alrTOPUTMOB BePOSITHOCTHOM
PEeKOHCTPYKLMH. [1/151 3TOr0 MCIO0/b3yeTCsl IMPOKKI K/1acc TakK Ha3bIBaeMbIX
TPEKOBBIX COOBITHI — METEOPOB, TIPOJIETOB CITyTHUKOB U CaMOJIETOB,
JBIDKeHHe 3Be3[ 110 HeOy. BaifecoBcKasi Mo/ie/ib BK/IIOUaeT B ce0st Kak
rapaMeTpbl CaMOT'0 TPEKOBOTO COOBITHS, TaK U 0COOEHHOCTH €r0 perucTpalun
(armmapatHyto QyHKLMIO feTekTopa). Kpome Toro, mpu TakoM Mofxo/ie yaeTcs
BKJTIOUHTH B MO/IeJIb alfpUOPHYI0 HH(POPMAIIUIO O COOBITUN
(TOpU30HTA/ILHOCTD ABW)KEHUsI CITyTHUKA, XapaKTepHYI0 CKOPOCTh U
HarpaB/ieHUsl IBWKeHUs TOTOKOBOTO MeTeopa U T.I1.). JlaHHbIe MeTojbl MOTYT
OBbITb 0000ITIeHBI Ha CTEPe0-COOBITHS (PETUCTPALIMIO TPEKOB JBYMSI
JIeTEKTOPaMH C TiepeCceKarolUMUCS TTO/ISIMUA 3peHUs1) UK PUMEHSIThCS TIPU
pexkoHcTpykuuu KJI TIB3 B feTekTopax ¢uyopectieHTHOTrO cBeueHus LITAJL.
Pabora BeInonHeHa nipu prHaHCOBOM noAepkKe rpanTa PH® Ne 22-62-
00010
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[Tenn
Hanuna
Banepbesuu

Bonrorpaackuii ['ocyzapctBeHHbIN TexHUYeCKU YHUBEPCUTET

NnxkeHep-uccienoBaresib
danil.shein2013@yandex.ru
HET

C moksazoMm

MogenvpoBaHie B3aUMO/IeNCTBUSsI UEPHOTO (hochopeHa € AUOKCUIOM
KpeMHUsI MeTOZIOM MOJIEKY/ISIPHOM JUHAMUKU
OTKA3AHO

[Teun [.B. (1), bagukosa I1.B. (1), 3aBessioB .B. (1) / (1) Bonrorpaackuii
locynapcTBeHHbIN TexHUUeCKUd YHUBEPCUTET

B pabote npoBoguTCs McciefoBaHre CTabUIBHOCTYA U U3MEeHeHUs! TeTIOBBIX
CBOMCTB MHOTOCJIOWHOTO YépPHOTO (hochopeHa BOTM3U MOATIOKKH U3
JVOKCH/Ia KpeMHHSI MeTOJjaMU MOJIEKY/ISIDHOM JUHAMUKU. MBI UCTI0/Tb3yeM
TIOZIXO/bI ITTyOOKOTO 00yUeHwUs /I71s1 CO3[jaHMsI MOZIe/T CHUJIOBOTO TIOJIS
B3aMMO/IEMCTBUS YacTULl. Pe3ysbraThl paboThl MOKA3bIBAlOT, UYTO Ha TPAHULE
pasfiesia MaTeprasioB BeljeCTBa TePSIFOT CBOKO JOPMY M YaCTHUHO
mipdyHarpyot. OfHako, ueM Jasblile oc/efyoliye cjiou gocdopeHa ot
TPaHULIBI, TeM OOJIbIIIe COXPaHSeTCs ero KpUCTa/uTuecKast CTPYKTYpa.
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Email fshipilov@hse.ru
OuHoe yyacTHe: OA
be3 goknaga: C mokmazoM

3asgBKa Ha JOKJaj

Ha3Banue 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

ABTOPpBI C
adppunsauuen

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

AHHoTanus (B pipeline to be employed in the SPD necessitate a fast and robust method of

NPOU3BOJ/IHOM event reconstruction. In this work, we employ a Convolutional Neural

¢opme) 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.
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shorokhov-sg@rudn.ru
IOA

C noksazoM

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.
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HOA
[TpuMeHeHre CBEPTOYHBIX HEMPOHHBIX CeTel [is BeifeneHus: cobprruii [ITAJT
B 3kcriepumenTe COEPA-3

OuruHa E.JI.(1), [Toarpyakos O.A.(1), Aspa K.K.(1), bonBeu E.A.(1), l'anikun
B.M.(1), 3uBa M./1.(1), UBanoB B.A.(1), Konogkun T.A.(1), OBuapenko H.O.
(1), Poranosa T.M.(1), YUepkecora O.B.(1), Yepnor .B.(1) // (1)
MockoBCKuUM roCylapCTBeHHbIN YHHUBepcuTeT uMeHu M. B. JlomoHOoCOBa,
Poccust, Mocksa.

Teneckonn CAOEPA-3 pa3pabarbiBaeTcs /1Sl M3yUeHHsl MaCCOBOTO COCTaBa M
SHepreTUYeCKOro CreKTpa KOCMUYeCKUX Jy4yel B uana3oHe sHepruit 5-1000
[15B. Vicionb3yeMblii MeTO/, 1eTeKTUPOBaHUsI OTPAa)KEHHOTO OT CHEXXHOM
MOBEpPXHOCTHU M3MydyeHus: BaBunoBa-UepeHKOBa OT IMPOKUX aTMOC(HepHbIX
nvuBHel (LITAJT) npearnonaraeT HelpepbIBHYIO PETUCTPALIUIO CBETa, TO3TOMY
TpeOyeTcst pa3paboTaTh TPUTTEPHBIN a/iITOPUTM [|/1s Bbl/lefieHus1 )parMeHTOB,
COOTBETCTBYIOIIUX MpULIeAIM coObiTusiM IIIAJI, B HempepbIBHOM MOTOKe
¢doToHOB 3BE371HOTO POHA M COOCTBEHHOTO CBeueHus1 aTMocdepsl. B pabore
Tipe/iCTaB/IeHbl pe3y/ibTaThl IPUMeHeHUs] CBEPTOYHBIX HeMPOHHBIX CeTell B
3afiaye KaaccruurKaluy n300pa’keHUi, oyueHHbIX C TIOMOIIbI0 MoHTe-
Kapsio mozenpoBanust uepeHKoBCKoro cBeta IITAJI. K u3obpakeHusIM
MIPUMEHSTIFOTCSI Heo0XoiMMble MOAU(UKALMK, BK/IIOUasi ONITHUeCKU (OoH, YUeT
reoMeTpUr ONTUYECKOW CXeMbl U (DyHKIIMM OTK/IMKA 371eKTPOHUKU. [laHa
OLleHKa KaueCTBa HEMPOHHOM CeTH B CPAaBHEHUH C MOKa3aTesIsIMU TPUITEePHOT0
a/IropuTMa, peaj30BaHHOIO B ycraHoBKe COEPA-2.
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C noknagomM

[eckpunTopsl AJis orpefiesieHusi JIOKaabHON CTPYKTYPbl aTOMUCTAUE CKUX
Mojiesieli aMOp(HbBIX Jb0B

IT. A. flumn (1), E. P. barannosa (1), A. A. Hlynnerosga (1), B. B.
Creraiino(1) // (1) MockoBcKuii (hU3UKO-TeXHUUECKUM UHCTUTYT
(HaLMOHATBHBIN UCCeI0BaTeTbCKUM YHUBEPCUTET)

YacTo rpu ucc/ieloBaHUM BOJbI U €€ CBONCTB C MPUMeHeHUeM MOJIeKY/ISpHON
JVUHaMUKHU TpeOyeTcsi pacrio3HaBaTh pa3/inyHble (asbl /ibZoB. Kpome Toro, Bcé
OOJIBIITYIO TIOMY/ISIPHOCTh ¥ 3HAUMMOCTD TIOTyYaroT aMOpP(HBIe Jb/bI, CPeu
KOTOPBIX MOKHO BbIZIeJIUTh aMOP(HbIe /b/bl HU3K0M T1oTHOCTH (LDA),
BbICOKOM My1oTHOCTH (HDA), a o HefjlaBHUM KCC/Ie[JOBaHUSIM — U CpeiHen
nnotHoctd (MDA) [1]. 111 Takux /ibZ0B IPUMEHSIFOTCS TPOCThbIe MeTO/Ibl
pacrno3HaBaHUs JIOKATbHOU CTPYKTYPHbI (MPUHA/IEXXHOCTU OT/Ae/IbHOM
MOJIEKY/Tbl KOHKPeTHOM (pa3ze), HO OHU 00/1aflat0T Majioi TOUHOCTRIO U B
3aBUCUMOCTH OT 3a/jlaui MOT'YT (hOpMY/IMPOBATLCs Haue, UMeThb JpyTrye
BHYTpeHHHe TapamMeTphbl UK BOBCe ObITh HerpuMeHUMEI [2]. [ToaTomy
0COOBIN HTepeC Mpe/ICTaB/IseT pa3paboTKa Mo/ieu, CrIoCOOHON KOPPEKTHO
obpabarbiBaTh B TOM urciie U aMOp¢HbIe CTPYKTYphl. B 1aHHOM paboTe MbI
paccMaTrpuBaeM MpUMeHeHUe Pa3/IMUHBIX e CKPUTITOPOB /1Jisi OMUCAHUS
KPUCTa/VIMYeCKUX U aMOP(HBIX JIb/I0B, a TAKXKe >KUJKOH (a3bl BOAbI 1S
pellieHusi 3a/jlauk O PAaclio3HaBaHUM 3TUX CTPYKTYp. CpaBHeHWe MPOU3BOIUTCS
rocpeZicTBOM 00yueHHsI KTacCUUeCKOM Zjist JAHHOTO TUIIA 3a/jau HeHpOHHOM
CeTH, BXOHOM BEKTOP KOTOPOW — CTPYKTYypa, OMKCaHHasi OJHUM U3
JeckpuritopoB. Ha 0cHOBe MPOBOIMMOT0 CpaBHUTETBHOTO aHa/lv3a HaMU
pa3pabaThIBaeTCsl ONMTUMAJTbHBIN CTIOCOO OMMCaHUS JIOKATBHBIX
aTOMHUCTUYECKUX 00pa30BaHUM, KOTOPBIM MOXKeT ObITh IPUMEHEH [IIsI
pellieHusi 3a/lauk O Pacrio3HaBaHUM JIbJ]OB, B TOM UKcC/ie aMOPGHbBIX, U BOABIL. 1.
Rosu-Finsen A. [et al.]. Medium-density amorphous ice. // Science 2023. V.
379. P. 474-478. DOI: 10.1126/science.abq2105. 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.
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