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pykogooumesnem Guauana) K ne4amHomy 3K3eMnspy 3as8Ku nNpusaaaemcs Konus pacnopsoumesbHo20 00KyMeHma
unu dosepeHHocmu, 3asepeHHas neyameto OpeaHu3sayuu. HenpedcmasneHue Konuu pacnopsoumesnsHozo
0oKyMeHma usu 008epeHHoOCmu 8 Cy4de nodnucaHus ¢opmbl ynoaHoOMoYeHH biM npedcmasumenem OpeaHu3ayuu, a

makxe omcymcmeue pUCWU¢pOBKU nodnucu, 58/15emcs 0CHOBAHUEM HE@OHyCKG 3058KU K KOHKYpCY.

Meuatb (npu Hannuum) OpraHnsaumm

3asBka Ne 23-41-04416 Ctpanvua 2 ns 69




®opma 1. CBepeHus o npoekre

1.1. HazBaHMe npoekTa

HQ PYCCKOM f13biKe
MNccneposanue v pa3paboTka METOA0B MALWMHHOIO 0OyYeHus AN aHanM3a AaHHbIX MHOFOKaHabHOM aCTPOHOMMM
(multi-messenger astronomy).

Ha aHenulickom si3bike
Research and development of machine learning methods for data analysis in multi-messenger astronomy

1.2. HanpaBneHue u3 Ctparerum Hay4HO-TeXHoIorMyeckoro paseutus Poccuiickoii Mepepaumu (yrBepxxaeHa Ykasom
MpesupeHTa Poccuiickoit Depepaumn ot 1 pekabps 2016 r. N2 642 «O Crpaterum HayyHO-TeXHONOTUYECKOTO pasBUTHS
Poccuiickoii Depepaumm») (npu 803MOMHOCMU OMHECEHUS])

H1 MNepexop k nepenoBbIM LMD POBbIM, UHTENNEKTYaNbHBIM NMPOU3BOACTBEHHBIM TEXHONOMMSAM, PO6OTU3MPOBAHHBIM CUCTEMAM,
HOBbIM MaTepu1anam u cnocobam KOHCTPYMPOBaHUS, CO34aHMe cUcTeM 06paboTku BonbLMX 06bEMOB AaHHbIX, MALLMHHOMO
06y4eHUs U UCKYCCTBEHHOIO MHTENNEKTa

1.3. KnioueBsble cnoBa (npusodumcs He 6onee 15 mepmuHos)

Ha pyccKoM si3biKe
MalumHHoe 0byyeHue, aHanm3 faHHbIX, pacno3HaBaHWe 06pa3oB, HoMblMe AaHHbIE, aCTPOdU3MKA YACTULL, MOLEIMPOBAHUE
bU3MYECKMX Cpefll, MHOTOKaHanbHasi aCTPOHOMMSI.

HQ aHeNulicKoM A3bIKe
Machine Learning, Data Analysis, Pattern Recognition, Big Data, Astroparticle physics, Physical Media Modeling, Multi-
Messenger Astronomy.

1.4. AHHOTauua npoekTa (06veMoM He 6oslee 2 cmp.; 8 MOM YUuCIEe KPAMKO — AKMyaIbHOCMb peuleHUs1 YKa3aHHOU ebiuie
HayyHoli npobsieMbl U Hay4YHAs1 HOBU3HA)
MaHHas nHdopmauua MoxeT 6biTb ony6iMKoBaHa Ha caifte DoHAa B MHGOPMaLLMOHHO-TENEKOMMYHUKALLMOHHOM ceTh «MHTepHeT».

HQ pyCccKoM si3bike
CoBpeMeHHas actpodm3nka uccneayet Hambonee dyHAaMeHTaNbHble BONPOChl pa3BuTug BceneHHOM oT MOMeHTa
BO3HMKHOBEHMS BO BpeMeHa bonbluoro B3pbiBa 0 COBPEMEHHOMO COCTOSHMUSA. ITU UCCNeA0BaHUS TpebyeT npoBeaeHUs
60/1bLIOr0 YMCIA 3KCNEePUMEHTOB, B XOAE KOTOPbIX COBUPAIOT OrpOMHBIV 06bEM AaHHbIX, COCTABASIOWMX AECATKM U COTHU
neTabanT. KCNepuMeHTa/IbHble YCTAaHOBKM, KOTOPbIe MCMO/b3YHTCA AN UCCNef0BaHMS NpoLeccoB Bo BceneHHow, MoryT 6biTb
Kak HazeMHbIMK 06CcepBaTopmsMM, pa3bpoCaHHbIMKU MO BCEMY 3€ MHOMY LUAPY, Tak M PACNooXeHHbIMU Ha KOCMUY € CKUX
annapartax. BaxHol 0cobeHHOCTbI0 3TUX 3KCNEPUMEHTOB BASETCS TO, YTO cobrpaemas MHPopMaums 06 M3ydyaeMblx
SIBNEHUAX MMeeT 6onbLIoe pazHoo6pasme kak No CBOEN NpUpoae, TaK U N0 XapaKTepPUCTUKAM. DTO MOXKET 6bITb
3/1eKTPOMArHUTHOE M3/y4YeHne OT pagMoamana3oHa 40 raMMa-KBaHTOB CBEPXBbICOKMX IHEPIUM, pa3nyHble TUMbl YacTuL, -
HEMNTPUHO, MPOTOHbI, 4pa Pa3AUYHbLIX aTOMOB. B nocneaHue rofbl K HUM 006aBUANCH AaHHbIe, NOAYyYaeMble C MOMOLLBO
[LeTEKTOPOB rPaBUTALLMOHHbIX BOSH. Bce 3T0 no3BoNseT B3rNSHYTb HA M3y4aeMble NPOLLECChl C Pa3HbIX CTOPOH, 3,
CnefoBaTesIbHO, MOCTPOUTL 60SIe€ TOUYHYIO KAPTUHY MUpa. TakuM 06pa3oM, 3aaa4a KOMMIEKCHOrO aHaM3a AaHHbIX U3 Pa3HbIX
MCTOYHMKOB - MHOIOKaHanbHas acTpoHoMus ( multi-messenger astronomy) - SBASIETCS OAHOM U3 MPUOPUTETHBIX 33434
COBPEMEHHOW aCTPOHOMUM.

B pamkax pelueHus 3TOM Hay4YHOWM 334a4M aKTyabHbIM SBNSETCS pa3paboTka HOBbIX 3PHEKTUBHbBIX METOLOB COBMECTHOMO
aHanM3a AaHHbIX, MOCTYMAKWMX C MHOTOYMUCIEHHbIX YCTAHOBOK. TPaAMUMOHHbIWM aHaU3 AaHHbIX B 3HAYUTE/IbHOM Mepe
OCHOBaH Ha MeTofax MoHTe-Kapno, KoTopble, B CBOK 04epefb, YaCTO OCHOBaHbI Ha UMUTALMOHHbBIX MOAENsX GU3NYeCKMX
SIBNEHUI, @ TaKKe NoNyPeHOMEHOAUIMYeCKMX Moaensx. Knaccmyeckum npumMepoM MOXKET CITYXKMTb MOAESb LUIMPOKOTO
atMocdepHoro nmBHA (LLAJT) B acTpodu3nke 4acTUL,KOTOPbIM NpeacTaBnseT coboi pa3smBatolLmiica B aTMocdepe 3emu
Kackag, BTOPUYHBIX YacTUL, MOPOXAEHHbIM KOCMUYECKOM YacTULLEe M BbICOKMX SHEPTUiA. Takue MeToAbl XOTS 1 MO3BONAKOT
OCYLLeCTBUTb MOAEIMPOBaHNE MPOUCXOASLLMX NPOLLECCOB M HA X OCHOBE BbIMOJIHUTL KOPPEKTHbIW aHanus
3KCNepUMEHTaNbHbIX AaHHbIX, 06/134a0T PSAOM CYLLEeCTBEHHbIX HEA0CTaTKOB. B 4acTHOCTH, aHanM3, 0CHOBAHHbIM Ha TaKUX
MOoAeNaX, UMeET HU3KYH TOUHOCTb, 3PHEKTUBHOCTb U TPYAHO afAanTMPYeTCs K aHaNM3y AaHHbIX, MOCTYNAWMX C HOBbIX
3KCMepUMEHTa/IbHbIX YCTAaHOBOK. TakMM 06pa3om, pa3paboTka HOBbIX METOLOB aHANM3a AaHHbIX B aCTPOPU3MNKE YacTUL,
OCHOBAaHHbIX Ha HOBbIX NPMHLMNAX, 0613aat0WMX BbICOKOM 3 HEKTUBHOCTBIO M TOYHOCTBIO, SBASETCS aKTyaNnbHOW 3afaden,
TpebyHoLLe il Kak TEOPEeTUYECKOro peLleHus, TaK U NPAKTUYeCKOM peanu3aLmm B BUAE peanbHblX NPOrpaMMHbIX MPOLYKTOB.
B nocnenHee BpeMs npakTMyeCcku BO BCeX 06M1aCTAX HAYKM M MPAKTUKKM MOMYY UM OFPOMHOE pa3BUTUE METOLbl MALWMHHOMO
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06y4eHus ana aHanm3a 60/bWworo 06bLemMa pazsHoo6pasHbiX AaHHbIX. ITO 334a4M pacno3HaBaHuUs 06pa3oB, aHaAM3 TeKCTa Ha
€CTECTBEHHbIX 3bIKaX, CUHTE3 pPeyu, NpeAckasaHUe NOBEAEHMS CIOXKHbIX CUCTEM U Apyrue. YCnexu B 3Toi 061acTu He
060LLIM CTOPOHOM M acTPODU3UKY YaCTUL, B KOTOPOM Hauanm paspabaTbiBaTb aHaNOrMYHblE METOAbI. B HacToswee Bpems
[LenaloTCsl NepBble, HO BECbMa YCMELLHbIe LWark B 3TOM HanpaBieHWK, YTO FOBOPUT O BbICOKOM NOTEHLMANe 3TUX METOAOB ANs
U3yyeHus GU3nYeCcKMUX NPOoLLEeCCOB, NPOUCXOAALMX BO BceneHHOW. MMaBHbIM 06pa3oM NPUMEHSAIOTCS METOAbI, OCHOBAHHbIE HA
LEPEBBLAX PELLEHMI, UCKYCCTBEHHbBIX HEMPOHHbIX CETAX U psa APYrUX.

HacToswmi npoekT cTaBuT nepeg coboi 3apavy pa3paboTku HOBbIX 3PHEKTUBHbBIX METOLOB aHANM3a AaHHbIX, OCHOBAHHbIX
Ha MaWWHHOM 00y4eHun. OCHOBHbIe 334a4M, KOTOPbIe NPeLNonaraeTCs pewnTb — 3T0 pa3paboTaTb MeTOAbl MAEHTUDMKALIMK
(knaccudukaumm) NepBUYHbBIX KOCMUYECKMUX YacTuUL, MeTObl OnpeaeneHMs NapamMeTpoB 3TUX YacTuL, U B NEPBYI0 o4epenb UX
3Hepruio, a Takke nonoxexus ocu LA u ero HanpasneHue. [NocneaHee 0COBEHHO BaXHO B C/ly4ae HEWTPaNbHbIX
KOCMMYECKMX YaCTMUL, TaKMX KaK raMMa-KBaHTbl U HEATPUHO, TaK Kak 3TO NO3BOJIMT ONPeAennTb UX UCTOYHUK B [anakTuke.

HoBwn3Ha npepsiaraemMoro npoekTa COCTOUT B TOM, YTO BnepBble 6yayT pa3paboTaHbl MeTonbl MaWMHHOrO 0by4YeHus ans
COBMECTHOI0 aHa/IM3a AaHHbIX MHOTOKaHa/IbHOM aCTPOHOMUM, KOTOPbIE MOTYT BK/IKO4ATb U300 paXKeHwMs, Noay4YaeMble C
YyepeHKOBCKMX TENECKOMOB, aMMIUTYAHO-BPEMEHHbIE CUMHAsbl, PEFUMCTPUPYEMbIE MHOTrOKaHa/IbHbIMK e TEKTOPAMM,
BPEMEHHbIE psAabl C Pa3IMUHbIX PAAMO- U ONTUYECKMUX TENIECKOMOB, a TaKXKe MX KOMOMHaUMK. Takum 06pa3oM, pa3paboTka
HOBbIX METOL0B ABASETCS KOMMIEKCHOM NpobaeMoit.

PelweHne nocTaBneHHbIX 33434 obecneymT nyyliee noHMMaHWe NpoLLEeCcCoB, Npomcxoaawmx Bo BceneHHol. B koHeYHOM
cyeTe 3TO MO3BOJMT HE TOJIbKO UCCNEeA0BaTb pa3BuTHe BceneHHol HaunHas ¢ bonbluoro B3pbiBa, HO M NpeacKasath ee
6ynywee, B TOM Yncie byayliee CONHEYHOM CUCTEMBI M HALIEN NAaHeTbI.

B cuny obluero xapakTepa peliaeMbix 3aaa4, pa3paboTaHHbie METOAbl MOTYT ObiTb MPUMEHEHbI B PYrUX 061aCTSX HayKu U
TEXHWKM, TPEBYIOLLMX KOMMIIEKCHOMO aHasn3a AaHHbIX, NOCTYNAOWMX No HECKObKMM KaHanaM. Hanpumep, 37o 3agaum
3KOJI0MMM U NpeacKasaHus Norofbl, KOTOPbIE BKOYAKOT aHaIM3 AAHHbIX C METEOCTAHLMIA, KOCMUYECKUE CHUMKM B Pa3HbIX
[iManasoHax BOJIH, a3pOOTOCHEMKY, 3TO MOTYT BbITb C/IOXKHbIE TEXHUYECKUE CUCTEMDI, TaKME KaK LUPPOBOE MOAEMPOBAHUE
Npu NPOEKTUPOBAHUM aBUALMOHHOM TEXHUKK, MM 33434 K Aemorpadum u fpyrue. Takum o6pas3oMm, 33434, NOCTaBNEHHbIE B
NpoeKTe, ABNSIOTCA aKTyanbHbIMWU, MHHOBALMOHHbIMM M MacLITabHbIMM, @ MOJYYEHHbIE PE3YNbTaTbl BHECYT 3aMETHbIN BKIag, B
pa3BUTUE MUPOBOW M POCCUIACKONM HAYKM M HOCST MyNbTUAMCLMNIMHAPHBIN XapakTep.

Ha aHe/ulicKoM A3bIKe
Modern astrophysics explores the most fundamental problems of the development of the Universe from the moment of its
origin at the Big Bang to the present state. These studies require a large number of experiments, during which a huge
volume of data is collected, amounting to tens and hundreds of petabytes. Experimental installations that are used to study
processes in the Universe can be both ground-based observatories scattered around the globe, and installations located on
spacecrafts. An important feature of these experiments is that the information collected about the phenomena under study
has a wide variety both in nature and in characteristics. It can be electromagnetic radiation from the radio range to ultrahigh-
energy gamma quanta, various types of particles, such as neutrinos, protons, nuclei of various atoms. In recent years, they
have been supplemented by data obtained with the help of gravitational wave detectors. All this allows us to consider the
studied process from different angles, and, therefore, build a more accurate picture of the world. Thus, the problem of
complex analysis of data from different sources, that is multi-messenger astronomy, is one of the priority tasks in modern
astronomy.

Within the framework of solving this scientific problem, it is of great current interest to develop new effective methods for
the joint analysis of data coming from numerous installations. Traditional data analysis is largely based on Monte Carlo
methods, which, in turn, are often based on simulation models of physical phenomena as well as semi-phenomenological
models. A classic example is the model of a wide air shower (EAS) in particle astrophysics, which is a cascade of secondary
particles developing in the Earth's atmosphere generated by a high-energy cosmic particle. Although such methods make it
possible to simulate the ongoing processes and, on their basis, to perform a correct analysis of experimental data, they have a
number of significant drawbacks. In particular, the analysis based on such models has low accuracy, efficiency, and is difficult
to adapt to the analysis of data coming from new experimental facilities. Thus, the development of new methods for
analyzing data in astroparticle physics based on new principles with high efficiency and accuracy is a presently topical task
that requires both a theoretical solution and practical implementation in the form of real software products.

Recently, in almost all areas of science and practice, machine learning methods for analyzing a large amount of various data
have been tremendously developed. These are the tasks of pattern recognition, text analysis in natural languages, speech
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synthesis, prediction of the behavior of complex systems, and others. Advances in this field have not spared the astroparticle
physics, which began to develop similar methods. Currently, the first, but very successful steps are being taken in this
direction, which indicates the high potential of these methods for studying the physical processes occurring in the Universe.
Methods based on decision trees, artificial neural networks and a number of others are mainly used.

This project aims to develop new effective methods of data analysis based on machine learning. The main tasks to be solved
are to develop methods for the identification (classification) of primary cosmic particles, methods for determining the
parameters of these particles, primarily their energy, as well as the position of the EAS axis and its direction. The latter is
especially important in the case of neutral cosmic particles such as gamma quanta and neutrinos, as it will allow determining
their source in the Galaxy.

The novelty of the proposed project is that for the first time machine learning methods will be developed for the joint
analysis of multi-messenger astronomy data, which may include images obtained from Cherenkov telescopes, amplitude-
time signals recorded by multichannel detectors, time series from various radio and optical telescopes, as well as their
combinations. Thus, the development of the new methods is a multifaceted problem.

Solving the assigned tasks will provide a better understanding of the processes occurring in the Universe. Ultimately, this will
allow to study not only the development of the Universe since the Big Bang, but also to predict its future, including the
future of the solar system and our planet.

Due to the general nature of the problems to be solved, the developed methods can be applied in other fields of science and
technology, requiring a comprehensive analysis of data received through several channels. For example, these are problems
of ecology and weather prediction, which include the analysis of data from meteorological stations, space images in different
wavelengths, aerial photography. Also these can be complex technical systems such as digital modeling in the design of
aviation equipment, or demography problems, and others. Thus, the tasks defined in the project are relevant, innovative and
large-scale, and the results obtained will make a significant contribution to the development of world and Russian science
and are of a multidisciplinary nature.

1.5. OkupaeMble pesynbTaTbl U MX 3HAUMMOCTD (YKA3bI8AIOMCS pe3y/ibmamsl, UX HAY4YHAS U 06WecmeeHHAs 3HaYUMocms
(coomeemcmeue npednonazaembix pe3y/bmamos MUposoMy ypOBHHO UCU1e008aHULl, B03MOXCHOCMb NPAKMUYECKO20
UCNO/Ib308AHUS OX(UOAEMbIX pe3y/ibmamos NPoeKma e IKOHOMUKE U COUUAbHOL cepe, 8 Mom yucie 015 c030aHus HOBoll unu
ycosepuieHcmeosaHus npoussodumoli npodykyuu (mosapos, pabom, yuiyz), co30aHUS HOBbIX UJTU YCOBEPUIEHCIMBOBAHUS
npumeHsieMblX mexHoJsiozuli))
[ManHas nHdopmauus MoXeT 6biTb oMy6MKoBaHa Ha caifre PoHaa B MHGOpPMaLLMOHHO-TENEKOMMYHUKALLMOHHOM ceTH «MHTepHeT».

HQ pYCcCKOM 5i3biKe
OcHOBHbIM pe3ynbTaToM NpeaaraeMoro npoekTta 6yayT HoBble 3P heKTUBHbIE METObI MALWMHHOMO 0BYYEHMUS U peanu3yoLwmii
WX KOMMAEKC NPOrpamm, NpeaHasHayeHHbl a1 06paboTKM 1 COBMECTHOMO aHanM3a AaHHbIX C aCTPOdU3UYECKUX YCTaHOBOK,

pPeErncTpupyroMx sneKTpoMarHMTHOE U3ny4yeHune BnaoTb 40 raMMa AMana3oHa, HeﬁTpMHO n apyrue tunbl CUrHANoB.

B xopze BbINOMHEHWS NPOEKTa BYAYT peLLaThCs 3334 M NpeLBapUTENbHOM 06PaboTKM U aHaM3a LaHHbIX, NOyYeHHbIX KaK B
OTAE/bHbIX IKCNEPUMEHTAX, TaK M UX COBMECTHbI aHaNW3 (MHOrOKaHanbHbI i Cly4aid). MHOroKaHanbHbI i aHanm3 faHHbIX
notpebyeT NpoBeAeHMS KOMMAEKCHbIX MUCCNEA0BAHMIA U BbIUUCAUTENbHbIX SKCMEPUMEHTOB B 06/1aCTU MaLUMHHOMO 06Yy4YeHus,
ONTUMM3ALMMU TUNEPTIAPaMETPOB UCMONb3YEMbIX CETEW, MOArOTOBKM 06yyatowmx BbIGOPOK, TEXHONOrMK 06y4YeHus. Bce 310
[LOJDKHO MO3BO/UTb BbIAENUTL MHTEPECYIOWME DUBUKOB XapaKTEPUCTUKM SIBEHMI, KOTOPbIE HE MOTYT BbiTb NOMYYEHbI U3
aHanM3a AaHHbIX OTAENbHbIX 3KCMEPUMEHTOB. 3aMETUM, YTO PELUEHWE TaKMX 33434 METOAAMM MALUMHHOIO 06yYeHNUs ABNSETCS
MHHOBALMOHHBIM 1 ByAeT peanM3oBaHo Brepseblie B Mupe. KOHKPETHO, B paMKax AaHHOro npoekTa byayT paspaboTaHbl
cnenytolme MeToabl.

1. Bnepsble 6ynyT pa3paboTaHbl M MpUMeEHEHbI MeToAbl 06paboTKM AaHHbIX acTPOU3UYECKMX IKCNEPUMEHTOB Ha OcHoBe 3D
CBEPTOYHbIX HEMPOHHbIX CETEMN.

2. By,D,YT nccnenoBaHbl U pa3pa60TaHbl noaxonbl Mo NOBbIWEHUIO Ka4eCTBa AaHHbIX (HaanMep, OTHOWEHKE CUTHaNa K myMy),
nony4yaemblX C SKCNepuUMeHTaNbHbIX YCTAaHOBOK, C NOMOLLbH MalWMHHOIO 06yH€HMﬂ, B TOM Yucne C ncnosib3oBaHneMm
dBTO3HKOAEPOB.

3. Bnepsble B acTpopusmke yactul, 6yayT pa3paboTaHbl MeToabl ObICTPOI reHepauum n3obpaxeHuii Ha OCHOBe
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reHepaTMBHbIX HEMPOHHbIX ceTel, B 4acTHOCTM CGAN-ceTelt (conditional GAN), 4TO MO3BOAUT LONOMHUTL TPAAULMOHHbIE
MeTOo/bl MOLENMPOBaHMS, OCHOBAHHbIE Ha reHepaTopax cobbITUiA, ncnonb3yowmx MeToabl MoHTe-Kapno, ropasno 6onee
3P dEeKTUBHbIMM METOAAMM.

4. byneT npoBefieH WMPOKMIA KPYT UCCNeA0BaHMI U BbINOMHEHA MPOrPaMMHas peanu3auns MeToA0B BblAeNEHUS PeaKUX 1
cBepxpenkux, GU3nM4eckn MHTepeCHbIX COOLITUI Cpeay 3apernMcTpUpPOBaHHbIX COObITUI B paMKax MHOrOKaHanbHOMo
noaxofa C UCNoMb30BaHWUEM NPU aHaNM3e AaHHbIX HECKObKMX PAa3HOTUMHbIX 3KCNEPUMEHTOB, HanpuMep, raMMa-KBaHTOB U
HeWTpMHO. JTa 3af4a4a BKIYaeT pa3paboTKy MeTOLMKM MOATOTOBKM 06yYatowmx HabopoB AaHHbIX U UX MCNOJIb30BaHMS B
ycnoBusix 6onbLuoro amucbanaHca Kaccos.

Pe3ynbTaTthbl, Nofy4eHHblE B XO€ BbINONHEHWS NPOeKTa, ByayT anpobupoBaHbl Ha peanbHbIX JaHHbIX, B NepBY o4epe/ib Ha
HaHHbIX 3kcnepumeHToB TAIGA 1 HiISCORE, pacnonoxeHHbix B bypsTtuu, a Takke Ha faHHbIX HEMTPUHHOTO 3KCNepUMeEHTa
IceCube, pacnonoxeHHOro B AHTapkTuae.

3a/10roM yCrnewHoro BbINOMHEHUS MPOEKTA ABNAETCA BblCOKMIM YPOBEHb Y4AaCTHUKOB COBMECTHOIO NMPOEKTa, OMbIT PYyKOBOACTBA
KpYMHbIMU MPOEKTaMM, KOTOPbIV UMEOT PYKOBOLMTENM 06EUX KOMaHA, a TakKe y4acTUe psiaa YIeHOB POCCUIACKON U
HEMELKOM KOMaH. B MeXAyHapOAHbIX 3KCMEPUMEHTANbHbIX KOMMaBopaumsax, ykasaHHbIX Bbilwe. bonbLuyio ponb 6yaeT urpatb
rny6oKoe 3HaHWe TeOPETUYECKMX OCHOB MALLMHHOIO 06Y4eHUs, BNALEeHUE NPOrPaMMHbIM MHCTPYMEHTApMEM B 3TOM 061acTy,
OMbIT COBMECTHOTO YCMELIHOMO BbIMOJIHEHUSI NPOEKTOB, B TOM Yncie PHD, uneHamMu koMaHz,

3HaYMMOCTb 3TUX pe3y/bTaToOB ONpeAenseTcs MeCToOM acTpOdU3MKM YaCcTUL, B MOHUMaHWUM COBPEMEHHOW KapTUHbI MUPa,
aKTMBHbIM pa3BUTUEM acTPODM3UKM YacTuL, Kak B Poccuu, Tak 1 Bo BceM Mupe. lMNpeanaraemblie Noaxoabl 1, Kak cieacTeume,
NoJly4eHHble pe3ynbTaTtbl ByayT COOTBETCTBOBAaTL CaMbliM NEPEAOBbIM AOCTMKEHMAM B 061aCTM MHOOPMALMOHHDBIX
TEXHONOIMM, @ UX MPUMEHEHUE B aCTPOPU3MKE NO3BOUT NOYYATb HOBbIE 3HAHMS O MpoLLeccax, MPOUCXOASALLMX BO
BceneHHoM.

HeobxoanMo 3aMeTuTb, YTO XOTS AaHHbIE MeToAbl ByayT anpobupoBaHbl AN1S 33434 acTpOdU3UKK, OHU MOTYT BbITh C YCEXOM
NpUMeEHEHbI B APYrMx 061acTax GyHAAMEHTaNbHOW U NMPUKNALHOM HAYKK, @ TakKKe B BbICOKOTEXHOMOMMYHbIX OTPACSX
MPOMBbILLIEHHOCTU. B YacTHOCTH, TakMe MeToabl HAMAYT NPUMeHeHKe B 6MONOrMKU, MEOULIMHE, aHANM3E CNIOXKHbBIX CUCTEM,
3KO/I0rMK, BO BCEX TeX OTpacnsx, rae TpebyeTcs KayecTBeHHble U 3hdeKkTUBHbIE MeToAbl 06paboTkM BOMbLWMX AAHHBIX U UX
MOLEeNMpOBaHHME.

Ha aHeNuicKoM S3biKe
The main result of the proposed project will be new effective methods of machine learning and their implementation as a
program complex, designed for processing and joint analysis of data from astrophysical installations that register
electromagnetic radiation up to the gamma range, neutrinos and other types of signals.

In the course of the project, the problems of preliminary processing and analysis of data obtained both in separate
experiments and their joint analysis (multichannel case) will be solved. Multichannel data analysis will require complex
research and computational experiments in the field of machine learning, optimization of the hyperparameters of the
networks used, preparation of training samples, and training technology. This should make it possible to single out the
characteristics of phenomena of interest to physicists which cannot be obtained from the analysis of the data of individual
experiments. The solution of such problems by machine Llearning methods is innovative and will be implemented for the first
time. Specifically, the following methods will be developed in this project:

1. For the first time, methods of processing data from astrophysical experiments based on 3D convolutional neural networks
will be developed and applied.

2. Approaches will be investigated and developed to improve the quality of data (for example, signal-to-noise ratio) obtained
from experimental installations using machine learning methods including autoencoders.

3. For the first time in particle astrophysics, methods of fast image generation based on generative neural networks, in
particular cGAN (conditional GAN) networks, will be developed, which will complement the traditional modeling methods
based on event generators using Monte Carlo methods with much more efficient methods.

4. Awide range of research will be carried out and software implementation of methods for identifying rare and ultra-rare
physically interesting events among registered events will be performed within the framework of a multichannel approach
using in the analysis the data from several different types of experiments, for example, gamma quanta and neutrinos. This
task includes the development of a methodology for preparing training datasets and their use in the conditions of high class
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imbalance.

The results obtained in the course of the project will be tested on real data, primarily on the data from the TAIGA and
HiSCORE experiments located in Buryatia, as well as on the data from the IceCube neutrino experiment located in Antarctica.
The key to the successful implementation of the project is the high level of the participants in the joint project, the
experience in managing large projects which the leaders of both teams have, as well as the participation of a number of
members of the Russian and German teams in the international experimental collaborations mentioned above. An important
role will be played by a deep knowledge of the theoretical foundations of machine learning, knowledge of software tools in
this area, experience of joint successful implementation of projects, including the Russian Science Foundation, by team
members.

The significance of these results is determined by the place of particle astrophysics in understanding the modern worldview,
and the active development of particle astrophysics both in Russia and throughout the world. The proposed approaches and,

as a consequence, the obtained results will correspond to the state of the art in the field of information technology, and their
application in astrophysics will gain new knowledge about the processes occurring in the Universe.

It should be noted that although these methods will be tested for astrophysics problems, they can be successfully applied in
other areas of fundamental and applied science, as well as in high-tech industries. In particular, such methods will find
application in biology, medicine, analysis of complex systems, ecology, in all the industries where high-quality and efficient
methods of processing big data and their modeling are required.

1.6. B cocTtaB pocCcUIMCKOro Hay4HOro KoJIeKTMBa 6yayT BXOAUTD (YKasbiBaeTCA NAaHUPYEMOE KOMYECTBO UCNONHUTENEN (C
y4YeTOM pyKOBOAMTENS NPOEKTa) B TEYEHWe BCero Cpoka peaiMsaumnm NpoeKTa):

HecootBeTcTBue coctaBa Hay4HOro KO/JIEKTUBA (B TOM YMC/ie OTCYTCTBUE MH(OPMaL, MM B COOTBETCTBYIOWMX MOAsX (opMbl) Tpe6oBaHMAM NyHKTa 14 KOHKYpCcHOM
AOKYMEHTaLu 11 BNSeTca OCHOBaHUEM HeAoMnycCKa 3asaBKU K KOHKYpCY.
10 ucnonHuTenei npoekTa (BKIOYas PyKOBOAMTENS),
B cootBeTcTBUMM C Tpe6OBaHMF|MM MYHKTa 14 KOHKprHOFI [ 0KYyMEeHTauuun ot 4 no 10 yenoBek BHe 3aBUCMMOCTM OT TOro, B TpyA0BbIX UMK IPaKA,aHCKO-MNPaBOBbIX
OTHOLWIEHUAX UCNONMHUTENN COCTOAT C opraHM3aul4e|71.
B TOM YMCNe:

6 ncnonHuUTenel B Bo3pacte A0 39 neT BKIKYMUTENBHO;

1 acnupaHTOB (aAbIOHKTOB, MHTE PHOB, OPAMHATOPOB) O4YHOM hOpMbI 0ByYeHUs;

3 CTyneHTOB O4HOWM hOopMbl 0ByYeHUS.

1.7. MnaHupyeMblii COCTaB MEXAYHAPOAHOIo HAyYHOro KONJIEKTUBA C YKasaHMeM daMHunuii, MUMEH, OTYECTB (MPU HATUUMM)
WIEeHOB Hay4HOro KOIIeKTUBA, UX BO3pacTa Ha MOMEHT NOAAYM 3asiBKU, YHEHbIX CTENEHEN, AOMKHOCTEN M OCHOBHbIX MeCT
paboTbl, popMbl OTHOLWEHMI1 ¢ OpraHusauumeit (3apy6eXxHOI opraHusaumeii) (TpyA0BOI AOrOBOpP, FPKAAHCKO-NPaBOBOM
[0roBop) B Nepuopa, peanusauum npoekra. [ns 3apy6e)xHoro Hay4yHoro Koi1eKTMBa BO3MOXHO YKasaHUe TOJIbKO
COOTBETCTBYHOLUMX HaYUHbIX NO3ULUIA

Ha pyCccKoM si3biKe
Poccuiickne yyacTHukm.
1. KptokoB Anekcanap Masnosuy, 67 neT, K..-M.H., 3aB. n1ab., MI'Y umernn M.B. JToMOHOCOBa, TPYA0BOM J,OrOBOP, PYKOBOAMTE b
npoekTa.
2. lemuues AHapeit MaBnosuy, 66 neT, K.d.-M.H., B.H.C., MI'Y M.B. JIoMOHOCOBa, TpYyA,0BOI fOrOBOP, OTBETCTBEHHbI
UCNOJHWUTENb.
3. MNMocTHukos EBreHuii bopucosuy, 47 net, K.d.-M.H., CT.H.C., MI'Y umeHun M.B. JlToMmoHOCOBa, TPYA,0BOM A0rOBOp,
OTBETCTBEHHbIM UCMONHUTE b,
4. Monakos CraHucnas MeTposuny, 38 neT, K.d.-M.H., H.C., MI'Y umeHun M.B. JToMOHOCOBa, TPYA0BOW AOrOBOP, UCNOHUTESb.
5. lybeHckas Onms KOpbeBHa, 39 net, MY nmenun M.B. JIoMOHOCOBS, H.C., TPYA0BOM A0Or0BOpP, UCMONHUTEb.
6. Xypos Omutpui, 26 net, M.H.c, UI'Y, TpyaoBOI AOroBop.
7. Bonuyros Maeen Anppeeswny, 25 net, dusndecknin dakynstetT MY umenun M.B. JIoMOHOCOBa, acnMpaHT, TPYA0BOM LOroBOp,
UCMONHUTENb.
8. 'pecb Ennzaeeta OnerosHa, 22 roga, dusmnyeckuin dakynotet UMY, CTyaeHT, TPyAOBOM 40r0OBOP, UCMOMHUTEb.
9. PazymoB AnekcaHap HOpbeBuy, 23 roaa, dusmnuveckuii pakynoteT MY nmenn M.B.JToMoHOCOBa, CTyAEHT, TPYA0BOW AOrOBOP,
UCMONHUTENb.
10. BnacknHa AHHa AnekcaHapoBHa, 21 roa, dusmyeckuin dakynetet MY umeHun M.B. JToMOHOCOBa, CTYAEHT, TPYL0BOM
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A0roBop, UCNOJSIHUTENb.

3apy6exKHble y4acTHUKM.

1. Andreas Haungs, Deputy Head of IAP KIT, Head of the CR Technologies Group — pykoBoauTesnb NpoekTa;
2. Paras Koundal, PhD student, KIT IAP,

3. Victoria Tokareva, research associate, KIT IAP,

4. Pranav Sampathkumar, PhD student, KIT IAP,

5. Julian Saffer, PhD student, KIT IAP,

7. Dr. Augusto Alves - researcher, KIT IAP,

8. Dr. Tim Huege, deputy group leader of the "Cosmic Ray Technologies” KIT IAP,

9. Dr. Donghwa Kang - researcher, KIT IAP,

10. Dr. Doris Wochele - system administrator, KIT IAP,

Ha aHe/uticKOM A3bIKe
Russian participants.
1. Alexander Kryukov, PhD, head of laboratory, Lomonosov Moscow State University - project leader.
2. Andrey Demicheyv, PhD, leading researcher, Lomonosov Moscow State University - principal investigator.
3. Eugeny Postnikov, PhD, Senior Researcher, Lomonosov Moscow State University - principal investigator.
4. Stanislav Polyakov, PhD, Researcher, Lomonosov Moscow State University - principal investigator.
5. Julia Dubenskaya, Researcher, Lomonosov Moscow State University - investigator.
6. Dmitry Zhurov, Junior researcher, Irkutsk State University - investigator.
7. Pavel Volchugov, PhD student, Lomonosov Moscow State University - investigator.
8. Elizaveta Gres, Undergraduate student, Irkutsk State University - investigator.
9. Alexander Razumkov, Undergraduate student, Lomonosov Moscow State University - investigator.
10. Anna Vlaskina, Bachelor student, Lomonosov Moscow State University - investigator.

German participants.

1. Andreas Haungs, Deputy Head of IAP KIT, Head of the CR Technologies Group — project leader.
2. Paras Koundal, PhD student, KIT IAP.

3. Victoria Tokareva, research associate, KIT |IAP.

4. Pranav Sampathkumar, PhD student, KIT IAP.

5. Julian Saffer, PhD student, KIT IAP.

7. Dr. Augusto Alves - researcher, KIT IAP.

8. Dr. Tim Huege, deputy group leader of the "Cosmic Ray Technologies" KIT IAP.

9. Dr. Donghwa Kang - researcher, KIT IAP.

10. Dr. Doris Wochele - system administrator, KIT 1AP.

CooTBeTCTBME NPOCGECCUOHATILHOTO YPOBHS WIEHOB HAay4HOrO KO/IIEKTUBA 3afia4aM NpoeKTa

HQ pYCCKOM 5i3blKe
[MpoekT nocesLeH npuMeHeHo MHPOPMALIMOHHBIX TEXHONOTMIM ANS aHanm3a 60AbLIMX AaHHbIX, MOly4aeMblX B Xo4e
KPYMHbIX QM3MYeCKnX IKCnepnMeHToB. KOHKpeTHO - 0fHOM 13 caMbix BypHO pa3BuBatowmxcsa obnacrei UT - meToaam
aHanM3a AaHHbIX C NOMOLLBI0 MAWMHHOTO 0byyeHus. MNpoekT HaxoauTtcs Ha cTbike UT n dr3mkn, MeeT CMNbHO BblpaXKeHHbI
MeXANCUMNIMHAPHBIM XapakTep. Ero pe3ynbtathl 6yayT anpobrpoBaHbl B O4HOM U3 CaMblX NepenoBbixX obnacten
COBPEMEHHOM HAyKn — acTpopu3mKe 4acTuLl, KOTopast 3aHUMAETCA U3ydeHneM ryOUHHbBIX OCHOB CTpOeHUs BceneHHOMN.
Mo3ToMy B KOMNEKTMBE Y4aCTBYHOT CNELMANUCTbI Kak B 061aCTU MHPOPMALMOHHbBIX TEXHONOTUIA, TaK U GU3UKHM, UMEtoLMe
60/1bLLIOM ONbIT B pa3paboTke NporpaMm aHanmn3a 3KCNepUMEHTaNbHbIX AaHHbIX.

B coCTaB KoNNeKTMBa BXOAAT KaK OMbITHbIE UCCIEL0BATENM, KOTOPbLIE YYKE MHOTO JIET 3aHMMAIOTCS YKa3aHHOM Npo6.1eMaTUKON,
TaK U HaYMHAIOLLME YYEHble, CTYAEHTbI M aCMMPaHTbl, KOTOpbLIE AEIOT B HAYKe CBOM MEpPBbIE Wwark. Takoi Cniaas onbiTa 1
MOJIOA0CTU NMO3BOMT KOMNEKTUBY 3 HEKTUBHO paboTaTb U JOCTUraTb NMOCTABNEHHbIX B MPOEKTE LieNei Ha BbICOKOM MUPOBOM
YpOBHe.

PykoBoautens konnektuea A.N.KptokoB, K.d.-M.H., 3aBeaytowmii nabopatopueit. A.T.KpokoB MHOMO NeT 3aHMMAeTCst pa3BUTUEM
U NPpUMEHEHUEM COBPEMEHHbIX MH(DOPMALMOHHBIX TEXHONOT Ui B hU3mKe. MM Oblin pa3BUTbl MHOFOYUC/IEHHbBIE
MaTeMartnyeckme MeToabl B 061aCTM KOMMbIOTEPHOM anrebpbl, B TOM YMcie 4ng 3a8a4 GuU3nku BblCOKMX 3Hepruii. OH gaenancs
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NMMOHEPOM BHEAPEHUM TPUA, TEXHONOTUM B POCCUMM, BbIMOMHWA MHOTOYMCIEHHbIE UCCNeA0BaHUA B 06/1aCTV pacnpefeneHHbIX
BblYMCNEHWN. VIMeeT uHTepecHble dusnyeckune pesynbtatsl. A.lN.Kprokos aengetcsa yneHom konabopaummn CMS (LLEPH,
XeHesa), koTopas B 2012 roay otkpbiia 6030H Xurrca (8 2013 rony HobeneBckas npemus no gpusmke Hbl1a NpUCYXAeHa
M.Xurrcy n ®.3Hrnepy 3a TeopeTMyeckoe 060CHOBaHMWe CyLLEeCTBOBaHMS 6030Ha XMUITCa), YTO ABNSIETCS OAHUM U3 CaMblX
BblAAIOLMXCSA HAYYHbIX pe3y/bTaToB NOCAeAHUX feT. SBNSeTcs YneHOM MexayHapoaHon konabopaummn TAIGA, oCHOBHOM
3apayen KOTOpon ABNSeTCS UCcnefoBaHMe B 061acTh GU3NKM KOCMUYECKUX Nydel U raMMa-acTpOHOMUK, MeXAYHAPOAHOM
konnabopauum Hyper-Kamiokande, nsyuatowei dusnky HeiTpmuHo. 3a nocnesHue 5 net um onybamkosaHo 47 pabor,
nHaekcmpyembix WoS munm Scopus, n3 HMX 7 B BbICOKOPEATUHIOBbIX XXypHanax Q1. Ero unaekc Xupwa paseH 11 (Scopus).
PykoBoamn Heckonbkumu npoektamm POOU, PHD, B TOM uncne mexxayHapoaHbiMu. B nocnegHue roabl A.N.KptokoB akTUBHO
pa3BMBAET MeTOAbl MALUWMHHOTO 0OY4YEeHUS U UX NPUMeHeHUs B PU3MKe, B HaCTHOCTM B raMMa-acTpoHOMUM. B yacTtHocTv nog
€ro pyKoBOACTBOM OblIM BbINOHEHbI UCCIELO0BAHMSA MO NPUMEHEHUIO CBEPTOYHbLIX HEMPOHHbIX CeTen ang Knaccmbumkaumm
KOCMMY ECKMX YaCTUL, BbICOKMX IHEPTUIA, ONpeseneHuns UX napaMeTpoB. IMeeT MHOro4YUC/IeHHbIE CBMAETENbCTBA O
perucTpaumu nporpamm. Mop, ero pykoBoACTBOM Obifa 3alMLIEHa KaHAMAATCKas auccepTaums B obnactu UT, MHoxecTBO
AMNNOMHbIX paboT cTyaeHTOB. B HacToswee BpeMs pykoBoauT paboTon cTyaeHTa-b6akanaespa M 04HOro MarucTpa. flenseTcs
4JIeHOM NPOrPaMMHbIX KOMUTETOB HECKOIbKMX MPECTUXHBIX KOH(epeHUMI, Cpeaun KOTopbIX cepust KOHdepeHLMA
«International Workshop on Advanced Computing and Analysis Techniques in Physics Research» (ACAT), International
Conference "Distributed Computing and Grid Technologies in Science and Education” (GRID, Jy6Ha), "International congress
Russian Supercomputing Days" (Mockga), conpefcenarenb MexayHapoaHoro cosewanus "Deep Learning in Computational
Physics" (DLCP). A.lN.Kptokos siBnseTcs akcneptom PAH B 061acTi MHGOPMALMOHHbIX TEXHOMOT U

OtBeTcTBEHHDBIN McnonHuTenb A.l.[lemMnyeB, BeAyLMI HAYYHbIM COTPYAHMK, K.(.-M.H.. B HacTosLee BpeMsi OCHOBHOM Kpyr ero
MHTEPECOB CBA3aH C Pa3BUTUEM U NMPUMEHEHMUEM COBPEMEHHBIX MH(OPMALMOHHbBIX TEXHONOMUI B (DMU3UKE S3neMeHTaPHbIX
4yacTuL, U Apyrux 06nacTax HayKu, SBASETCS BblCOKOKBAaNMOULMPOBAHHbLIM CMELMAIUCTOM B 061aCTU UHOOPMALLMOHHbIX
TexHonorui. BHec 6onbLIoit BKNa, B pa3BuTHeE rpUA-TEXHONOTUM, BbIMONHMUI MHOTOYUCIEHHbIE UCCNIe0BaHMS B 061aCTK
pacnpefeneHHbIX BblYUCNEHUN. dBnsanca pykoBoauteneM rpaHta PHO 18-11-00075 «Pa3paboTka npuHLMMIOB M anroputMoB
ynpaBneHus MeTaaaHHbIMM NPOBEHAHCA 60MBLUMX HAYYHbIX AAHHbIX C UCMOb30BaHNEM BIIOKYEAH-TEXHONOTUUY, N0
pe3ynbTaToM KoToporo 6b110 onybimkoBaHo 6onee 10 paboT, B Tom umncne B xxypHane Q1. MonyyeHbl 3 cBMAETENLCTBA O
pernctpaumm nporpamm. B 1995-1996 rr. paboTtan npurnaweHHbIM UCCnefoBaTeneM B bpasnnbckoM LeHTpe Gusnyeckmx
uccnenosaHui (Prno-pe->Xanenpo, bpasunus; Centro Brasileiro de Pesquisas Fisicas, Rio de Janeiro, Brasil), a B 1997 - 2002 rr.
- MpUrNaWweHHbIM UccefoBaTeneM B XeNbCMHCKOM YHUBepcuTeTe (XenbcuHku, ®unnanams; University of Helsinki, Helsinki,
Finland). IBnsieTcs coasTopom AByx MoHorpaduii B 0biactv Matematuueckoi dusnku. B nocnegHue rofbl OH akTMBHO
paboTaeT B 0611aCTU MALUMHHOIO 06y4YeHMs U ero NpUMeHeHUs B GU3MKe, B YaCTHOCTU B FaMMa-acTpOHOMUU; MO 3TON TeMe
onyba1KkoBaH psag paboT B XKypHanax, MHAeKCcMpyeMblix B cuctemax WoS u Scopus, pe3ynbTatbl AOKaAbIBAUCE HA
MeXAyHapoaHbIX koHbepeHuuax. Mo aaHHbIM cucTeMbl Scopus 3a nocneaHue 5 net um onybnmkoBaHo 13 pabot. Ero nHaekc
Xupuwa paseH 12 (Scopus).

OtseTcTBeHHbIN ncnonHuTenb C.IM.MonsKoB, Hay4YHbIN COTPYAHWMK, K.().-M.H. - CNOXMBLUMICS YUY€HbIM, UMEIOLLMI OMbIT y4acTUs B
HeCKO/bKMX MpoekKTax 1 pykoBoacTea mMu. C 2018 r. 3aHMMaeTca uccnefoBaHMAMM B 061acTH rnybokoro o6yyeHns u nx
npuMeHeHus B acTpodusmke yactuu. Mm 6biim paspaboTaHbl MeToAbl ONpeaeneHns TMMa U NapaMeTpOB MOPOXKAAIOLLETO
CO6bITUA LUIMPOKOT0 aTMOCHEPHOTO SIMBHSA NO M306paKEHUSIM HA3EMHOI0 YepPEeHKOBCKOro Tefleckona cpeacTBaMm MalMHHOIO
0b6yueHuns. Pe3ynbTatbl paboTbl Obiam LONOXKEHBI HA KOHPEPeHLUMsAX U 0NyBaMKOBaHbI B XXypHanax. Bcero 3a nocnegHue 5 net
uM onybamkoBaHo 19 paboT B M3ZaHUaX, MHAEKCHPYEMbIX cucTeMamu Wos 1 Scopus. MNMonyunn 2 cBupeTensCTea o
rocyfapcTBeHHOM pernuctpauum nporpamm. Ero niaekc Xupuwa paseH 4 (Scopus).

OtBeTcTBEHHBIN McnonHuTeNb E.b.MOCTHUKOB, CTapLwMi HAayYHbIM COTPYAHUK, K.d.-M.H. E.B.llOCTHMKOB MHOrO NeT 3aHNMMaeTCs
aHaZIM30M [aHHbIX U MOAENMPOBAaHUEM 3KCMEPUMEHTA B acTpodusmnke. OH NPpUHUMAN y4acTue B TaKUX CMYTHUKOBBIX
3KCNepUMEHTaXx Mo U3Y4EeHUI0 KOCMUYECKUX ny4del, kak poccuickmnit NUCLEON u poccuitcko-utanbsaHckuin PAMELA, a Takke
POCCUIACKO-aMepPUKaHCKOM a3pocTaTHOM 3kcnepuMeHTe ATIC. C MOMeHTa OCHOBaHMsIMEXXAYHapOoAHOM konnabopaummn TAIGA,
YNIeHOM KOTOPOW SBNSETCS, aKTUBHO paboTaeT B chpepe Ha3zeMHOM raMMa-acTpOHOMMU, peluast Takme 33faum, Kak
MOAENMPOBaHUE U ONTUMM3ALMS YCTaHOBKM TAIGA, NnnaHMpoBaHKWe HAbNAEHUH, aHanM3 U hU3nYeckas HTepnpeTaums
JaHHbIX ycTaHoBku. B 2005-2006 rr. npoxoamn CTakMpoBky B HauMoHanbHOM MHCTUTYTe saepHoi pusnkm (Tpuect, Utanums), a
8 2017-2018 rr. paboTan npurnaweHHbIM uccnegosarenem B MHctutyte ¢pusmnkmn O6wectea Makca MnaHka (MioHXeH,
[epMaHus) 1 UcCenoBaTeNbCKOM LeHTpe no dusuke Yactuy, DESY (Fambypr, F'epMaHus) no TeMe MOAEIMPOBAHMS M aHanu3a
[aHHbIX ycTaHoBKM TAIGA. 3a nocnenHue 5 net um onybnamnkosaHa 61 paboTa, nHaekcupyemas WoS nnm Scopus, nosyyeHnl 2
CBUAETENbCTBA O rOCYAAPCTBEHHOM perucTpauum nporpamm. MHaekc Xupua paseH 13 (Scopus).
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10.10.lybeHcKas, HayUHbIV COTPYAHMK, SBASETCS OMbITHBIM MCCIeA0BaTeNeM, MPUHMMANA yHacTMe BO MHOTMX NpoeKTax Nno
pacnpeneneHHbIM BblYUCIEHUAM U UCMONb30BAHUIO TEXHOOMMU BUPTYanM3aLmm B 061aCTH BblCOKONPOU3BOAMUTENbHBIX
BblYMCIEHMI. B HacTosiLee BpeMs 3aHMMaeTCs pa3BUTMEM METOLOB reHepaLmmn COCTOSHMIA PU3NYECKMUX CUCTEM C MOMOLLBIO
reHepaTMBHO-COCTA3ATE bHbIX HEMPOHHbIX ceTel. Pe3ynbTatbl 4OKNAAbLIBAINCH HA PALE MEXAYHAPOLHbIX KOHbEpeHUMA n
onybaMKoBaHbI B XXypHanax, MHaekcupyembix WoS u Scopus. Yucno nybamkaumii - 15, uHpekc Xuplua paseH 3.

.M. Xypos, Mnagwmin Hay4 bl coTpyaHuk HAUM® UMY, B 2017 roay 3akoH4YMn MarncTpatypy. Ha AaHHbIA MOMEHT acnuMpaHT
nocneaHero roga 0by4yHMs No HanpasneHuto "MatemMaTnyeckoe MoAeIMPoOBaHUEe, YNCIEHHbIE METOAbI U KOMMEKChI
nporpamM”. 3x- KpaTHbI y4acTHUK YeMnMoHaTa Mupa no nporpammuposaHutio ACM ICPC, CeBepo BoCTOYHbIM EBponenckuii
pervoH. C 2017 ropa uneH konnabopauum TAIGA. Mpoxoann Kypc AONOSHUTENBHOrO 06pa3oBaHMs NO Creuuansaumm
"MalwmnHHOe 0by4YeHue 1 aHanu3 AaHHbIX" oT AHAeKC U MockoBckoro Musnko-TexHuyeckoro MHctutyTa. C okTabpsa 2018 no
mapT 2019 npoxoamn cTaxxnposky B HayuHo-nccneposatenbckom ueHTpe DESY, r. LonteH, FepManuna no nporpamme DAAD
«Muxann JIoMOHOCOBY, rie 3aHMMaNCcsa MoaennpoBaHMeM HaseaeHus Teneckonos IACT u aHanM30M 3KCNepPUMEHTaNbHbIX
JaHHbiX. B 2021 rogy npoxoaun CTaxunpoBKy B yHuBepcuTeTe CMpMyC B paMKax Hay4yHOM WwKosbl "CoBpeMeHHble MeToapbl
NAAHUPOBAHMS U YNPABNEHMNS ABUXKEHWUEM HEMOHOMPUBOAHbBIX MEXAHUYECKMX cuCTEM". YUaBCTOBanN B rpaHTe

PH® «Kapncpya-Poccuiickas nHmumaTmea no pabote ¢ acTpopu3nyeCKMMmU AAHHBIMU HA MPOTSKEHUU UX KU3HEHHOTO LKA,
rae 3aHMMancs METOAaMM MALLMHHOTO 0by4YeHus. SenseTtcs aBTopoM 49 paboT, nHaekcupyemabix WoS unm Scopus, nonyyeHbl
2 cBMAeTensCTBa O roCyAapCTBEHHOM perncTpauum nporpamm ang 3BM. Muaekc Xvpuwa -- 7 (Scopus). HayuHblie nHTepecsi:
CMCTEMbI YIPaBNEHUS, aBTOMATU3aLMS SKCNEPUMEHTA, MALUMHHOE 0ByYeHMe M aHanM3 AaHHbIX.

MN.A.Bonuyros obyyaeTcs B o4HOM acnupaHType MIY ¢ 2020 ropa. HecMoTps Ha MONIOAOCTb, OH YXe 9BNSeTCS COaBTOPOM
6onee 20 paboT B xypHanax, uHaekcMpyembix cuctemamm WoS m Scopus. OH SBASETCS YNEHOM MeXAYHApOAHOM
konnabopaumnu TAIGA, B koTopoi oTBeyvaeT 3a MoHTe-Kapno MogenmpoBaHue. 3ameTuM, 4To MoHTe-Kkapao MoaennpoBaHue
6yneT urpatb BRXHYH posib B pelueHun 3aaa4 npoekta. C 0fHOM CTOPOHBI, C ero NoMoLbio ByayT copMmpaBaHbl fataceTsl,
UMUTUPYLOLLIME M306paXKEHMS B YEPEHKOBCKMX TEIECKOMAX, Ha KOTOPbIX ByAeT NpoBOAUTLCS 06y4eHMEe HEMPOHHbIX CceTel Ans
anpobaummn pazpaboTaHHbIX MeTOA0B B 061acTm acTpodusunkn. C apyrov ctopoHbl, MeTog MoHTe-Kapno byneT pedepeTHbIM
NS OLEHKM KavecTBa U 3D heKTMBHOCTU AaHHbBIX CreHEpEPOBaHHbIX HEMPOCETAMMU B paMKax 3agay npoekta. C 2017 ropa no
[aHHbIM cucTeMbl Scopus UM onybamMkoBaHo 16 paboT. Ero uHaekc Xuplua paBeH 2.

A.}0.Pa3zyMoB — MarucTpaHT dpumsmnyeckoro dakynsteta MIY um. M.B.JlomoHocoBa. SlBnsieTcs coaBTopoM 6 paboT no TemMaTuke
3afla4 NpOoeKTa, CBA3aHHbIX C 06paboTKOM 3KCNEePUMEHTaNbHBIX JaHHbIX B aCTPODU3MKeE, B XypHanax, MUHAEKCUPYEMbIX
cuctemamm WoS u Scopus. SlBnsietcs uneHom konnabopauum TAIGA.

E.O.l'pecb — MaructpaHt UMY, r.Mpkytck. HecMoTps Ha CBOM BO3pacT yXXe MMeeT OMbIT 06paboTKM AaHHbIX 3KCMepUMEHTa
TAIGA. B cBoeli 6akanaBpckon pabote «O6paboTka nepsuyHbix AaHHbIX AT TyHkmMHckoro Teneckona TAIGA-IACT» oHa
pa3paboTana nporpamMmy 06paboTku JaHHbIX TeNleCKona Ha OCHOBe NapaMeTpoB XMA/aca, YTo NO3BOUIO 3aMETHO Y/YYLUKTb
Ka4yecTBo 0Tbopa raMma-cobbiTni B akcnepumeHTe TAIGA. B HacToswee BpeMs OHa 3aHMMaeTCs 3aaay el knaccudukaumm
C06bITUI METOLOM CBEPTOUHbIX HEMPOHHbIX ceTei. [onyyeHHble pe3ynbTaTbl 4ONOXEHbI Ha 5-M MexayHapoaHoOM
coelwwaHun «Deep Learning in Computational Physics» (Mockga, 28-29 mnioHsa 2021r.). PaboTa onybamMkoBaHa B Tpyaax
COBeLLAHMA.

A.A.BnacknHa — 6akanasp ¢pusmnyeckoro gpakynbreta MY numenn M.B.JToMOHOCOBa, KOTOpasi HAYMHAET CBOM MyTb B Hayke. TeM
He MeHee, yXe ceryac oHa fobumnack XopoLmMx pe3ybTaToB B 06/1aCT MalLMHHOTO 06y4yeHus. Ee kypcosas paboTa
NOCBSILLEHA UCNO/b30BaHMI0 CBEPTOYHbIX aBTOSHKOAEPOB 151 YNyyLUEHWS OTHOLIEHMWS COTHAN/LIYyM Ans n306paxeHui
LUIMPOKMX aTMOCPEPHbIX IMBHE N, MOPOXKAEHHBIX FAMMa KBAaHTaMM OT rafiakTUYeCKMUX U BHEraNakTMyeckux UCTOUHUKOB. Mo
MaTepuanaM UCCneoBaHUi No MeToAaM aHanm3a AaHHbIX ¢ ycTaHoBkM HiSCORE cBepTOYHBIMU HEMPOHHBIMU CETAMM Bbin
CAenaH poknag Ha 5-M mexayHapoaHoM coseluaHum «Deep Learning in Computational Physics» (MockBa, 28-29 uioHa 2021r.),
KOTOpas BblLLNA B TPYAAX 3TOr0 COBELLIAHMS.

Ha aHenuickoM s3biKe
The project is devoted to the application of information technology for the analysis of big data obtained in the course of large
physics experiments. Specifically, one of the most rapidly developing areas of IT: methods of data analysis using machine
learning. The project is at the intersection of IT and physics, and has a strong interdisciplinary character. Its results will be
tested in one of the most advanced areas of modern science - particle astrophysics, which studies the deep foundations of the
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structure of the Universe. Therefore, the team includes both information technology specialists and physicists who have
extensive experience in developing programs for the analysis of experimental data.

The leader of the team is A.P.Kryukov, Ph.D., head of the laboratory. A.P.Kryukov has been engaged in the development and
application of modern information technologies in physics for many years. He developed numerous mathematical methods in
the field of computer algebra, including those for high-energy physics problems. He was a pioneer in the implementation of
grid technology in Russia and carried out numerous researches in the field of distributed computing. He has interesting results
in physics. A.P. Kryukov is a member of the CMS collaboration (CERN, Geneva), which discovered the Higgs boson in 2012 (in
2013 the Nobel Prize in physics was awarded to P. Higgs and F. Engler for the theoretical substantiation of the existence of
the Higgs boson), which is one of the most outstanding scientific results of recent years. He is a member of the international
collaboration TAIGA, the main task of which is research in the field of cosmic ray physics and gamma astronomy, and the
international collaboration HyperKamiokande, which studies neutrino physics. Over the past 5 years, he has published 47
papers indexed by WoS or Scopus, 7 of them in top-rated Q1 journals. His Hirsch index is 11 (Scopus). He led several projects
of RFBR, RSF, including international ones. In recent years, A.P.Kryukov has been actively developing machine learning
methods and their applications in physics, in particular in gamma astronomy. In particular, under his leadership, studies were
carried out on the use of convolutional neural networks for classifying high-energy cosmic particles, determining their
parameters. He holds numerous program registration certificates. Under his supervision, a Ph.D. thesis in the field of IT was
defended, as well as numerous students' diploma theses. Currently he supervises the work of a bachelor student and a
master student.

Principal investigator A.P.Demichev, leading researcher, Ph.D. Currently his main interests are related to the development
and application of modern information technologies in elementary particle physics and other fields of science. He is a highly
qualified information technology specialist. He made a great contribution to the development of grid technology, carried out
numerous researches in the field of distributed computing. He was the leader of the RSF grant 18-11-00075 "Development
of principles and algorithms for managing the provenance metadata for big scientific data with the use of blockchain
technology”, as a result of which more than 10 papers were published, including in the Q1 journal, and 3 program registration
certificates were received. In 1995-1996 he worked as a visiting researcher at the Brazilian Center for Physical Research
(Centro Brasileiro de Pesquisas Fisicas, Rio de Janeiro, Brasil), and in 1997-2002 as a visiting researcher at the University of
Helsinki (University of Helsinki, Helsinki, Finland). He is a co-author of two monographs in the field of mathematical physics.
In recent years, he has been active in the field of machine learning and its applications in physics, in particular in gamma
astronomy; a number of papers on this topic have been published in journals indexed in the WoS and Scopus systems, the
results have been reported at international conferences. According to the Scopus system, over the past 5 years he has
published 13 works. His Hirsch index is 12 (Scopus).

Principal investigator S.P.Polyakov, researcher, Ph.D. is an established scientist with experience of participating in and leading
several projects. Since 2018, he has been researching deep learning and its applications in particle astrophysics. He
developed machine learning methods for determining the type and parameters of events resulting in extensive air showers
based on images from a ground-based Cherenkov telescope. The results of the work were reported at conferences and
published in scientific journals. In total, over the past 5 years he has published 19 works indexed by the Wos and Scopus
systems. He received 2 program registration certificates. His Hirsch index is 4 (Scopus).

Principal investigator E.B.Postnikov, senior researcher, Ph.D. E.B.Postnikov has long experience of simulation and data
analysis for experimental astrophysics. He worked for two satellite-borne cosmic-ray experiments, NUCLEON (Russia) and
PAMELA (Russia and Italy) as well as a balloon-borne experiment ATIC (Russia and USA). He has been a member of the TAIGA
international collaboration since its foundation, and is currently performing such activities as Monte Carlo simulation as well
as device optimization for the TAIGA facility, observation scheduling, data analysis and interpretation. In 2005-2006 he was a
postdoctoral researcher at INFN (Trieste); in 2017-2018 he worked as a visiting researcher at Max Planck Institute for Physics
(Munich) and DESY (Hamburg) in connection with the TAIGA simulation and data analysis. Over the past 5 years, he has
published 61 papers indexed by WoS or Scopus andreceived 2 program registration certificates. His Hirsch index is 10
(Scopus).

Yu.Yu.Dubenskaya, researcher, is an experienced researcher, has participated in many projects on distributed computing and
the use of virtualization technology in the field of high performance computing. Currently, she is developing methods for
generating states of physical systems using generative adversarial neural networks. The results have been reported at a
number of international conferences and published in journals indexed by WoS and Scopus. She has published 15 works, her
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Hirsch index is 3 (Scopus).

D.P. Zhurov, a junior researcher, completed his master's degree in 2017. At the moment, a postgraduate student of the last
year in the direction of "Mathematical modeling, numerical methods, and software". 3 times participant of the ACM ICPC
World Programming Championship, Northeast European Region. Since 2017, a member of the TAIGA collaboration.
Completed a course of additional education in the specialization "Machine Learning and Data Analysis" from Yandex and the
Moscow Institute of Physics and Technology. From October 2018 to March 2019, he passed an internship at the DESY
Research Center, Zeuthen, Germany under the DAAD program "Mikhail Lomonosov’, where he was engaged in pointing
modeling of IACT telescopes and analyzing experimental data. In 2021, he completed an internship at Sirius University at the
scientific school "Modern methods of planning and controlling the motion of non-four-wheel drive mechanical systems.” He
took part in the grant of the Russian Science Foundation "Karlsruhe-Russian Initiative for Working with Astrophysical Data
Throughout its Life Cycle", where he worked on machine learning methods. He is the author of 49 works indexed by WoS and
Scopus, received 2 program registration certificates. Hirsch index - 7 (Scopus). Research interests in control systems,
experiment automation, machine learning, and data analysis.

P.AVolchugov has been a full-time postgraduate student at Moscow State University since 2020. Despite his youth, he is
already a co-author of more than 20 papers in journals indexed by the WoS and Scopus systems. He is a member of the
international TAIGA collaboration in which he is responsible for Monte Carlo simulations. Note that Monte Carlo simulations
will play an important role in solving the problems of the project. On the one hand, it will be used to generate datasets that
simulate images in Cherenkov telescopes, which will be used to train neural networks to test the developed methods in the
field of astrophysics. On the other hand, the Monte Carlo method will be a reference for assessing the quality and efficiency
of data generated by neural networks as part of the project objectives. Since 2017 he has published 16 works, according to
the Scopus system. His Hirsch index is 2 (Scopus).

A.Yu. Razumov is a master's student at the Physics Department of Lomonosov Moscow State University. He is a co-author of 6
papers related to the project objectives on the topic of processing of experimental data in astrophysics, published in journals
indexed by the WoS and Scopus systems. He is a member of the TAIGA collaboration.

E.O.Gres is a master's student at the Irkutsk State University. Despite her age, she already has experience in processing data
from the TAIGA experiment. In her bachelor's work "Processing the primary data of the EAS of the Tunka telescope TAIGA-
IACT", she developed a program for processing the telescope data based on the Hillas parameters, which made it possible to
significantly improve the quality of the selection of gamma events in the TAIGA experiment. She is currently working on the
problem of event classification using the method of convolutional neural networks. The results were reported at the 5th
International Workshop "Deep Learning in Computational Physics” (Moscow, June 28-29, 2021). The work was published in
the proceedings of the workshop.

A.AVlaskina is a bachelor of physics at the Lomonosov Moscow State University, who begins her career in science. However,
she has already made good progress in the field of machine learning. Her term paper focuses on the use of convolutional
autoencoders to improve signal-to-noise ratio for images of extensive air showers generated by gamma quanta from galactic
and extragalactic sources. Based on research on methods for analyzing data from the HiSCORE installation by convolutional
neural networks, a report was made at the 5th International Workshop "Deep Learning in Computational Physics" (Moscow,
June 28-29, 2021), which was published in the proceedings of the workshop.

1.8. MnaHupyeMbliit 06beM PMHAHCMPOBaHUS NPOEKTA MO roAaMm:

HecootBetcrBue nnaHMpyemoro o6bemMa (mHaHCMpOBaHMs NpPoeKTa (B TOM YMcie OTCYTCTBUE MH(OPMaLMM B COOTBETCTBYIOLLMX MONSAX (opMbl) Tpe6oBaHMAM NYHKTA
11 KOHKprHOﬁ AOKYMEeHTaL U1 BNSieTca OCHOBaHUEM HeAonycKa 3aaBKU K KOHKYpCY.

co cmopoHel DoHOa (yKaseieaemcs 8 moic. pybneii):

2023 r. - 7000 TbiC. pybne#,

2024 r. - 7000 TbIC. pybnen,

2025 r. - 7000 TbIC. PYbRen;

co cmopoHbl DFG (yka3svieaemcs 6 meic. eepo):
2023 .- 100 TbIC. EBPO,
2024 r. - 100 TbIC. €BPO,
2025 r. - 100 TbIC. EBPO.
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1.9. Poccuickuii Hay4HbIM KONNEKTUB NO pe3ynbTaTtaM NpoeKTa B X0A€e ero peanmsauumn npeanonaraet ony6amkosarb €
y4YacTMeM WI1€HOB POCCUIACKOTO HAYYHOTO KOJJIEKTUBA B PeLIEH3MPYEMbIX POCCHMMCKMX M 3apyBeXHbIX HayYHbIX U3JaHUAX He
MeHee
anBOAfITCﬂ AaHHble 3a BeCb Nepuoa BbIMOJIHEHUSA NPOEKTa. YMeHblL €HMe KoNnMyecTsa nyGnuKau.m“i (B TOM Yucie oTCcyTCTBUE MHd!)pMaLlMM B COOTBETCTBYHLMNX
nonsax deMbl) Mo CpaBHEHUIO C NOPOroM, yCTaHOB/IEHHbIM B MyHKTE 18.2 KOHKprHOﬁ AOKYMEeHTaLuu ABNfeTca 0CHOBaHMEM HeAOoMyCKa 3asBKU K KOHKYpCY.
11 ny6nmkauui,
U3 HUX

11 cTareit B M3aaHMsX, MHAeKcupyeMblix B 6asax gaHHbix «CeTb Hayku» (Web of Science Core Collection) nnm «Ckonyc»
(Scopus).
B cnyyae nybnukaumm B M3naHuax, uHoekcupyembix B 6ase gaHHbix «CeTb Haykmy» (Web of Science Core Collection) unun «Ckonyc» (Scopus), BXOASLWMX B NEPBbIi
kBaptunb (Q1) no umnakT-daktopy JCR Science Edition unu JCR Social Sciences Edition, no SIR (npuHapnexHoctb n3nanns k Q1 B Scopus onpepensietca no 6ase

LaHHbIX http://www.scimagojr.com/) faHHas ny6nmKaums yuuTbiBaeTCA Kak ABe nybnukaumu.

MHdopmaumsa o HayuHbIX M3JaHUAX, B KOTOPbIX NpeanonaraeTcs ony6auKoBaTb pe3ynbTartbl NPOEKTa, B TOM YUCe cneayeT
yKasatb B Kakux 6a3ax MHAEKCUPYIOTCS AaHHble u3aaHus - «Cetb Hayku» (Web of Science Core Collection), «Ckonyc»
(Scopus), PUHLL, nHble 6a3bl, a Takke yKasatb TMN Ny6aMKauum - cTaTbsl, 0630p, Te3UCbI, MOHOTrpadus, UHOM THN

-- Journal of Computational Physics (Q1); WoS, Scopus, cTatbu,

- Neural Networks (Q1); WoS, Scopus, cTatb,

- Neural Computing and Applications (Q1); WoS, Scopus, ctatbu,

-- Proceedings of Science, Scopus, ctatby,

-- MporpamMmupoBaHue, Scopus, cTaTbu,

-- CEUR Wokrshops, Scopus, cTatbm.

WHble cnoco6bl 06HapoaoBaHUA pe3yNbTaToB BbINOJIHEHUS NPOEKTa

Pe3ynbTathl NpoekTa ByayT TakxKe LOKNAAbIBAaTbCS HA BEAYLIMX BCEPOCCUMCKUX U MEXAYHAPOHbIX KOH(hEpeHLMSIX
International Workshop on Advanced Computing and Analysis Techniques in Physics Research (ACAT),

International Workshop on Deep Learning in Computational Physics (DLCP),

International Conference on Machine Learning

Technologies (ICMLT), International Conference "Distributed Computing and Grid Technologies in Science and Education”
(GRID), Parallel computational technologies (PCT),

International Symposium on Nuclear Electronics and Computing (NEC),

International Cosmic Ray Conference (ICRC).

OkoHuaTebHbIM CNMCOK KOHdepeHUM ByaeT onpefeseH B X04e BbINOJHEHMS FPaHTa.

1.10. Yucno ny6numkaumii W1€eHOB POCCUIMCKOrO HAyYHOrO KOJJIEKTUBA, ONY6/1MKOBaHHbIX B nepuop, ¢ 1 auBapa 2017 ropa oo
A3aTbl NOJAYM 3as1BKMH,
68, 13 HUX

68 - onybankoBaHbl B U3naHusx, uHaekcmpyemolx B Web of Science Core Collection nnm B Scopus.
Yucno nybnukaumin WieHOB 3apy6exXHOro Hay4HOro KONIEKTUBa, ony6/IMKOBaHHbIX B nepuog ¢ 1 aueaps 2017 ropa no patol
nojauun 3asBKMH,
161, n3 Hux

161 - onybnmkoBaHbl B M3gaHuax, niaekcupyemoix B Web of Science Core Collection unm B Scopus.

1.11. NMucbMo 0 cornacum Ha NnpeaoCcTaBNeHUE HE06X0AMMO MH(PPACTPYKTYPbl M 060PYAOBaHUSA NS peann3aumnmn NpoeKTa, o
nnaHax U cpokax paboT, npeanonaraeMbix K BbIMOJIHEHWIO B paMKax NPOeKTa, 0 NOpsAKE UCNONb30BaHUS pe3y/bTaToB
MHTENNEeKTYya/IbHOM AeATeNIbHOCTH, CO34aHHbIX COBMECTHbIM TBOPYECKMM TPYAOM B NpOLIECCe peannsauum npoekra, 06
0CBEeAOM/IEHHOCTH 0 Tpe6oBaHUAX POHAA, NpeabABASEMbIX K POCCUIACKOMY Hay4YHOMY KONJIEKTUBY

B cootBeTcTBUM € NyHKTOM 13 KOHKYpPCHOM A,0KyMeHTauun. HenpepocraBneHne AaHHOrO AOKYMEHTa WM HECOOTBETCTBME €ro cofepXKaHus NyHKTY 13 KOHKypcHOM
AO0KyMeHTaL U1 NpMBOAUT K OTKIOHEHUIO 3aABKU.

CKayarb...

1.12. NMonHoe u coKpalLeHHOe HaMMEHOBaHWe 3apy6eXHoM opraHusaumum, Ha 6ase KOTopoi GyaeT OCyLLECTBASTLCS NPOEKT
3apy6eXXHbIM Hay4HbIM KOJIJIEKTUBOM
Karlsruhe Institute of Technology
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KIT

1.13. Bknap 3apy6eXXHOro Hay4HOro KOJ1IeKTUBA B PEUIM3ALMI0 NPOEKTa

Poccuiickas n HemMeLkMe 4acTM KOMaHA UMEOT 60/bLLON ONbIT COBMECTHOM PaboTbl, KOTOPLIM OTPAXEH B MHOTOYMCNEHHbIX
COBMECTHbIX NMyB/IMKaLMSX, MOy4EHHbIX B XO€ COBMECTHOW paboTbl B konnabopaumax TAIGA u KASCADE, B npouecce
BbINOJIHEHWS COBMECTHOro rpaHTa PH®-TenbMronsL. B pamMkax 4aHHOro NpoekTa HeMeLKKMe Y4aCTHUKM NPOEeKTa TakKe BHECYT
CyLLeCTBEHHOW BKNaA,. Tak uccnefoBaHue, pa3BuTUe M aaanTaums MEeTOA0B MALUMHHOMO 06yYeHUs AN aHanM3a AaHHbIX
HETPUHHbIX 3KCMEPUMEHTOB BYayT MPOBOAUTLCS B OCHOBHOM CMaMM HeMeLknx Konner. CoBMeCTHble paboTbl byayT
NPOBOAMTLCS TAKXKE MPU peann3aumnm TOM YacTu NPOEKTA, KOTOPAsi OTHOCUTCS K COBMECTHOMY aHaNU3Y AaHHbIX HECKOMTbKMX
3KCMEePUMEHTOB, a TaKKe anpobauus pa3paboTaHHbIX METOL0B M NPOrPaMM Ha peasnbHbIX AAHHbIX.

MpennonaraeTtcs o6ecneynTb B3aMMHbIM AOCTYN K BbIYUCUTENIbHBIM pecypcam 06eux CTOPOH, YTO NO3BOIMT NOBbLICUTD
3bdeKTUBHOCTb MX UCMONb30BaHMS. B TeCHOM COTPYAHMYECTBE HEMELIKUX M POCCUMCKMX YYACTHMKOB OyaeT BblNONHEHO
pa3BepTbiBaHue B MY u KIT Heobxoaumoro nporpamMmHoro obecneyeHusi.

KrtoueByto posib B NPOEKTE HEMELKME KOJIEMM UTPAIOT B KOHKPETU3aLMM Kpyra 3aa4, BO3HMKAKLWMX B 0611aCTV acTpodU3nKu
4acTuL, KoTopble ByayT peLlaThcs B NepByt0 o4epe/ib, a TakKe B OpraHM3aLMm COBMECTHOMO aHanM3a AaHHbIX ABYX
3KCNepUMeHTabHbIX YcTaHOBOK TAIGA 1 IceCube, 4To He06x04MMO A/1s pa3paboTKM METOL0B COBMECTHOIO aHaIM3a AaHHbIX
pa3HOro TMna (MHOroKaHabHas aCTPOHOMMUS).

Pa3YMEETC9|, Ba>XHOE€ MeCTO B COBMECTHOM NpoeKTe 6y/.1yT 3dHMMaTb BONPOChI NpeacTaBneHna NpoeKkTa U pe3ybTaToB.,
NONy4YeHHbIX B X04€e ero peanmsaunn, B UHTEPHET NPOCTPAHCTBE. B peanun3aunun 3TOM YacTn npoekTa NpMHUMAKT y4acTme obe
komaHgbl. Co CTOPOHbI HEMELKNX MapTHEPOB NpeanonaraeTca oCcyLweCcTsUTb OpraHmn3auuio Beb-caiita LeHTpa aHanm3a, npecc-
PEeNn30B, BbIMYCK APpYrUX NeYaTHbIX MaTepPUanoB.

Hapo 3ameTnTb, 4TO NpoOBECTU YETKYHIO rpaHULy Mexay paGOTaMM, BbIMOJIHAEMbIMU Pa3IMYHbIMMN KOMaHOAMM, He
npencTaBnaeTca BO3MOXKHbIM. B BbIMOMHEHWM BCEX 3a4a4 B TOW UM MHOW Mepe y4acTBYHT YJ/iEHbI obenx KomMaHa, 4To
ABnaeTca cneacrteMeM naoaoTBOPHOro MHOroNleTHEro COTpyaHMYeCTBa y4aCTHMKOB, @ TaKXKe 3a/10FfOM OCTUXKEHUSA 3HAYUMbIX
pe3ynbTatoB KOMMNJIEKCHOIO NpoekKTa.

PYKOBOAMTe.ﬂb pOCCMﬁCKOfO HaAy4YHOro KO/1J1IeKTUBa U pyKOBOAUTEJ1b Oprauusauuu NOoATBEPXAAIOT, YTO

® BCE YJieHbl POCCMIMCKOrO HAy4HOrO KONNEeKTUBA (B TOM YMCne pyKOBOAMUTE b POCCUIACKONO HAyYHOrO KOIEeKTUBA)
YA0BNETBOPAIOT NyHKTaM 7, 8, 15 KOHKYpCHOM AOKYMEHTaLMM;

® Ha BeCb NepUOL peanusauumn NpoeKTa PyKoBOAMTENb NpoeKTa 6yaeT COCTOATb B TPYA0BbIX OTHOLLEHUSX C
OpraHusauueit, npu 3ToM TpyaoBoi gorosop ¢ OpraHusauueri He byaeT npeaycMaTpmuBaTb BO3MOXHOCTb
OCYLLeCTBNEeHUS TPYAOBOM AesTeNbHOCTH 3@ Npeaenamu Tepputopumn Poccuiickorn Mepepauuu;

e npwu 06HapOAOBaHUM pe3yNbTaToB II0H6OM HAy4YHOM paboTbl, BbIMOJHEHHOW B paMKax noaaepxaHHoro @oHaom
NpoeKTa, pyKOBOAMTE b MPOEKTA U HAYUYHbI KONNEKTMB ByAyT yKa3biBaTb Ha NoiyyeHue hUHAHCOBOM NOAAEPXKKMN OT
®oHpaa, DFG, OpraHmsaumio 1 3apybekHyio OpraHmn3aumio, a Takke coriacHbl ¢ onybnvkosaHmem ®onaom n DFG
aHHOTaLMM 1 OXXMOAEMBIX PEe3YyNbTaTOB MPOEKTA, COOTBETCTBYIOLWMX OTYETOB O BbINOJHEHUM MPOEKTA, B TOM YUC/e B
MHOOPMALMOHHO-TENEKOMMYHUKALMOHHON ceTn «MHTepHeT», a TakKe C NpefoCcTaBNeHMEM YKa3aHHbIX MaTepuanos
opraHam BnacTtu Poccuiickoit Mepepauum, MHCTUTYTaM pa3BuUTUS;

e nomumo rpaHTa PoHaa n DFG npoekT He ByneT MMeTb APYrMX UCTOYHUKOB PUHAHCMPOBAHMUS B TEYEHME BCETO
nepuoaa NpakTMYecKom peanusaunm NpoekTa C UCnonb3osaHueM rpaHta ®onpa n DFG;

® MPOEKT He ABNSETCS aHANIOMMYHbIM MO COAEPXKAHUIO NPOEKTY, OHOBPEMEHHO NOAAHHOMY Ha KOHKYPChI HAY4YHbIX
($OHAOB M UHbIX OpraHn3aumii (TOMUMO NPesyCMOTPEHHbIX KOHKYPCHOW AOKYMeHTauuen);

® [POEKT He COAEPXKMT CBEAEHUIA, COCTABNSIOWMX FOCYAAPCTBEHHYIO TalHY MM OTHOCUMBIX K OXPaHSEMOWA B
COOTBETCTBUM C 3aKOHOAATENbCTBOM Poccuiickoi Pepepaumm MHOM MHOOPMALIMKU OFPaHUYEHHOMO A0CTYNa;

® 10719 YNEHOB POCCUICKOrO Hay4YHOro KONNEKTMBA B BO3pacTe A0 39 neT BKAYUTE/bHO B 06LUEH YUCIEHHOCTU YIEHOB
POCCUICKOro Hay4HOro KonnekTuea byaeT cocTaBnsaT He MeHee 50 NpoLEeHTOB B TeYEeHWe BCEro nepmnoaa
NpaKTMYeCKOM peannsaummn NpoeKTa;

® B YCTaHOBNEHHbIE CPOKM ByayT NpeacTaBnaTbcs B POHA, exxeroaHble oT4eTbl O BbINOAHEHUM MPOEKTA U O LieNeBOM
MCMNONIb30BaHWM CPEACTB rpaHTa.

3asaeka Ne 23-41-04416 Ctpanuua 14 u3 69



Moanucb pykoBOAUTENSI POCCUIACKOrO HAYYHOrO KOMEKTUBa /A.T. Kprokos/

Mopnucb pykoBoautens OpraHusaumm (YNoNHOMOYEHHOMO NPpeACTaBuUTeNs, AeMCTBYIOLWEro Ha OCHOBaHWM JOBEPEHHOCTU UK
pacnopsauTenbHOro AOKYMEHTA), neyarb (Npu ee Hannyuu) OpraHusauuu.
B cnyyae noanucaHmna GopMbl yNonHOMOYeHHbIM npeacrasutenem Opramsaumm (B T.4. — pykosoauTenem Guamana) K Ne4arHoMy 3K3eMnnsapy 3asBKM npunaraerca

KOnua pacnopaautesibHOro A,0KyMeHTa Unu 0,0BEPEHHOCTH, 3aBEPEHHAA NeYdTblO OPFaHMBaLLMl/I.

M.M.
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