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®opma 1. CBepeHus o npoekre

1.1. HazBaHue npoekTa

HQ pyCccKoM A3bIKe
MoaenupoBaHue BbIBOPOK Cy4YaiHbIX COObITUIA C Y4ETOM anpUOPHO M MHGOpPMaLLMK B aCTPOPU3NYECKMX
JKCNnepmuMeHTax MeToAamMm MalMHHOTO 0By4yeHns

Ha aH2NULICKOM S13bIKe
Modeling samples of random events with the account of prior knowledge in astrophysical experiments using machine
learning methods

1.2. NMpuoputeTHOE HanpaBneHWe pa3BUTUS HAYKU, TEXHONOUIA U TeXHUKKM B Poccuitckoi Pepepaumu, Kputnueckas
TexHonorus

YkasbiBaeTcs cornacHo nepeyHto (Ykas lMpesupenta Poccuiickoii Depepauum ot 7 uiona 2011 ropa N2899) B uiyyae, ecim TeMaThka NpoeKTa MOXET GbITb
OTHeceHa K OAHOMY U3 NMPUOPUTETHBIX HanpaBneHMﬁ, a TaKXXe MOXeT BHeCTU BK/laj, B pa3BUTUE KPUTUUECKUX TexHonoruii Poccuiickoit me.qepau,uu.

3. MlhdbopMaumnoHHO-TeNeKOMMYHUKALMOHHbIE CUCTEMDI.

18. TexHonormu 1 nporpaMmMHoe obecnevyeHue pacnpenesneHHbIX U BblICOKONPOMU3BOAUTENbHbIX BbIYUCUTENBHBIX CUCTEM.

HanpaBneHue us Ctpaterumn HayuHo-TexHonoruyeckoro passutns Poccuiickoit Pepepaumnm (yrBepxkaeHa YkasoM lMpesunpeHTa
Poccuiickoit @epepaumm ot 1 aekabpa 2016 r. N2 642 «O CrpaterMn Hay4HO-TEXHOJIOrMYECKOro pasBuTusa Poccuiickoi
®epepauum») (npu Hanu4uu)

1.3. KntoueBble cnosa (npusodumcs He 6onee 15 mepmuHos)
HQ pYCCKOM 5i3bIKe
MalMHHOE 0by4eHue, MoAeNMpoBaHue HU3UYECKUX BNEHUI, reHEPATUBHbIE HEMPOHHbIE ceTh, MoHTe-Kapno

Ha aH2/IUTCKOM 53bIKe
machine learning, modeling of physics phenomena, generative neural networks, Monte Carlo

1.4. AHHOTaumMs npoekTa (06LemMoM He 6osee 2 cmp.; 8 MOM YU C/Te Kpamko — aKkmyasabHoCme peuwleHus YyKa3aHHoli eviuie
HayyHoil npo6aeMbl U HAYYHAS HOBU3HA)
NaHHaa uHdopMaLLus MoXeT BbiTb ony6nMKoBaHa Ha caifte PoHAA B MH(BOPMALMOHHO-TENIEKOMMYHMKALLMOHHOM ceTh «UHTepHeT».

Ha pyCcCKOM 5i3biKe
HayuHol npobnemoit, Ha pelueHne KOTOPOK HanpaeneH NPoeKT, ABNSeTCS UCCeloBaHMe M pa3paboTka MeTOA4,0B MALMHHOMO
0byueHusa ong aHanusa mogeneit GusnyeCckux SBNEHUM C UCMOb30BaHMEM BbIOOPOK C/ly4aliHbIX COCTOSHMI (cemnios). [1o
nocnefHero BpeMeHu NpakTMyeckn e AMHCTBEHHbIM NOAXO0A0M, MO3BONSIOWMM YUCIEHHO MOAENMPOBATL OYEHb C/IOXKHbIE
du3nyeckue SBneHus, IBSNCS NOAXO0A HAa OCHOBe MeToaoB MoHTe-Kapno. OfHako MCnoib30BaHWE peannCTUYHbIX
du3nyecknx Mmoaener Ha ocHoee MeToga MoHTe-Kapno TpebytoT BeCbMa 60/bLIMX BPEMEHHbIX M peCcypCHbIX 3aTpaT. OaHWM
M3 anbTePHATUBHbIX M BECbMA NEPCNEKTUBHbIX METOA0B SBNSETCS MCNONb30BaHWE METOA0B MAWMHHOMO 0By4eHus ans
reHepaummu BiIbOpOK Cly4vaiiHbIX BEKTOPOB.

OTAnMumTenbHOM 0COBEHHOCTBIO MOAENMPOBaHUS HU3NYECKUX ABNEHUI, 0COBEHHO B PU3MKE 3/1eMEHTAPHbIX YacTuL, 1
KOCMUYECKUX Nyyeit, IBnseTcs HeobX0AMMOCTb BOCNPOU3BECTU COCTOSHUS CUCTEMBI C Y4EeTOM OrpaHUYEHUIA, OrpeaenseMmblX
npupoaon Gusnyeckoro aBneHus. AnpuopHble 3HaHMSA MOTYT UMeTb GOPMyY TIOrMYeCKUX NPaBUI, anrebpanyecknx um
AnbdepeHLManbHbIX YPaBHEHUI (HanpuMep 3aKOHbl COXPAHEHUS UM YPaBHEHWS CBA3EN MeX Ay napamMeTpamu UM
cTeneHsmm cBobo/ibl, ONUCHIBAOLLMMU U3YYaeMble SBNEHUS), HANUY NS CUMMETPUIA OTHOCUTENIBHO AUCKPETHbIX UK
HenpepbIBHbIX FPYNMN BXOAHbIX/BbIXOAHbIX JAHHbIX, @ TAKXXe 3apaHee U3BECTHble BEPOSTHOCTHbIE COOTHOLIEHWUS MeXay
DaHHbIMK. B MeTope MoHTe-Kapno Takue orpaHuyeHuns BBOAATCS HA YPOBHe MaTeMaTtuyeckoin Mogenu. [lng metonos
MaLUMHHOrO 06y4Y€eHMUSs, OCHOBAHHbIX Ha MPUHLMMNE 06YY€eHMs, TaKUe OrpaHuy eHus BOCNPOU3BoASTCS € TpyaoM. OcobeHHo 370
KacaeTCs pa3/IMyHbIX CTAaTUCTUYECKMX pacnpeseNieHUI N0 COBOKYMHOCTM COCTOSIHUIA. DTU NPO6IeMbl MOXHO peLUTb NyTeM
[OMOJIHUTENIbHOTO BK/OYEHMS anNpPUOPHBIX 3HAHUIM O TaKMX OFpaHMYeHUsX B npouecc obyvyeHus. B 3ToM cocTouT HoBMU3Ha
npeafiaraeMoro noaxoaa K pelueHuto obuei npobnemMsl — 3HEKTUBHOrO reHepupoBaHUS BbIGOPOK CyvaiHbIX COCTOSHUM
(cemnnoB) € y4eTOM anpuOpHbIX 3HaHMM. MNpakTMyeckas NpoBepka pa3pabaTbiBaeMbix NOAX0A0B ByaeT NnpUMeHeHa ans
aHanu3a mMogenen busnyeckunx aeneHuni B actpodumsmnke yactmu,

KOHKpE‘THOﬁ 3aga4yen faHHoro NpoeKTa B paMKax obwew I'IpO6J'IEMbI ABNAETCA nccnenosaHme n pa3pa60TKa mMeTon0B
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rny6oKoro oby4eHus reHepaLmm BbIGOPOK MHOFOMEPHbIX C/Ty4akHbIX BEKTOPOB B MPOCTPAHCTBAaX C 60/bLWMM YUC/IOM
M3MEePEHMUIA, C Y4ETOM anpuOpPHOI AETEPMUHUCTCKON U BEPOSITHOCTHOM MHPOPMALLMK O reHEPUPYEMBIX COBLITUSX U UX
BbIOOpKAX A1 MOAENMPOBAHUS CIIOXKHbBIX PU3MYECKUX SBNEHMI Ha NPUMEpPE 3KCNEPUMEHTOB B 06/1aCTM Ha3eMHOW raMmMa-
acTpoHOMMU. HazeMHas raMMa-acTpOHOMMS U3y4aeT U3/Ty4eHUe raMMa-KBaHTOB rasiakTUy eCKOro U BHErasaKTUy eCKoro
MPOUCXOXAEHWS C MOMOLLBIO CMELMaNbHO pa3paboTaHHbIX YCTAHOBOK, TaK HA3blBAEMbIX aTMOC(HEPHbIX YEPEHKOBCKMX ramMMa-
Teneckonos (Imaging Atmospheric (or Air) Cherenkov Telescope, IACT). C nOMOLLbI0 3TOro MeToAa raMMa-usJydeHue
PerncTpUpyeTcs Ha 3eMsie ONTUYECKM KaK YePEHKOBCKUIA CBET, MOPOXKAAEMbI OBLUMPHbBIMU IMBHSMU BTOPUYHbIX YaCcTUL,
KOr[ia raMMa-KBaHTbl O4€eHb BblCOKOM 3HEPrum nonasatoT B atMocdepy. aMMa-KBaHTbI TaKUX IHEPrui COCTABASIOT NNLLb MAYHO
[O0 (MEHbLLE OLHOM AEeCATU TbICAYHOM) NOTOKA KOCMUYECKUX ly4ei, COCTOALLEro, B OCHOBHOM, U3 NPOTOHOB. [1ng aHanu3a
DaHHbIX, MNAHUPOBAHMUS SKCMEPUMEHTA U APYruX 33434 He0OX0AMMO NPOBOAUTL MOLENMPOBAHUE, PE3Y/ILTATOM KOTOPOro
[LOJDKHbI CTaTb COTHU TbICAY U MUIMOHBI COBBITUIA, BKKOYAs NPOTOHHbIE COBbITUS, sBnstowmecs GoHoM. Ha paspaboTtky

3 dEKTUBHBIX aNrOPUTMOB MALUMHHOTO 0BYYeHMs ANs reHepaLmMy CEMNIOB M HanpaBneH NpeaioXeHHbI i NpoekT. PelueHue
DAHHOM NpobAeMbl SIBNSIETCA BECbMA BaXKHbIM [ raMMa-acTPOHOMMM, MOCKObKY 61aroiaps OTCYTCTBUIO 31EKTPUYECKOTO
3apaaa, raMMa-KBaHTbl HECYT VIHCbOpMaLI,VIIO 006 nx CBepXyOoaneHHbIX NCTOYHUKAX, B KOTOPbIX MPONUCXOOAT 3K30TUYECKHE U
3KCTpeManbHble npoLecchl Bo BceneHHo.

MHTerpaums B npouecc oby4eHns anpuopHbIX, 3apaHee U3BeCTHbIX 3HAHMI NMO3BOUT 3aMETHO NMOBbICUTb KaYeCTBO
nosy4yeHHbIX BbIOOPOK, a CnefoBaTeslbHO U KavyeCTBO MOAENMPOBaHMS COObITUI, B YaCTHOCTU, CODbLITUI LUMPOKMX
aTMOoC(depHbIX JIMBHEN, PErMCTPUPYEMbIX YepPEHKOBCKUMM Teneckonamu. MpakTuiyeckumu 3aaa4amum npoekta byayr:
nccnenoBaHue CyLecTBYHOLWMX M pa3paboTka HOBbIX METOA0B MALUMHHOIO 00y4YeHus Ans reHepauum ciyyaiiHbiX BEKTOPOB C
y4eToM anpuopHoi nHbopmaumm; pa3paboTka anropMTMOB Ha UX OCHOBE M MX MPOrpaMMHas peanusaums; McCnefoBaHue,
CpaBHeHwMe, BbIOOP HauyyLLero (MM nyywmnx) METOAOB; CPAaBHEHME C CYLIECTBYIOLMMM MeTodamu. B xoae ocyuiecTBneHus
npoekTa 6yneT npoBeAeH NOJHbIN LUK UCCNe0BaHUI U pelleHWs NOCTaBNeHHbIX 33434 — OT TeOpeTUYeCckon pa3paboTku
noaxoAa Ao NpakTMYeckon NporpamMMHOMN peanusaumu.

Momumo H6azosoro npumepa 13 061acTU acTpoPU3NYeCKUX IKCNEPUMEHTOB, FeHepaTopbl COObITUI HAa OCHOBE METOLL0B
MALLUMHHOTO 0BY4YeHMS HANAYT BaXKHblE NPUMEHEHUS B APYTMX Hay4YHbIX U MPUKNAAHbIX 06/1aCTSX, CBA3AHHbIX C aHA/IM30M
CJIOXHBIX U MHOTOMEPHbIX BEPOSTHOCTHbIX IBNEHMIA. Hanpumep, B 061acTH ruipoMHaMMKu Npu uccief0BaHUM NpoLeccos,
CBSI3aHHbIX C TypOYNEeHTHOCTbIO, B METEOPONOrUM, B UCCELOBAHUSX NOBEAEHUS BOMbLUMX FPYNN NOLEN UK XXMUBOTHbLIX B
KpUTUYECKMX 06CTOATENbCTBAX M ApYruX. V3-3a B3pbIBHOrO pocTa 06beMa pa3HO0bpasHbIX AaHHbIX, KOTOpble TpebytoT
aHanM3a, B TOM YMCe C MOMOLLBHO CYLLUECTBYHOLUMX U HOBbIX METOL,0B MALUMHHOr0 06y4YeHuns, npobnema reHepaumm BbIOpok
CNy4ariHbIX COCTOSIHMM (CeMnoB COObITUI), COOTBETCTBYHOLMX aNPUOPHbLIM 3HAHUSAM, B Cly4ae NPOCTPaHCTB C 60bLLMM
YUCJIOM U3MEPEHUI ABNSETCS BECbMA aKTYyaNbHOM U BaXKHOM.

Ha aH2NULICKOM S13bIKe
The scientific problem to be solved under the project is the research and development of deep machine learning methods
for analyzing models of physical phenomena using samples of random states. Until recently, practically the only approach
that allows one to numerically simulate very complex physical phenomena was the approach based on Monte Carlo
methods. However, the use of realistic physical models based on the Monte Carlo method is very time and resource intensive.
One of the alternative and very promising methods is the use of machine learning methods to generate samples of random
vectors.

A distinctive feature of modeling physical phenomena, especially in the physics of elementary particles and cosmic rays, is
the need to reproduce the states of the system, taking into account the constraints determined by the nature of the physical
phenomenon. Prior knowledge can take the form of logical rules, algebraic or differential equations (for example,
conservation laws or equations of relationships between parameters or degrees of freedom that describe the phenomena
under study), the presence of symmetries with respect to discrete or continuous groups of input/output data, as well as
known beforehand probabilistic relationships among data. In the Monte Carlo methods, a prior knowledge is introduced at the
level of the mathematical model. For machine learning methods, such constraints are difficult to reproduce. This is especially
true for various statistical distributions over a set of states. These problems can be solved by additionally incorporating prior
knowledge of such constraints into the learning process. This is the novelty of the proposed approach to solving the general
problem, namely the efficient generation of samples of random states taking into account prior knowledge. Practical
verification of the developed approaches will be carried out by applying them to analysis of models of physical phenomena
in astroparticle physics.
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The specific task of this project within the framework of the general problem is to research and develop methods of deep
learning for generating samples of multidimensional random vectors in spaces with a large number of dimensions, taking into
account a prior deterministic and probabilistic information about generated events and their samples for modeling complex
physical phenomena using the example of experiments in the field of terrestrial gamma-ray astronomy. Terrestrial gamma-
ray astronomy studies the emission of gamma quanta of galactic and extragalactic origin using specially designed
installations, the so-called atmospheric (or air) Cherenkov gamma telescopes (IACT). With this method, gamma rays are
optically detected on the ground as Cherenkov light, generated by extensive showers of secondary particles when very high
energy gamma rays enter the atmosphere. Gamma quanta of such energies make up only a small fraction (less than one ten-
thousandth) of the cosmic ray flux, which consists mainly of protons. For data analysis, experiment planning and other tasks, it
is necessary to carry out simulations, the result of which should be hundreds of thousands and even millions of events,
including proton events that are the background. The proposed project is aimed at developing effective machine learning
algorithms for generating samples. The solution to this problem is very important for gamma astronomy, since due to the
absence of an electric charge, gamma quanta carry information about their ultra-distant sources, in which exotic and extreme
processes in the Universe take place.

Integration of a prior, previously known knowledge into the learning process will significantly improve the quality of the
obtained samples, and, consequently, the quality of event modeling, in particular, events of extensive air showers recorded
by Cherenkov telescopes. The practical tasks of the project will be: research of existing and development of new methods of
deep machine learning for generating random vectors taking into account prior informations; development of algorithms
based on them and their software implementation; research, comparison, selection of the best methods; comparison with
existing methods. During the implementation of the project, a full cycle of research and solutions of the assigned tasks will
be carried out, from theoretical development of the approach to practical software implementation.

In addition to the basic example from the field of astrophysical experiments, event generators based on deep machine
learning methods will find important applications in other scientific and applied areas related to the analysis of complex and
multidimensional probabilistic phenomena. For example, in the field of hydrodynamics for the study of processes associated
with turbulence, in meteorology, in the study of the behavior of large groups of people or animals in critical circumstances,
and others. Due to the explosive growth in the amount of various data that require analysis, including that based on existing
and new methods of deep machine learning, the problem of generating samples of random states corresponding to prior
knowledge, in the case of spaces with a large number of dimensions, is very relevant and important.

1.5. Oknpaemble pe3ynbTatbl M UX 3HAUUMOCTD (YKa3bI8AHOMCA pe3ynbmambl, UX 3Ha4uMocme 015 paseumus Hoeoll Hayy4Holi
memMamuku)
DaHHasa uHdopMaLus MoxeT 6biTb ony6iMKoBaHa Ha caifre PoHAA B MHGBOPMALMOHHO-TeNIEKOMMYHUKALLMOHHOM ceTh «UHTepHeT».

HQ pYCCKOM 5i3bIKE
OCHOBHbIMM pe3ybTaTaMu AAHHOMO NpoeKTa byayT MeToAbl MHTENEKTYaNbHOrO MOAENMPOBAHUS AaHHbIX B aCTPOdU3UY e CKUX
3KCNepUMEHTax Ha OCHOBE MALIMHHOIO 06y4yeHns. K HUM 0THOCATCS MeToabl BbICTPOro MoLeMpoBaHMs COBbITUI
perucTpaumm LMPOKMX aTMOCHEpPHbIX IMBHEN YEPEHKOBCKMMM TEIECKONAMMU C MCMO/b30BAaHNEM reHe PaTUBHbIX HEMPOHHbIX
ceTen. MIX Hay4yHas 3HaYMMOCTb COCTOMT B TOM, YTO MCMOMIb30BaHWE TaKUX METOLOB NMO3BOIUT 3aMEHUTb C/IOXKHbIE U
pecypcoeMkue MeTonbl MoHTe-Kapno, cyLeCcTBEHHO YCKOPUTbL MPOLECC MOAEMPOBAHMS, YTO, B CBOKO OYepenb, NO3BOUT
CYLLEeCTBEHHO NPOABUHYTLCS B MOHUMaHWM PYyHAAMEHTaNbHbIX NPOLECCOB, Npoucxoasumx Bo BceneHHow. PaspabatbiBaeMbie
MeTObl MOMYT HaWTV NPUMEHEHME HEe TOJIbKO B HAYYHbIX MCCNeL0BaHUAX, HO U B MHXEHEPHbIX HayKax, B SKOHOMUKe, Be3e,
rae Mcnosb3ykTcs Metonbl MoHTe-Kapno ang MoaenmpoBaHms pasnyHblX SBREHUI U HE0BX0AMMO YUUTbIBATb aNpUOPHYIO
MHMOPMALMIO, NPUCYLLYIO 3TUM aBNeHUSM. KOHKpeTHO, B pamMKax npoekTa 6yayT noayvyeHbl Ciefyowme OCHOBHbIE pe3yNbTaThl:
- MeTOAbl M ANrOPUTMbI HAa OCHOBE MALIMHHOMO 06yYeHMs FreHepauum Cy4anHblX BbiOOPOK MHOrOMepHbIX BEKTOPOB C y4eTOM
anNpUOPHBIX OFPaHUY EHUIA, B TOM YMUCAE, CTaTUCTUYE€CKUX XapPaKTePUCTUK NOyYeHHbIX HAabopoB (CemMnoB);
- MPOrpaMMHas aganTaums CYLLEeCTBYIOWMX M peann3aums HOBbIX METOLOB M anrOPUTMOB FreHepaLmu Cy4YaiHbiX BbIOOPOK;
- pe3y/bTaTbl BblYMC/IUTESbHbBIX 3KCMEPUMEHTOB MO CpaBHEHUIO MoHTe-Kapsio reHepaTopoB 1 reHepaTopOB OCHOBAHHbIX Ha
MaLLUMHHOM 06YYeHUM C Y4ETOM anpuopPHOM MHPOPMaLMK HA MpUMEPE MOLEIMPOBAHUS COBbITUIA B raMMa-aCTPOHOMUM.

Ha GH2NULICKOM 5i3biKe
The main results of this project will be methods of intelligent data modeling in astrophysical experiments based on deep
machine learning. These include methods for fast modeling of events of registration of large air showers by Cherenkov
telescopes using generative neural networks. Their scientific significance lies in the fact that the use of such methods will
allow replacing complex and resource-intensive Monte Carlo methods, significantly speeding up the modeling process,

3asaska Ne 22-21-00442 Ctpanvua 4 ns 32


Alexander Kryukov



which, in turn, will make it possible to significantly advance in understanding the fundamental processes occurring in the
Universe. The developed methods can find application not only in scientific research, but also in engineering sciences, in
economics, wherever Monte Carlo methods are used to model various phenomena and it is necessary to take into account a
prior information inherent in these phenomena.

Specifically, within the framework of the project, the following main results will be obtained:

- methods and algorithms based on deep machine learning for generating random samples of multidimensional vectors,
taking into account prior constraints, including the statistical characteristics of the obtained sets (samples);

- software adaptation of existing and implementation of new methods and algorithms for generating random samples;

- the results of computational experiments comparing Monte Carlo generators and generators based on machine learning,
taking into account a prior information on the example of event modeling in gamma astronomy.

1.6. B cocTtaB Hay4HOro KONNEKTUBA (B T.4. C YYETOM PYKOBOAMUTENS NpOEKTa) 6yAyT BXOAUTb (YKa3biBaeTCA NaaHMpyeMoe
KONMYECTBO UCMONIHUTENEN B TEYEHUE BCEro CPOKa peannsaumnm NpoeKTa):

HecootBeTtcTBue coctaBa Hay4HOro KO/neKTUBa (B TOM YuCle OTCYTCTBME MHGOpMaLLMM B COOTBETCTBYIOLMX Nonsix ¢opMbl) Tpe6oBaHUAM NyHKTa 12 KOHKYpCHOM

AOKYMeHTaL UM ABNseTca OCHoOBaHWEeM HeaonyCKa 3asfBKU K KOHKypCy.
4 ycnonHuTenen npoekTa (BKNOYas pykoBOAUTENS),
B cootBeTcTBMM C Tpe6OBaHVI$|MVI MYyHKTa 12 KOHKprHOﬁ A,0KyMeHTaumn ot 2 file) 4 YeN0BEK, BHE 3aBUCMMOCTU OT TOrO, B TPYA 0BbIX WU IPaXO,aHCKO-MPaBOBbIX
OTHOLWLEHUAX UCNONHUTENU COCTOAT C opraHm3auV|el71.
B TOM Yyucne:
2 ucnonHuTenen B Bo3pacte A0 39 neT BKIKYMUTENbHO;
0 acnMpaHTOB (aABIOHKTOB, MHTEPHOB, OPAMHATOPOB) OYHOW GOPMbI 0BYUeHuS;
2 CTypEeHTOB 04HOM hOpMbl 0ByYeHUS.

1.7. MnhaHupyeMbiii COCTaB Hay4HOrO KOJIIEKTUBA C YKa3aHueM (aMuiuii, UMeH, 0T4eCcTB (MpU HAIMYUMK) WIEHOB KONIIEKTUBA,
MX BO3pacTa Ha MOMEHT NOJAYM 3asBKM, YHEHbIX CTENEHEMN, AOMKHOCTEN M OCHOBHbIX MeCT paboTbl, GOpMbl OTHOLLEHMIA C
opraHusauumeit (TpyA0BOi AOroBOp, FPaXXAaHCKO-NPaBoOBOi AOrOBOP) B NepUOA, peanunsaLmmn NpoeKTa

1. KptokoB Anekcanzp Naenosuuy, 67 neT, K.¢.-M.H., MI'Y umenun M.B.JlomoHOCOBa, 3aBeytowmii nabopatopuei, TpyL0BOK
[,0roBop.

2. lybeHckas KOnma KOpbesHa, 39 net, MY numMeHn M.B.JIOMOHOCOBA, H.C., TPYA0BOM JOrOBOp.

3. BnackmHa AHHa AnekcaHapoBHa, 21 rog, dusmnyeckuin pakynsteT MIY umenun M.B.JlomoHocoBa, 6akanaep, TpyLOBOM
[,0roBop.

4. ['pecb Ennzaseta OnerosHa, 22 roga, dusmyeckuii dhakynbteT UMY, CTyaeHT, TPYA0BOM AOr0OBOP.

CooTBeTcTBME NPOCECCUOHATILHOIO YPOBHS WIEHOB HAay4HOrO KOJI/1IEKTUBA 334a4aM NpoeKTa

MpeLnoXxeHHbIM NPOEKT NOCBALLEH, B OCHOBHOM, MH(OOPMALLMOHHBIM TEXHOMOMUSM, B YaCTHOCTM OAHOMY M3 CaMblX ero 6ypHo
pa3BUBAKOLLMXCS Pa3LLeNIOB — MHTENEKTYaNbHbIM MeToaM aHanu3a 60/blumx AaHHbIX. OAHAKO, NPOEKT MMeET TakxKe CUIbHO
BblpXKEHHbIV MEXANCUMNAMHAPHDBIN XapaKTep, a ero pe3ynbTaTel OPUEHTUPOBAHbI HA OAHY M3 CaMbiX NepefoBbiX obnacten
Hay4HbIX MCCNef0BaHMI — acTPODU3NKY CyBATOMHbIX YACTUL, KOTOPasi 3aHUMAETCS U3Y4EeHUEM CaMblX IYyOUHHbIX OCHOB
cTpoeHuns BceneHHoM. MNo3TOMy B KONIEKTMBE Y4aCTBYHOT CneumanmcTbl B 06nactu Kak UT, Tak n GU3MKM BbICOKMX SHEPTUK,
BK/1104as raMMa-acTPOHOMMIO.

PykosoauTens konnektnea A.M.KptokoB npodeccMoHanbHO 3aHMMaeTCs pa3BUTUEM U MPUMEHEHUEM COBPEMEHHBIX
MHMOPMALMOHHbIX TEXHONOTUI B pu3mke. VM Bb1in pa3BUTbl MHOTOYUC/IEHHbIE MaTEMATUY eCkue MeToabl B 061acTu
KOMMbIOTepHOW anrebpsbl, B TOM Yucie ans 3aaad GU3nKu BolCOKMX 3Hepruid. OH SBASNCS NMOHEPOM BO BHEAPEHWUM Fpus,
TeXHonorMu B Poccuu, BoINOAHMA MHOTOYMUCIEHHbIE UCCNeA0BaHUS B 061acTu pacnpeaeneHHbIX BolYUMCNeHWIA. imeeT
UHTepecHble pusnyeckme pesynbTatbl. A.N.KpokoB aBnseTcs 4neHoM aBTOpCKOro Konekt1ea konnabopauum CMS (LEP,
XeHeBa), koTopas B 2012 roay oTkpbina 6030H Xurrca (B 2013 roay Hobenesckas npeMus no dusmke 6bina npucyxaeHa
M.Xurrcy n ®.2Hrnepy 3a TeopeTnyeckoe 060CHOBaHME CyLLeCcTBOBaHUS 6030Ha Xurrca). B nocnegHue roabl OH CTan akTMBHO
pa3BuMBaTb Pa3/IMyHblEe METOLbl MALUMHHOIO 06y4YeHMs U UX NpUMeHeHUs B HU3MKe, B YaCTHOCTM B raMMa-acTPOHOMUM.
SBnseTcs YneHoM MexayHapoaHon konnabopaumm TAIGA, oCHOBHOM 3aaayelt KOTOpPO# ABngeTCa UccnefoBaHue B 061actm
(OU3UKM KOCMUY ECKMX NTy4el U rTaMMa-aCTPOHOMUM.

10.10.ly6eHckas gBngeTCcs onbITHIM UCCAeA0BaTENEM, MPUHUMANA Y4acTUe BO MHOMMX MPOeKTax No pacrnpeneneHHbIM
BbIUMC/IEHUS U MCMOMb30BAHMIO TEXHOIOTUM BUPTYau3aLmm B 061aCT1 BbICOKOMPOM3BOAUTENbHBIX BblYUCIEHUIA. B HacToswee
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BpeMA 3aHMMaeTCAa pa3BUMTMeM METOA0B reHepaunmn COCTOSIHWUM ¢M3MH€CKMX CUCTEM C NOMOLLPH TEHEPATUBHO-
COCTA3aTeNIbHbIX HempOHHbIX ceTen. Pe3yanaTb| A0KNaAblBaNNCb Ha paae MeXayHapoaHbIX KOHqJEDEHuMﬁ n OI'Iy6)'Il/IKOBaHbI B
neyaru.

A.A.BnackuHa — 6akanaep ¢pumsmyeckoro dakynbteta MY umenun M.B.JloMoHOCOBa, KOTOpasi HAYMHAET CBOWM NyTb B Hayke. TeM
He MeHee, yXe ceiyac OHa f,06Mnach XOpOoLUMX pe3ybTaToB B 061acT1 MalwmHHOro obyveHus. Ee kypcosas pabota
NOCBSLLIEHA MCMO/Ib30BAHWUI0 CBEPTOYHBIX aBTOSHKOAEPOB ANS Y/yULLIEHUS OTHOLUEHWUS COTHaN/LWIyM Anst M306paxeHui
LUMPOKMX aTMOCPHEPHBIX IMBHE N, MOPOXKAEHHbIX FAMMa KBaHTaMM OT rafakTU4eCKUX U BHETraNaKTU4eCKMX UCTOYHMKOB. B
HacTosiLLee BpeMsi MO MaTepuanaM KypCcoBoi paboTbl FOTOBUTCS CTaTbs AN Ny6aMKaumu.

E.O.lpecb — mMaructpaHT UMY, r.MpkyTck. HecMoTps Ha CBOM BO3PacT yxKe MMeeT OnbiT 06paboTkM AaHHbIX IKCMEePUMEHTA
TAIGA. B cBoei 6akanaBpckoi paboTe «OBpaboTka nepsuuHbIX AaHHbIX LWAJT TyHkmnHckoro Teneckona TAIGA-IACT» oHa
pa3paboTana nporpamMmy 06paboTku AaHHbIX TeNeCKONa Ha OCHOBE NapaMeTpoB XMAca, YTO NO3BO/IMIO 3aMETHO Y/yY WKTb
KayecTBo 0T6opa raMMa-cobbiTuii B akcnepuMeHTe TAIGA. B HacToslee BpeMs OHa 3aHMMaeTCs 3apadeit Knaccudukaumm
COBbITUI METOL,0M CBEPTOYHbBIX HEMPOHHbIX ceTeld. Mony4yeHHble pe3ynbTaTbl NIaHUPYEeTCs LONOXUTb HA MEXAYHAPOAHOM
paboueM coBewwaHumn «Deep Learning in Computational Physics».

Takum 06pasoM, KoNNekTMB UMEET B CBOEM COCTaBE OMbITHbIX MCCNeA0BaTeNe U CTYAEHTOB, coveTas B cebe onbiT U 3HaHUS
Kak B 0651acTt MHOOPMALMOHHBIX TEXHOMOMMI, BK/IKOYAs MaWMHHOE 0Bby4yeHue, Tak U B 0611aCTU PU3MKM BbICOKUX IHEPrui,
BKJ/1K0Y a5 raMMa-acTpOHOMMIO, MeTOLbl AN KOTOpoW 6yayT pa3pabatbiBaTbcs, anpobrpoBaTbCs U UCCNeaoBaTbCs. Bee 310
SIBNSIETCS 33/10r0M YCMELUHOro BbINOHEHUS NPOrpaMMbl UCCEL0BAHMI U NONyYeHUe 3asBNEHHbIX Pe3YNbTaToB,
npesycCMOTPEHHbIX NPOEKTOM.

1.8. NMnaHupyeMblii 06beM puHaHCcMpoBaHUA NpoekTa PoHAOM No rogam (yKkasbiBaeTcsl B TbicC. py6neit):
B 2022 r. - 1500 Tbic. pybnen,
B8 2023 r. - 1500 TbIC. pYOneii.

HecootBeTcTBME NNaHMpyeMoro o6bema GMHaHCMPOBaHMS MPOeKTa (B TOM YMTIe OTCYTCTBME MHGBOPMALMM B COOTBETCTBYHOLUMX MOASX GOpMbI) TpeboBaHusM nyHkTa 10

KOHKprHOI;I A0KYMEHTaUUM ABNAETCA OCHOBaHWEM HEL 0Ny CKa 3a9BKU K KOHKYPCY.

1.9. HayuHbli1 KONNEKTUB NO pe3ynbTaTtaM NPOEKTa B XOAE ero peainsauumn npeanonaraet ony611MKoBaTb B peLeH3MpyeMbIX
POCCUIACKMX M 3apy6eXXHbIX HAYy4HbIX U3AAHMSIX HE MEHee
MpusoaaTca AaHHbIe 33 BECb NEpUOA, BLINOMHEHUS NPOEKTa. YMeHbLW eHne Konnuectsa nybamkaumii (B ToM umcne oTcyTcTeue MHGOpMaLLMM B COOTBETCTBYHOLLMX
nonax ¢opmbl) N0 CPABHEHUIO C NOPOroM, YCTAHOB/IEHHBIM B MyHKTe 16.2 KOHKYPCHOI A,0KYMEHTaLLuK, ABASETC OCHOBaHMEM Hefomycka 3asBKU K KOHKYpCY.
5 ny6avkaumn,
U3 HUX

5 B U3paHuaX, MHAEKCUMPYEMbIX B 6a3ax aaHHbix «CeTb Hayku» (Web of Science Core Collection) nnmn «Ckonycs» (Scopus).

MHdbopMaumsa o HayuHbIX M3JaHUAX, B KOTOPbIX NpeanonaraeTcsl ony61MKoBaTh pesynbTaTbhl NPOEKTa, B TOM Yucie cnepyet
yKasarb B Kakux 6a3ax MHAEKCUPYIOTCA AaHHble u3paHusa - «Cetb Hayku» (Web of Science Core Collection), «Ckonyc»
(Scopus), PUHLL, nHble 6a3bl, a TaKKe yKa3aTb TMN NY6AMKaLuMK - cTaTbsl, 0630p, Te3UCbI, MOHOrpacdusa, MHOM TUN
Pe3ynbTaThl NpoekTa naaHUpyeTcs onybaMKoBaThb B psae MeXAyHapOAHbIX U POCCUIACKUX U3LAHMSX, B TOM Yncne:

-- Journal of Computational Physics,

-- Neural Networks,

-- Neural Computing and Applications

-- Journal of Physics: Conference ceries

-- MporpaMmupoBaHue

-- CEUR Wokrshops

Bce ykasaHHble n3gaHus nHaekcupytotcs cuctemamm WoS mnm Scopus. TOYHbIM CNMCOK M34aHMI ByaeT onpeneneH B
npouecce BbIMOMHEHUS NPOeKTa.

MHble cnoco6bl 06HapoAOBaHUS Pe3YNIbTAaTOB BbIMOJIHEHUS MPOEKTa

BbicTynneHms Ha BeayLWmMX BCEPOCCUMCKUX U MEXAYHAPOLHbIX KOHDEpPEeHLMSX, B TOM YUC/IE CeAYIOWNX perynspHbIX
¢dopymax:

-- International Workshop on Advanced Computing and Analysis Techniques in Physics Research (ACAT)

- MapannensHble BoluncaMTeNbHbIE TexHonoruu (MaBT), Poccus;
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-- Distributed Computing and Grid-technologies in Science and Education (GRID), OUAN, [ly6Ha,
-- CynepkomnbtoTepHble fHu B Poccun (RSCD), Mockea.
lMonHbIV cNUCOK KOHPepeHLMit ByaeT onpeaeneH no3gHee.

1.10. Yncno nybnukaumii WieHOB HAy4HOrO KOMJIEKTUBA, ONY6/IMKOBaHHbIX B nepuoga, ¢ 1 sueapsa 2016 roaa Ao Aatbl noaaum
3asBKM,
53, 3 HUX

53 - onybnmkoBaHbl B M3aaHusx, MHaekcupyembix B Web of Science Core Collection unm B Scopus.

1.11. NMnaHupyeMoe y4yacTMe Hay4HOro KONNEKTUBA B MEXAYHapOAHbIX Konnabopauusax (npoektax) (Npu Hanuumm)

B npouecce BbinonHeHUs paboT NO NPOeKTy NIaHUPYeTCS aKTUBHOE y4acTMe B MeXAYHApOoLHOM Konnabopauum TAIGA
(https://theory.sinp.msu.ru/doku.php/taiga/about), B KoTOpyt0 BXOAST BeAylme POCCUACKME U eBPONENCKME HayYHble
OpraHu3aummu 1 yHuBepcuteTsl, B Tom yncne HUMA® MIY; UpkyTckuii rocynapcteeHHbi yHuBe pcuteT; ObbeAnHEHHbI M
UHCTUTYT 9aepHbiX nccnenosanuii (OUAW, r.lybHa); HaumoHanbHbI M ccnenoBaTenbCkuii aaepHblit yHuBepcuteT "MUDN';
MHCTUTYT gpepHbix nccnenoBaHuin PAH; HemeLknit 3neKTpOHHO-CMHXPOTPOHHbIM LeHTp (DeutschesElectronen-
Synchrotron), DESY, l'epmanus; TypuHckuityHusepcuteT (Universita' degli Studi di Torino), Uranug; MHcTuTyT
TexHonorui(Karlsruherinstitutfiirtechnologie), KIT, r. Kapnacpya, F'epmanus; Fambyprckuin yHusepcuteT (UniversityofHamburg)
, UHH), FepMaHus; n paga opyrux Hay4HblX OpraHusaunii u ynusepcutetoB. OCHOBHOM 33a4ei 3ToM Konnabopauum senseTcs
MOMUCK ranakTUyeCcknux MCTOYHUKOB raMMa-KBaHTOB C 3Heprusamu Boiwe 20-30 T3B; nccnenoBaHMs NOTOKOB raMMa-m3yyeHus
OT U3BECTHbIX UCTOYHWUKOB B AMana3oHe 3Heprui Bbiwe 20-30 T3B Ha perncTpMpyemMoM ypoBHe 4yBCTBUTENIbHOCTY;
MCCne0BaHUS BblCOKOIHEPreTUYEeCKOM YacTu CneKkTpa raMMa-usnyyeHuns Hambonee apkux 61a3apos C Lesblo U3yyeHus
MOr/IOLLEHUS raMMa-KBaHTOB Ha MeXXranakTnyeckoM (OHOBOM U3JlydeHnU (MHQPaKpaCHOM U MUKPOBOJIHOBOM) M MOMUCKA
BO3MOXHbIX HapYLUEHWI NOPEHL-UHBAPUAHTHOCTU U aKCMOH-(OTOHHbLIX NEPEX0A0B, a TaKXKe NONCKA TEMHOM MaTepuu BO
BceneHHow. KnioueBoi naeen passutus raMmma-obcepsatopum TAIGA aBnseTcs coBMeCTHas paboTa LMPOKOYTroNbHbIX U
y3KOYronbHbix feTekTopoB TyHka-HiISCORE u TAIGA-IACT. TAIGA — npoeKT Kflacca MeracameHc, HAXOAMTCS Ha TeppuTopun
TyHKMHCKOrO acTpodm3nNyeckoro LeHTpa KONNEeKTMBHOIO N0Sb30BaHUA MpKyTCKOro rocyaapCcTBeHHOro YHUBEpCUTETa rae
CTPOWTCS KpYNHeNLas B MMpe Mo NAoLWaamn raMmma-obcepsatopus. PykoBoauTens NpoekTa SBASeTCs Y1eHOM YKa3aHHOM
Konnabopaumu.

PykoBoauTenb NpoeKTa NoATBEPXKAAET, YTO

® BCE YJieHbl HAY4YHOrO KO/EeKTUBA (B TOM YMCIe pyKOBOAMUTENb MPOEKTA) YAOBNETBOPSIOT NyHKTaM 4, 6, 7, 13
KOHKYPCHOM AOKYMEHTALMM;

® Ha BeCb NEPUOS peanu3aumun NpoekTa pyKoBoAMUTE b NPOekTa ByAeT COCTOSATb B TPYLOBbIX OTHOLEHMUSX C
opraHusaumen;

e npu 06HApPOA0BaHMM Pe3Y/bTATOB HOOOM Hay4YHOM paboThl, BbINOJHEHHOM B paMKax noanepXKaHHoro MoHaoM
NpoeKTa, pyKOBOAMTE b MPOEKTA U Hay4 Hbl KOMNEKTUB BYAYT YKa3blBaTb HA NOJly4eHNe GUHAHCOBOM NOALEPXKKM OT
MoHAa M OpraHM3aLmio, a TakkKe CornacHbl ¢ onybamkoBaHueM MOHAOM aHHOTALMKU U OXKMAAEMbIX Pe3Y/bTaToB
noAAep>XXaHHOro NPOeKTa, COOTBETCTBYIOLWMX OTYETOB O BbINOJHEHUM MPOEKTA, B TOM Yucne B UHOOPMALMOHHO-
TeNeKOMMYHUKaLMOHHON ceTh «MHTepHeT;

e nomumo rpaHTa MoHaa NpoekT He byaeT MMeTb APYrMX UCTOYHMKOB GUHAHCUMPOBAHMS B TEYEHWE BCEro nepmoaa
NpakTU4eCKOM peannsaLmm NpoekTa ¢ UCNoab30BaHWeM rpaHTa PoHaga;

® MPOEKT He ABNSETCS aHANIOTMUYHbIM MO COAEPXKAHUIO MPOEKTY, OAHOBPEMEHHO NOAAHHOMY Ha KOHKYPChI HAy4HbIX
(OHAOB M UHBIX OPraHU3aLMA;

® MPOEKT He COAEPXMUT CBEAEHMUI, COCTABNAIOLLMX FOCYAAPCTBEHHYH TalHY MM OTHOCUMBIX K OXPaHSEMOM B
COOTBETCTBMM C 3aKOHOAaTeNbCTBOM Poccuiickor Mepepaumnm nHoi MHGOpMaLMK OrpaHUYeHHOro AOCTYNa;

® 10119 YNEHOB HAY4YHOrO KO/MEeKTUBA B BO3pacTe A0 39 neT BKIOYUTENBHO B 06LWe YMCIEHHOCTU YNEHOB HAYYHOO
KonnekTuea byneT cocTaBnaTb He MeHee 50 NpoLEeHTOB B TeYeHMe BCEr0 Nepuoaa NPakTMYeCcKom peanmsaumm NpoeKTa;

® B YCTaHOBNEHHbIE CPOKM BYAYT NpeacTaBnaTbcs B DOHA eXXerofHble 0T4YeTbl O BbIMOSHEHWUM NPOEKTa U O LeNeBOM
MCMONMb30BaHUM CPEACTB rpaHTa.

Moanucb pykoBoauTens npoekra /A.IN. Kprokos/

3asaska Ne 22-21-00442 Ctpanvua 7 us 32



