®opma «T». TUTYNbHbIM IUCT 3a5BKM B POCCUMCKMIA HAYyYHbIN POHA
KoHkypc 2021 ropa «[1poBeneHue @yHAAMEHTANIbHbIX HAYYHbIX UCCNEA0BaHUMI U
MOUCKOBBIX HAaYYHbIX UCCNeA0BaHUI OTAE/IbHbIMU HAYYHbIMU FPYMNaMmU»

HazBaHune npoekTa Homep npoekTa
CeiticMoniorusa scnbilieyHbiX o6nacteit Ha ConHue

21-12-00195

Koa tmna npoekta: OHK(2021)

OTpacnb 3HaHus: 02

OcHoBHoM koA Knaccudmkatopa: 02-703

[ononHuTenbHblie KoAbI KJ'IaCCl/Iqu/IKaTOpai

02-503

Kop NPHT 41.21.19
®amunus, uma, 0T4eCTBo (MPU HaMYUKM) PYKOBOAUTENS KoHTakTHble TenedoH 1 e-mail pykoBoauTeNs npoekTa:
npoekTa: +79778198929, vnakariakov@googlemail.com

Hakapsakos Banepuit Muxaiinosuu

MonHoe 1 CoKpalleHHOe HaMMeHOBaHWE OpraHM3aLMu, Yepes KOTOPYH AOMKHO OCYLLECTBAATLCS GUHAHCMPOBAHUE NPOEKTa:
(depepanbHoe rocysapcTBeHHoe 6lomKeTHoe yupexaeHue Hayku OpaeHa Tpyaoeoro KpacHoro 3HameHu UHCTUTYT

CO/IHeYHO-3eMHOI pu3nku Cubupckoro otaeneHmsa Poccuitckoi akapeMum Hayk
MC3®d CO PAH

O6bveM PpuHaHcHpoBaHus npoekTa B 2021 r. l'of Havana npoekTa:
6000 TbIC. pyb. 2021

[0, OKOHYaHMS NpoekTa:
2023

®amMunnmn, UMeHa, 0T4ecTBa
(npv HanMunK)

OCHOBHbIX UCMONHUTENEN KynpusHosa EneHa leHHapbeBHa
(nonHocmeto)

KysHeuoB Anekceit AnekceeBuy

Cbiu Po6epT AHapeeBuy

(pykosodumesns npoekma e OGHHOU 2page He yKasbieaemcs])

[apaHTMPYH0, YTO MPU NOAFOTOBKE 3as1BKM He BblsM HapyLUEHbI aBTOPCKUE U MHbIE NPaBa TPETbUX NULL U/UKn uMeeTcs
cornacue npasoobnagateneit Ha npeacTasneHne B MOHA MaTEPUANOB U UX UCMO/b30BaHWe DOHLOM ANs NPoBeAEHMS

IKCNepTu3bl U ona OGHapO,D,OBaHVIﬂ (B BUOE aHHOTaUMM 3aﬂBOK).

MoAnMCb pyKOBOAMTENS MPOEKTA

/B.M. Hakapsikos/

MoAnucb pykoBoAUTENS OpraHM3aLmm™

*JIu6o ynonHoMoyeHH020 npedcmagumens, delicmsyioue20 Ha 0CHOBAHUU 008EPEHHOCMU UAU pacn opsdUmessH 020
OokyMeHma. B ciydae nodnucaHus ¢opMsl ynosHOMOYeHHbIM npedcmasumenem opeaHu3ayuu (8 my. -
pyKogodumenem GuAUANG) K Ne4amHoMy 3K3eMnJspy 3as8KuU npuadzaemcs Konus pacnopsioumensHoeo dokymeH ma
unu 0ogepeHHOCMU, 3a8epeHHas neyamelo opeaHu3ayuu. HenpedcmasneHue konuu pacnopsioumessHo2o
0oKyMeHma usu 008epeHHoCMU 8 Clyydae NodNUCAHUs GOopMbl yn0IHOMOYEHH bIM Npedcmasumesem 0peaHu3ayuu, a

make omcymcmeue pacwupposku nodnucu, A8A5emcs 0cHOBAHUEM HedoNycKa 3as58KU K KOHKYPCY.

MeyaTb (Npu HanMuMK) opraHu3aumm

[lata perncrpaumm 3assku
07.11.2020r.

3asaska Ne 21-12-00195 CtpaHnvua 1 u3 61



javascript:undefined
javascript:undefined
javascript:undefined

®opma 1. CBepeHus o npoekre

1.1. HazBaHue npoekTa
Ha pYcCKoM A3bike
CericMoniorus Bcnblw eYvHbiX obnactert Ha ConHue

Ha GHeNULICKOM 5i3biKe
Seismology of Flaring Regions on the Sun

1.2. MproputeTHOE HanpaBneHWe pasBUTUS HayKu, TEXHONOIUI U TeXHUKK B Poccuitckoit depepaumm, Kputnueckas
TexHonorus

YKkasbiBaeTcsa cornacHo nepeyHio (Ykas lMpesuaenta Poceuitckoit Depepauum ot 7 niona 2011 ropa N2899) B ciyyae, ecnm TemaTuka NpoekTa MOXeT GbiTb
OTHECeHa K 04 HOMY W3 MPMOPUTETHbIX HanMpaB/IeHWH, a TaK)Ke MOXXeT BHECTU BKJIaA, B pasBUTUE KpUTMUECKMX TexHonoruii Poccuiickoit Depepaumu.

6. PaLl,l/IOHaI'IbHOE npupoaonosib30BaHUE.

21. TexHonoruu npeoynpexxaeHna u IMKBUAALMKM Ype3BblYaiHbiX CUTYaLMI NPUPOLHOIO M TEXHOTEHHOMO XapakTepa.

Hanpaenenue u3 Ctparerum Hay4yHo-TeXHONOrM4ecKkoro passutus Poccuitickoin Mepepaumm (yreepxxaeHa Ykasom lMpesupeHTa
Poccuiickoit @epepaumm ot 1 nekabpsa 2016 r. N2 642 «O Crparermn Hay4HO-TEXHOJIOrMYECKOro pasBuTus Poccuiickom
Mepepaumnu») (npu Hanuyuu)

H7 Bo3MOoXHOCTb 3 eKTUBHOrO 0TBETa POCCUIACKOro 0bLecTBa Ha B6o/bLLMe BbI30BbI C Y4eTOM B3aMMOAENCTBUS YEN0BEKA U
npupoabl, YeN0BEKA U TEXHONOTUIA, COLMANbHbIX MHCTUTYTOB HAa COBPEMEHHOM 3Tane rnobanbHOro pa3BuTUS, B TOM YnCie
NPUMEHSS METOLbl N'YMaHUTaPHbIX U COLMANbHbIX HAYK

1.3. KnioueBble cnosa (npusodumcs He 6onee 15 mepMuHos)

Ha pYCCKOM 5i3bIKE
ConHue, KopoHa, AkTnBHble obnactu, ConHeyHble BCMblwkM, MM kone6aHna 1 BoAHbI, Ml ce iCMONOrnsi CONHEYHOM KOPOHbI,
Kocmuuyeckas noroaa

HQa aH2/IULCKOM Si3biKe
Sun, Corona, Active regions, Solar flares, MHD oscillations and waves, MHD seismology of solar corona, Space weather

1.4. AHHOTaumMs npoekTa (06LemMoM He 6osee 2 cmp.; 8 MOM HuUC/1e Kpamko — akmyasabHoCme peuwleHus YyKa3aHHoli eviuie
HayyHoil npo6aeMbl U HAYYHAS HOBU3HA)
[LanHas uHpopMauua MoXeT GbITb ony6amKoBaHa Ha caite MoHAa B MH(OPMALMOHHO-TeNEKOMMYHMKALLMOHHOM ceTh «MHTepHeT».

Ha pyCcCKOM 5i3biKe
MpeLncTaBnsieMblii MPOEKT NOCBALEH CO3AaHUI0 HOBbIX BOCTPEOOBaHHbIX METOA,0B ANArHOCTUKM PsiAa OCHOBHbBIX (M3MYeCKUX
napaMeTpoB NJia3Mbl BEPXHEN YacTU CONHEYHOM aTMocdepbl - CONHEYHOW KOPOHbI, 1 HanpaBieH Ha yy4lleHWe Hawero
NMOHMMAHUS NPOLLECCOB, MOTEHLMANbHO OTBETCTBEHHbIX 33 re03ddeKTUBHbIE CODbLITUS, TAKUX KaK CONTHEYHbIE BCMbILUKM.
MnaHunpyeTca pa3paboTatb U NPUMEHUTL CEMCMONOTMYECKUE METOAbI A HAAEXKHOM OLEHKM MarHUTHOMO CKPY4YMBaHUS U
TOHKOW CTPYKTYPbl MarHUTOM/IA3MEHHbIX CUCTEM BO BCIblLLEYHbIX 061ACTAX KOPOHbI, @ TAKXKE BHECTH Y/y4LlIEHUS B TEOPUIO
LBYXJIEHTOUYHbIX BCMbiweK. Oxuaaemble pe3ynbTarbl HEO6XOAUMbI NS OLLEHKM SHEPrUM, KOTOPAs MOXKET BblAeNITbCS BO
BPeMS$ BCMbILIKK, @ TAKXKe MOHUMaHUS TEMMA SHEProBblAeIEHNUS B CaMblX MOLLUHbIX BCMbILLKAX, YTO MPUHLMNNANBHO BAKHO ANS
NPOrHO3MPOBaHUSA IKCTPEMANbHbIX COObITUI KOCMUYECKOM noroApl. NoTpebHOCTb B HAAEXXHOM NPOrHO3MPOBAHMM TaKUX
cobbITUIA B NOCNeaHee BpeMs CTasla OAHWM U3 NPUOPUTETOB KOCMUYECKMX UCCNefoBaHni. CoBEpLUEHCTBYEMbIN B JAHHOM
npoekTe MeToA MarHuTornapoamMHamuyeckon (ML) ceimcMonormm ConHEYHOM KOPOHbI HAa3BaH OAHMUM U3 K/IHOYEBbLIX METOA0B
B rnobanbHoM AOpOXHOM KapTe KomuteTa no kocMuyeckum nccnenoBaHmam (COSPAR) Ha 2015-2025 rr. Kpome Toro, atot
npoekT 6yaeT cnocobCTBOBaTh AaNbHENWEMY YrayONeHMIO HaWwero NoHMMaHua MI[1-Bo/iH B HEOAHOPOAHOM Nna3me ¢
BO3MOXHOCTbIO Nepefayu nofy4eHHoM MHPopMaLmMmM ApYruM 061acTaM GU3MKK MAa3Mbl, TaKUM Kak acTpoduU3nka, reodusmka
W YNpaBnsieMbl TepMOSAEPHbIA CUHTES.

MpoeKT HaLeNeH Ha pelLleHNe CneayoLMX KOHKPETHbIX Hay4YHbIX 3a4a4:

1. Pa3paboTka 1 npuMeHeHWe HOBbIX CEMCMONOTMYECKMX METOLOB, OCHOBAHHbIX HA aHaM3€e MOAbl NepeTsKeK (COCUCOYHOM
MoAbl) KonebaHMi KOPOHANbHbIX NeTeNb, AN OLEHKM MX MAarHUTHOMO CKPYYMBaHMS, HEOHXOAMMOTO ANs OLLEHKM CBOOOLHOM
MarHMTHOM 3HEpPrmn Bo BCNblWEYHbIX 06nacTax coNHeYHOM KOPOHbI.

2. Pa3pa60TKa M NPpUMEHEHNE HOBbIX CEeNCMONIOrMYEeCKMX MeTOoA0B A1 ANarHOCTUKM NONepevHOro CTpyktypmpoBaHUA
NAOTHOCTU M TEMNEPATYPbI NAa3Mbl KOPOHAbHbLIX NETE/b C UCMONIb30BAHUEM CTOAUMX M NAecKatowmx (sloshing) MeaneHHbIX
MarHMTOaKyCTUYeCKUX KonebaHui.
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3. Onpe,u.eneHme ¢M3MLIGCKVIX npoueccos, OTBETCTBEHHbIX 3a pa3BUTME BCMNbIWEYHOIo 3HEProBbliAeIeHUA BOOJIb MarHuTHOM
HEﬁTpaﬂbHOﬁ JINHUU B MOLWHbIX OBYXNEHTOYHbIX BCMblLWKaX.

Hosu3Ha noaxoaa npeafiaraeMoro ucciefoBaHus onpepenseTcs: (a) MCNoMb30BaHWMEM COBPEMEHHbIX METOA0B aHanM3a
HeCTaUMOHaPHbIX, HEIMHEMHBIX U MHOTOMOAA/IbHbIX CUrHaNoB. B yacTHocTH, ByaeT NpUMEHEHO pasnoXeHue no
aMnmpuyecknm mogam (EMD) n MoHTte-Kapno no cxeme Mapkosckoin uenu (MCMCQ), nonukcenbHas BerBneT GuabTpaums
(PWF) BpeMeHHbIX Ky60B M300paXKeHMI, UCMOb30BaHWE NPOBEPEHHBIX U XOPOLIO 3apEKOMEHA0BABLUMX C€OS YMCNEHHbIX
konoB (LareXd, FoMo, GX Simulator); (6) ncnonb3oBaHveM AaHHbIX HABAOAEHWUI NyYLLMX COBPEMEHHbBIX KOCMUYECKUX U
Ha3eMHbIX COJIHEYHbIX MHCTPYMEHTOB, BKo4as Cnbupckuit Pagunorennorpad, SDO/AIA, /HMI u Konus/Wind; (B)
CMCTEMATUY eCKMM MOAXO0A0M, OCHOBAHHbIM Ha KaTasorM3awumMm MHOrOBOIHOBbLIX M MHOTOMHCTPYMEHTaNbHbIX AaHHbIX; (I)
B3aMMO/L0MNOJHSEMOCTbIO aHANN3A AAHHbBIX U TEOPETUYECKUX UCCNef0BaHuM; (4) 3O EKTUBHBIM UCMONb30BAHUEM
MarHuTocdepHbix HapaboTok 1 MeToAoB B Gusmnke ConHua.

BaxxHoM Lenbto npoekTa sBnseTcs obecnevyeHme MOOAbIM Y4eHbIM BO3MOXHOCTU MHTEHCUBHOW NOATOTOBKM MO AAaHHOMY
HanpaBneHUo, BKIKOYas LOCTYN K YHUKaNbHbIM HabopaM AaHHbIX 1 MakeTaM NporpaMMHoro obecneyeHuns; noBblWeHUE

3 PEKTUBHOCTM IKCNITyaTaLMU MEXAYHAPOAHbBIX U HALUMOHANbHbIX MHCTPYMEHTOB, B YacTHOCTM Cubupckoro
Paguorennorpada, 1 nonydyeHune onbiTa, HEO6XOAMMOrO 415 YCNEeLWHOM 3KCNJyaTalMmu CO34aBaeMbIX MHCTPYMEHTOB, B TOM
yucsie pocCUMCKMX KocMmyecknx mmccni Muteprennosong, n APKA, n npoekta PROBA-3 EBponeickoro kocMmyeckoro
areHtcTtea. CocTaB UcnonHuTeNen NnpoekTa nogobpaH Takum 06pazoM, UTOObI UX 3HAHWUS U OMbIT MO3BOJIMAN YCMELLHO
BbIMOJIHWUTb BCE 33,341, 3asBNIeHHbIe B MpoeKTe. PykoBoauTe b rpynnbl SBASETCS HAyYHbIM IMAEPOM, NMPU3HAHHBIM BO BCEM
mupe. C 2016 ropa y4acTHMKM KOMaHAabl onybamMkoBanu 125 HayuHbIX CTaTen B KypHanax, npoMHAeKcMpoBaHHbIX Web-of-
Science. YneHbl rpynnbl pazpaboTany HeCKObKO KOYeBbIX METOA0B, KOTOpble ByAyT MCMO/b30BaTbCs MPU BbIMOJHEHUM
3aja4 NpoeKTa, B YaCTHOCTH, NaKeTbl aHaNM3a AaHHbIX, peanu3yoLlue MeTobl PA3NOXKEHUS MO SMNUPUYECKUM MOAaM U
bariecoBCKMIM aHanM3 C NpuMeHeHMeM MeToaa MoHTe-Kapio no cxeMe MapKoBCKOM Llenu, aHanUTUYeCcknue Moaesnu,
OMMCbIBAKOLME MAarHUTOrMAPOAMHAMMUY €CKME BOSIHOBbIE NMPOLECChl B HEOAHOPOAHOCTSAX NIa3Mbl COTHEYHOM KOPOHbI U
CpeacTBa MOAENMPOBAHUS CONTHEYHOTO PaAMOoU3nydeHus. YneHbl NpoOeKTa y4acTBYIOT B HAYYHbIX FPyNnax, CBA3aHHbIX C
HabnoaaTeNbHbIMU MHCTPYMEHTaMM, Hanpumep, Cnbupckuin Pagnorennorpad, pagmorenvorpad Nobeyama, SDO/AIA, n
MMetoT 60/1bLIOK ONbIT paboTbl B 061aCTU aHaNM3a AaHHbIX, HAXOAALWMXCS B OTKPbITOM LOCTyNe, Takux Kak RHESSI.

PykoBoauteneM npoekra sensetcs B.M. Hakapsakos, KOTOpbIii uMeeT 60/bLUOKM OMNbIT B PYKOBOACTBE UCC/IEf0BaTEIbCKUMU
npoekTamu (HanpuMmep, Hakapsikos 6bin pykoBoauTeneM ncciegosatenbckon cety «RadioSuny»; HakapsikoB Bo3rnaensn
uccnenoBaTeNbckne NporpaMmel, UHaHCHpyemble EBponencknM nccnenoBatelbCkMM COBETOM). TakxKe OH SBIsSeTCs
yCMeLlWHbIMX PYKOBOAMTEIEM MOJIOAbIX YYeHbIX (MO4 PYyKOBOACTBOM HakapsikoBa yCnewHo 3aWwnTuancb 16 acnmMpaHTos).
YneHbl pOoCCUICKONM KOMaHAbI, He NpoXuBatoLwme B Mipkytcke, 6yayT TpyaoyctpoeHsl B UC3® CO PAH (auctaHuMoHHas paboTa).
MNpuBeaeHHbIe Bbllle HAayYHble 334a4M Pa3buTbl HA TPM KOHKPETHbIX paboymx nakeTa, KOTOpble TECHO CBA3aHbl APYT C APYroM
00LWMMM METOAMKAMM aHaNM3a faHHbIX M TeOPETUYECKOro MoAEeNMPOBaHMS. Kaxabii paboynii nakeT BO3rNMaBUT OOMH U3
OCHOBHbIX UCMONHUTENEN, KOTOPbIM BYAET OTCNEXMBATh U KOOPAMHUPOBATb XOL, BbINONHEHMS paboT no cBoeMy paboyemy
nakery.

lNo ntoram BeinonHeHUs npoekTa byaeT onybMKOBAHO He MeHee 16 HayYHbIX CTaTew B BEAYLUMX MEXAYHAPOAHbIX XypHanax,
nHpekcupyembix Web Of Science n Scopus. MonyyeHHble pe3ynbTathl 6yayT Takke NpeAcTaBneHbl HA Hay4YHbIX
KOHMepeHLMaX 1 B BUAE NyOAMuHbIX nekuuid. Kpome Toro, AaHHbIe, NONyYeHHble B XO/e BbINONHEHWUS NpOoeKTa (KaTanor
COCUCOYHBIX U MeAJiIeHHbIX KonebaHWi KOpOHanbHbIX neTenb), byayT onyb/MKOBaHbI B OTKPbITOM AOCTyNe B ceTn MHTepHerT.
MpepnaraeMmblii NPOEKT AACT YHUKANbHYIO BO3SMOXXHOCTb PACLUMPUTb HaLM 3HaHMS 06 OCHOBHbIX GU3MYeCcKUX npoueccax,
npoucxopaumx Ha ConHue, a Takke paspaboTatb M NPUMEHUTb HOBblE METObl AMArHOCTUKM COMMHEYHbIX aKTUBHbIX 0bnacTe,
KOTOpbI€ N[ryT B OCHOBY CO34aHMS MoAeNel C YHUKaNbHbIMM BXOAHbIMM NapaMeTpaMu, BOCTPeBOBaHHbIX A1 MPOrHO3a
KOCMUYEeCKOM NoroApl.

HQa aH2/IULCKOM Si3biKe
The project is aimed at the development of novel and highly demanded methods for diagnosing the key physical parameters
of the plasma in the outer part of the solar atmosphere - the solar corona. The project will improve our understanding of the
processes responsible for the potentially geoeffective solar events, such as solar flares. We propose to develop and apply
seismological methods for reliable estimating the magnetic twist and fine structure of the magnetic field and plasma
structures in flaring regions of the corona, as well as to improve the theory of two-ribbon solar flares. The expected results
are necessary for estimating the total energy that can be released during flares, as well as for estimating the energy release
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rate in powerful flares, which is of key importance for forecasting extreme space weather events. The high demand for
reliable forecasting of such events has recently become one of the top priorities of space science. In the Global Research
Roadmap of the Committee of Space Research (COSPAR) for 2015-2025, the magnetohydrodynamic (MHD) seismology
method for diagnosing the solar corona (which is the topic of this project) is listed among the key techniques. In addition, the
project will strongly advance our understanding of MHD waves in inhomogeneous plasmas, with possible applications to
other branches of plasma physics, including astrophysics, geophysics, and controlled fusion.

Specific scientific objectives of the project are:

1. Development of novel seismology techniques based on analyzing sausage-mode oscillations of coronal magnetic loops.
Applying these techniques to estimate the magnetic twist in coronal loops, which, in turn, is necessary for the estimation of
the free magnetic energy in flaring regions of the solar corona.

2. Development of novel seismological techniques based on standing and sloshing slow magnetoacoustic oscillations.
Applying these techniques to diagnose the transverse structure of the plasma density and temperature in coronal magnetic
loops.

3. Identifying the physical processes responsible for the progression of the flaring energy release along the magnetic neutral
line in powerful two-ribbon flares.

The main novel features of the proposed research are: (a) Using the state-of-art data analysis methods that address
specifically the non-stationary, non-linear and multi-modal nature of the signals, such as the Empirical Mode Decomposition
(EMD) and Markov Chain Monte-Carlo (MCMC) methods and Pixelized Wavelet Filtration (PWF) of data cubes, as well as using
the well-tested and reliable numerical simulation codes, such as MPI-AMRVAC, FoMo and GX Simulator. (b) Using the
observational data provided by the best available space-borne and ground-based solar-oriented instruments, including the
Siberian Radioheliograph, SDO/AIA and HMI, and Konus-Wind. (c) The systematic approach based on creating and analyzing
catalogues of multi-wavelength and multi-instrumental data. (d) Synthesis and cross-fertilisation of theoretical and data-
analysis activities. (d) Effective knowledge transfer from the magnetospheric physics and other branches of solar physics.

An important aim of the project is to provide early career researchers with intensive training in relevant aspects of the
research, including access to unique data sets and software packages. The project results will enhance greatly the scientific
outcome of the Russian and international observational facilities, including the Siberian Radioheliograph, as well as the
forthcoming instruments and space missions, including the InterHelioProbe and ARKA (Russia) and PROBA-3 (ESO). The
project team has been selected to ensure that all proposed project goals will be achieved, due to the vast experience and
expertise of the participants. The Pl is a world-renowned scientific leader. Since 2016, the project participants have published
125 research papers in the journals indexed by the Web-of-Science. The project participants have developed several key
methods to be used in the project, including the data analysis packages implementing the Empirical Mode Decomposition
and Markov Chain Monte-Carlo methods, the analytical models describing MHD wave processes in inhomogeneous plasma of
the solar corona, and tools for simulating the solar radio emission. The project team members also participate in science
teams of relevant observational facilities, such as the Siberian Radioheliograph, Nobeyama Radioheliograph, and SDO/AIA;
and they have vast experience in analyzing open-access observational data, such as those of RHESSI.

The project will be managed by V.M. Nakariakov, who has vast experience in leading research projects. In particular, he has
been the Pl of the “RadioSun” research network and several other programs of the European Research Council. He is also a
successful supervisor of younger colleagues, having supervised 16 successful PhD students. The project participants who are
not based in Irkutsk, will be employed at ISTP SB RAS in a form of the remote work agreement. The above-mentioned
scientific objectives are split into three specific work packages that are closely linked with each other by the common data
analysis and theoretical modeling methodologies. Each work package will be managed by an assigned leader, who will
monitor and coordinate the relevant activities.

As an outcome of the project, we are going to publish at least 16 research papers in leading scientific journals indexed by the
Web-of-Science and Scopus. The project results will also be disseminated via scientific conferences and public lectures. In
addition, the obtained data products (such as catalogues of sausage and longitudinal oscillations of coronal Loops) will be
made openly available online. The proposed project offers a unique opportunity to advance our knowledge of the basic
physical processes on the Sun, and develop and apply novel diagnostic techniques that will provide highly demanded space
weather forecasting models with unique input parameters.
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1.5. OxkupaemMble pesynbTaTbl M UX 3HAUUMOCTDb (YKA3bI8AOMCS pe3ylbmamel, UX HAYYHAS U 06uWecmeeHHAs 3HA4YUMOCMb
(coomeemcmeue npednonazaeMbix pe3ysbmamos MUpPo8oMy YPOBHIO UCC1ed08aHUl, B03MOXHOCMb NPAKMUYECK020
UCNonb308aHUS 0XUOAEMbIX pe3y/ibmamos NPoeKma e 3KOHOMUKe U couuanbHoli cepe))
DanHaa uHdopMaumusa MoxeT 6biTb ony6aMKoBaHa Ha caifre DoHAA B MHGOPMALLMOHHO-TENIEKOMMYHUKALLMOHHOM ceTU «UHTepHeT».

HQa pYCCKOM Si3bIKe
Mo OKOHYaHMIO BbINONHEHMS NPOEKTa BYAYT NONYY€eHbl CeAYOWME Pe3ybTaThbl:

1) TeopeTnyeckas 3aBUCMMOCTb NapPaMeTPOB COCUCOYHbIX KonebaHuit 0T NapaMeTpOB MarHUTHOMO CKPYYMBAHUS U KPUBU3HBI
Konebnwowencsa netm.

2) HoBble celicMonormyeckme MeToibl OLEHKU MarHUTHOTO CKPYYMBaHWS B PaCLUMPSIIOLLMXCS BCMbILWEYHbIX NeTisX.

3) OueHka napaMeTpoB MarHUTHOrO CKPYYMBAHWUS U CBA3AHHbIX C HUM 3HaY€eHUIA CBOOOAHOM MAarHUTHOM 3HEPrMK, @ TAKXKE UX
BO3MO>XHas 3BOJIOLMS BO BPEMSI BCMbI UK.

4) YcoBepLIeHCTBOBaHHas MOLEeNlb Me/IeHHbIX MarHUTO3BYKOBbIX KOne6aHWi1 B KOPOHaNbHOM NeTne, y4WTblBAKOLLAS
rnonepeyHyo CTPYKTypbl NJia3Mbl B MarHUTHOW TPybKe, MarHUTHOE CKPYYMBaHME U KPUBM3HY NETAMU NPU MeANEeHHbIX
KonebaHumsx.

5) HoBble ceiicMonornyeckue MeToapl UCCNeL0BaHUS NONEPEYHOro CTPYKTYPUPOBAHUS NNasMbl B NeTne.

6) OnpeneneHue pacnpeaeneHuns TeMnepaTypbl U NIOTHOCTH B HEOAHOPOLHOM MOAENM KOPOHA/IbHOW NeT/U U ee
33BMCUMOCTb OT NapaMeTpOB NeTu.

7) Hosas nHdopmaums, nomMoraroLLas MHTepnpeTMpoBaTh HabnaaeMble CKOPOCTU Pa3BUTUS SHEPrOBblAENeHUS BAO/b
HeWTpanbHOM IMHWUU U, COOTBETCTBEHHO, MOLLHOCTYM BCMbILLIKM.

8) Mogenb xnonatowmx (flapping) BoSH B TpeXMepPHbIX KOPOHabHbIX TOKOBbIX CNOSX C HEOAHOPOAHOCTSIMM BAOMb
HEWTPanbHOM IMHUMN.

9) CeiicMonormyeckniti MeTo AMarHOCTUKU NepeCcoesuHAIOLIMXCS TOKOBbIX C/IOEB B MOLLUHbIX ABYXJIEHTOUYHbIX 3PYMNTUBHbIX
BCMblLLKAX.

B pe3ynbTaTte BbinoAHEHMS NpoekTa 6yayT pa3paboTaHbl MeToAbl AN NOYYEeHUS HECKONIbKUX BaXKHbIX BXOAHbIX MapaMeTpoB
L1 NPOrHO3MPOBAHWUS KOCMUYECKOM NOrofbl. 3T NapaMeTpbl OyAyT BCTPOEHbI B MOAEU, UCMOSb3YEMbIE HALLMOHANbHBIMU U
MeXAYHapOAHbIMU LLEHTPAaMM OMepPaTUBHOMO U r106a/IbHOro NPOrHO3MPOBaHUs KOCMUYECKOM NOrofbl, HE06X0AMMOrO Asl
aBMaALMKU, HA3EMHOMO TPAHCMOPTA U CMYTHUKOBBIX CUCTEM HaBUraLMKM U CBA3U. Pe3ynbTaThl npoekTa OyayT AOCTYMHbI B BULE
ny6amMKaLMi B BEAYLUIMX MEXAYHAPOLHbIX U HALMOHA/bHBIX Hay4HbIX XXYpPHanax, NPe3eHTaLMi Ha HAyuHbIX KOHhEpPeHLUaX U
Be6-caliTe npoekTa.

Ha aHenulickom s3bike
The project will result in the following scientific outcomes:

1) Theoretical dependence of parameters of sausage oscillations on the magnetic twist and curvature of the oscillating loop.
2) Novel seismological techniques for estimating the magnetic twist in expanding flaring loops.

3) Estimation of the magnetic twist parameters and corresponding free magnetic energy, as well as reconstruction of their
possible evolution during a flare.

4) An advanced model of slow magnetoacoustic oscillations in a coronal loop, accounting for the transverse plasma
structuring in a magnetic tube, magnetic twist and loop curvature.

5) Novel seismological techniques for probing transverse plasma structuring of coronal loops.

6) Determining the distributions of the plasma density and temperature in inhomogeneous coronal loops, as well as the
dependence of these distributions on the loop’s parameters.

7) New observational data about the speed of a flare progression along a neutral line and hence about the flare power.

8) Model of flapping waves in 3D coronal current sheets with inhomogeneities along the neutral line.

9) A seismological method for diagnosing the reconnecting current sheets in powerful two-ribbon eruptive flares.

The project will provide the methods for estimation of several crucial input parameters for space weather forecasting models.
These parameters will be incorporated into the models used by Russian and international centers for the operative and global
Space Weather forecasting required by aviation, ground-based transport, and satellite-based navigation and communication
systems. The project results will be disseminated via publications in leading Russian and international research journals,
presentations at research conferences, and via the project web site.

1.6. B cocTaB HAy4yHOro KonJ1eKtusa 6y.n.yT BXOAUTb (yKaBblBaeTCil nnaHupyeMoe KonauvyecTeo MUCNOJIHUTENE B TE4EHUE BCETO
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CpoOKa peanusauuu NpoeKTa):
HecootBeTcrBue coctaBa Hay4HOro KOIEKTHBA (B TOM YMCIe OTCYTCTBUE MH(BOPMaLLUM B COOTBETCTBYIOLWMX Nonsx (opmbl) Tpe6oBaHMAM MyHKTa 12 KOHKYpPCHOM
AOKYMEHTaLL MM ABNIAETCS OCHOBAHMEM HEA,OMYCKa 3afBKMU K KOHKYpCY.
10 ucnonHuTenel npoekra (BKIHOYAS PyKOBOAMUTENS),
B cooTBeTcTBUM C TPebOBaHMAMM MYyHKTA 12 KOHKYPCHOM A,0KYMeHTauun ot 4 go 10 yenosek. BHe 3aBUCMMOCTM OT TOrO, B TPYAOBbIX MU IPaXL,aHCKO-NPaBOBbIX
OTHOLLIEHUSIX MCTIONHUTENIN COCTONT C OpraHM3aLmeit.
B TOM 4yucne

5 ncnonHutener B Bospacte 40 39 neT BKAUUTENBHO,

N3 HUX:

2 OYHbIX aCMMPAHTOB, ALbIOHKTOB, UHTEPHOB, OPAMHATOPOB, CTYAEHTOB.

1.7. MnaHupyeMbIit COCTaB HAy4HOTO KONNEKTUBA C YKazaHMeM paMunuii, UMeH, oT4ecTB (MpU HaIMUMK) WIEHOB KONNIEKTUBA,
MX BO3pacTa Ha MOMEHT NOJAYM 3as1BKM, YUEHbIX CTENEHEN, AOMKHOCTE M OCHOBHbIX MeCT paboTbl, GOpMbl OTHOLLEHMI C
opraHusauueii (TpyaoBoii AOroBop, rpaXKAaHCKO-NPaBOBON AOrOBOP) B NepuoA peaivsaumnm npoeKTa

Ha pYccKoM si3bike
1) Hakapsikos Banepuii Muxainosuu (pykoBogutenb npoekTa), 55 roaa, k.¢.-M.H., Doctor of Science, Befylumit Hay4YHbI
coTpyaHuK, PepfepanbHoe rocyaapcTBeHHoe HroaxeTHoe yupexaeHue Hayku CneupanbHas actpodusmyeckas obcepsaTopus
Poccuiickoi akapemmm Hayk (CAO PAH, Kapauaeso-Yepkecckas Pecnybamka), Tpya0BO# AOroBop.
2) Ky3sHewoB Anekcen AnekceeBuy (OCHOBHOM UCMONHWTEND), 45 neT, A.¢.-M.H., 3aB. nab. C3® CO PAH, TpyaoBsoi gorosop.
3) Cbly PobepT AHapeeBuY (OCHOBHOM UCMONHUTEND), 58 neT, K.d.-M.H., B.H.c. IC3® CO PAH, TpynoBsoit gorosop.
4) KynpusHosa EneHa leHHagbeBHa (OCHOBHOM UCNONHUTEND), 45 neT, K..-M.H., C.H.C., DegepanbHoe rocynapcTBeHHoe
bropKeTHOe yupexaeHue Hayku FnaBHas ([MynkoBckas) acTpoHoMMYeckas obcepsatopus Poccuiickon akagemum Hayk (FTAO
PAH, CaHkT-leTepbypr), TpyL0OBOM LOrOBOP.
5) AntbiHueB AnekcaHap TumodeeBuy (McnonHuTens), 74 roaa, A.d.-M.H., pyKoBOAMTENb Hay4HOro HanpasneHus, MC3® CO
PAH, TpynoBovi gorosop.
6) AHduHoreHToB Ceprei AnekcaHapoBuY (MCNONHUTEND), 35 neT, K.@.-M.H., Hay4HbI# coTpyaHuk, MC3® CO PAH, Tpynoso
[,0roBop.
7) KonotkoB mutpuii Opbesuy (ncnonHutens), 30 net, PhD (2017), H.c. UIC3® CO PAH, TpynoBsoit gorosop.
8) NNapnoHosa AneHa UropesHa (McnonHuTenb), 32 roaa, K.d.-M.H., Hay4Hbllh COTpYAHUK, PenepanbHoe rocyaapcTBeHHOe
bropKeTHOe yupexaeHue Hayku FnaBHas ([MynkoBckas) acTpoHoMMYeckas obcepsatopus Poccuiickon akagemum Hayk (FTAO
PAH, CaHkT-leTepbypr), TpyL0OBOM LOrOBOP.
9) KapakoToB PycnaH PoMaHOBMY (McnonHUTENDb), 23 roaa, CTyAeHT (MarncTpatypa), PenepanbHoe rocynapcTBeHHOe
aBTOHOMHOE 00pa3oBaTeNibHOE YUpexaeHWe Bbicwero 06pasoBaHMs «HauMoHanbHbIM MCCNe0BaTeNbCKUI YHUBEPCUTET
UTMO» (CaHkT-TNeTepbypr), TpyLOBOI J0OrOBOP.
10) ®enenér Buktop Bacunbesuy (ncnonHutens), 21 rog, ctyaeHT 6akanaspuarta MipkyTtckoro [ocyaapcTBeHHOro
YHuBepcuTeTa, TPYA0BOM LOr0BOP.

HQa aH2/IULCKOM Si3biKe
1) Valery Nakariakov (PI), 55 years, Candidate of Sciences (Russia), Doctor of Science (UK), Leading researcher, the Special
Astrophysical Observatory (Saint Petersburg, Russia).
2) Alexey Kuznetsov (main Co-l), 45 years, Doctor of Sciences (Russia), Laboratory Head, Institute of Solar-Terrestrial Physics
(Irkutsk, Russia).
3) Robert Sych (main Co-l), 58 years, Candidate of Sciences (Russia), Leading Researcher, Institute of Solar-Terrestrial Physics
(Irkutsk, Russia).
4) Elena Kupriyanova (main Co-I), 45 years, Candidate of Sciences (Russia), Senior Researcher, Main (Pulkovo) Astronomical
Observatory (Saint Petersburg, Russia).
5) Alexander Altyntsev (Co-l), 74 years, Doctor of Sciences (Russia), Scientific Direction Head, Institute of Solar-Terrestrial
Physics (Irkutsk, Russia).
6) Sergey Anfinogentov (Co-I), 35 years, Candidate of Sciences (Russia), Researcher, Institute of Solar-Terrestrial Physics
(Irkutsk, Russia).
7) Dmitrii Kolotkov (Co-l), 30 years, PhD (UK), Researcher, Institute of Solar-Terrestrial Physics (Irkutsk, Russia).
8) Alyona Rodionova (Co-l), 32 years, Candidate of Sciences (Russia), Researcher, Main (Pulkovo) Astronomical Observatory
(Saint Petersburg, Russia).
9) Ruslan Karakotov (Co-l), 23 years, undergraduate student, ITMO University (Saint-Petersburg, Russia).
10) Victor Fedenyov (Co-I), 21 years, undergraduate student, Irkutsk State University (Irkutsk, Russia).
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CootBeTcTBME NPOG(ECCUOHATLHOTO YPOBHS WIEHOB HAay4YHOr0 KO/IEKTMBA 3aa4aM NpoeKTa

Ha pYCCKOM 5i3blKe
PykoBoaunTENb KONNEKTUBA SBASIETCS NPU3HAHHBIM MUPOBBIM Hay4YHbIM COODLLIECTBOM aBTOPUTETOM B 06/1aCTV UCCNEeA0BaHUN
npoekTta. Ero Bknag B MLl ceMcMONOrmi0 CONHEYHOM KOPOHBI BblN NPU3HAH M NOAAEPXKAH NPECTUXHbBIM MHANBUAYAbHBIM
rpaHTom (Advanced Fellowship) EBponeickoro uccnenosarenbCkoro coseTa, noaydyeHHbiMmn B8 2013-2018 rr. B 2015 r. B.M.
HakapskoB 6bin HarpaxaeH MHcTuTyToM Ousmku (BennkobputaHus) meaansto 1 npemueii MNeiH-ManowkuHoi. PaboTsbl yneHoB
KONNeKTMBa B 061acT TEMaTUKM NMPOEKTa HEOAHOKPATHO NOM3fanM B CMUCKM NYYLLMX HAYYHbIX paboT ux uHcTuTyToB (MC3D
CO PAH, TAO PAH). B cocTaBe konnektmBa 2 4.@.-M.H. U 5 K.@.-M.H., aKTUBHO paboTatoLpx B 061acTi npoekTa. 3a nocnenHue 5
NneT KonnektmBoM onybamkosaHo 125 HayyHbIx cTaTew B u3gaHuax, uHaekcnpyemoix B Web of Science Core Collection, B ToM
yucne 89 nybnmkaumii B usganusax (Astrophysical Journal, Astronomy & Astrophysics, Monthly Notices of the Royal
Astronomical Society, Space Science Reviews, 1 ap.), Bxogawmx B nepsbli kBapTuab Q1. BonbWMHCTBO 3TMX paboT cBA3aHbI C
TEMATUKOM NpoekTa.

MpuBenem ocHoBHble HepasHue (¢ 2016 r.) pe3ynbTaTbl YIEHOB KOEKTUBA, MMEIOLWME HEMOCPeACTBEHHOE OTHOLEHME K
npepfiaraeMoMy NpOeKTY: KaTafor U CTaTUCTUYECKUIA aHanM3 COBbITUI 3aTyXatoLmMX U3rMBHbIX KonebaHUi KOPOHabHbIX
neTenb 3a 24-1 conHeyHbln umkn (Nechaeva et al., 2019); BbiSsBneHME 3aBUCMMOCTU CBOWCTB CTOSHYUX MeONEHHbIX KONeB6aHMi
0T TeMNepaTypbl NIa3Mbl U 3aBUCUMOCTM J0OPOTHOCTM KonebaHuit OT X oTHoCUTeNbHOM amnmTyabl (Nakariakov et al., 2019);
TeopeTMyecKkne MoLeM COCUCOYHbIX KonebaHMit NiasMeHHOro UMAMHAPA C MOBEPXHOCTHBIM TOKOM (Lim et al., 2018) n
KOpPOTKOBOJIHOBbIX (ropMpOBOYHbIX) BO3MYLUEHMIM B NnasMeHHoM apkage (Klimushkin et al., 2017); BbisBneHune BAMSAHMS
AncbanaHca NoKanbHOro TeMI0BOrO PpaBHOBECUS Ha MeaneHHble BosHbl (Nakariakov et al., 2017, Kolotkov et al. 2019,
Zavershinskii et al 2019); 2D-moaenb, ONUCbIBAOLWAS MYbTUMOAANbHbIE COCMCOYHbIE KoNnebaHMs NeTan C NOTeHUMANbHbIM
MarHuTHbIM nonem (Pascoe & Nakariakov, 2016); aeMOHCTpaUmsa CXOACTBA 3aTyXaWMX AMHHONEPUOANY ECKMX KonebaHuii B
CONHEYHbIX M 3Be3aHbIx Bcnbilwkax (Cho et al., 2016); paspaboTka ceicMonormyeckoro MeToAa OLEHKN HENOTEHLMANIBHOTO
nons B nnasmeHHon netam (Magyar & Nakariakov 2020); o6Hapy>KeHWe KBazunepuoamnyeckom MOAYASLMK BCMbILLIEYHOTO
M31yYeHus B AManasoHe OT XEeCTKOro peHTreHa Ao MeTpoBbix paanoBonH (Kupriyanova et al., 2016); BoissBneHue
KBa3uMneproan4eCcKoro npoLecca BblAeNeHUs 3HePruM 6e3 fOMNONHUTENbHbIX MCTOYHUKOB 3HEPTMUM BO BpeMs Gasbl Cnajaa
conHeuHoM BcnblwkuM (Kupriyanova et al., 2019); untepnpeTtaums cybcekyHAHbIX MUKPOBOJIHOBbIX BCMECKOB B TEPMUHAX
YCKOPEHUS 3NEKTPOHOB MPU NOBTOPSIOLLEMCS MarHUTHOM nepecoeamHeHun (Mészarosova, et al. 2016); ctatuctuyeckoe
nccnenoBaHne NPOCTPaHCTBEHHO-BPEMEHHOM AUHAMUKM MCTOYHUKOB XKECTKUX PEHTTEHOBCKMUX NMYAbCALMM B COMHEYHbIX
Bcnblwkax (Kuznetsov et al., 2016) u onpeneneHne MarHUTHOM CTPYKTYpPbl BCMbIWEYHbIX 061acTen, NPOM3BOASILMX Takue
nynbcaumm (Zimovets et al., 2018); nepeoe HenocpeacTBEHHOE NOATBEPXAEHME (HA OCHOBE MHOIOBOJIHOBbIX HabMH0AeHMIA)
CTOXACTMYECKOro MexaHM3Ma YCKOPeHMs 4acTuL, B CONHeYHbIX Benblwkax (Kontar et al. 2017a), BbisBneHne LOMUHMpPYLOLWE N
ponu NnasmMeHHoM TypbyneHTHOCTM B HOPMUMPOBaHUM HABMIOAAEMbIX XapaKTEPUCTUK COMHEYHbIX PaAMOBCIIECKOB METPOBOIO
ZMana3oHa C TOHKOM crnekTpanbHow cTpykTypoit (Kontar et al. 2017b; Kuznetsov & Kontar 2019; Kuznetsov et al. 2020);
MHTepnpeTaums HeobblYHOr0 PaflMOKOHTUHYYMA U ABUXKYLLIMX UCTOYHMUKOB PEHTFEHOBCKOIO U3/y4eHus B Hauane UMNyabCHOM
(a3bl BCMbILWKM KaK pe3ynbTaT B3anMoLeNCTBUS MOAHMMAIOLLEr0CS BBEPX BOJIOKHA C BblLUeNeXaLMMM MarHUTHbIMU NETASMU
(Karlicky et al., 2020); yncneHHOe MOAENMpPOBaHME NapaMETPOB PACNPOCTPAHSIOWMXCS BOMH B MarHUTHbIX TpyOKaXx,
3asKopeHHbIX B conHeyHbix natHax (Chmielewski,et al., 2016); uccnepoBaHue CBA3M BCMbILWEYHbIX NPOLLECCOB C
U3MEHEHUSIMU NONSPU3aALLUM U3/TyYEeHUS Ha AMHaAMMYecKnx pagunocnekTpax (Chernoy, et al., 2016). Y4aCTHUKM HAy4YHOTO
KONNEKTUBA ABNSHOTCS aBTOpaMu 0630p0OB, NOCBALLEHHBIM KNAcCUdUKaLMM MEXAHU3MOB KBA3UMePUOAMY eCKUX NYNbCaLMi
(KTIM) B conHeuHbIX BCMbIWKaX U UX HabnaaTeNbHbIX NPOSBAEHUN, @ TaKKe METOAAM UX AeTEKTUPOBAHMS U aHaM3a
(McLaughlin, Nakariakov, Dominique et al., 2018; KynpusHosa u gp., 2020).

Ha aH2NULICKOM S13bIKe
The project PI, V.M. Nakariakov, is a world-renowned leader in the project research field. His contribution to the MHD
seismology of the solar corona has been acknowledged and supported by prestigious Advanced Fellowship of the European
Research Council in 2013-2018. In 2015, V.M. Nakariakov was awarded the Institute of Physics’ (UK) Payne-Gaposchkin Medal
and Prize. Many publications of the project participants related to the project field of research have been recognized as the
best works in the respective institutions (ISTP SB RAS, CAO RAS). The project team includes 2 Doctors of Science and 5
Candidates of Science, who are actively working in the project field of research. In the recent 5 years, the project participants
have published 125 research papers in the scientific journals indexed by the Web of Science Core Collection, including 89
papers in the Q1 journals (such as Astrophysical Journal, Astronomy & Astrophysics, Monthly Notices of the Royal Astronomical
Society, Space Science Reviews); most of these publications are related to the project topics.

Among the most important recent (since 2016) scientific achievements of the project participants, closely related to the
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proposed project, are the following: a catalogue and statistical analysis of the events with decaying kink-mode oscillations of
coronal loops in the 24th solar cycle (Nechaeva et al., 2019); revealing the dependence of properties of standing slow
oscillations on the plasma temperature and the dependence of the oscillations quality on their relative amplitude (Nakariakov
etal., 2019); theoretical models of sausage oscillations of a plasma cylinder with a surface current (Lim et al., 2018) and
short-wave (corrugation) disturbances in a plasma arcade (Klimushkin et al., 2017); revealing the influence of the local
thermal equilibrium misbalance on the slow waves (Nakariakov et al., 2017, Kolotkov et al. 2019, Zavershinskii et al 2019); a
2D model describing multi-modal sausage oscillations of a loop with a potential magnetic field (Pascoe & Nakariakov, 2016);
demonstration of similarities between decaying long-period quasi-periodic pulsations in solar and stellar flares (Cho et al.,
2016); seismological method for estimation of the non-potential field in a plasma loop (Magyar & Nakariakov 2020);
discovery of the quasi-periodic modulation of flaring emissions in the range from hard X-rays to metric radio waves
(Kupriyanova et al., 2016); revealing the quasi-periodic energy release process without additional energy sources in the decay
phase of a solar flare (Kupriyanova et al., 2019); interpretation of sub-second microwave bursts by the electron acceleration
caused by recurrent magnetic reconnection (Mészarosova, et al. 2016); statistical analysis of the spatial and temporal
dynamics of the sources of hard X-ray pulsations in solar flares (Kuznetsov et al., 2016) and determining the magnetic
structure of the flaring regions where these pulsations occur (Zimovets et al., 2018); first direct confirmation (using
multiwavelength observations) of the stochastic particle acceleration mechanism in solar flares (Kontar et al. 2017a);
revealing the dominant role of plasma turbulence in the formation of the observed characteristics of the solar metric radio
bursts with a fine spectral structure (Kontar et al. 2017b; Kuznetsov & Kontar 2019; Kuznetsov et al. 2020); interpretation of a
peculiar radio continuum and moving X-ray sources at the beginning of the impulsive flare phase by the interaction of a rising
magnetic rope with overlying magnetic Loops (Karlicky et al., 2020); numerical simulations of propagating MHD waves in
magnetic loops anchored in sunspots (Chmielewski,et al., 2016); revealing the relation between the flaring processes and
variations of the emission polarization in dynamic radio spectra (Chernov, et al., 2016). The project participants have published
several reviews on the classification of the quasi-periodic pulsations (QPPs) and their observable manifestations in solar flares,
as well as on the QPP detection and analysis methods (McLaughlin, Nakariakov, et al., 2018; Kupriyanova, Kolotkov,
Nakariakov et al., 2020).

1.8. MnaHupyembiii 06beM duHaHCHMpOoBaHUA npoekTa DoHAOM NO roaam (yKasblBaeTcs B TbiC. pybneit):

2021 r. - 6000 TbIC. pybnen,

2022 r. - 6000 TbIC. pYbnen,

2023 r. - 6000 TbIC. pYbRen.

HecootseTcTBME NnaHMpyeMoro obbema GUHaHCMPOBaHMA NpoeKTa (B TOM YMce OTCYTCTBME MH(POPMALIMM B COOTBETCTBYOLLMX NOMAX GopMbl) TpeboBaHMAM nyHkTa 10

KOHKYPCHOM [LOKYMEHTaLMK SIBISIETCA OCHOBAHWEM HEJ 0MyCKa 33BKM K KOHKYPCY.

1.9. HayuHbli1 KONNEKTUB NO pe3y/ibTaTaM NPOeKTa B XO4E ero peaansauuu npeanonaraet ony6auKoBaTb B peLeH3upyeMbIX
pOCCMﬁCKMX u 3apy6€)KHbIX HaAy4HbIX U30aHUAX HE MeHee
MpuBoAATCA AaHHbIe 32 BECb NEPUOA, BLINOMHEHUS NPOEKTa. YMEHbL EHWE KONMYECTBa Ny6anKaLmii (B TOM Yucie oTcyTcTBUe MH(OPMaLLMM B COOTBETCTBYHOLLMX
nonsax ¢opmbl) N0 CPABHEHUIO C MOPOroM, YCTAHOBNEHHBIM B MYHKTE 16.2 KOHKYPCHOI AOKYMEHTaL UM, ABNSETC OCHOBaHUEM HeAonycka 3asiBKU K KOHKYpCY.
B cnyuae npepcraBnenms ny6nukaumm B M3paHuaX, MHaeKcupyembix B 6ase aaHHbIx «CeTb Hayku» (Web of Science Core Collection) unn «Ckonyc» (Scopus),
BXOAAWMX B nepsbiii kBaptwib (Q1) no umnakT-gakropy JCR Science Edition unm JCR Social Sciences Edition, no SJIR (npuHaanexHoctb uspanusa kK Q1 B Scopus
onpepensietca no 6ase AaHHbIX http://www.scimagojr.com/), AaHHasa CTaTbsl YYMTbIBAETCA Kak ABe Ny6naukauuu.
16 ny6amkaumi,
N3 HUX

16 B M3naHUsX, MHAEKCHMpPYeMbIX B Ba3ax AaHHbIX «CeTb Hayku» (Web of Science Core Collection) unu «Ckonyc» (Scopus).

MHdopMauma o HayuHbIX U3AAHUAX, B KOTOPLIX NpeanonaraeTcs ony6JuKoBaTh pe3ynbTaTbl NPOEKTa, B TOM Yucie cnepyet
yKasarb B Kakux 6a3ax MHAEKCUPYIOTCA AaHHble u3aaHus - «Cetb Hayku» (Web of Science Core Collection), «Ckonyc»
(Scopus), PUHLL, nHble 6a3bl, a TaKkKe yKkasarb TMN Ny6AMKaLMK - CTaTbsl, 0630p, Te3UCHI, MOHOrpadms, MUHOM TMN
Astronomy and Astrophysics; umMnakT-dakrop 5.636; Q1; unaekcupyeTtcs B «CeTb Hayku» (Web of Science Core Collection),
«Ckonyc» (Scopus), PUHL,; nybnvkaums crateit.

The Astrophysical Journal; umnakT-daktop 5.745; Q1; nnpexkcupyetca B «CeTb Haykmn» (Web of Science Core Collection),
«Ckonyc» (Scopus), PUHLL; nybnunkauus ctate.

Monthly Notices of the Royal Astronomical Society; umnakt-daktop 5.356.; Q1; unpekcmpyetcs B «CeTb Hayku» (Web of
Science Core Collection), «Ckonyc» (Scopus), PUHLL; ny6aukauus cratei.

Solar Physics; umMnakt-daktop 2.503; Q2; unaekcupyetcs B «CeTb Hayku» (Web of Science Core Collection), «Ckonyc»
(Scopus), PUHLL; ny6nankaums ctatei.

ConHeuHo-3eMHasa dusuka (MepesoaHas Bepcus: Solar-Terrestrial Physics), MmMnakT-daktop PUHLL 2017 0,246; Web of
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Science Emerging Sources Citation Index; nnaekcupyetcs B PUHLL 1 «CeTtb Haykm» (Web of Science Core Collection);
nybnunkaums ctaten.

Mucbma B ActpoHoMuu eckuid XXypHan (MepeBofHas Bepcus: Astronomy Letters), umnakr-daktop 1.489; Q3; unaexkcupyerca B
«CeTb Haykm» (Web of Science Core Collection), «Ckonyc» (Scopus), B PUHL; nybamkaums ctatei.

ActpoHomuyeckuit XKypHan, (nepeBoaHas Bepcus: Astronomy Reports), umnakT-daktop 1.164; Q4; nnaekcupyetcs B «CeTb
Hayku» (Web of Science Core Collection), «Ckonyc» (Scopus), B PUHLL; ny6nunkauus crate.

MHble cnoco6bl 06HapoAOBaHUS Pe3YNbTATOB BbINOJHEHUS MPOEKTa
Nloknazibl HA POCCUMCKUX M MEXLYHAPOLHbIX Hay4YHbIX KOH(DEPEHLMSX; YTEHUE NYBAMYHBIX NEeKLUIA, NyGNMKaLKMS CTaTbel B
Hay4HO-MONYSPHbIX XYpPHanax; Ha Be6-caiiTe NpoekTa B ceTv MHTepHeT.

1.10. Yucno ny6amkaumin WieHOB Hay4HOTO KOJIIEKTUBA, ONy6/IMKOBaHHbIX B nepuog ¢ 1 aueapa 2016 roaa ao Aartbl nogaun
3a9BKM,
125, 13 Hux

125 - ony6aMKoBaHbI B M34aHuax, uHaekcupyemblix B Web of Science Core Collection unm B Scopus.

1.11. NMnaHupyeMoe y4yacTMe Hay4HOro KONNEKTUBA B MEXAYHApOAHbIX Konnabopauusax (npoektax) (Mpu HanMunm)
MnaHunpyeTcs yyactve B paboumx coBellaHmsx MexayHapoaHoro MHctuTyTa KocMmueckux Mccneposanuii (ISSI).
MnaHupyeTca yyactve B MeXAyHapoAHbIX Hay4YHbIX konnabopaumnax WISA (Waves and Instabilities in the Solar Atmosphere),
WaLSA (Waves in the Lower Solar Atmosphere) u Square Kilometre Array (SKA, Hakapskos - Co-yupenutens pabouer rpynnsbl
no ®usuke ConHua u Nenmocdepbi).

PykoBoauTeNb NpoeKTa NoOATBEPXKAAET, YTO

® BCE YJieHbl HAYYHOro KO/IEKTUBA (B TOM YMCe pYKOBOAMUTENb MPOEKTA) YAOBNETBOPSIOT NyHKTaM 6, 7, 13 KOHKYpPCHOM
LOKyMeHTaLuu;

® Ha BeCb Nepuoa peannsaLmmn NnpoekTa oH OyaeT COCTOATb B TPYA0BbIX OTHOLIEHMSX C OpraHu3aumen;

e npwu 06HApPOA0BaHMM Pe3Y/bTATOB NHOOOM Hay4YHOM paboThl, BbINOAHEHHOM B paMKax noanepXaHHoro MoHaoM
NpoeKTa, pyKOBOAMTE b MPOEKTA U €r0 Hay4Hbl KONEKTUB BYAYT YKa3blBaTb HA NOJly4eHWe PUHAHCOBOM NOLAE PXKKM
oT MoHAA M OpraHM3aLmio, a TakxkKe CornacHbl ¢ onybamkoBaHueM MOHAOM aHHOTALMK U OXMAAEMBIX PE3Y/bTaToB
noAAepXXaHHOro MPOeKTa, COOTBETCTBYIOLMX OTYETOB O BbINOHEHUM MPOEKTA, B TOM Yucne B UHOOPMALMOHHO-
TeNeKOMMYHUKaLMUOHHON ceTh «MHTepHeT;

e nomuMo rpaHTa MoHAa NpoekT He ByaeT UMeTb APYrUX UCTOYHUKOB DUHAHCUPOBAHMS B TeYeHWe BCEro nepuoaa
NpakTUYeCKoM peannsaLmm NpoekTa C UCNoAb30BaHMeM rpaHTa PoHaga;

® MPOEKT He SBNSETCS aHANIOTMYHbIM MO COAEPXKAHUIO MPOEKTY, OAHOBPEMEHHO NMOAAHHOMY HAa KOHKYPChI HAy4HbIX
(G OHO0B M UHBIX OpraHM3aLni;

® MPOEKT He COAEPXMUT CBEAEHMUI, COCTABNAIOLLMX FOCYAAPCTBEHHYH TalHY MM OTHOCUMBIX K OXPaHSEMON B
COOTBETCTBMM C 3aKOHOAATENLCTBOM Poccuiickon @epepaumm MHOW MHGOPMALMKM OFPAaHUY €HHOTO JOCTYNa;

® 1019 YNEHOB HAaY4YHOrO KOMEeKTUBA B BO3pacTe A0 39 neT BKIIOYUTENBHO B 06Le YMCIEHHOCTU YNEHOB HAYYHOO
KonnekTuea byneT cocTaBnsTb He MeHee 50 NpoLEeHTOB B TeYeHMe BCEro Nepuoaa NPakTMYecKom peanmsaumnm NpoexTa;

® BYCTaHOBNEHHblE CPOKM ByayT NpecTaBnsTbcs B MOHA, exXeroaHble 0T4YETbl O BbIMOHEHWU NPOEKTA U O LieNeBOM
MCMONb30BaHUM CPeACTB rpaHTa.

Moanucb pykoBoauTeNna npoekTa /B.M. Hakapsikos/
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®opma 2. CBepeHUs 0 pyKOBOAMTENE M OCHOBHbIX MCMOMHUTENSAX NPOEKTa

COﬁMDa}OTCﬂ aABTOMArn4yecku (qachqu) Ha OCHOBE aHKETHbIX AaHHbIX pyKoBOAMUTENA U UCronHuTenen, noaTBeEPAUBLUMX CBOE y4acTue. Cnucok ucnonHurenen

cdopmupyetca B "Qopme T"

(Popma 2. CBepeHus o pykoBogutene

2.1. ®amunusa, ums, omyecmeo (npu Haau4uu)
Ha pYccKoM si3bike
Hakapskos Banepui Muxaiinosuy

Ha aH2UTICKOM 53bIKe Gamuius u UHUYUAnsl
Nakariakov V.

WoS ResearcherlID (npu Hanuyuu)
MOXHO nony4uTb, 3aperucTpupoBasLUMC No anpecy www.ResearcherlD.com.

https://publons.com/researcher/E-2375-2013/

Scopus AuthorID (npu Hanuquu)
Scopus AuthorlD dopmupyeTcs B 6a3e faHHbIX SCOpUS aBTOMarU4ecku npu NosiBNeHUM y aBTopa XoTs Bbl OAHOM CTatbu B AaHHOM 6ase. AuthorlD ykasaH B aBTOpCKOM

npodune, KOTOPbI CTAHOBUTCA [,OCTYMNEH, €M NpK Noucke aBTopa B 6ase AaHHbIX Scopus (Author Search) B pe3ynbrarax noucka HaxaTb Ha GamMunuio aBTopa.

ORCID (npu Hanu4uu)
MOXHO nonyuuTb, 3apermucTpupoBaBLUMCh MO anpecy orcid.org.

https://orcid.org/0000-0001-6423-8286

2.2. lata poxaeHus (ykassleaemcsa yu@pamu — 4ucio, Mecsuy, 200)
20.10.1965

2.3. [paXaaHCTBO
POCCH4

2.4. YyeHaq cTeneHb, rof NpUCYXAEHUSA
B aiyyae HaMuua HeCKONIbKUX YUYeHbIX creneueﬁ, YKa3blBaeTcq Ta U3 HUX, KoTopas Haubonee COOTBETCTBYET TeMAaTUKe NpoeKTa.

Kananpat pusmko-mareMatnyeckmx Hayk, 1993

2.5. Harpaabl u npeMuu 3a HayuHYI0 AeATeNbHOCTb, WIEHCTBO B BeAyLLMX Hay4HbIX COO6LEeCTBaX (MPY HaNUuMK), yuacTme B
peaKonierusx BeAyLMxX peLeH3MpyeMbiX HayuHbIX U3AaHUIA (MPU HATMYMK), yYacTHE B OPrKOMMUTETaX UJIU NPOrPaMMHbIX
KOMMTETaX U3BECTHbIX MEXAYHAPOAHbIX KOH(EPEHLMIA, UHOI ONbIT OPraHM3aLUMM MeXAYHAPOAHbIX MeponpUaTUii

Mepanb MewH-anowkmHon MHctutyta ®usnkm (2015)

Mpe3unneHT Otaenenuns ®usukm ConHua Eeponerickoro ®usnyeckoro Obwectsa (ESPD, 2011-2014)
YneH Bropo EBponeiickoro ®usnyeckoro Obuwectsa (2012-2015)

ERC Advanced Investigator (2013-2018)

Ynen MexpayHapopHoro Komuteta Koponesckoro ActpoHomuueckoro ObuecTtsa

Mpencenatens Coobuwectea Pusmku ConHua Benmkobputanuu (UKSP, 2009-2013)

YneH Bropo Koponesckoro ActpoHomuueckoro O6wectsa (2007-2009)

JSPS Invitation Fellowship for Research, Japan, 2012.

Royal Society Leverhulme Trust Senior Research Fellowship, 2004

YneH MexpayHapoaHoro ActpoHomuueckoro Cotosa (IAU)

2.6. OcHOBHOE MeCTO paboTbl HA MOMEHT NOAAYM 3aBKU — AOKHOCTb, NOJIHOE HAUMEHOBAaHME OpraHM3aLMK (COKpaLLeHHOoe
HauMeHOBaHWe OpraH13aLmm)

PyKOBOAMTe.Hb NpoeKTa MOXXeT Ha MOMEHT NnoAa4vu 3asiBKU He ABNATbCA paGOTHMKOM opraHusauuu, Ho, B Cyyae noﬁep.bl B KOHKypCe, AO0/MKEH 3aKM04UTb C HeW
TpYyAO0BOI aorosop. B cnyuae, e pykoBoautenb NpoekTa He ABNSeTcs rpaxaaHuHom Poccuiickoii Depepauiumn, opraHusaLLuein AomKHbI 6biTb BbINOMHEHbI BCe

npou.eaypbl, NpeaycMoTpeHHble 3aKoHoAaTeNnbcTBoM Poccuiickoit Peaepaun npyu Tpy,0yCTPOMCTBE MHOCTPAHHBIX MPaXKAaH.
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https://publons.com/researcher/E-2375-2013/
https://orcid.org/0000-0001-6423-8286

BeAYLMIA HAYYHbIM COTPYLAHUK, dhelepanbHoe rocyaapcTBeHHoe BoaxeTHoe yupexaeHne Hayku CneupanbHas
actpodumsmyeckas obcepearopus Poccuiickoi akagemmm Hayk (CAO PAH, Kapauaeso-Yepkecckas Pecnybaumka)

2.7. 06nacTb Hay4HbIX UHTEPECOB — K/KOUeBble CNOBa (npusodumcs He bonee 15 knwyvessix c/108)
Ha pyCcCKoM 5i3biKe
MI, BonHbl, du3mka ConHua, pagrodusuka, Gusmnka niasmel

HQa aHe/IULCKOM Si3biKe
MHD waves, Solar Physics, Radiophysics, Plasma physics

2.8. 0O6nacTb Hay4HbIX MHTEPECOB — KOAbI N0 Knaccudukaropy MoHpa
02-402 02-503 02-703

2.9. MepeyeHb Nny6AnKaumit pykoBoauTeNs NpoeKTa, 0Ny6/1MKoBaHHbIX B nepuop, ¢ 1 aueapa 2016 roaa Ao AaTtbl nogaumn
3aBKM, MOATBEPKAAIOLUMIA BbINOTHEHUE YC/I0BUSI MYHKTA 9 KOHKYPCHOM JOKYMEHTauum
[na nvu, HaXOoAMBLIMXCA B YKa3aHHbIV B HAaCTOALLEM NMYHKTE NEpPUOA B OTMyCKaX Mo 6epeMeHHOCTM U PpoAaM, OTMYCKaX MO yXoAy 3a pe6eHKoM, a TaKKe OTmycKax
paboTHMKaM, YCbIHOBMBLLUMM pebeHKa, A0oMyCcKaeTcs Ha/Muue COOTBETCTBYIOWMX NYGAMKaLMii TakxKe B nepuoa, npeawectsytowmii 1 sueapsa 2016 roaa, u paBHbIf
NpPOAOKUTENILHOCTM TAaKUX OTMYCKOB.
[loctaTo4HO NpMBECTU CCLIKM Ha NY6IMKaLMM B KONMYECTBE, paBHOM YCTaHOB/IEHHOMY B KOHKYPCHO# AlOKYMeHTaLuu nopory. B ciyyae npeacraBnexmns ny6aukaumm
B U3AaHUAX, MHAEKCMpyeMbiX B 6a3e aaHHbIX «CeTb Hayku» (Web of Science Core Collection) unu «Ckonyc» (Scopus), Bxoaswmx B nepsbiit keaptunb (Q1) no
nmnakT-gaktopy JCR Science Edition unm JCR Social Sciences Edition, no SIR (npuHapnexHocTb uspanus K Q1 B Scopus onpepenserca no 6ase AaHHbIX
http://www.scimagojr.com/), AaHHas cTaTbsl B HAaCTOSILLLEM MYHKTE YKa3biBaeTcsl Kak OAHA Ny6nuKauus, HO y4YuTbIBaeTcs Kak ABe nybnukauun. Mpu aTom
HeobX 0AMMO YKa3aTb Ha NPUHAANEKHOCTb 3AaHua K Q1 u Ha roa npuHapnexxHoctn usnanua K Q1. HecootBetcrBue KonnyectBa ny6aukaumii (B Tom uncne
oTcyTcTBMEe MHGOPMALLMM B COOTBETCTBYHOLMX NONSX (POPMbI WM OTCYTCTBME MHGPOPMALLMM O MPUHAANEKHOCTM u3naHua K Q1), npusoaumoe B nepeuHe u/wm
YNUIEHHO B CTPOKE HIDKe, Tpe6oBaHUAM MYHKTa 9 KOHKYPCHOI AOKYMEHTaLMK ABNSIETC OCHOBAHMEM HEA0MyCKa 3asBKM K KOHKYPCY B COOTBETCTBUM C MOAMYHKTOM
«e» MyHKTa 21 KOHKYpPCHOM [A0KYMEHTaLuK.

Ha aH2/ULCKOM 53bIKe
Ten selected publiations in last five years in refereed journals.
Impact factors: Space Sci. Rev. - 9.327, Astrophys. J. - 5.551; Astrophys. J. Lett. - 6.634; Astron. Astrophys. - 5.565; Plasma Phys.
Cont. Fusion - 3.032

1. Nakariakov, V. M., Kosak, M. K., Kolotkov, D. Y., Anfinogentoy, S. A, Kumar, P., Moon, Y.-J., Properties of slow
magnetoacoustic oscillations of solar coronal loops by multi-instrumental observations, Astrophys. J. Lett. 874, L1, 2019, DOI:
10.3847/2041-8213/ab0c9f (WoS Q1 in 2017)

2. Nakariakov, V. M., Kolotkov, D. Y., Kupriyanova, E. G., Mehta, T., Pugh, C. E., Lee, D.-H., Broomhall, A.-M., Non-stationary
quasi-periodic pulsations in solar and stellar flares, Plasma Phys. Cont. Fusion 61, 014024, 2019. DOI: 10.1088/1361-
6587/aad97c

3. Nakariakov, V.M., Anfinogentov, S., Storozhenko, A.A., Kurochkin, E.A., Bogod, V.M., Sharykin, .N., Kaltman, T.I., Quasi-
periodic pulsations in a solar microflare, Astrophys. J. 859, 154, 2018, DOI: 10.3847/1538-4357/aabfb9 (WoS Q1 in 2017)

4. McLaughlin, J. A., Nakariakov, V. M., Dominique, M., Jelinek, P., Takasao, S., Modelling quasi-periodic pulsations in solar and
stellar flares, Space Sci. Rev. 214, 45, 2018, DOI: 10.1007/511214-018-0478-5 (WoS Q1 in 2017)

5. Nakariakov, V.M., Afanasyev, A.N., Kumar, S., Moon, Y.-J.,, Effect of local thermal equilibrium misbalance on long-
wavelength slow magnetoacoustic waves, Astrophys. J. 849, 62, 2017, DOI: 10.3847/1538-4357/aa8ea3 (WoS Q1 in 2017)
6. Kumar, P., Nakariakov, V.M., Cho, K.-S., Quasi-periodic radio bursts associated with fast-mode waves near a magnetic null
point, Astrophys. J. 844, 149, 2017, DOI: 10.3847/1538-4357/aa7d53 (WoS Q1 in 2017)

7. Shestov, S.V., Nakariakov, V. M., Ulyanov, A. S., Reva, A. A, Kuzin, S. V., Nonlinear evolution of short-wavelength torsional
Alfven waves, Astrophys. J. 840, 64, 2017, DOI: 10.3847/1538-4357/aa6c65 (WoS Q1 in 2017)

8. Kumar, P., Nakariakov, V.M., Cho, K.-S., Observation of a short period quasi-periodic pulsation in solar X-ray, microwave and
EUV emissions, Astrophys. J. 836, 121, 2017, DOI: 10.3847/1538-4357/836/1/121(WoS Q1 in 2017)

9. Nakariakov, V. M., Anfinogentov, S., Nistico, G., Lee, D.-H., Undamped transverse oscillations of coronal loops as a self-
oscillatory process, Astron. Astrophys. 591, L5, 2016, DOI1:10.1051/0004-6361/201628850 (WoS Q1 in 2017)

10. Nakariakov, V.M, et al., Magnetohydrodynamic Oscillations in the Solar Corona and Earth's Magnetosphere: Towards
Consolidated Understanding, Space Sci. Rev. 200, 75-203, 2016, DOI: 10.1007/s11214-015-0233-0 (WoS Q1 in 2017)

Ons PYCCKOA3bIMHbIX Ha3BaHUI CBEA eHUs npuBOOATCA Ha PYyCCKOM 43blKe U B NepeBoAe Ha QHTTIMIACKUI 93bIK. ['IpM 3TOM [LO/MKHO ObITb MOHATHO, YTO peyb uoet 06

O[LHOM W TOM e A,OKYMeHTe (HanpuMep, dobasnsiime 1080 «nepesoos).
MepeueHb copepxxut 18 nybnukaumii B uspaHuax, unaekcupyemoix B Web of Science Core Collection, Scopus.
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MepeyeHb copae pXXUT 9 Ny6AMKALMIA B U3AAHMAX, BXOASALMX B nepBbiii KBaptuab (Q1) no umnakT-gakropy JCR Science Edition
nnu JCR Social Sciences Edition, no SJR (npuHaanexxHocTb u3paHua k Q1 B Scopus onpeaensietca no 6ase AaHHbIX
http://www.scimagojr.com/).

2.10. OcHOBHbIe Hay4Hble pe3ynbTaTbl pyKOBOAMTENS NPOEKTa 3a nepuog ¢ 1 aueaps 2016 ropa (pesysnsmameol 00/1x4HbI
noomeepxdamecs ceedeHUsSMU U3 3as18KU, Hanpumep - ny6auKayusmu)
Ha pyCcCKoM 5i3biKe
OnpepeneHue HeNMHEWHOMO XapaKTepa 3aTyXaHUs U3TMOHbIX Koe6aHWIA COMHEYHbIX KOPOHANbHbIX apOoK.
- Pa3paboTka aBToKONEeHaTeNbHOM MOAENM HE3ATYXAOWMX U3FMOHbIX KONeBaHW CONHEYHbIX KOPOHANbHbIX apoK.
- [leMOHCTpauus NosSBNEHMS COCUCOUHBIX KonebaHwui B 3e6pa-cTpykTypax B paguounsnydenmm ConHua.
- leMOHCTpaLmMs CeMCcMoNornyeckomn oLeHkn cB060LAHON MarHUTHOM SHepruM B NpeaBCnbleYHON KOPOHANbHOM neTne.
- BoisBneHne cocMcouHbIX KonebaHUi B CONHEYHOM MUKPOBCHbILLKE.
- Teopusi COCUCOUHBIX KONeOaHWI B TOKOHECYLLMX KOPOHAbHbIX NETASX.
- CeMcMonormMyeckas oLeHKa YCKOPEHUS COTHEYHOTO BeTpa B CpeiHeN KOPOHe.
- Co3paHue NoMHbIX Katanoros M3rMbHbIX konebaHuii KOPOHaNbHbIX NeTeb.
- [leMOHCTpauusa Nopobums CTaTUCTUY ECKMX CBOMCTB KBA3UMEPHUOANYECKUX MYNbCaLMIA B COMHEUYHbIX M 3BE34HbIX BCMblLWKaX.

Ha aH2nUicKoM S13bIKe
- Determination of the nonlinear nature of the damping of kink oscillations of solar coronal loops.
- Development of a self-oscillatory model of decayless kink oscillations of solar coronal loops.
- Demonstration of the appearance of sausage oscillations in radio zebra-patterns.
- Demonstration of the seismological estimation of free magnetic energy in a pre-flaring coronal loop.
- Identification of sausage oscillations in a solar micro-flare.
- Theory of sausage oscillations in current-carrying coronal Loops.
- Seismological estimation of the solar wind acceleration in the middle corona.
- Creation of comprehensive catalogues of kink oscillations of coronal loops.
- Demonstration of the similarity of statistical properties of quasi-periodic pulsations in solar and stellar flares.

2.11. O6wee uucno ny6aunkaumii 3a nepuoa, ¢ 1 ausapa 2016 roaa, 85, U3 HUxX:
78 - ony6n1KoBaHo B U3AaHUAX, MHAeKcupyeMbix B Web of Science Core Collection nnu Scopus,

B TOM uucne 67 nybnukaumin B U3gaHusIX, BXOAALWMX B nepBblit KBapTunb (Q1) no umnakT-dakropy JCR Science Edition unu
JCR Social Sciences Edition, no SJR (npuHapgnexxHocTb spaHuna k Q1 B Scopus onpeaensertcs no 6ase gaHHbIX
http://www.scimagojr.com/).

2.12. lonosHUTEIbHbIN CMMCOK Ny6aMKaumnii pykoBoauTena npoekra ¢ 1 auBapa 2016 ropa (MoHozpaguu, pesynemamei
UHMenIeKkmyansHol desmensHOCMU, UMEWUE Npagosyo 0XPaHy, NyonuKayuu 8 8edyuux peuyeH3upyeMbix HayyHbix U30aHUSX,
nybaukauyuu 8 usoaHusx, UHoOekcupyembix 8 cucmemax yumuposarHus Web of Science Core Collection, Scopus, npusodumcs He
6onee 10 nybaukayul, npu HanUYUU NYGAUKAUUU 8 UHGOPMALUOHHO-MENEKOMMYHUKAUUOHHOU cemu «MIHmepHem» ykazeieaemcs
CCbIIKA HA Hee (0653amenbHO 0715 nybnukayul 8 UHOeKcupyembix U30aHUsIX), yKaeleaemcs, npu Haau4yuu, uMnakm-gpakmop
Hay4yHoe2o u3danus (no JCR Science Edition, JCR Social Sciences Edition unu SIR))
nyHKT He ABNAeTca 0653aTe/IbHbIM K 3aM0/IHEHUIO. Mory'r npueoaUTLCA nyﬁnukau.uu, cBuaeTenscreylowie o Hay-moﬁ KBanMdMKaLlMM U AOCTUXKEHUAX pyKoBoAauUTens
npoeKTa, 3a UCK/IIYEHMEM NMy6nMKaL i, YKasaHHbIX B N. 2.9 Hactosiwe (GopMbl.

Ha GHeNULICKOM $13bIKe
Monograph:
1. AGU monograph “Low-Frequency Waves in Space Plasmas”, Eds. A. Keiling, D.-H, Lee, V. Nakariakov, Wiley-VCH, 2016,
ISBN: 978-1-119-05495-5

Nine selected additional publications:

1. Nakariakov, V.M., Kolotkov, D.Y., Magnetohydrodynamic waves in the solar corona, Ann. Rev. Astron. Astrophys. 58, 441-481,
2020, DOI: 10.1146/annurev-astro-032320-042940

2. Cho, I.-H., Nakariakov, V.M., Moon, Y.-J,, Lee, J.-Y., Yu, D.J,, Cho, K.-S., Yurchyshyn, V., Lee, H., Accelerating and supersonic
density fluctuations in coronal hole plumes: signature of nascent solar winds, Astrophys. J. Lett. 900, L19, 2020, DOI:
10.3847/2041-8213/abb020

3. Magyar, N., Nakariakov, V.M., Standing kink waves in sigmoid coronal loops: implications for coronal seismology, Astrophys.
J. Lett. 894, .23, 2020, DOI: 10.3847/2041-8213/ab8e 36

4. Yu, D )., Nakariakov, V.M., Excitation of negative energy surface magnetohydrodynamic waves in an incompressible
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cylindrical plasma, Astrophys. J. 896, 21, 2020, DOI: 10.3847/1538-4357/ab8d3c

5. Lim, D., Nakariakov, V.M., Yu, D J,, Cho, I.-H., Moon, Y.-J., Higher radial harmonics of sausage oscillations in coronal loops,
Astrophys. J. 893, 62, 2020, DOI: 10.3847/1538-4357/ab7d3d

6. Anfinogentov, S.A., Nakariakov, V.M., Magnetohydrodynamic seismology of quiet solar active regions, Astrophys. J. Lett. 884,
L40, 2019, DOI: 10.3847/2041-8213/ab4792

7. Goddard, C. R., Nakariakov, V. M., Pascoe, D. J., Fast magnetoacoustic wave trains with time-dependent drivers, Astron.
Astrophys. 624, L4, 2019, DOI: 10.1051/0004-6361/201935401

8. Nechaeva, A., Zimovets, L.V., Nakariakov, V.M., Goddard, C.R., Catalog of decaying kink oscillations of coronal loops in the
24th solar cycle, Astrophys. J. Suppl. Ser. 241, 31, 2019, DOI: 10.3847/1538-4365/ab0e86

9. Kolotkov, D.Y., Nakariakov, V.M., Kontar, E.P., The origin of the modulation of the radio emission from the solar corona by a
fast magnetoacoustic wave, Astrophys. J. 861, 33, 2018, DOI: 10.3847/1538-4357/aac77e

2.13. OnbIT BbINOAHEHUA HAY4HbIX NPOEKTOB (YKA3bI8AIOMCS HAUMEHOBAHUS (POHA08 (0p2aHU3auUL), UX MECMOHAXO0MOeHUe
(cmpaHa), popma ydacmus, HOMEPA, HA38AHUS NPOEKMO8 U CPOKU 8bINOIHEHUS 3G nociedHue 5 1em)
Ha pyCcCKOM 5i3biKe

* MexayHapogaHbit Koopautatop npoekta BPUKC "CynepBscnbiwku Ha 3Be3pax 1 ConHue" (2018-2020), cocTosiwero u3
nccneposarensckmx rpynn Poccum, Kutas u UHgum.

* Co-pykoBoguTenb npoekTa Institutional Links British Council (2017-19)

* PykoBoauTenb npoekta MC IRSES “RadioSun” network (2012-2016), cocTosAwwero U3 nccaefoBartenbckux rpynn
BenukobputaHum, Kutas, Yewckow Pecny6amku, Monbwm u Poccum

* Bepywumii uccneposaress B npoekte “Magnetohydrodynamic Wave Diagnostics of the Solar Atmosphere in the Era of
Transformative High-Resolution Observations” (2013-2018)

* PykoBoauTenb MexayHapogHou rpynnbl «Magnetohydrodynamic Seismology of the Solar

Corona in the Era of SDO/AIA» MexayHapoaHoro MHctutyta Kocmunueckor ®usuku (International Space Science Institute in
Beijing). T'pynna coctouT 13 yueHbix u3 Benmkobputanuu, Poccum, Kutas, Ubguu, benbrum.

* PykoBoautens MexayHapogHoi rpynnbl «MI[, kone6anus ¢ ConHeyHon kopoHe n 3eMHOM MarHuTocdepe: oT cbopa AaHHbIX
K MX NOHMMaHMIo» MexayHapoaHoro MHctutyta KocMunueckor ®usmku ( International Space Science Institute) (2012-2014).
lpynna cocTouT u3 y4eHbix U3 Benmkobputanuu, benbrum, Benrpum, Yewckor Pecny6amku, AnoHum, Poccum.

* AccoummMpoBaHHbIN MCCnepoBaTesb B KOCMMYeckoM npoekte Atmospheric Imaging Assembly/ Solar Dynamics Observatory
(AIA/SDO)

* YneH HayuHbIX KOMaHA B npoekTax Solar Orbiter, HiRISE, SPARK and PROBA-3.

HQa aHeULICKOM 5i3biKe

* International Coordinator of the BRICS project "Superflares on the Sun and stars" (consisting of research teams from Russia,
China and India).

* Co-PI of the Institutional Links British Council project (2017-19)

* Pl of the MC International Research Staff Exchange (IRSES) project “Radiophysics of the Sun” network (2012-2016),
consisting of research teams from the UK, China, Czech Rep., Poland and Russia.

* ERC Advanced Investigator project “Magnetohydrodynamic Wave Diagnostics of the Solar Atmosphere in the Era of
Transformative High-Resolution Observations” (2013-2018)

« Leader of the International Space Science Institute’s International Team “Magnetohydrodynamic Seismology of the Solar
Corona in the Era of SDO/AIA” consisting of scientists from UK, Belgium, China, India, Russia, S Korea.

« Leader of the International Space Science Institute’s International Team “ MHD Oscillations in the Solar Corona and Earth’s
Magnetosphere: Towards Consolidated Understanding” (2012-2014) consisting of scientists from UK, Belgium, Hungary,
Czech Rep., Japan, Russia, Ukraine.

» Associated Investigator of the Atmospheric Imaging Assembly of the Solar Dynamics Observatory (AIA/SDO).

* Science team member of the Solar Orbiter, HiRISE, SPARK and PROBA-3 missions.

B ToM uucne npoekros, puHaHcupyeMbix PHD (npu Hannumm):

2.14. NMnaHupyeMoe y4acTHe B Hay4HbIX NpoekTax (B nto6om kavectse) B 2021 roay
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Obuwee KonM4ecTso — 5, U3 HKUX:

PYKOBOACTBO — 1, yuacTue B KayecTse UCMONHUTENS — 4,

a UMEHHO:

loc. 3apaHne CAO PAH: - nucnonHurens;

I'paHT PH® (paHHbIN) - pyKoBOAUTENb;

IpaHT POD®N 18-29-21016 - ucnonHutens;

IpaHT PH® "TepepoBas AMArHOCTMKA COMHEYHbIX aKTUBHbIX 061acTeM rMraHTCKUMM Tesleckonamm” (3asiBKa pacCMaTpmBaeTCs) -
UCNOJHUTENb;

MpoekT pyHAaMeHTaNbHbIX HAaYYHbIX UCCNEA0BaHMI, NPOBOAMMbIN coBMECTHO POD®U 1 AnoHCckMM 06LLe CTBOM NPOABUXKEHUS
HayKku (NoaaHa 3asBKa) - UCMOJHUTE b,

(yKa3bIBaIOTC9I B TOM 4undIe rpaHToaares i Unm 3aKazymnku npoekToB U UCTOYHUK d)MHaHCl/IpOBaHVIFI, HanpuMep - rocyaapCrBeHHOE 334aHMe yYpeauTens, rpaHTbl POOU,

@MU, PHDO, UHbIX HOHAOB MAM MHBIX OPraHU3aLMiA, FOCYA,aPCTBEHHDIA KOHTPAKT (3aKas4uK, NPOrpamMma), MHOW X035 MCTBEHHbINA [,0r0BOP, UHbIE PaHTbl U CyBCuaum).

2.15. lonsa pa6oyero BpeMeHH, KOTOPYI NIaHMPYeTCS BbIAENUTb HA PYKOBOACTBO AAHHbIM MPOEKTOM B Cyyae nobeapl B
KoHKypce DoHpa -

30 npoueHToB.

MmeeTca B Buay - ot MOIHOM 3aHATOCTM B paMKax TpyA0BbIX WU IPaXO,aHCKO-NPaBOBbIX I'IpaBOOTHOLLIeHMVI, T.€. 3aHATOCTb B CBOﬁO,ﬂ,HOE OT OCHOBHOW paﬁOTbI Bpems

TaKXXe [,0/1KHA YYUTbIBATbCA.

2.16. Npepnonaraemas (popMa TPyAOBbIX OTHOLLEHHUIA C OpraHM3auue, Yepes KOTopylo 6yaeT ocylecTBAsATLCS
¢uHaHcupoBaHue:

Opearu3sauus 6ydem 58155mMbCsa 0CHOBHbIM MECMOM pabomesi (xapakmep pabomel — He OUCMAHUUOHHbIL): HET;

Tpydosoli do2080p no cosMecmumesnibcmay (xapakmep pabomesi — He QUCMAHUUOHH®bIL): pa;

Tpydosoli 002080p 0 AUCMAHUUOHHOU pabome (Mecmo ocyuiecmeieHuss mpyoosoli desmenbHOCMU pacnonoxHeHo™ Ha
meppumopuu Pocculickoli ®edepayuu): HeT.

**Tpydosoii kodekc Pocculickoii Gedepayuu He npedycMampueaem 803MOMKHOCMb 3aKA0YeHU S Mpydosozo 002080pa 0 AUCMAHULUOHHOL pabome ¢

2PAXOAHUHOM, NPOXUBAWUM U OCYUeCmBAsowWuM mpydosyrw desmensHocms 3a npedenamu meppumopuu Pocculickol ®edepayuu.

2.17. OnbIT 06pa3oBaTeNibHOM AeATEIbHOCTU 32 NoCNeAHue 5 neT (ykassisaemcs UHpopMayus o pykogodcmee acnupaHmamu,
ao0blOHKMAaMu, UHMepHamu, opoUHAmMopamu, paspabomke u YmeHuUU HOBbIX 0OpA308aMesbHbIX KYpCo8 8 pocculickux u
3apybexHbix 8y3aX)

HakapsikoB nmeeT Bonee 4eM 25-T1 NeTHMI onNbIT NpenoAaBaTeNbCKol paboTbl, BKIYas PYKOBOACTBO CTYAEHTAMM,
acnupaHTamu:

» 1999 —no HacTosIwee BpeMs: (NOMHAs CTaBKa) Npenoaasareb, CTapLumii npenoaasaresb, puaep v ¢ 2007 LOMKHOCTb U
3BaHue npodeccopa yHuBepcuteTa Bopsuk, BenmkobputaHus; uteHme KypcoB no dusnke nnasmel, obiei reodusmnku, u
NporpaMMUPOBaHMIO; pa3paboTka U UTeHWe NeKLMIA MO INEKTPOAUHAMUKE, INEKTPOAMHAMUKE NIa3Mbl, CONHEYHOW
MarHUMTOrMApOAMHAMUKE ; pa3paboTka 3K3aMeHOB 1 y4ebHbIX N0CobuiA; pa3paboTka U pyKOBOACTBO AMMNIOMHbIMM paboTamu,
PYKOBOACTBO NPOEKTaMM MO Hay4YHOM XXYPHANNCTUKE; PYKOBOACTBO MarucTepcKMMMU U aCNMMPaAHTCKUMU UCCNe0BaTeIbCKUMU
NpoeKTaMu; y4acTue B COBETE MO y4ebHbIM AenaM, 3K3aMeHaUUOHHOM KOMUCCUM, KOMUTETE MO B3aMMOAENCTBUI0 MEXAY
CTYAEHTAMU U NPenoaaBaTeNsiMu B yHUBEpCUTETE.

* HakapsiKoB perynspHo YuTaeT NeKUMM Ha POCCUMACKMX, BPUTAHCKUX U MEXAYHAPOAHbIX NETHUX LWIKOMAX U KypCbl ANs
aCMMPaHTOB, BK/IKOYAs HeaBHUe Kypcbl No dpusmke ConHua Bo BLU3 (Poccus, 10 nekumii, 2017), Harbin Institute of Technology
in Shenzhen (China, 15 nekuui, 2019), Kyung Hee University (Korea, 8 nekuuin, 2015), Monash University (Australia, 4 nekuui,
2014), 4 lectures at the School on Modern Astronomy (CankT lNeTepbypr, Poccus, 2014); u perynspHblie npuraaeHHble
nekuum Ha Advanced and Introductory PPARC/STFC Summer Schools on Space and Solar Physics, Bennkobputanus (2000-
2017).

 Kypc conHeYHoM MarHMtTornapoamHamMukm us 15 nekumii, paspabotaHHbliii HakapskoBbiM nonyyun Harpagy the Stars of
Warwick 2012 kak nyyLumii Kypc ois MarMcTpos.

PykoBoaun 16 ycnewHo 3awmiieHHbiMn PhD aucceptantamm (M3 Hux nocne 2014: Dr L Selzer, Dr C Hornsey, Dr D Kolotkov,
Dr C Goddard, Dr C Pugh, Dr T Duckenfield). PykoBogun 17 nocT AOKTOPAHTCKUMM UCCNIe A0BATEIbCKMMU NPOEKTaMM (M3 HUX
nocne 2014: Dr Nistico, Dr Pascoe, Dr Radcliffe, Dr Yuan, Dr Broomhall, Dr Goddard, Dr Kolotkov, Dr Goddard, Dr
Anfinogentov, Dr Magyar, Dr Duckenfield). Bce 6biBLUME JOKTOpPaHTbI NOMy4uam 6onee BbICOKME OOMKHOCTU B YHUBEPCUTETAX
Bennkobpwutanum, Esponbl 1 B Poccum.
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http://base.garant.ru/12125268/3481e2d30e327d4133f173d49f3dcb2c/#block_10491

2.18. MouToBbIN aapec
19 Sidelands Road, Stratford-upon-Avon CV37 9DS, UK

2.19. KoHTakKTHbI TenedoH
+79778198929

2.20. dneKTpoHHbIM appec (E-mail)
vnakariakov@googlemail.com

2.21. YyacThe B npoekTe:
PykoBoauTenb npoekra

2.22. ®aiinbl ¢ AONONHUTENBHOM MHbOPMaLMeit (be3tome, Opyaasi 00NOHUMENbLHAS UHGOpMAauUs, KOmopas, N0 MHEHUIO
pyKosoOumesnsi npoekma, Moxem 6bimb N0Ae3HA IS NPUHAMUS pelleHuUs 0 UeaecoobpasHocmu GUHAHCUPOBAHUS OaHHO020
npoekma)
B ¢dopmarte pdf, no 3 M6.

HQ pyCCKOM 5i3bIKe
Mdaitn, ckayatb

HQa aHe/IULCKOM Si3biKe
@ain (en), ckayaTb
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/file/user/file/28cxW00JoI8A3i8XeA2cLb00/Curriculum_Vitae_RU.pdf
/file/user/fileen/28cxW00JoI8A3i8XeA2cLb00/Curriculum_Vitae_EN.pdf

C ycnoeuaMM KoHKypca D oHAA (B TOM uncne, C NYHKTaMU 6 U 7 KOHKYPCHOM AOKYMEHTALMM) 03HAKOMJIEH U COrNIaceH.
MoaTeepikAalo CBOE yyacTMe B NPOEKTe.

®damunug, uma u otuectBo  |Hakapskos Banepuit Muxaiinosuy

[aHHble AOKYMeHTa,
YAOCTOBEPAOLLErO
NUYHOCTL™**
(cepus, Homep, caedeHUSs 0
dame u opeaHe 8bidaqul)

BHuMaHve! JaHHoe none 3anonHseTcs BPY4YHYI B Ne4arHOM 3K3eMnnape 3asdBKu. 3anonHeHune obs3arensHo!

Appec npoxuBaHus 19 Sidelands Road, Stratford-upon-Avon CV37 9DS, UK

Onepatop nepcoHaNbHbIX

Poccuiickuin HayuHbI doHA,
AAHHbIX

51 Bblpaxkato cornacne™ ** Ha 06paboTKy yKa3aHHbIM BblILLE OMEPaTOPOM MePCOHANbHBIX AAHHbIX, BHECEHHbIX B HACTOSILLYIO
($OopMy MHOIO JIMYHO.

0O6paboTka PoccuiicknuM Hay4yHbIM GOHAOM (agpec: r. Mocksa, yn. ConsiHka, 4. 14, cTpoeHue 3) ykasaHHbIX Bbille
NepCcoHabHbIX aHHbIX MOXET OCYLLEeCTBNSTHCS NOCPEACTBOM MX COHOpPa, CUCTEMATU3aLMM, HAKOMNEHUS, XPaHEHMS,
YTOUHEHMUS, UCMO0/b30BaHUs, HNIOKMPOBAHMS, PAacNpOCTPaHEeHNUS Ha OpULIMANBHOM caiiTe Poccuidickoro HayuHoro GoHaa,
nepefayy U YHUHTOXEHMS C LeNblo NPOBeAEHMS SKCNEPTU3bl 3a5IBOK HA KOHKYPCbl, NPOBOAMMbIEe POCCUIACKMM HAYYHbIM
(OHAOM, 3KCMepTU3bl NPOEKTOB M NporpamM, GUHaHCMpyeMbix POCCUICKMM HayuHbIM POHAOM, NOATOTOBKM aHAIUTUY € CKMX
MaTepuanoB No KOHKypcaMm, 4ONrOBPEMEHHOIO COXPAHEHUS LOKYMEHTUPOBAHHOM MHBOPMALMK 06 y4aCTHUKAX NPOrpamm,
nony4mBLLMX PUHAHCHpPOBaHME Poccuitckoro HayyHoro GoHAa, 06Lwen0CTyNHOro packpbiTMS MHPOPMaLIMK O PYKOBOAUTENSX
NporpamMm 1 NpoeKkToB, GUHAHCUPYEMbIX POCCUIACKMM HayuHbIM HOHAOM. YKazaHHas 06paboTka MOMX JaHHbIX MOXeT
OCYLLECTBAATLCS B Te4eHue 75 neT co AHA 3anoNHeHMs HacToawen Gopmbl B neyaTHon popme. XpaHeHue HacToswwen hopMmbl
MOXeT BbiTb nopydeHo 000 «PAUCBOJI®» (107150, Mocksa, yn. boiuosas, A. 22), okasblBatolieMy POCCUICKOMY HayyHOMY
(OoHAY yCNyr apXMBHOIO XpaHeHWUs LOKYMEHTOB. HacToslee cornacue MoxeT GblTb 0TO3BaHO NOCPEACTBOM HanpaBieHUs Ha
YKa3aHHbIW Bbllle aapec oneparopa NepCcoHanbHbIX AAHHbIX 3asBneHus ¢ TpeboBaHneM 0 npekpalleHn 06paboTku
NepCcoHaNbHbIX AAHHbIX. 3asBAeHNe LOMKHO COAEPXKaTb HOMEP AOKYMEHT], YA0CTOBEPSIOLWEro IMYHOCTb CybbekTa
MepCcoHanbHbIX JAHHbIX; CBeAEeHMS O AaTe BblAa4M YKa3aHHOTrO AOKYMEHTA U BbIABLUEM €10 OpraHe, a Takke
COBCTBEHHOPYYHYH MOANMUCH CyObeKTa NePCOHANbHBIX AaHHBIX.

X X%

Henpe,u,craBneHMe AaHHbIX 00KYMEHTa, yA0CTOBEPAIOLLErO IMYHOCTb, ABNAETCA OCHOBaHWEM HEL0MNYyCKa 3a9BKU K KOHKYPCY.

X KKK

3anonHeHve sBnseTcs 0bs3arenbHbIM B COOTBETCTBUM € TpeboBaHMsaMK DeaepanbHoro 3akoHa ot 27 uons 2006 r. N2152-®3 «O nepcoHanbHbIX 4,aHHbIX.

Moanucb pykoBoautens npoekra /B.M. Hakapsikos/

JlaTa noanucaHua « » 2020r.
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@opma 2. CBepeHns 06 OCHOBHOM UCMONHUTENE NPOEKTa

2.1. ®amunus, uma, omyecmeo (npu Hanu4uu)
Ha pYCCKOM 5i3blKe
Ky3sHeuoB Anekceit Anekceesuy

Ha aH2UCKOM 3bIKe GaMuus u UHUYUAnbI
Kuznetsov A A.

WoS ResearcherlID (npu Hanuyuu)

MOXHO nonyuuTb, 3apermucTpypoBaBLUMCh Mo anpecy www.ResearcherlD.com.

https://publons.com/researcher/Q-9294-2016/

Scopus AuthorID (npu Hanuvuu)
Scopus AuthorlD dopmupyeTcs B 6a3e faHHbIX SCOpUS aBTOMarn4ecku npu NosiBNeHUM y aBTopa XoTs Bbl O HOM CTaTbu B AaHHOM 6ase. AuthorlD ykasaH B aBTOpCKOM

npodune, KOTOPbIN CTAHOBUTCA [,OCTYMNEH, €M NpK Noucke aBTopa B 6ase AaHHbIX Scopus (Author Search) B pesynbrarax noucka HaxaTb Ha GamMunuio aBTopa.

https://www.scopus.com/authid/detail.uri7authorld=35227556900

ORCID (npu Hanuvuu)

MOHO nonyuuTb, 3aperucTpupoBaBLUMCL MO anpecy orcid.org.

https://orcid.org/0000-0001-8644-8372

2.2. lata poxaeHus (ykaseleaemcs yu@pamu — 4ucio, Mecsy, 200)
15.11.1974

2.3. [paXAaHCTBO
POCCHA

2.4. YueHas cTeneHb, rog, NpucyxaeHus
B cnyyae Hannuma HeCKONbKMX YY€eHbIX CTeMeHei, YKasblBaeTcs Ta U3 HUX, KoTopas Haubonee COOTBETCTBYET TeMaTUKe NpoeKTa.

[okTop dun3nko-mMateMatmyeckmx Hayk, 2014

2.5. Harpaabl u npeMuu 3a HayuHYI0 AeATeNbHOCTb, WIEHCTBO B BeAyLLMX Hay4HbIX COO6LEeCTBaX (MpY Hanuuum), yuacTme B
peaKonieruax eBefylumx peLeH3MpyeMbiX HayuHbIX U3A4aHUIA (MPU HUTUUUK)

Ynen Coobuectsa EBponeiickux ConHeuHbix PaguoactpoHomos (Community of European Solar Radio Astronomers, CESRA).

2.6. OcHOBHOE MeCTO paboTbl HA MOMEHT NOJAAYU 3aSBKU — AOMKHOCTb, NOJIHOE HAUMEHOBaHUEe OpraHU3aLuK (COKpaLleHHoe
HaMMEeHOBaHWE OpraH13aLum)

3aBefylowmii naboparopuers, epepanbHoe rocyaapcTBeHHoe HromkeTHoe yupexaeHue Hayku OpaeHa Tpyaosoro KpacHoro
3HaMeHu MHCTUTYT conHevHo-3eMHol du3nkn Cnbupckoro otaeneHuns Poccuiickoii akagemumn Hayk (MC3® CO PAH, UpkyTckas
06n)

2.7. 06nacTb Hay4HbIX UHTEPECOB — KlOUeBble CNOBa (npusodumcs He bonee 15 knwyvessix c/108)

HQ pYCCKOM 5i3bIKe
(U13MKa Nia3Mbl; PaamMoU3NyYeHUe B Na3Me; COTHEYHbIE BCMbILLKW; paguousnyyeHue ConHua; paamMonsnyyeHue 38e3a;
YMUCEHHbIE METObI

HA aH2ULICKOM S3bIKe
plasma physics; plasma radio emission; solar flares; solar radio emission; stellar radio emission; numerical methods

2.8. O6nacTb Hay4HbIX UHTEPECOB — KOAbI N0 Knaccudukaropy PoHaa
01-218 02-503 02-703 02-704

2.9. O6wee umcno nyéamkaumii 3a nepuop, ¢ 1 aueaps 2016 ropa, 12, u3 Hux:
12 - ony6nukoBaHo B u3paHunax, uHaekcupyembix B Web of Science Core Collection unu Scopus.
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https://publons.com/researcher/Q-9294-2016/
https://www.scopus.com/authid/detail.uri?authorId=35227556900
https://orcid.org/0000-0001-8644-8372

2.10. Cnucok ny6auKaumii 0OCHOBHOIo MCMONHUTeNS npoekTa ¢ 1 auBapa 2016 ropa (MoHozpaguu, pesynemamel
UHMenIeKkmyansHol desmensHOCMU, UMEWUE Npagosyo 0XPaHy, NyenuKayuu 8 8edyuux peuyeH3upyeMbix HaydHbix U30aHUSX,
nybnukauyuu 8 u3oaHusx, UHOekcupyembix 8 cucmemax yumuposarHus Web of Science Core Collection, Scopus, npugodumcs He
6onee 10 nybaukayul, npu HanU4uu NYeAUKAuUU 8 UHGOPMALUOHHO-MENEKOMMYHUKAUUOHHOU cemu «MIHmepHem» ykazeleaemcs
CCbIIKA HA Hee (0653amenibHO 0715 nybnukayul 8 UHOeKcupyembix U30aHUSIX), yKa3eleaemcs, npu Haau4yuu, uMnakm-gpakmop
Hay4Hoe2o u3danus (no JCR Science Edition, JCR Social Sciences Edition unu SIR))
|-|yHKT He ABNseTca 00653areNbHbIM K 3aMO/HEHUIO. MOFyT npuBoOaUTLCA ny6n14|<au,|414, csupetTenscreyowme o Haquoﬁ KBaJ'IMd)MKaLIMM U 0,0CTUXEHUAX.

Ha aH2IUTCKOM 53biKe

1. AA Kuznetsov, N. Chrysaphi, E.P. Kontar, G. Motorina, Radio Echo in the Turbulent Corona and Simulations of Solar Drift-
pair Radio Bursts, Astrophysical Journal, v. 898, id. 94, 2020. Impact factor: 5.745. https://doi.org/10.3847/1538-4357/aba04a
2. A A Kuznetsov, E.P. Kontar, First imaging spectroscopy observations of solar drift pair bursts, Astronomy & Astrophysics, v.
631, id. L7, 2019. Impact factor: 5.636. https;//doi.org/10.1051/0004-6361/201936447

3. M. Gordovskyy, E. Kontar, P. Browning, A. Kuznetsov, Frequency-Distance Structure of Solar Radio Sources Observed by
LOFAR, Astrophysical Journal, v. 873, id. 48, 2019. Impact factor: 5.745. https://doi.org/10.3847/1538-4357/ab03d8

4. .N. Sharykin, E.P. Kontar, A.A. Kuznetsov, LOFAR Observations of Fine Spectral Structure Dynamics in Type IlIb Radio Bursts,
Solar Physics, v. 293, id. 115, 2018. Impact factor: 2.503. https://doi.org/10.1007/s11207-018-1333-2

5. LN. Sharykin, A.A. Kuznetsov, I.I. Myshyakov, Probing Twisted Magnetic Field Using Microwave Observations in an M Class
Solar Flare on 11 February, 2014, Solar Physics, v. 293, id. 34, 2018. Impact factor: 2.503. https.//doi.org/10.1007/s11207-
017-1237-6

6. G.M. Nita, N.M. Viall, J.A. Klimchuk, M.A. Loukitcheva, D.E. Gary, A.A. Kuznetsov, G.D. Fleishman, Dressing the Coronal
Magnetic Extrapolations of Active Regions with a Parameterized Thermal Structure, Astrophysical Journal, v. 853, id. 66, 2018.
Impact factor: 5.745. https://doi.org/10.3847/1538-4357/aaa4bf

7. E.P. Kontar, S. Yu, A A. Kuznetsov, A.G. Emslie, B. Alcock, N.L.S. Jeffrey, V.N. Melnik, N.H. Bian, P. Subramanian, Imaging
spectroscopy of solar radio burst fine structures, Nature Communications, v. 8, id. 1515, 2017. Impact factor: 12.121.
https://doi.org/10.1038/s41467-017-01307-8

8. S.V. Lesovoi, AT. Altyntsev, A.A. Kochanov, V.V. Grechnev, AV. Gubin, D.A. Zhdanov, E.F. Ivanov, AM. Uralov, LK. Kashapova,
AA. Kuznetsov, N.S. Meshalkina, R.A. Sych, Siberian Radioheliograph: First results, Solar-Terrestrial Physics, v. 3, No. 1, p. 3,
2017. https://doi.org/10.12737/article_58f96ec60fec52.86165286

9. E.P. Kontar, J.E. Perez, LK. Harra, A A. Kuznetsov, A.G. Emslie, N.L.S. Jeffrey, N.H. Bian, B.R. Dennis, Turbulent Kinetic Energy
in the Energy Balance of a Solar Flare, Physical Review Letters, v. 118, id. 155101, 2017. Impact factor: 8.385.
https://doi.org/10.1103/PhysRevLett.118.155101

10. Y.T. Metodieva, A.A. Kuznetsov, A.E. Antonova, J.G. Doyle, G. Ramsay, K. Wu, Modelling the environment around five
ultracool dwarfs via the radio domain, Monthly Notices of the Royal Astronomical Society, v. 465, p. 1995, 2017. Impact factor:
5.356. https://doi.org/10.1093/mnras/stw2597

11. LN. Sharykin, A.A. Kuznetsov, Modelling of Nonthermal Microwave Emission from Twisted Magnetic Loops, Solar Physics,
v. 291, p. 1341, 2016. Impact factor: 2.503. https;//doi.org/10.1007/s11207-016-0917-y

12. A A Kuznetsov, R. Keppens, C. Xia, Synthetic Radio Views of Simulated Solar Flux Ropes, Solar Physics, v. 291, p. 823,
2016. Impact factor: 2.503. https://doi.org/10.1007/s11207-016-0865-6

Ons PYCCKOA3bIMHbIX Ha3BaHUI cBEO EeHUs npuBOOATCA Ha PYyCCKOM A3blKe U B NepeBoAe Ha QHTTTUIACKUI 913bIK. an 3TOM [,0/KHO ObITb MOHATHO, YTO peyb uoet 06

OLLHOM U TOM ke JOKYMeHTe (Hanpumep, L,06aBNSNTE CI0BO KMNEPEBOAY).

2.11. OnbIT BbINOAHEHUS HAY4HbIX MPOEKTOB (YKA3bI8AKMCS HAUMEHOBAHUS (POHO08 (0p2aHU3auULi), UX MECMOHAxXoXOeHue
(cmpaHa), popma ysacmus, HOMepPGA, Ha38aHus NPOEKMO8 U CPOKU 8bINOHEHUS 3a nociedHue 5 1em)
Ha pYCCKOM 5i3biKe

1. 2018-2019: rpaHT Poccuitckoro ®onaa @yHaameHTanbHbIX Mccneposanmnin N2 17-52-10001 «HecTaumoHapHbie CBOMCTBA
KBa3MMepuoanYecKnUx NyabCaLmii Kak OCHOBA AUArHOCTUKU MeXaHM3MOB BCMbILLEYHOrO 3HEProBblAENEHUSA®, UCTIONHUTE b,
2.2017-2020: rpaHT Poccuitckoro ®oHaa @yHaameHTanbHbIX Mccneposanuii N2 17-52-80064 «CynepBcnbllLKM Ha 3Be34aX U
ConHue», pyKoBOAWUTENb.

3.2015-2017: rpaHT Poccuiickoro @oHaa PyHaameHTanbHbix Mccneposanuii N2 15-02-03717 «MccnepoBaHume npoueccos
YCKOPEHUS YacTuL, B COMHEYHbIX BCMbILWKAX HAa OCHOBE YHMKaNbHbIX HabnoaeHWI raMma-cnektpomeTpa KoHyc-Buxg u
Cubupckoro ConHeuvHoro PagmoTeneckona», pyKoBOgUTE b,

4. 2016: rpaHT Poccuiickoro @oHpa ®yHpameHTanbHbix UccneposaHuii N2 16-32-50172 «<MopenvpoBaHue MUKPOBOHOBOTO
M3/Ty4eHNUs HETEMOBbIX 3NEKTPOHOB M3 CKPYYEHHbIX MarHUTHbIX NeTesb B COMHEYHbIX BCMblLWKax», PyKOBOAUTEb.
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HQa aHeULiCKOM 5i3biKe

1. 2018-2019: grant of the Russian Foundation for Basic Research 17-52-10001 “Time-dependent properties of quasi-periodic
pulsations as indicators of flaring energy release processes”, co-investigator.

2.2017-2020: grant of the Russian Foundation for Basic Research 17-52-80064 “Superflares on stars and the Sun”, principal
investigator.

3.2015-2017: grant of the Russian Foundation for Basic Research 15-02-03717 “Study of the particle acceleration processes
in solar flares using the unique observations of Konus-Wind gamma-spectrometer and Siberian Solar Radio Telescope”,
principal investigator.

4. 2016: grant of the Russian Foundation for Basic Research 16-32-50172 “Simulation of microwave emission of nonthermal
electrons from twisted magnetic loops in solar flares”, principal investigator.

2.12. NMnaHupyeMoe y4yacTie B Hay4yHbIX NpoekTax (B Nt060om kavectse) B 2021 roay

Ob6uee konmuecTo — 1, U3 HUX:

pykoBoAcTBO — 1, yuactue B kayecTse ucnonHutens — 0,

a UMEHHO:

locynapcTeeHHOe 3aaaHue: MenepanbHoe rocyaapcTBeHHOE BlomKeTHOe yupexaeHue Hayku MHCTUTYT CONHeYHO-3eMHOM
dum3unkn Cnbupckoro otaeneHns Poccuinckon akageMmnm Hayk, BoinosHeHe QyHAAMEHTaNbHbIX HAyYHbIX UCCNeA0BaHUM No
TeMme «MccnenoBaHue NpoLeccoB XpoMochepHOM 1 KOPOHabHOW akTUBHOCTM CONHLA», PyKOBOAWTE b,

(YKa3blBalOTCS B TOM YWCIE FPaHTOAATENM MM 3aKa34MKM MPOEKTOB M UCTOYHWK GMHAHCMPOBAHWSI, HaNpUMep — FocyapCTBEHHOE 3amaHue yupeauTens, rpaHtel POOU,

@MU, PHD, nHbIX HOHA,0B MNM UHBIX OpraHWU3aLMiA, rOCy A, apCTBEHHbIM KOHTPaKT (3aKa3umK, NporpamMMma), MHOM XO38MCTBEHHbIM [,0roBOp, MHbIE MPaHTbl U Cybcuamnm).

2.13. Nlons pabouero BpeMeHU, KOTOPYIO NJIAHUPYETCS BblAEUTb HAa y4acTUe B AAHHOM NpOEKTe B cnyyae nobenbl B
KOHKypce DoHpaa -

30 npoLeHTOB.

Mmeetcs B Buay - ot MOJTHOM 3aHATOCTM B paMKax TpyZA0BbIX WU IPaXO,aHCKO-NPaBOBbIX I'IpaBOOTHOLLIEHMVI, T.€. 3aHATOCTb B CBO60,EI,HO€ OT OCHOBHOW pa6OTbI Bpems

TaKXXe [,0/1KHA YUYUTbIBATbCA.

2.14. Yuactne B 06pa3oBateibHOM AEATENbHOCTH (yKa3bi8aemcsa UHPOpMayus o pykosodcmae acnupaHmamu, adbloHKmMamu,
UHMepHamu, opOUHAMopamu, paspadomee u YmeHuUU HoB8bIX 0Opa308aMeNbHbIX KYpCo8 8 poCCulickux U 3apybexHbix 8y3ax)

2018-2020: pa3paboTka 1 YTeHue Kypca "®usmka nnasmol” ans acnnpaHTos, MHCTUTYT ConHeuyHo-3eMHON Pusnkm (MpKyTek,
Poccus).

2019-2020: pa3paboTka 1 yTeHue kypca «ConHeuHo-3eMHas du3mnka» ang cTyaeHToB, MpKyTckui [ocyaapcTBeHHbIN
YHusepcuteT (MpkyTck, Poccus).

2.15. B 2019 unu B 2020 ropax y4acTBOBa/1 B Ka4eCTBE PyKOBOAUTENS NPOEKTa, pMHaHCMpyeMoro MoHAoOM, unm
MCMONHUTENSA NpoeKTa, PuHaHcupyemoro MoHAOM, B Cneayowmx NpoeKTax (npu Haauyuu):

2.16. KoHTaKTHbI TenedoH, 3NeKTpOHHbIN aapec (E-mail)
+79149377045, a_kuzn@iszf.irk.ru

2.17. Yyactne B npoekre:
OCHOBHOWM UCMONHWTENb NPOEKTA
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C ycnoeuaMM KoHKypca D oHAA (B TOM uncne, C NYHKTaMU 7 U 8 KOHKYPCHOM AOKYMEHTALMM) 03HAKOMJIEH U COrNIaceH.
MoaTeepikAalo CBOE yyacTMe B NPOEKTe.

®damunug, uma u otuectso  |KysHewuos Anekceli Anekceesuy

[aHHble AOKYMeHTa,
YAOCTOBEPAOLLErO
NUYHOCTL™**
(cepus, Homep, caedeHUSs 0
dame u opeaHe 8bidaqul)

BHuMaHve! JaHHoe none 3anonHseTcs BPY4YHYI B Ne4arHOM 3K3eMnnape 3asdBKu. 3anonHeHune obs3arensHo!

Appec npoxuBaHus 664033, r. pkyTck, yn. JlepmoHTOBa, 267/1, kB. 6

Onepatop nepcoHaNbHbIX

Poccuiickuin HayuHbI doHA,
AAHHbIX

51 Bblpaxkato cornacne™ ** Ha 06paboTKy yKa3aHHbIM BblILLE OMEPaTOPOM MePCOHANbHBIX AAHHbIX, BHECEHHbIX B HACTOSILLYIO
($OopMy MHOIO JIMYHO.

0O6paboTka PoccuiicknuM Hay4yHbIM GOHAOM (agpec: r. Mocksa, yn. ConsiHka, 4. 14, cTpoeHue 3) ykasaHHbIX Bbille
NepCcoHabHbIX aHHbIX MOXET OCYLLEeCTBNSTHCS NOCPEACTBOM MX COHOpPa, CUCTEMATU3aLMM, HAKOMNEHUS, XPaHEHMS,
YTOUHEHMUS, UCMO0/b30BaHUs, HNIOKMPOBAHMS, PAacNpOCTPaHEeHNUS Ha OpULIMANBHOM caiiTe Poccuidickoro HayuHoro GoHaa,
nepefayy U YHUHTOXEHMS C LeNblo NPOBeAEHMS SKCNEPTU3bl 3a5IBOK HA KOHKYPCbl, NPOBOAMMbIEe POCCUIACKMM HAYYHbIM
(OHAOM, 3KCMepTU3bl NPOEKTOB M NporpamM, GUHaHCMpyeMbix POCCUICKMM HayuHbIM POHAOM, NOATOTOBKM aHAIUTUY € CKMX
MaTepuanoB No KOHKypcaMm, 4ONrOBPEMEHHOIO COXPAHEHUS LOKYMEHTUPOBAHHOM MHBOPMALMK 06 y4aCTHUKAX NPOrpamm,
nony4mBLLMX PUHAHCHpPOBaHME Poccuitckoro HayyHoro GoHAa, 06Lwen0CTyNHOro packpbiTMS MHPOPMaLIMK O PYKOBOAUTENSX
NporpamMm 1 NpoeKkToB, GUHAHCUPYEMbIX POCCUIACKMM HayuHbIM HOHAOM. YKazaHHas 06paboTka MOMX JaHHbIX MOXeT
OCYLLECTBAATLCS B Te4eHue 75 neT co AHA 3anoNHeHMs HacToawen Gopmbl B neyaTHon popme. XpaHeHue HacToswwen hopMmbl
MOXeT BbiTb nopydeHo 000 «PAUCBOJI®» (107150, Mocksa, yn. boiuosas, A. 22), okasblBatolieMy POCCUICKOMY HayyHOMY
(OoHAY yCNyr apXMBHOIO XpaHeHWUs LOKYMEHTOB. HacToslee cornacue MoxeT GblTb 0TO3BaHO NOCPEACTBOM HanpaBieHUs Ha
YKa3aHHbIW Bbllle aapec oneparopa NepCcoHanbHbIX AAHHbIX 3asBneHus ¢ TpeboBaHneM 0 npekpalleHn 06paboTku
NepCcoHaNbHbIX AAHHbIX. 3asBAeHNe LOMKHO COAEPXKaTb HOMEP AOKYMEHT], YA0CTOBEPSIOLWEro IMYHOCTb CybbekTa
MepCcoHanbHbIX JAHHbIX; CBeAEeHMS O AaTe BblAa4M YKa3aHHOTrO AOKYMEHTA U BbIABLUEM €10 OpraHe, a Takke
COBCTBEHHOPYYHYH MOANMUCH CyObeKTa NePCOHANbHBIX AaHHBIX.

X X%

Henpe,u,craBneHMe AaHHbIX 00KYMEHTa, yA0CTOBEPAIOLLErO IMYHOCTb, ABNAETCA OCHOBaHWEM HEL0MNYyCKa 3a9BKU K KOHKYPCY.

X KKK

3anonHeHve sBnseTcs 0bs3arenbHbIM B COOTBETCTBUM € TpeboBaHMsaMK DeaepanbHoro 3akoHa ot 27 uons 2006 r. N2152-®3 «O nepcoHanbHbIX 4,aHHbIX.

Moanucb ucnonHutens npoekra /A.A. KysHeuoB/

JlaTa noanucaHua « » 2020r.
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@opma 2. CBepeHns 06 OCHOBHOM UCMONHUTENE NPOEKTa

2.1. ®amunus, uma, omyecmeo (npu Hanu4uu)
Ha pYCCKOM 5i3blKe
KynpusHosa EneHa leHHagbeBHa

Ha GH2NULICKOM $13bIKe QaMuus U UHULUGTbI
Kupriyanova E.

WoS ResearcherlID (npu Hanuyuu)

MOXHO nonyuuTb, 3apermucTpypoBaBLUMCh Mo anpecy www.ResearcherlD.com.

https://publons.com/researcher/E-4353-2012/

Scopus AuthorID (npu Hanuvuu)
Scopus AuthorlD dopmupyeTcs B 6a3e faHHbIX SCOpUS aBTOMarn4ecku npu NosiBNeHUM y aBTopa XoTs Bbl O HOM CTaTbu B AaHHOM 6ase. AuthorlD ykasaH B aBTOpCKOM

npodune, KOTOPbIN CTAHOBUTCA [,OCTYMNEH, €M NpK Noucke aBTopa B 6ase AaHHbIX Scopus (Author Search) B pesynbrarax noucka HaxaTb Ha GamMunuio aBTopa.

https;//www.scopus.com/authid/detail.uri7authorld=8872194400

ORCID (npu Hanuvuu)

MOHO nonyuuTb, 3aperucTpupoBaBLUMCL MO anpecy orcid.org.

https://orcid.org/0000-0001-9664-0552

2.2. lata poxaeHus (ykaseleaemcs yu@pamu — 4ucio, Mecsy, 200)
16.01.1975

2.3. [paXAaHCTBO
POCCHA

2.4. YueHas cTeneHb, rog, NpucyxaeHus
B cnyyae Hannuma HeCKONbKMX YY€eHbIX CTeMeHei, YKasblBaeTcs Ta U3 HUX, KoTopas Haubonee COOTBETCTBYET TeMaTUKe NpoeKTa.
Kanampat pusmnko-maremarmyeckunx Hayk, 2007

2.5. Harpaabl u npeMuu 3a HayuHYI0 AeATeNbHOCTb, WIEHCTBO B BeAyLLMX Hay4HbIX COO6LEeCTBaX (MpY Hanuuum), yuacTme B
peaKonieruax eBefylumx peLeH3MpyeMbiX HayuHbIX U3A4aHUIA (MPU HUTUUUK)

TpeTbs npemus uMm. B.4. Ctpyse ang monoabix cneunanuctos FAO PAH 3a nyywwyto Hay4yHO-UccnegoBaTenbckyto paboty (2010)
MepcoHanbHas ctunenpus BELSPO B Katonmueckom yHuBepcuteTe r. JleseH, benbrus (2015-2016)
MpurnawéxHbIn nccneposarenb B IHCTUTYTe nccnenoBaHMii COTHEYHO-3eMHOM Cpefbl, YHuBepcuTeTa r. Haros, dnoxums (2017)

2.6. OcHOBHOE MeCTO paboTbl HA MOMEHT NOAAYU 3aSBKU — AO/MKHOCTb, MOJIHOE HAUMEHOBaHUEe OpraHU3aLuK (COKpaLleHHoe
HaMMeHOBaHMe opraHusauum)

CTapLUMI Hay4YHbIM COTPYAHUK, penepanbHoe rocynapcTBeHHoe BroaxeTHoe yupexaeHue Hayku [nasHas (Mynkosckas)
acTpoHoMuueckas ob6cepatopus Poccuiickoi akanemmm Hayk (FTAO PAH, r CaHkT-MeTepbypr)

2.7. 06nacTb Hay4HbIX MHTEPECOB — K/KOUEBble CNOBa (Npusodumcs He bonee 15 kawyessix ¢/108)

Ha pYccKoM si3bike
KopoHbl ConHua 1 3B€3/, BCMbILLKM, MEXAHWU3Mbl PAAUOU3NYYEHUS, KBAa3UNEPMUOanNYeCKMe NybCcaLMmu, MHOFOBOJIHOBbIE
HabnwoaeHUs

Ha aHenulickoM g3biKe
Solar and stellar coronae, flares, mechanisms of radio emission, quasi-periodic pulsations, multi-wavelength observations

2.8. 06nacTb Hay4HbIX UHTEPECOB — KOAbI N0 Knaccugukatopy PoHaa
02-703 02-704

2.9. O6wee uncno nyénukaumii 3a nepuop, ¢ 1 aueaps 2016 ropa, 11, us Hux:
7 - ony6nuKoBaHO B u3paHuaXx, uiaekcupyeMbix B Web of Science Core Collection unu Scopus.

3asaBka Ne 21-12-00195 Ctpanuua 21 13 61


https://publons.com/researcher/E-4353-2012/
https://www.scopus.com/authid/detail.uri?authorId=8872194400
https://orcid.org/0000-0001-9664-0552

2.10. Cnncok ny6auKaumii 0CHOBHOIo MCMoNHUTeNS npoekTa ¢ 1 auBapa 2016 ropaa (MoHozpaguu, pesyiemamel
UHMmMennekmyansHol desimessHOCMU, UMeOWUE NPagosyto 0Xpady, Nyonukayuu 8 8e0yuiux peyeH3upyembix HaydHoix U30aHUsX,
nybaukayuu 8 u3daHusx, UuHOeKcupyemsix 8 cucmemax yumuposarus Web of Science Core Collection, Scopus, npusodumcs He
bonee 10 nybaukayuli, npu HaAUYUU Nyo6auKayuu 8 UHPoOPMAayUOHHO-MeNEKOMMYHUKAUUOHHOU cemu «MHmepHem» ykasbieaemcs
CCbIIKA HA Hee (0653amenbHO 0715 nybnukayul 8 UHOeKcUupyeMbix U30aHUSIX), yKaseleaemcs, npu Haau4yuu, uMnakm-gpakmop
Hay4Hoe2o u3danus (no JCR Science Edition, JCR Social Sciences Edition unu SIR))
MyHKT He aBNseTc 0ba3arenbHbIM K 3anoaHeHU0. MoryT npuBoauTbCa NyBnmnkaLmmM, CBUMA,ETENLCTBYOLWME O HAYUHOW KBAIMDUKALMM U [,OCTUKEHUAX.

Ha GHeNULICKOM $513bIKe

1. L K. Kashapova, E. G. Kupriyanova, Z. Xu, H. A. S. Reid, D. Y. Kolotkov «The origin of quasi-periodicities during circular ribbon
flares», 2020, A&A, 642, A195, DOI: 10.1051/0004-6361/201833947, impact-factor: 6.209, Q1

2. Kupriyanova, Elena; Kolotkov, Dmitrii; Nakariakov, Valery; Kaufman, Anastasiia “Quasi-Periodic Pulsations in Solar and
Stellar Flares. Review”, 2020, Solar-Terrestrial Physics, vol. 6, issue 1, pp. 3-23, DOI: 10.12737/stp-61202001,
https://naukaru.ru/en/nauka/article/36812/view, Q4

3. V. M. Nakariakov, D. Y. Kolotkoyv, E. G. Kupriyanova, T. Mehta, C. E. Pugh, D.-H. Lee and A.-M. Broomhall «Non-stationary
quasi-periodic pulsations in solar and stellar flares», 2019, Plasma Phys. Cont. Fusion, 61, 1, id 014024. DOI: 10.1088/1361-
6587/aad97c; impact-factor: 2.799, Q2

4. Elena G. Kupriyanova, Larisa K. Kashapova, Tom Van Doorsselaere, Partha Chowdhury, Abhishek K. Srivastava, and Yong-Jae
Moon "Quasi-periodic pulsations in a solar flare with an unusual phase shift" 2019, MNRAS, 483, 5499, DOI:
10.1093/mnras/sty3480, https://iopscience.iop.org/article/10.1088/1361-6587/aad97c; impact-factor: 5.194, Q1

5. Nakariakov V. M., Kolotkov D. Y., Kupriyanova E. G., Mehta T., Pugh C. E., Lee D.-H., Broomhall A.-M., Non-stationary quasi-
periodic pulsations in solar and stellar flares, Plasma Physics and Controlled Fusion, 2018; DOI: 10.1088/1361-6587/aad97c,
https://iopscience.iop.org/article/10.1088/1361-6587/aad97c; impact-factor: 3.032, Q2.

6. E. Kupriyanova, H. Ratcliffe «Minute pulsations in microwaves and X-rays during the flare on May 6, 2005», 2016, Advances
in Space Research, 57, pp. 1456-1467, DOI: 10.1016/j.asr.2016.01.012,
https://www.sciencedirect.com/science/article/pii/S0273117716000351?via%3Dihub; impact-factor: 1.529, Q3

7. E.G. Kupriyanova, LK. Kashapova, H.A.S. Reid, I.N. Myagkova “Relationship of type lll radio bursts with quasi-periodic
pulsations in a solar flare”, 2016, Solar Physics, 291, 3427-3438, DOI: 10.1007/s11207-016-0958-2;
https://link.springer.com/article/10.1007 %2Fs11207-016-0958-2; impact-factor: 2.580, Q2

8. T. Van Doorsselaere, E.G. Kupriyanova, D. Yuan “Quasi-periodic pulsations in solar and stellar flares: an overview of recent
results”, 2016, Solar Physics, 291, 3143-3164, DOI: 10.1007/s11207-016-0977-z;
https://link.springer.com/article/10.1007%2Fs11207-016-0977-z; impact-factor: 2.580, Q2

[lns pycckos3blMHbIX HAa3BaHWIA CBEL,EHUSI MPUBOASTCS HA PyCCKOM s3bIKe U B MEpPeBOAE Ha aHMIUIACKMIA s13bIK. MK 3TOM A0/XKHO BbiTb MOHATHO, YTO peyb U eT 06

OfLHOM U TOM e [,0KyMeHTe (HanpuMmep, [,06aBNSIATE CJIOBO KMNEPEBOAY).

2.11. OnbIT BbINOAHEHUA HAY4HbIX NPOEKTOB (YKA3bI8AIOMCS HAUMEHOBAHUS (POHA08 (0p2aHU3auUL), UX MECMOHAXO0MOeHUe
(cmpaHa), popma ydacmus, HOMEPA, HA38AHUS NPOEKMO8 U CPOKU 8bINOTHEHUS 3G nociedHue 5 1em)
Ha pyCcCKOM 5i3biKe

1. PODUM N2 17-52-1000 Ko-a "HecTaumoHapHble CBOMCTBA KBa3mMnepuoamMyeCKUX NynbCaLmii Kak 0CHOBA AUArHOCTUKM
MeXaHW3MOB BCMblweYHOro 3HeprosbigeneHunsa” (2018-uioHb 2020) (pykoBoanTEND)

2. PODOU N2 18-02-00856 a "MarHuTHble NnasMeHHble XryTbl U UX pOfib BO BCMbIWEYHOM SHEPrOBbIAENEHUN, YCKOPEHUM
yactuy, u popmuposaHum CME" (2018-aekabpb 2020) (mcnonHuTenb)

3. POOKM N2 17-52-80064 BPUKC _a "CynepBscnbiwku Ha 3Be3aax 1 ConHue" (2017-okta6pb 2020) (McnonHUTE D)

4. PODOM N2 15-02-08028 a "[IMHaMMKa YCKOPEHHbIX YacTuUL, U BCnblweyHoe mnyyeHune ConHua mn 38é3a’" (2015-2017)
(cnonHuTenb)

5. PO®WN N2 14-02-00924 a "Panmo v peHTreHOBCKas AMarHOCTMKA YCKOPEHHbIX 31EKTPOHOB B CO/IHEYHbIX BCMblwwKa" (2014-
2016) (ncnonHuTenb)

6. POOK N2 13-02-00044 a "ViccnenoBaHue npoueccoB nepeHoca aHeprum MI sonHamu B atMocdepe ConHua' (2013-2015)
(ncnonHuTeNb)

HQa aHe/IULCKOM Si3biKe

1. RFBR N2 17-52-1000 RoS "Time-dependent properties of quasi-periodic pulsations as indicators of flaring energy release

3asaBka Ne 21-12-00195 CtpaHuua 22 13 61



processes” (2018-June 2020) (Leader)

2. RFBR N2 18-02-00856 a "Magnetic flux ropes and their role in flare energy release, particle acceleration, and CME
formation” (2018-December 2020) (implementer)

3. RFBR N2 17-52-80064 BRICS-a "Superflares on stars and the Sun" (2017-October 2020) (implementer)

4. RFBR N2 15-02-08028 a "Dynamics of accelerated particles and flare emission of the Sun and stars" (2015-2017)
(implementer)

5. RFBR N2 14-02-00924 a "Radio and X-ray diagnostics of accelerated electrons in solar flares" (2014-2016) (implementer)
6. RFBR N2 13-02-00044 a "Research of MHD waves energy transfer in solar atmosphere” (2013-2015) (implementer)

2.12. MnaHupyeMoe y4acTie B Hay4HbIX NpoekTax (B nto6om kavectse) B 2021 roay

Obuee KONMMYecTBo — 3, U3 HUX:

PYKOBOACTBO — 1, y4acTue B Ka4eCcTBe UCNOAHUTENS — 3,

a UMEHHO:

1. FocynapcTBeHHOe 3apaHune yupeautens, FTAO PAH (mericTaytowee) - UCMONHWUTEND.

2. MpoeKT pyHAAMEHTANbHbIX HaY4YHbIX MCCeL0BaHMI, NPOBOAMMBIN coBMeCTHO PODMU 1 AnoHCKMM 06LLeCTBOM
NpOABUXEHMUS HayKM (NOAAHA 3asBKa) - PYKOBOAMTE b,

3. MpoexT PH® (3asBka NofaHa) - OCHOBHOM UCNOHUTENb

(YKa3bIBatOTCS B TOM YWCIE TPaHTOAATENM MM 3aKa34MKM MPOEKTOB M UCTOYHWK GMHAHCMPOBAHWSI, HaNpUMep — FocyapCTBEHHOE 3anaHue yupeauTens, rpaHtel POOU,

@MU, PHD, nHbIX HOHA,0B MNM UHBIX OpraHWU3aLMiA, rOCy A, apCTBEHHbIM KOHTPaKT (3aKa3umK, NporpamMMma), MHOM XO38MCTBEHHbIM [,0roBOp, MHbIE MPaHTbl U Cybcuamnm).

2.13. Nlons pabouero BpeMeHU, KOTOPYIO NJIAHUPYETCS BblAEUTb HAa y4acTUe B AAHHOM NpOeKTe B cnyyae nobenbl B
KOHKypce DoHpaa -

25 npoueHToB.

Mmeetcs B Buay - ot MOJTHOM 3aHATOCTM B paMKax TpyZA0BbIX WU IPaX,aHCKO-NPaBOBbIX I'IpaBOOTHOLLIEHMVI, T.€. 3aHATOCTb B CBO60,EI,HO€ OT OCHOBHOW pa6OTbI Bpems

TaKXXe [,0/1KHA YUYUTbIBATbCA.

2.14. Yuactne B 06pa3oBatesibHOM AEATENbHOCTH (YKa3bi8aemMcsa UHPOPpMAayus o pykosodcmae acnupaHmamu, adbloHKmMamu,
UHMepHamu, opOUHAMopamu, paspadomke u YmeHuUU HoBbIX 0Opa308aMeNbHbIX KYpCo8 8 poCCulickux U 3apybexHbix 8y3ax)

MNpoBeneHMe 06pa3oBaTesbHbIX 3KCKYPCUI NO aCTPOHOMMU AN LUKONbHMKOB M B3poc/bix B TAO PAH. YteHne nybanuHbIX
nekuuii no actpoHomum B FAO PAH (CankT-TMeTepbypr), B GubnmoTteke MonuaHoBa-Cnbupckoro (MpKyTck).

2.15. B 2019 unu B 2020 rogax y4acTBOBa/1 B Ka4yeCTBe PyKOBOAUTENS NPOeKTa, pMHAHCMpyeMoro MoHAOM, unm
MCNONIHUTENS NpoeKTa, huHaHcupyemoro MoHAOM, B CieAyOWMX NPOeKTaxX (Npu HaAuyuu):

2.16. KoHTaKTHbI TenedoH, 3NeKTpOHHbIN aapec (E-mail)
+79633296330, elenku@bk.ru

2.17. Yuactne B npoekre:
OCHOBHOWM UCMONHWUTENb NPOEKTA
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C ycnoeuaMM KoHKypca D oHAA (B TOM uncne, C NYHKTaMU 7 U 8 KOHKYPCHOM AOKYMEHTALMM) 03HAKOMJIEH U COrNIaceH.
MoaTeepikAalo CBOE yyacTMe B NPOEKTe.

®damunug, uma u otuectso  |KynpusHosa EneHa l'eHHagbeBHa

[aHHble AOKYMeHTa,
YAOCTOBEPAOLLErO
NUYHOCTL™**
(cepus, Homep, caedeHUSs 0
dame u opeaHe 8bidaqul)

BHuMaHve! JaHHoe none 3anonHseTcs BPY4YHYI B Ne4arHOM 3K3eMnnape 3asdBKu. 3anonHeHune obs3arensHo!

Appec npoxuBaHus 196158, r. CaHkT-lNeTepbypr, MockoBckoe wocce, a. 22, kB. 18

Onepatop nepcoHaNbHbIX

Poccuiickuin HayuHbI doHA,
AAHHbIX

51 Bblpaxkato cornacne™ ** Ha 06paboTKy yKa3aHHbIM BblILLE OMEPaTOPOM MePCOHANbHBIX AAHHbIX, BHECEHHbIX B HACTOSILLYIO
($OopMy MHOIO JIMYHO.

0O6paboTka PoccuiicknuM Hay4yHbIM GOHAOM (agpec: r. Mocksa, yn. ConsiHka, 4. 14, cTpoeHue 3) ykasaHHbIX Bbille
NepCcoHabHbIX aHHbIX MOXET OCYLLEeCTBNSTHCS NOCPEACTBOM MX COHOpPa, CUCTEMATU3aLMM, HAKOMNEHUS, XPaHEHMS,
YTOUHEHMUS, UCMO0/b30BaHUs, HNIOKMPOBAHMS, PAacNpOCTPaHEeHNUS Ha OpULIMANBHOM caiiTe Poccuidickoro HayuHoro GoHaa,
nepefayy U YHUHTOXEHMS C LeNblo NPOBeAEHMS SKCNEPTU3bl 3a5IBOK HA KOHKYPCbl, NPOBOAMMbIEe POCCUIACKMM HAYYHbIM
(OHAOM, 3KCMepTU3bl NPOEKTOB M NporpamM, GUHaHCMpyeMbix POCCUICKMM HayuHbIM POHAOM, NOATOTOBKM aHAIUTUY € CKMX
MaTepuanoB No KOHKypcaMm, 4ONrOBPEMEHHOIO COXPAHEHUS LOKYMEHTUPOBAHHOM MHBOPMALMK 06 y4aCTHUKAX NPOrpamm,
nony4mBLLMX PUHAHCHpPOBaHME Poccuitckoro HayyHoro GoHAa, 06Lwen0CTyNHOro packpbiTMS MHPOPMaLIMK O PYKOBOAUTENSX
NporpamMm 1 NpoeKkToB, GUHAHCUPYEMbIX POCCUIACKMM HayuHbIM HOHAOM. YKazaHHas 06paboTka MOMX JaHHbIX MOXeT
OCYLLECTBAATLCS B Te4eHue 75 neT co AHA 3anoNHeHMs HacToawen Gopmbl B neyaTHon popme. XpaHeHue HacToswwen hopMmbl
MOXeT BbiTb nopydeHo 000 «PAUCBOJI®» (107150, Mocksa, yn. boiuosas, A. 22), okasblBatolieMy POCCUICKOMY HayyHOMY
(OoHAY yCNyr apXMBHOIO XpaHeHWUs LOKYMEHTOB. HacToslee cornacue MoxeT GblTb 0TO3BaHO NOCPEACTBOM HanpaBieHUs Ha
YKa3aHHbIW Bbllle aapec oneparopa NepCcoHanbHbIX AAHHbIX 3asBneHus ¢ TpeboBaHneM 0 npekpalleHn 06paboTku
NepCcoHaNbHbIX AAHHbIX. 3asBAeHNe LOMKHO COAEPXKaTb HOMEP AOKYMEHT], YA0CTOBEPSIOLWEro IMYHOCTb CybbekTa
MepCcoHanbHbIX JAHHbIX; CBeAEeHMS O AaTe BblAa4M YKa3aHHOTrO AOKYMEHTA U BbIABLUEM €10 OpraHe, a Takke
COBCTBEHHOPYYHYH MOANMUCH CyObeKTa NePCOHANbHBIX AaHHBIX.

X X%

Henpe,u,craBneHMe AaHHbIX 00KYMEHTa, yA0CTOBEPAIOLLErO IMYHOCTb, ABNAETCA OCHOBaHWEM HEL0MNYyCKa 3a9BKU K KOHKYPCY.

X KKK

3anonHeHve sBnseTcs 0bs3arenbHbIM B COOTBETCTBUM € TpeboBaHMsaMK DeaepanbHoro 3akoHa ot 27 uons 2006 r. N2152-®3 «O nepcoHanbHbIX 4,aHHbIX.

Moanucb ucnonHuTens nNpoekKTa /E.I'. KynpuaHosa/

JlaTa noanucaHua « » 2020r.
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@opma 2. CBepeHns 06 OCHOBHOM UCMONHUTENE NPOEKTa

2.1. ®amunus, uma, omyecmeo (npu Hanu4uu)
Ha pyCcCKOM 5i3biKe
Cbly PobepTt AHgpeeBny

Ha GH2NULICKOM $13bIKe QaMuus U UHULUGTbI
Sych R

WoS ResearcherlID (npu Hanuyuu)

MOXHO nonyuuTb, 3apermucTpypoBaBLUMCh Mo anpecy www.ResearcherlD.com.

https://publons.com/researcher/D-1499-2013/

Scopus AuthorID (npu Hanuvuu)
Scopus AuthorlD dopmupyeTcs B 6a3e faHHbIX SCOpUS aBTOMarn4ecku npu NosiBNeHUM y aBTopa XoTs Bbl O HOM CTaTbu B AaHHOM 6ase. AuthorlD ykasaH B aBTOpCKOM

npodune, KOTOPbIN CTAHOBUTCA [,OCTYMNEH, €M NpK Noucke aBTopa B 6ase AaHHbIX Scopus (Author Search) B pesynbrarax noucka HaxaTb Ha GamMunuio aBTopa.

https://www.scopus.com/authid/detail.uri?authorld=6602531382

ORCID (npu Hanuvuu)

MOHO nonyuuTb, 3aperucTpupoBaBLUMCL MO anpecy orcid.org.

https://orcid.org/0000-0003-4693-0660

2.2. lata poxaeHus (ykaseleaemcs yu@pamu — 4ucio, Mecsy, 200)
06.07.1962

2.3. [paXAaHCTBO
POCCHA

2.4. YueHas cTeneHb, rog, NpucyxaeHus
B cnyyae Hannuma HeCKONbKMX YY€eHbIX CTeMeHei, YKasblBaeTcs Ta U3 HUX, KoTopas Haubonee COOTBETCTBYET TeMaTUKe NpoeKTa.
Kanampat pusmnko-maremMaTmyecknx Hayk, 1998

2.5. Harpaabl u npeMuu 3a HayuHYI0 AeATeNbHOCTb, WIEHCTBO B BeAyLLMX Hay4HbIX COO6LEeCTBaX (MpY Hanuuum), yuacTme B
peaKonieruax eBefylumx peLeH3MpyeMbiX HayuHbIX U3A4aHUIA (MPU HUTUUUK)

MpepnctaButens Poccun B8 SCOSTEP no HayuHomy HanpaeneHuto ConHeyvHas Ousuka;

MNpeLncTaBUTENb MEXAYHAPOAHOIO KOMUTETA MO HarpaxaeHuto npemmuammn SCOSTEP

MpegncTtaButens obwecTea JOSO, oTaeneHne conHeyHom dusnku, 2003;

Mpeactasutens o6wectea KOCMAP;

MNpeLncTaBUTENb MEXAYHAPOAHOIO HAYYHOro COBETA N0 NPOeKTY bpasunbCckoro AeUMMeTpoOBOro paguoTeneckona.
IpaHTbl Mpe3uaeHTa Kntanckon Akagemun Hayk (KAC), No. 2015VMA014, 2020VMA0032

IpaHTbl Hay4HbIx BU3KUTOB B KnTai, No. 2010T2J24, 2011, 2012, 2013, 2020, MNeknH; KyHMMH, HaHKKH
PykoBoauTens Poccuitckoit ctopoHbl B npoekTe EBponerickoro Coto3a no Hay4yHOMy 06MeHY MeX Ay MHCTUTYTaMU U Hay4YHbIMU
yupexaeHuamu (IRSES), FP7-PEOPLE-2011-IRSES, 2012-2016;

paHT Hay4HbIX BU3MTOB B Yexuto, 2008;

[paHT Hay4HbIX BU3MTOB B Yopuk YHuBepcutet, AHrnmng, 2006;

PPARC rpanT, 2007

[paHT Hay4HbIX BU3MTOB B bpasunumio, MIHCTUTYT KOCMUYECKMX UCCNe0BaHNN,

CaH Xo3e goc Kamnoc, FAPESP 2003-2005.

2.6. OcHOBHOE MeCTO paboTbl HA MOMEHT NOAAYU 3aSIBKU — AO/MKHOCTb, MOJIHOE HAUMEHOBaHUEe OpraHU3aLuK (COKpaLleHHoe
HaMMeHOBaHMe opraHusauum)

BeAYLWMIA HAayUYHbIN COTpYaHUK, DenepanbHoe rocyaapcTBeHHoe BromxeTHoe yupexaeHue Hayki OpaeHa Tpynosoro
KpacHoro 3HameHn MHCTUTYT conHeYHO-3eMHOM dur3nkmn Cubupckoro otaeneHus Poccuiickoi akagemmm Hayk (MC3D CO PAH,
MpkyTckas obn)

2.7. 06nacTb Hay4HbIX UHTEPECOB — K/O4YeBble CNOBa (npusodumcs He bonee 15 knwyvessix c/108)
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https://publons.com/researcher/D-1499-2013/
https://www.scopus.com/authid/detail.uri?authorId=6602531382
https://orcid.org/0000-0003-4693-0660

Ha PYCCKOM £13bIKe
CONIHEY Hasa CDVI3I/IKa, konebaHus B natHax, Ml BosHbI, KOPOHaJibHbl€ BOJIHbI, CNankm, MMWKPOBOJIHOBOE M3Ny4YeHUE, CONTHEYHbIE
BCMblLIKK

HQa aH2/UTCKOM A3bIKe
solar physics, sunspot oscillation, MHD wave, coronal wave, spike, microwave emission, solar flares

2.8. O6nacTb Hay4HbIX UHTEPECOB — KOAbl N0 Knaccudukaropy PoHpa
02-402 02-503 02-703

2.9. O6Lwee y1cno nydnukaumii 3a nepuog, ¢ 1 aueapa 2016 ropa, 13, us Hux:
13 - ony6nukoBaHo B u3paHusax, uipekcupyemMbix B Web of Science Core Collection unu Scopus.

2.10. Cnucok ny6auKaumii 0CHOBHOro UCnonHUTeNs npoekra ¢ 1 aueapa 2016 ropa (MoHozpaguu, pesynemamel
UHMenIeKmyansHoul desmenbHOCMU, UMEIWUE NPagosyo OXPaHy, NyONUKayuu 8 8edyuuX peuyeH3upyeMbix HaydHbix U30aHUSX,
nybnukauuu 8 u30aHusx, UHoekcupyembix 8 cucmemax yumuposaHus Web of Science Core Collection, Scopus, npusodumcs He
6onee 10 nybnukayul, npu HaAUYuU NY6AUKAUUU 8 UH(OPpMAUUOHHO-MeNeKOMMYHUKAUUOHHOU cemu «MIHmMepHem» ykassieaemcs
CCbIIKA HA Hee (0653amesibHO 0715 Nyonukauul 8 UHOekcupyembix U30aHusx), ykazeleaemcs, npu Haauyuu, uMnakm-gpakmop
Hay4Ho20 u3daHus (no JCR Science Edition, JCR Social Sciences Edition unu SIR))
nyHKT He sBNnseTca 0653arenbHbIM K 3aM0/IHEHUIO. MOFyT npuBOAUTLCA ny6ﬂMKaLLIAM, cBMaeTenbCTeyrOWwne o Haquon KBaﬂI/IdJVIKaLIMM U OO0CTUXEHUAX.

HQa aH2/IULCKOM Si3biKe

1. The dynamics of 3-minute wavefronts and their relation to sunspot magnetic fields, Robert Sych, David B. Jess and Jiangtao
Su, Philosophical Transactions of the Royal Society A, Vol. 379: 20200180, 2020, https;//arxiv.org/abs/2007.09369, Impact
factor: 3.275

2. Properties of Local Oscillations in the Lower Sunspot Atmosphere, Sych, R.,Zhugzhda, Y.,Yan, X, The Astrophysical Journal,
Volume 888, Issue 2, article id. 84, 11 pp. (2020) https://dx.doi.org/10.3847/1538-4357/ab5a78,, Impact factor: 5.745

3. Radio, EUV, and X-Ray Observations during a Filament Rise in the 2011 June 7 Solar Flare, Karlicky, M.,KaSparova, J.,Sych, R.
The Astrophysical Journal, Volume 888, Issue 1, article id. 18, 9 pp. (2020) https://dx.doi.org/10.3847/1538-4357/ab5a78,
Impact factor: 5.745

4. Powerful Umbral Flashes and Local Oscillations in Sunspots Zhugzhda, Y.D.,Sych, R.A., Astronomy Letters, Volume 45, Issue
3, pp.177-185, 2019, https;//dx.doi.org/10.1134/S1063773719030071, Impact factor: 1.489

5. Fine wave dynamics in umbral flash sources Sych, R.,,Wang, M., Astronomy & Astrophysics, Volume 618, id.A123, 9 pp.6,
2019, https://dx.doi.org/10.1051/0004-6361/201732139, Impact factor: 5.636

6. Local sunspot oscillations and umbral dots Zhugzhda, Y.,Sych, R., Research in Astronomy and Astrophysics, Volume 18, Issue
9, article id. 105 (2018).https://dx.doi.org/10.1088/1674-4527/18/9/105, Impact factor: 1.512

7. AModel of Zebra Patterns in Solar Radio Emission Chernov, G.P.,Fomichev, V.V.,Sych, R.A. 2018 Geomagnetism and
Aeronomy 58 (3) ,pp.394.https;//dx.doi.org/10.1134/S0016793218030040, Impact factor: 0.461

8. Siberian Radioheliograph: first results, Lesovoi, Sergey; Altyntsev, Alexander; Kochanov, Aleksey; Grechneyv, Victor; Gubin,
Aleksey; Zhdanov, Dmitriy; Ivanov, Evgeniy; Uralov, Arkadiy; Kashapova, Larisa; Kuznetsov, Aleksey; Meshalkina, Nataliya; Sych,
Robert, Solar-Terrestrial Physics, vol. 3, issue 1, pp. 3-18, 2017,
https://dx.doi.org/10.12737/article_58f96ec60fec52.86165286, Impact factor: 1.503

9. Comparison of alternative zebra-structure models in solar radio emission, Chernov, G. P.; Fomichev, V. V.; Sych, R. A,, eprint
arXiv:1704.02528, Xll Solar System Plasma Conference, February 6, 2017, Space Research Institute of RAS, Moscow, Russia,
2017

10. Preface to Topical Issue: Waves in the Solar Corona: From Microphysics to Macrophysics Nakariakov, V.M.,Pascoe, D J.,Sych,
R.,van Driel-Gesztelyi, L. 2016 Solar Physics 291 (11) ,pp.3139,https://dx.doi.org/10.1007/5s11207-016-1020-0 Impact factor:
2.503

11. Spatial variation of wave periods of magnetoacoustic-gravity waves in the flux-tube Chmielewski, P.,Murawski, K.,Sych, R.
2016 Acta Physica Polonica B 47 (10) ,pp.2273 https://dx.doi.org/10.5506/APhysPolB.47.2273, Impact factor: 0.49

12. MHD Wave in Sunspots, Sych, R. 2016 Low-Frequency Waves in Space Plasmas ,pp.467
https://dx.doi.org/10.1002/9781119055006.ch27

13. Flare evolution and polarization changes in fine structures of solar radio emission in the 2013 April 11 event

Chernov, G.,Sych, R, Tan, B.-L.,Yan, Y.-H.,Tan, C.-M.,Fu, Q.-J.,Karlicky, M.,Fomichev, V. 2016 Research in Astronomy and
Astrophysics 16 https://dx.doi.org/10.1088/1674-4527/16/2/028, Impact factor: 1.512
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[N pycckos3blMHbIX HAa3BaHWIA CBEL,EHUSI MPUBOASTCS HA PyCCKOM s3bIKe U B MEpPeBOAE Ha aHMIUIACKMIA s13bIK. MK 3TOM A0MXKHO BbiTb MOHATHO, YTO peyb UaeT 06

O[LHOM U TOM e [,0KyMeHTe (HanpuMmep, [,06aBASIATE CJIOBO KMEPEBOAY).

2.11. OnbIT BbINOAHEHUA HAY4HbIX NPOEKTOB (YKA3bI8AIOMCS HAUMEHOBAHUS (POHA08 (0p2aHU3auUL), UX MECMOHAX0MOeHUe
(cmpaHa), popma ydacmus, HOMEPA, HA38AHUS NPOEKMO8 U CPOKU 8bINOTHEHUS 3G nociedHue 5 1em)
Ha pyCcCKOM 5i3biKe

1. I'paHT PODU N 17-52-80064 BPUKC_a "Cynepscnbiwku Ha 3Be3aax 1 ConHue”, 2017-2020

2. ['panThl Mpe3upeHTa Kutarckoi Akagemun Hayk (KAC), No. 2010T2)24, 2015VMA014, 2020VMA0032

3. ['paHT POD®U N 14-02-91157 TDEH_a "MHOroBo/IHOBas AMarHOCTMKA AMHAMMYeCKMX npoueccoB Ha ConHue ¢
MCMONb30BaHMEM HOBbIX PAMOACTPOHOMUY €CKMX MHCTPYMeHTOB", 2014-2015

4. TpaHT PO®OU N 13-02-90472 Ykp_¢b_a "HakonneHue, BblAeNeHME U NEPEHOC SHEPTUM B CONHEYHBIX BCMbIWwKax", 2013-2014
5. TpaHT POOKM N 13-02-10009 K "Oprannsaumsa u nposefeHMe KOMMIEKCHOM 3KCneanumnm onsa cbopa AaHHbIX MO CONHEYHOM
akTMBHoCTK", 2013

6. SEVENTH FRAMEWORK PROGRAMME, Marie Curie Actions People, International Research Staff Exchange Scheme,
RADIOSUN Project, PIRSES-GA-2011, Radiophysics of the Sun: Network of Excellence, Leader of Russian Team, 2012-2015
7. T'paHT POOU N 13-02-00044-a "ViccnepoBaHue npoueccos nepeHoca aHeprun MI, BonHamum B atmocdepe ConHua”, 2013-
2015

HA aHe/IULCKOM Si3biKe

1. Grant RFBR No. 17-52-80064 BRICS_a "Superflares on the Stars and the Sun”, 2017-2020

2. CAS President's International Fellowship Initiative (PIFI), Grant No. 2010T2J24, 2015VMA014, 2020VMA0032

3. Grant RFBR N 14-02-91157 GFEN_a "Multiwave diagnostics of dynamic processes on the Sun using new radio astronomical
instruments”, 2014-2015

4. Grant RFBR N 13-02-90472 Ukr_f_a "Accumulation, release and transfer of energy in solar flares", 2013-2014

5. Grant RFBR N 13-02-10009 K "Organization and implementation of a complex expedition to collect data on solar activity",
2013

6. SEVENTH FRAMEWORK PROGRAM, Marie Curie Actions People, International Research Staff Exchange Scheme, RADIOSUN
Project, PIRSES-GA-2011, Radiophysics of the Sun: Network of Excellence, Leader of the Russian Team, 2012-2015

7. Grant RFBR N 13-02-00044-a "Investigation of the processes of energy transfer by MHD waves in the solar atmosphere”,
2013-2015

2.12. NMnaHupyeMoe y4yacTie B Hay4yHbIX NpoekTax (B Nt060om kavectse) B 2021 roay

Ob6uee konmuecTso — 1, U3 HUX:

pykoBoAcTBO — 1, yuactue B kayecTse ucnonHutens — 0,

a UMEHHO:

IpaHT MNpe3unpeHTta Kutarckon Akagemmmn Hayk (KAC), No. 2020YMAQ032

(yKa3bIBa}OTCﬂ B TOM 4undie rpaHToaaresin Unu 3aKazvymnkum npoekToB U UCTOYHKUK d)MHaHCl/IpOBaHVIﬂ, HanpuMep — rocyaapCrBeHHOE 334aHne y4peauTens, rpaHTbl POOU,

@MU, PHDO, nHbIX HOHAOB UAM MHBIX OPraHU3aLMid, FOCYA,apCTBEHHbIA KOHTPAKT (3aKa34uK, NpOrpamMma), MHOW X035 MCTBEHHDINA [,0r0BOP, MUHbIE PaHTbl U CyBCuaum).

2.13. Nlonsa pabouero BpeMeHU, KOTOPYI MJIaHUPYETCS BblAEUTb Ha y4acTUe B AAHHOM NpoeKTe B cnyyae nobeapl B
KoHKypce DoHpa -

30 npoueHToB.

MmeeTcs B Buay - ot MOJTHOM 3aHATOCTU B paMKax TpyA0BbIX WU IPaXO,aHCKO-NPaBOBbIX I'IpaBOOTHOUJeHIAVI, T.€. 3aHATOCTb B CBOﬁO,ﬂ,HOG OT OCHOBHOM paﬁOTbI Bpemsa

TaKXXe [,0/1KHa YYUTbIBATbCA.

2.14. Yyactne B 06pa3oBaTenbHOM AeATENbHOCTU (YKa3bieaemcs UHGOPMayus o pykosoocmae acnupaHmamu, a0blOHKMamu,
UHMepHAaMu, opouHamopamu, pazpabomke u YmeHUU HOBbIX 06pa308amesibHbIX KypCo8 8 pOCCULiCKUX U 3apybexHbixX 8y3ax)

PykosoacTeo acnupaHtom lanmueHko C.A. B 2013 r
PykoBogutens acnmpaHta AHpumHoreHTosa C.A. € ycnewHoM 3alumTon KaHaAMAATCKOM amcceptaumm 8 2012 r

2.15. B 2019 unu B 2020 ropax yyacTBOBa B KauecTBe pyKoBoauTens npoekTa, puHaHcupyeMoro doHaoM, unu
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MCMONHUTENS NPOEKTa, puHaHcupyeMoro DoHAOM, B CieAyHOLWMX NPOeKTax (npu Haau4uu):

2.16. KoHTaKTHbI TenedoH, 3NeKTpOHHbIN aapec (E-mail)
+79148873315, sych@iszf.irk.ru

2.17. Yuactne B npoekre:
OCHOBHOWM UCMONHWUTENb NPOEKTA
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C ycnoeuaMM KoHKypca D oHAA (B TOM uncne, C NYHKTaMU 7 U 8 KOHKYPCHOM AOKYMEHTALMM) 03HAKOMJIEH U COrNIaceH.
MoaTeepikAalo CBOE yyacTMe B NPOEKTe.

®damunus, uma n orvectBo  (Coiu Pobept AHppeesumy

[aHHble AOKYMeHTa,
YAOCTOBEPAOLLErO
NUYHOCTL™**
(cepus, Homep, caedeHUSs 0
dame u opeaHe 8bidaqul)

BHuMaHve! JaHHoe none 3anonHseTcs BPY4YHYI B Ne4arHOM 3K3eMnnape 3asdBKu. 3anonHeHune obs3arensHo!

Appec npoxuBaHus Poccus, 664033, NpkyTck, yn. JlepmoHTOoBa, 277/8 KB. 36

Onepatop nepcoHaNbHbIX

Poccuiickuin HayuHbI doHA,
AAHHbIX

51 Bblpaxkato cornacne™ ** Ha 06paboTKy yKa3aHHbIM BblILLE OMEPaTOPOM MePCOHANbHBIX AAHHbIX, BHECEHHbIX B HACTOSILLYIO
($OopMy MHOIO JIMYHO.

0O6paboTka PoccuiicknuM Hay4yHbIM GOHAOM (agpec: r. Mocksa, yn. ConsiHka, 4. 14, cTpoeHue 3) ykasaHHbIX Bbille
NepCcoHabHbIX aHHbIX MOXET OCYLLEeCTBNSTHCS NOCPEACTBOM MX COHOpPa, CUCTEMATU3aLMM, HAKOMNEHUS, XPaHEHMS,
YTOUHEHMUS, UCMO0/b30BaHUs, HNIOKMPOBAHMS, PAacNpOCTPaHEeHNUS Ha OpULIMANBHOM caiiTe Poccuidickoro HayuHoro GoHaa,
nepefayy U YHUHTOXEHMS C LeNblo NPOBeAEHMS SKCNEPTU3bl 3a5IBOK HA KOHKYPCbl, NPOBOAMMbIEe POCCUIACKMM HAYYHbIM
(OHAOM, 3KCMepTU3bl NPOEKTOB M NporpamM, GUHaHCMpyeMbix POCCUICKMM HayuHbIM POHAOM, NOATOTOBKM aHAIUTUY € CKMX
MaTepuanoB No KOHKypcaMm, 4ONrOBPEMEHHOIO COXPAHEHUS LOKYMEHTUPOBAHHOM MHBOPMALMK 06 y4aCTHUKAX NPOrpamm,
nony4mBLLMX PUHAHCHpPOBaHME Poccuitckoro HayyHoro GoHAa, 06Lwen0CTyNHOro packpbiTMS MHPOPMaLIMK O PYKOBOAUTENSX
NporpamMm 1 NpoeKkToB, GUHAHCUPYEMbIX POCCUIACKMM HayuHbIM HOHAOM. YKazaHHas 06paboTka MOMX JaHHbIX MOXeT
OCYLLECTBAATLCS B Te4eHue 75 neT co AHA 3anoNHeHMs HacToawen Gopmbl B neyaTHon popme. XpaHeHue HacToswwen hopMmbl
MOXeT BbiTb nopydeHo 000 «PAUCBOJI®» (107150, Mocksa, yn. boiuosas, A. 22), okasblBatolieMy POCCUICKOMY HayyHOMY
(OoHAY yCNyr apXMBHOIO XpaHeHWUs LOKYMEHTOB. HacToslee cornacue MoxeT GblTb 0TO3BaHO NOCPEACTBOM HanpaBieHUs Ha
YKa3aHHbIW Bbllle aapec oneparopa NepCcoHanbHbIX AAHHbIX 3asBneHus ¢ TpeboBaHneM 0 npekpalleHn 06paboTku
NepCcoHaNbHbIX AAHHbIX. 3asBAeHNe LOMKHO COAEPXKaTb HOMEP AOKYMEHT], YA0CTOBEPSIOLWEro IMYHOCTb CybbekTa
MepCcoHanbHbIX JAHHbIX; CBeAEeHMS O AaTe BblAa4M YKa3aHHOTrO AOKYMEHTA U BbIABLUEM €10 OpraHe, a Takke
COBCTBEHHOPYYHYH MOANMUCH CyObeKTa NePCOHANbHBIX AaHHBIX.

X X%

Henpe,u,craBneHMe AaHHbIX 00KYMEHTa, yA0CTOBEPAIOLLErO IMYHOCTb, ABNAETCA OCHOBaHWEM HEL0MNYyCKa 3a9BKU K KOHKYPCY.

X KKK

3anonHeHve sBnseTcs 0bs3arenbHbIM B COOTBETCTBUM € TpeboBaHMsaMK DeaepanbHoro 3akoHa ot 27 uons 2006 r. N2152-®3 «O nepcoHanbHbIX 4,aHHbIX.

Moanucb ucnonHuTens npoekTa /P.A. Cbiv/

JlaTa noanucaHua « » 2020r.
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@opma 3. CBepeHuns 06 opraHn3aumm

coBMpaoTCS aBTOMATUYECKM Ha OCHOBE PErMUCTPALIMOHHBIX AaHHbBIX OpraHM3aLmMu, Yepes KoTopyto ByaeT ocylwecTBasTeea GruHaHcupoBaHue ("®opma T)

3.1. MonHoe HanMeHOBaHMe (NpuUBOOUMCS 8 COOMBEMCMBUU C pe2ucmpauuoHHbIMU G0KYMEHMAamu)
(depepanbHoe rocyaapcTeeHHOe blopKeTHoe yyupexaeHue Hayku OpaeHa Tpyaosoro KpacHoro 3HameHu MHCTUTYT
CONIHEYHO-3eMHON Hur3nkn Cbupckoro otaeneHms POCCUIACKOM akafeMmMu HayK

3.2. CokpaweHHOe HaMMeHOBaHHUe
NC3ad CO PAH

3.3. HaumeHoBaHMe Ha aHINUIACKOM fi3bIKe
Institute of Solar-Terrestrial Physics of Siberian Branch of Russian Academy of Sciences

3.4. OpraH13auMoHHO-npaBoBas ¢opma (ykassisaemcs no OKOMN®)
@epepanbHble rocyaapcTBeHHble BI04XKeTHbIE Y4 pexaeHNs

3.5. ®opma cobcTBeHHOCTH (ykasbisaemcs no OK®O()
QepepanbHas COBCTBEHHOCTb

3.6. BepoMcTBEHHAsa NpUHap/IeXXHOCTb
MWHUCTEPCTBO HAayKM U BbiClero o6pasoBaHus PO

3.7. HH, KM, OrPH, OKTMO
3812010456, 381201001, 1033801748925, 25701000

3.8. Anpec
664033, MpkyTckas obnacTb, r. MpkyTck, yn. JlepmMoHTOBa, 4.126A

3.9. dakTMyeckuit appec
664033, MpkyTckas obnacTb, r. MpkyTck, yn. JlepmMoHTOBa, 4.126A

3.10. Cy6nekT Poccuiickor Pepepaumnm
MpkyTckas obn

3.11. NomkHOCTb, hammunus, UMs, 0TYECTBO (NPU HUTUUMK) PYKOBOAUTENS OpraHU3aLmm
ampekTtop, Measenes AHapen Bcesonogosuy

3.12. KoHTakTHbIi TenedoH
3952428265

3.13. dneKTpoHHbIi agpec (E-mail)
uzel@iszf.irk.ru

PYKOBOAMTGH b OpraHuMsauuu NOATBEPXKAaeT, YTo:

® 03HAKOMJEH C YCNOBUSAMM KOHKypca DoHAa 1 cornaceH Ha hMHAHCUMPOBaHUE NPOEKTa, B C/y4ae ero NoAAepKKH, Yepes

OpraHu3aumio;
e cornaceH ¢ nyHktamu 8, 14, 33, 35, 36 KOHKYPCHOM AOKYMEHTALMK, UHBIMW YCIOBUSAMU KOHKYPC3;
® OATBEPXKAAET CBEAEHMS O PYKOBOAWTENE MPOEKTa, M3N0XKEHHbIE B AAHHOM 3asiBKe;

® OpraHum3saumna ucnosHaeT obsg3aTenbcTa no ynnate Hanoroe B 6topKeTbl BCEX ypOBHEVI 1 063aTeNbHbIX NAaTEXEeN B
rocynapcrtBeHHbIe BHeOlmXKeTHble dJOH,lJ,bI, I'Il'IaTE)KECI'IOCO6Ha, He HaXoauTCAa B npouecce IMkeuaaunmn, He npuUsHaHa

HecocTosTebHOM (6aHKPOTOM), Ha ee MMYLLECTBO HE HaNOXEH apecT U ee 3KOHOMUYECKas AeSTeNbHOCTb He
NPUOCTAHOBNEHa;
e B Cny4yae Npu3HaHMs 3a8BKU NobeanTenem opraHunsauug bepet Ha ceba cnenylowme obs3atensCTBa:
©  33KJ/IIOYUTb C YIEHAMU HAYYHOTO KOIEKTUBA MPaXKAAHCKO-MPABOBbIe UM TPYA0BbIE (CPOYHbIE TPYAO0BbIE)
L0roBOpbI;

Ecnu TakoBble He 3ak/04eHbl paHee. B cyyae, ein UneH Hay4yHoro KonNeKTMBa He SBASETCS rpakaaHuHoM Poccuitckoit Depepalm, opraHusaumeit

[LOKHbI ObITb BbINOMHEHBI BCE MPOLEAYPbl, MPeAYCMOTPEHHbIE 3aKOHOAaTeNbcTBOM Poccuiickoit Depepalm npy Tpy,0y CTPOUCTBE MHOCTPaHHBIX

Tpaxn,aH.
O MO NOopy4YeHUIo pykoBoauTensa NnpoeKTa BbiN1a4ymMBaTb YNE€HAM HAYy4YHOI0 KO/ITEKTUBA BO3HArpaXXaeHue 3a
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BbINOJIHEHME paboT No NpoeKTy;
0 @XeroAHo B YCTAaHOBNEHHble CPOKU NPELCTaBNSTb OTYET O Lie1eBOM MCMOb30BaHMM rpaHTa Poccuiickoro
Hay4yHoro ¢oHAa.

PykoBoauTeNb OpraHW3aLmMM rapaHTUpyeT, YTo:

e BO3HarpaxpaeHue 3a BbiNosHeHWe paboT no peanu3saumm NpoekTa byaeT exxeroAHo NoJlyYaTb KaAblM YNeH HAy4YHOro
KONNeKTuBa,

JTvua, He sBNsOWMECS HAOrOBbIMM pe3naeHTamu Poccuiickolt Denepaumu, MOryT ocyLwecTBsTb paboTsl no MpoekTy Ha 6e3Bo3mMe3aHoOM ocHoBe (3a
UCK/TIOYEHWEM PYKOBOAMTENS MPOEKTa).

L4 O6LLI,MI7I pasMep eXerogHoro BO3HarpaXXaeHma 4ieHa Hay4Horo KoJINekTmea He 6y,IJ,ET npeBbllWaTb 30 NpoLEHTOB OT
CYMMbI €XXerogHoro Bo3HarpaxaeHumsa sCceM 4YneHaM Hay4yHOro KonnekTuBea,

Bkntoyasi yCTaHOBNEHHbIE 3aKOHOAATENLCTBOM Poccuitckoit Denepaumm rapaHTUM, OTYUCIEHUS MO CTPaXOBbIM B3HOCaM Ha 06513aTeNbHOe NEHCUOHHOE
CTpaxoBaHue, Ha 0653aTeNnbHOe MeaMUMHCKOE CTPaxoBaHWe, Ha 06s13aTenbHOe COLManbHOe CTPaxoBaHWE Ha Cy4ald BPEMEHHOW HETPY A 0CNOCOBHOCTU U B CBA3M
C MarepuHCTBOM, Ha 0Bs13aTeNnbHoe CoLManbHOE CTPaXOBaHME OT HECHACTHbIX CTy4aeB Ha MPOM3BOACTBE M MPOMECCUOHANbHBIX 3a001eBaHMIA.

° 06LLI.Ml7| pasMep exXxerogHoro BO3HarpaXXaeHma 4i1eHoB Hay4yHOro KonneKTMea B BO3pacTte 4o 39 neT BKOYUTENbHO HE
6y,D,ET MeHbLe 35 NPOLEHTOB OT CyMMbl €XXErogHOro BO3HarpaXxaeHua scex 4J1eHOB Hay4HOro KOJIIeKTuBa,;

e 00Llee YMCI0 YIEHOB HAYYHOMO KONEKTMBA (BMECTE C PYKOBOAMTENEM NPOEKTa) He ByaeT npeBbiwath 10 yenosek,
NpU 3TOM YNIEHOM HAYHYHOTI0 KONNEKTUBA HE 6y,EI,ET ABNATbCA pa6OTHMK OpraHnsaumu, B HenocpegCcTtBeHHOM
AAMUHNCTPATUBHOM NOAYUHEHUM KOTOPOIro HaxoaAnTCa pyKOBOAUTE b MPOEKTA;

® Hay4yHOMY KonnekTuBy byaeT npenocTaBneHo noMelleHme u obecneyvyeH fOCTyn K MMEOLLENCS SKCNePUMEHTaNbHON
baze ANa oCylWwecCTBleHNA HAay4HOIro nccnenoBaHus.

Moanuck pykoBoautensa opraHusaumm (YNosHOMOY€EHHOro NpeACTaBUTeNs, AEWCTBYHOLLEr0 HA OCHOBAHMM A,OBEPEHHOCTU UK
pacnopsaMTenbHOr0 AOKYMEHTA), meyaThb (Mpy ee HaiMyun) opraHusaumm.
B cnyyae nopnucaHus ¢opMbl yNoNHOMOYEHHBIM Mpes.CTaBUTeNeM OpraHu3aumm (B T.4. — pyKOBOAUTENeM Gunuana) K neyarHomy 3K3eMnaspy 3asBKW npuiaraetcs

KOnua pacnopsaauTenbHOro 40KyMeHTa Uin 0,0BePEHHOCTH, 3aBEPEHHAA MEYdTbi0 OpraHu3aumu.

M.IM.
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(®opma 4. CopgepxaHme npoekTa

4.1. HayuHas npobnema, Ha pelleHUe KOTOPOK HanpaBneH NpoeKT

HQ pYCCKOM 5i3bIKE
MpoeKT HanpaBneH Ha pelleHne 0AHOM U3 PyHAAMeHTanbHbIX NpobneM ¢pusnkmn ConHua, a UMEHHO NPO6EMbI MOHUMAHUS
dr3nMYeCKMX MEXAHU3MOB MHULMALMMK M PA3BUTUS CONHEYHbIX BCMbiweK. Cloaa 0THOCATCS NPOLECChl HAKOMNAEHUS MarHUTHOM
3HEepruu 1 ee UMNyNbCHOIO BblLENEHMS BO BPEMS Pa3BUTUS BCMbILIKKU, MPOLLECChl YCKOPEHMWS YacTULL, HarpeBa BCMblLLEeYHOM
nnasmbl. OrpoMHOE 3HaYeHne B 3TUX NpoLLeCcax UMeeT CTPYKTYpUPOBaHUe U dunamMeHTaums KOPOHanbHOM NAa3Mmbl,
npuBoAsLLMe, B YaCTHOCTHU, K 06pa30BaHMI0 KOPOHA/IbHbIX NeTesb U APYrMX CTPYKTYP, UrPaloLMX posb BOSIHOBOAOB ANS
MarHutorngpoguHamuyeckux (M) sonH. MNocnegHue, Hapsay € YCKOPEHHbIMM YacTULAMKM U DBOOLMEN MAarHUTHOrO NON4,
SIBNAIOTCS OAHMM M3 OCHOBHbIX areHTOB MepeHOoca 3Heprmun B conHevYHown atMocdepe. Ml BOAHbI NPOHWU3bIBAOT BCHO
CONHeYHyto aTMocdepy, BMELUMBAACH AAXKE B TaKME MOLLUHbIE MPOLECCh, KAK COMHEYHbIE BCMbILIKW. TW BOHbI MOTYT KaK ObiTb
TpUrrepoM npoLLeCccoB BCMbIWEYHOMO I3HEProBblAENEHUS U YCKOPEHUS YacTULL, Tak 1 3P eKTMBHO MOAYIMPOBATb 3TN
npoueccol. Ceoictea M BOH 3aBUCAT OT NapaMeTpoB Cpefbl, FAe OHW PAaCMPOCTPAHAKOTCS, M TEM CaMbIM AALOT HAM
3¢ beKTUBHbIA MHCTPYMEHT AMArHOCTMKU Nia3Mbl, HasbiBaeMbln MIT[l-ceicmonormen. bnarogaps 3ToMy MHCTPYMEHTY, Y Hac
€CTb BO3MOXHOCTb NOAY4YaTb KOMYECTBEHHYIO MHDOPMaLMIO O TeX NapaMeTpax KOPOHaNbHOM NAa3Mbl, KOTOPbIE CIOXHO UK
HEBO3MOXHO U3MepUTb APYrMMK cnocobamu, HanpuMmep, NapamMeTpbl CKPYYEHHOCTU MAarHUTOMNAa3MeHHbIX NeTeNb.

Ha aH2IUTCKOM 53biKe
The project is aimed at solving one of the fundamental problems of solar physics: understanding the physical mechanisms
responsible for the occurrence and dynamics of solar flares. This involves both the processes of magnetic energy
accumulation and its explosive release during flares, processes of particle acceleration and plasma heating. These processes
are strongly affected by structuring and filamentation of the coronal plasma, which results, in particular, in the formation of
coronal loops and other structures that can act as waveguides for magnetohydrodynamic (MHD) waves. These waves,
together with the accelerated particles and evolution of the magnetic field, are among the main agents transferring the
energy through the solar atmosphere. MHD waves penetrate the entire solar atmosphere, affecting even the most powerful
processes such as solar flares. MHD waves can both be triggers of flaring energy release and particle acceleration processes,
and modulate these processes effectively. Properties of MHD waves depend on parameters of the medium where they
propagate, which provides us with an effective plasma diagnosing tool - the method of MHD seismology. This tool allows us
to study quantitatively parameters of the coronal plasma that are hard or impossible to be measured using other methods, for
example, the twisting parameters of the coronal loops.

4.2. HayyHas 3HaYMMOCTb U aKTya/IbHOCTb pelleHns 0603HaYeHHOM Npo6nembl

Ha pyCcCKOM 5i3biKe
Bo BpeMsi CONHEeYHbIX BCMbILLEK MPOUCXOAAT Haubonee MHTepeCHbIe U CIOXKHbIe dU3MYeckue NnasMeHHble NpoLecchl, Takue
KaK HeyCTOMYMBOCTU MArHUTOM/IA3MEHHbIX CTPYKTYP, MarHUTHOE nepecoeanHeHWe, B3pbIBHOM HarpeB Niasmbl U YyCKOpeHue
3apSHKEHHbIX YaCTUL, A0 PENSTUBUCTCKUX SHEPTUA. DTU NPOLECChl TECHO CBA3aHbl C MOTEHLUMANbHO OMACHbIMU
reo3@PeKTMBHbIMU COBLITUSAMU, TAKUMK KaK KOPOHa/bHble BbiBpockl Macchl (KBM) 1 conHeyHbie kocMuyeckue nyyu (CKIT).
ConHeuHble BCMbILWKKM aKTUBHO UCCNEAYIOTCS MUPOBbIM HAayYHbIM COODLLIECTBOM B TeyeHue aecatunetmin. OgHako
ucyepnblBatoLee NOHMMaHWE NPOUCXOAAWMX NPOLLECCOB NOKa He LOCTUIHYTO. ITO He AaeT BO3MOXHOCTM CO34aHUs
HafeXHblX MoJenei 3Hepro.blAe/IeHNS B CaMblX MOLLUHbIX BCMbILLKAX, YTO MPUHLMNUANBHO BAKHO AN HANAXKMBAHUS
[LOCTOBEPHOr0 MNPOrHO3a SBNeHMI KOCMMYEeCKOM noroabl. [ockonbky hrsnyeckn 060CHOBaHHbIE METOAbI MPOrHO3MPOBAHMS
KOCMUYeCcKol noroapl TpebyioT aeTanbHoiM MHGOPMaLMKM 0 XapaKTepuUCTUKax BCrblweYHbIX obnactei Ha ConHue, paspaboTka
W pa3BUTME HOBbIX METOAOB MOYYEHUS TakoW MHDOPMALUK ABNSIETCA BXXHOM M aKTyanbHOM 3afa4ei, Ha YTO M HaLeNeH Hal
npoekT. MHdopmauums, nony4yeHHas B XO4e BbINONHEHWUS LAHHOMO NMPOEKTa, MOXeT HbITb Takke BoCcTpeboBaHa ans
nccneoBaHna MarHutTocdep nnaHeT u atMocdep Apyrux 3sesa,.

HQa aH2/IULCKOM Si3biKe
Solar flares are associated with the most interesting and complex physical processes, such as the instabilities of the magnetic
field and plasma structures, magnetic reconnection, explosive plasma heating, and acceleration of charged particles up to
relativistic energies. These processes are closely related to the potentially dangerous geoeffective events, such as the
coronal mass ejections (CMEs) and solar energetic particles (SEPs). Solar flares have been intensively studied by the
international scientific community for decades; however, a comprehensive understanding of flaring processes has not been
achieved yet. As a result, we cannot yet develop reliable models of energy release in the most powerful flares, which is
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highly significant for a reliable forecasting the space weather events. Since physically justified methods of forecasting the
space weather require a detailed information about solar flaring regions, development of new diagnosing methods for
obtaining this information becomes an important and timely problem; this is the main aim of the proposed project. The
results of this project can also be relevant for studying the planetary magnetospheres and the atmospheres of other stars.

4.3. KoHKpeTHas 3aaaya (3aaauum) B paMmKax npo6sieMbl, Ha pelleH1e KOTOpOii Hanpae/ieH NPoeKT, ee Maclurab u
KOMMIEKCHOCTb

Ha pYccKoM Si3bike
MbI NiaHUpyeM AOCTUYb LieNIel NPOEKTa NOCPEACTBOM PELLEHUS CEAYIOWMX KOHKPETHbIX 334a4:

1) PaspaboTka M NnpMeHEHWE HOBbIX CEMCMONIONMYECKUX METOL0B AJ19 OLLEHKM MarHUTHOM CKpY4eHHOCTHU (TBUCTa). PelleHune
3TOM 3apa4u 6yaeT OCHOBAHO HA M3YYEHMM COCUCOUHBIX KonebaHui (konebaHui Tna nepeTskek) BO BCMblWeYHON neTne. Ha
CBOWCTBA COCMCOYHbIX KONeBaHWI BAMSET CKPYYEHHOCTb MarHWTHOM TPYOKK, a TaKKe paguabHas U TOpoMAaanbHas CTPYKTypa
konebntoweica netam. CBOMCTBA COCMCOYHbIX KonebaHumit 6yayT onpeneneHbl No AaHHbIM HABNOAEHMI U CONOCTABNEHDI C
pe3ynbTataMu aHaIMTUYECKMX U YUCNIEHHBIX TEOPETUYECKUX PacyeToB, MO3BOSIOWMX OLEHUTb CBOMCTBA MarHUTHOWM
CKPYYEHHOCTMU U CBA3aHHOM C HEM MarHUTHOM 3HEPTrUK.

2) Co3paHue U NpUMEHEHME HOBbIX CEMCMONOrMYeCKMX METOAOB A UCCNeL0BaHMS nMonepeyHbiX Npoduner NaoTHOCTU U
TeMMepaTypbl N1a3Mbl B KOPOHANbHOM NeTnie, N0 MeANeHHbIM MarHUTO3BYKOBbIM CTOSIMMM U nnellylmmcs (sloshing)
KonebaHuaM faHHbIx netesb. C 3ToN Lenbio 6yayT onpefeneHsbl HabnaaeMble XapakTepUCTUKM KonebaHWii U X 3aBUCUMOCTH
LPYr OTHOCUTENbHO ApYra, a TakKe OTHOCUTENbHO ApYruX HabnaaeMbix napamMeTpoB Konebntowenca netaum. MNonyyeHHole 13
HabntoaeHui pe3ynbTaTbl OyAyT CPaBHMBATLCS C pe3y/bTaTaMu YNpoLLeHHOM 2D aHanuTUYecKo TeOpUM U YUCTEHHDIX
pacyeToB B paMKax NonHoM cuctembl Ml ypaBHEHMI U MOAENMPOBAHMS OTKIMKOB KOHKPETHbIX HabMtoaaTe IbHbIX
WMHCTPYMEHTOB.

3) NpoBeneHne nccnenoBaHWI, HaNpaBneHHbIX HAa NOHMMaHWe GU3NYeCKUX NPOLECCOB, OTBETCTBEHHbIX 33 Pa3BUTUE

BCMbI LKW BAOJIb HEMTPANbHOW IMHUM MAarHUTHOTO MOJIS, U UX CBA3M CO CKOPOCTbHO BblAE/1€HUS SHEPTUM B CaMbIX MOLLHbIX
[BYXJIEHTOYHbIX BCMbILWKaxX. B paMkax pelueHUs 3ToM 33434 m, No AaHHbIM HabnoaeHURn, byneT ulyyeH npouecc
pacnpoCTpaHeHUS BCMNblLWEYHOrO SHEProBblAENEHMS, B TOM YKUC/E, CBS3b CKOPOCTM Pa3BUTUS NpoLecca ¢ HabnogaeMbiMu
napameTpamu BCMblLWEYHOM apKafbl M XapakKTepUCTUKaMM KBA3UMEPUOLMY €CKOT0 U/UAn NPPEerynspHOro BblAENEHUS SHEPTUN.
bynyT pasBuTbl TEOpETUUYECKME MOLEM STOMO NPOLLECCA, OCHOBAHHbIE HA MarHUTHOM NepecoeguHEHMM, MHOYLMPOBAHHOM

Me e HHbIMWU MarHMTO3BYKOBbIMUW BOIHAMM, HANpaBisieMbIMM BCMbILLEYHOM apkagoMn, a Takke xnonawowmumu (flapping)
Kosie6aHMAIMM MaKpPOCKOMMYeCKOro TOKOBOMO C/1051 Haf, apKafoM.

Ha aH2/IUTCKOM £3biKe
We are going to achieve the project objectives by solving the following specific problems:

1) Developing and applying novel seismological methods for estimating the magnetic twist. The approach to this problem
will be based on studying sausage-mode oscillations of flaring lLoops. Characteristics of sausage oscillations are affected by
the magnetic twist, as well as by the radial and toroidal structure of the oscillating loop. Characteristics of sausage oscillations
will be determined from observations, and then compared with results of analytical and numerical modeling, which will
allow us to estimate the magnetic twist parameters and the associated free magnetic energy.

2) Developing and applying novel seismological methods for probing transverse profiles of the plasma density and
temperature in coronal loops using slow magnetoacoustic and sloshing oscillations of these loops. For this purpose, we will
determine properties of the oscillations, and their scaling with each other and with other observed parameters of the
oscillating loops, observationally. The obtained observational results will be compared with a simplified 2D analytical model
and with results of numerical simulations involving a full set of MHD equations and forward-modeling responses of different
instruments.

3) Studying physical processes responsible for the progression of a flare along the magnetic neutral line, and their relation to
the energy release rate in the most powerful two-ribbon flares. To solve this problem, we will analyze relevant observations
and study the progression of the flaring energy release, including relations of this process with observed characteristics of the
flaring arcade and the quasi-periodic and/or irregular energy release time patterns. We will develop theoretical models of
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this process based on magnetic reconnection triggered by slow magnetoacoustic waves guided by the flaring arcade, as well
as on flapping oscillations of the macroscopic current sheet above the arcade.

4.4. HayyHas HoBU3Ha MCCNen0BaHUI, 060CHOBaHUE AOCTMXKMMOCTH peLLeHUs NOCTaBNEHHOM 3aAaun (3aAa4) U BOSMOXKHOCTU
nony4YeHus NpeaAnonaraeMbix pesynbTatos

HQ pyCCKOM 5i3biKe
B pamkax npoekTa Mbl pa3paboTaeM U NpUMEHUM HOBYHO METOAMKY CEMCMOIOMMYECKOM AMArHOCTUKM CONHEYHOM KOPOHbI Ha
OCHoBe aHanun3a Ml konebaHui COCUCOYHOM M NPOAOABHOM MOA, KOPOHaNbHbIX NeTenb. byayT pa3paboTaHbl HOBbIE
aHaMTUYEeCKME U YUCIEeHHbIe MOAEU OIS peLleHUs NOCTaBNeHHbIX 3ada4 (n. 4.3). Pe3ynbTathl MoAeMPOBaHUS KonebaHuii
KOPOHaNbHbIX MarHUTHbIX CTPYKTYP B aKTUBHbIX 0611acTax ByayT CpaBHMBATLCS C COBPEMEHHbIMU HaboAaTeNIbHbIMU AaHHbBIMM
B Pa3/IMYHbIX AMANA30HAX 31eKTPOMArHUTHOIO CMeKTpa C NOMOLLbI0 MeToaa "MoaenmpoBaHust MHCTpyMeHTanbHbIX OTKAMKOB"
(MWMO, Forward Modeling), KoTopblit noApa3yMeBaeT pacyeT OTKIMKA Pa3IMYHbIX HabaaaTelbHbIX MHCTPYMEHTOB Ha
U3nyyYeHue MoLeNbHOro UCToOYHMKA. Mcnonb3oBaHme pe3ynbTaToB MOAENMPOBaAHUS AN MHTEpNpeTaLMKn HabnoaaTeNbHbIX
[AAHHbIX MO3BOAMUT HaM MOAYYUTb HOBYIO MH(OPMALMIO O NOMEPEYHONM CTPYKTYPe KOPOHA/IbHbIX NeTesb, BK/0Yas OLEHKY
BE/IMYMHBI CKPYYEHHOCTU MAarHUTHOIO NONS, BAXKHOM 415 OLEHKM CBODOOAHOM MarHUTHOM 3Hepruu, u npodung Temneparypsl,
Heo6Xx0aMMOro A1 MOHMMAHUS MeXaHW3MOB PUNaMeHTALLMM NNa3Mbl, ONpeaenstowei NpoLecchl SHePro.blAeNEeHUS U UX
CKOPOCTb (MOLLHOCTb).

MccnenoBaHMs HECTAUMOHAPHbIX MPOLECCOB B ABYXIEHTOUHbIX COTHEYHbIX BCMbILWKAX NO3BOST NOAY4YUTb HOBbIE aHHbIE O
CKOPOCTU U MeXaHM3MaX pacnpoCTpaHeHUsi BCMbIWEYHOro 3HeproBblAeIeHMs B NPOCTPaHCTBe (Mo BbiCOTe, BAOJb M Monepek
HEeMTPanbHOM NMHUM MarHUTHOrO nons). [laHHas MHPOopMaLMsa UMeeT peLuatoLliee 3HaYeHUe A1 MOHUMaHUS CKOPOCTH
3HEeproBblAENEHMS, @ 3HAYMT M €0 MOLIHOCTH, @ TaK)KE TaKMX HABMAATE IbHbIX MPOSIBNEHWIA BCMbIWEK, KaK
KBa3unepuoanYecKkue nynbcalum BCMbILLEYHOMO U3Ty4 EeHUS.

Hapsipy c noctpoeHveM HOBbIX U3MYeCcKUx Moaenei npeanonaraeTcs paspabatbiBaTb U COBEPLUEHCTBOBATb HOBbIE METOADI
aHanM3a HeCTaLMOoHapHbIX, HEJIMHEMHBIX U MHOTOMOJ,0BbIX CUTHANOB, PErUCTPUPYEMbIX Pa3IvyHbIMU MHOTOBOIHOBLIMM
WHCTpYMeHTaMu. [Ins pelueHns NoCTaBneHHbIX 3aaa4 6yayT MCNoNb30BaTbCs HOBbIE AaHHbIE MHOro4acToTHOro CMbupckoro
Papmorenvorpada (CPIN), apxusHble aaHHble pagmorenvorpada Hobesma u kocMUyeckon peHTreHOBCKOW 0bcepBaTopum
RHESSI, a Takke coBpeMeHHble aaHHble KocMuyeckux annapatos SDO/AIA, Konus/WIND, Habnofatowmx B ynbTpadMoneToBom
W PEHTTEHOBCKOM AMana3oHaxX, COOTBETCTBEHHO.

Mpepnonaraemble pe3ynbTaTbl peLIeHUS 33434 NPOEKTA MMEOT HEMOCPEACTBEHHOE OTHOLEHME K pa3paboTke MeToAMK
NPOrHO3MPOBaHUA aKTUBHbIX SBNEHUI Ha COMHLLE, YTO AACT BO3MOXHOCTb CYLLUECTBEHHO YAYYLUMTb MPOrHO3MPOBaHME
KocMuyeckow norogbl. CTOUT OTMETUTb, YTO COBPEMEHHbIE MOAENM NMPOrHO3a MaNo UCMOMb3YIOT OMbIT CEMCMOOMMK
COJITHEYHOM KOPOHbI U BCMbIlweK. Mbl HageeMcs, YTO B paMKax NpoeKTa YAACTCS HalTM HOBble MPOrHOCTUYECKUE KPpUTEPUU
aAKTUBHbIX s1IBNeHMM Ha ConHue.

B03MOXHOCTb pelueHns NoCTaBneHHbIX 33834 NpoekTa 0b6ecneymnBaeTCs MMELLMMCS HayYHbIM 33,e/10M Y Y4aCTHUKOB
npoekTa. B yacTHOCTH, y4aCTHUKM MMEKOT OBLUMPHbII OMbIT aHaIM3a AaHHbIX HABMIOAEHWUI B CaMblX Pa3IMYHbIX AMaNa3oHax
3NEeKTPOMArHMTHOrO CMeKTpa, pa3paboTke aHanUTUYeCKMX Moaenen pusmdeckux npoueccos Ha ConHue, a TakKe NpsamMon
[OCTYN K pa3fIM4HbIM YHUKaNbHbIM HabAoAaTe IbHbIM AaHHbIM (Hanpumep, CPIN). Kpome 3Toro, Kaxapl i OTAe/IbHbIR Y4aCTHUK
npoekTa 061afaeT CBOMM YHUKA/bHbIM OMbITOM, MONIE3HbIM [ NPOEKTA U AOMNOHSAIOIMM ONbIT APYrUX Y4ACTHUKOB. TakuM
06pa3oMm, Hay4Has KBAIMPUKALMS YHaCTHUKOB HAY4HOrO KOJIEKTUBA NMO3BOIUT PeLUMTb MOCTABEHHbIE B MPOEKTE 3343a4M B
YKa3aHHble CPOKM.

HQa aH2/IULCKOM Si3biKe
As part of the project, we will develop and apply a new method for seismological diagnostics of the solar corona based on
the analysis of sausage and slow MHD oscillations of coronal loops. New analytical and numerical models will be developed
to solve the set tasks (Sect. 4.3). The results of modeling the oscillations of coronal magnetic structures in active regions will
be compared with modern observational data in various bands of the electromagnetic spectrum using the method of
"Modeling Instrumental Output” (MIO, Forward Modeling), which involves calculating the response of various observational
instruments to the emission of a model source. Using the simulation results to interpret observational data will allow us to
obtain new information about the transverse structure of coronal loops, including estimate of the magnetic field twist. This is
important for estimating free magnetic energy together with obtaining temperature profile, and necessary to understand the
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mechanisms of plasma filamentation, which determine the energy release processes and their speed (power).

The investigation of non-stationary processes in two-ribbon solar flares will provide new data on the speed and mechanisms
responsible for the propagation of the flare energy release in space (along the height, along and across the neutral magnetic
field line). This information is crucial for understanding the rate of the energy release, and hence its power, as well as such
observational manifestations of flares as quasi-periodic pulsations of their emission.

It is planned, together with preparation of the new physical models, to develop and improve new methods for analyzing non-
stationary, nonlinear and multimode signals recorded by various multi-wave instruments. New data from the multi-frequency
Siberian Radioheliograph (SRH), archived data from Nobeyama radioheliograph and RHESSI, as well as data from SDO/AIA and
Konus/WIND will be used to reach these goals.

The expected results of solving the project tasks are directly related to development of methods for predicting active
phenomena on the Sun, which will could significantly improve space weather forecasting. It is worth noting that modern
forecast models make little use of the experience in seismology of the solar corona and solar flares. We hope that the project
will be able to find new predictive criteria for active solar phenomena.

The possibility of solving the project tasks is provided by the existing scientific background of the project participants. In
particular, participants have extensive experience in analyzing observational data obtained in different bands of the
electromagnetic spectrum, developing analytical models of physical processes on the Sun, and direct access to various
unique observation data (e.g., SRH). In addition, each individual project participant has a unique experience that is useful to
the project and complements the experience of other participants. Thus, the scientific qualification of the scientific team will
make it possible to solve the project tasks in due time.

4.5. CoBpeMeHHOe COCTOSIHME UCCNeA0BaHUI NO AaHHOK NpobaeMe, 0CHOBHbIE HanNpaBAeHUS UCCNIeA0BaHNI1 B MUPOBOM
HayKe U Hay4Hble KOHKYPEHTbI

Ha pyCcCKOM 5i3biKe
M3yyeHune maruutornapoamHamuyeckux (M) BONHOBLIX NPOLLECCOB ABASETCS OAHMUM U3 Hanbonee BbiCTPO pa3BUBAOLLMXCS
pa3fenoB GU3NKM CONHEYHOW KOPOHbI. 3a MocnefHee aecsaTuneTMe Npom3oLen CyLWecTBEHHbIM POCT YYBCTBUTENbHOCTHU U
paspeLatoLlet CnocobHOCTH Kak M306paxKatoLLmMX, Tak M CNEKTPOCKONUY eCKMX HabnoaaTeNbHbiX MHCTPYMEHTOB. JTO
NO3BOJIMNO YBEPEHHO PErnCTpUpPoBaTh MI[l-BO/HbI B Pa3/IM4HbIX MarHUTOMIA3MEHHbIX CTPYKTYpax CONHEYHOM atMocdepbl, 1
MOKa3asno, YTO 3TU BOMHbI SIBNSOTCS MOBCEMECTHbLIM aBNeHneM B atMocdepe ConHua. TeopetTnyeckoe MonenmpoBaHue M-
BOJIH B KOPOHA/bHbIX MJa3MEHHbIX CTPYKTypax 06bI4HO OCHOBaHO Ha Moaenu 3ariueBa-CrenaHoBa-aBuHa-Pobeptca (ZSER), B
pamMKax KOTOpOW, HEOAHOPOAHOCTb MA3Mbl, UFPAKOLLAS PO/ib BOHOBOAQ, PACCMATPUBAOTCA Kak NAAa3MEHHbIW LMAMHAP,
NPOHWU3aHHBIN U OKPYXXEHHbI MarHUTHbIM nonem (Hanpumep, Nakariakov & Kolotkov 2020; cM. 3Ty 1 Ap. CCbIKMU B CNUCKE
nuTepaTtypbl B pukpenneHHoM daiine). Moaens ZSER npeackasbiBaeT CylleCTBOBaHME TpeX OCHOBHbIX Ml -Mop
NAA3MEHHOIO UMAMHAPA: U3rMBHOM, NPOAOABHOM M COCUCOYHOM MO, a TaKKEe KOHTUHYYMa KPYTWU/bHbIX anbhBEHOBCKUX BOJH.
TpaonumoHHbI HTepec Kk MIT[1-BonHaM CBA3aH C MX BO3MOXKHbIM y4acTMEM B NpoLecce HarpeBa KOPOHa/IbHOW NAa3Mbl B
KayecTBe areHTa, MepeHoCsLEro SHePru B KOPOHY 13 HUXKHUX CN0eB aTMOCdepbl U BbIAENSIOLLEro ee Ha onpeaeneHHowM
BblcoTe. OHaKo, CTeneHb y4acTMs BOH B HAarpeBe KOPOHbI BCe ele o0bcyxaaeTcs (Hanpumep, Karampelas et al. 2019).
[pyrumMm MHTEHCMBHO pa3BMBAIOLWMMCS HaNpasneHueM uccnenosaHmi aensetca MM -ceincmonorus, CyTb KOTOPOM COCTOMT B
ncnonbzosaHuu MI1-BonH Ang AMArHOCTUKM NapaMeTpOB Ma3Mbl U UCCNeN0BaHNS KOHKPETHbIX U3nMYeCKUX MeXaHW3MOB,
paboTatowwmx TaM. bbino npoaeMoHCTpMpoBaHO, YTo MIT[1-BO/HLI HECYT LIEHHYH0 M 4acTO YHUKaNbHYO MHGOPMaLMIO O
MarHMTHOM NoJie B KOPOHaNbHOM Na3Me akTUBHbIX 061acTei, ee TepMOAMHAMMYECKMX CBOMCTBAX, TOHKOM CTPYKTYpU3aLLMU U
TpaHCcNopTHbIX Ko3dduumeHTax. CecMonormyeckas AMarHOCTUKa CTaHOBUTCS 0COBEHHO BRXKHOM A1 KOPOHbI, FAe coyeTaHue
BbICOKOM TEMMEPATypbl U HU3KOM KOHLEHTPALMMU Na3Mbl AenaeT TPaaULMOHHbIe MEeTOAbl acTPOdM3MYeCKON ANArHOCTUKM
He3ddekTnBHbIMU. MI[1-celicMonorus boina onpeaeneHa cpeam KUeBbiX METOA0B B I106anbHOM AOPOXKHOW KapTe
KocMmmyeckon noroapl Ha 2015-2025 rr., nogrotosneHHom no 3akasy COSPAR 1 MexayHapogHoi rpynnbl «XKun3Hb CO
3Be3nom» (Schrijver et al. 2015).

Mopasnstowee 60MbIMHCTBO HeAABHUX paboT B obnactn MI[1-ceMcMONOrMn HanpaeneHo Ha MCCefoBaHMe U3TMOHbIX BOJH B
KOpPOHanbHbIX NeTnsx. BonHbl 3T0ro TMna HecyT MHdopmaumio 06 abCoNOTHOM 3HaYE€HUM MArHUTHOTO NOAS U NONepeYHOM
npodwune NIOTHOCTU B Konebntoweiics netne. OAHAKO BOSIHbI APYFMX TUMNOB, B YaCTHOCTU, Mei/IeHHbIE MAarHUTO3BYKOBbIE
("npononbHble”) konebaHUa U COCUCOUHbIE KonebaHus, TakKe UMEHOT BblCOKMIA, XOTS U Mo UCMO/b30BaHHbI M
CenCcMoNorMyeckuin NoTeHUMan, 0CO6eHHO BXHbIM NMPU AUArHOCTUKE YCI0BUIA B aKTUBHBIX 061aCTSX BO BPEMS CONTHEYHbIX
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BCMblLWEK, BeAb MMEHHO TOTa BOJHbI 3TUX TMNOB HabOAAOTCA Yalle Bcero. MeaneHHble KonebaHus ¢ TUNUYHbIMK
nepuoaamu B HECKOIbKO MUHYT M Honee, XOPOLLO pa3peLuatoTcs B KOPOHANbHbIX CTPYKTYPax akTUBHbIX obnactei,
HabnofaeMblx B KpaHeM ynbTpadmonetoBom (KYD), peHTreHOBCKOM M MUKPOBOJIHOBOM [iMana3oHax, YTo 6bi10
NpoLEeMOHCTPMPOBAHO B psfe TeMaTnyeckux nccnenosadmi (Hanpumep, Wang et al. 2018, Kupriyanova et al. 2019).
WMHTepecHo, 4To KonebaHMs 3TOro TMNa ycnewHo AeTeKTUPYIOTCA Kak B HABMOAEHWUAX C NPOCTPAHCTBEHHbBIM pa3pelleHneM
(M306pakeHumsx), Tak M B CNeKTpanbHbiX AaHHbIX (HanpuMep, Li et al. 2017). Crtatuctnyeckme nccnefoBaHUs MeaneHHbIX
KonebaHWi f,e MOHCTPUPYIOT XapaKTepHYIO IMHeMHYH 3aBMCMMOCTb BpEMEHM 3aTyXaHus OT nepuoaa konebaHuii u
3aBMCMMOCTb 3aTyxaHus oT amnantyabl (Wang 2011, Nakariakov et al. 2019). Bo3HMKHOBEHME NPEUMYLLECTBEHHO MeANEeHHbIX
KonebaHui B ropsueri nnasme (> 5 MK) Takke sBnsSeTcsa 3arafikon, Tak Xe, Kak U UX BO3HUKHOBEHMWE B CTOSYEN U
oTpaxkatoLeinca unm «nneywerics (sloshing)» dopmax (Hanpmmep, Kumar et al. 2013). ®usnyeckue npouecchbl B MeANEHHOM
KonebaHMM HaNpsSMyIo CBA3aHbI C MONepPeYHbIM CTPYKTYPUPOBaHMEM NAOTHOCTM M TEMNEPATYPbl B KONEOIOLLENCA CTPYKTYpe.
JTa nHdbopMaLmua UMeeT peLuatoLiee 3HaYeHue AN NOHMMaHWS dunamMeHTaLmMKu, OpPUEHTUPOBAHHOM BAO/b MarHUTHOIO MoNS,
KOTOpas NpuCyLLa KopoHanbHOM nnasme. OLHaKo, TeopeTMYecKoe MOAEIMPOBaHUE MeAIeHHbIX KonebaHuit 06blYHO
BbIMOJIHANOCH B paMKax O4HOMEPHOM aKyCTUKM, TO eCTb B Moaenn ZSER B npenene 6eCKOHEYHOro nons uam B npubamkeHum
TOHKOM TpybKM (Hanpumep, Nakariakov et al. 2017). Mpwu TakoM NOAXO0AE BAMSHUE KOHKPETHbIX MONepeyHbIX npodunei
NAOTHOCTU U TeMNePaTypbl NAA3Mbl UTHOPUPYETCS.

O6HapyxeHWe coCUCOUHbIX KonebaHwuit sBnseTcs bonee CNOXHOM 33aa4ei, Tak Kak MX XapakTepHble Nepuoabl CyLleCTBEHHO
MeHblUe 0O4HOM MUHYTbI, B TO BPEMS KaK CKBXHOCTb HabntoaeHU B KpaiHeM ynbTpaduonetosoM (KY®D) auanasoHe,
BbIMOJIHSEMbIX KOCMUYECKUMU 006CepBaTOPUSIMU, B GOMBLUMHCTBE C/lyYaeB COCTaBNsSET okono 12 cekyHp v 6onee. Moatomy
COCUCOYHbIe KonebaHMs 0ObIYHO LeTEKTUPYHOT B CEPUSX U30OPKEHMI, NONYYEHHBIX B MUKPOBOIHOBOM, PaAMO U XXECTKOM
peHTreHoBCKMX AnanasoHax (Van Doorsselaere et al. 2016), Ho peub BCe ele uaeT 06 o6HapyxeHun Taknx KonebaHuii B
oTAeNbHbIX COBbITUAX. B 4acTHOCTH, B LUIMPOKOMONOCHOM MUKPOBOJIHOBOM M3JTy4eHUU Bblav 06HApYXXeHbl COCUCOUHbIE
KonebaHus ¢ nepuogamum 0,7 u 2 ¢ (Mészarosova et al. 2016). Mo paHHbIM PATAH-600 B aranasoHe 3-4 IMw 6b1m
0bHapyXeHbl NepBas 1 BTOPas FApMOHUKM COCMCOYHOW Moabl ¢ nepuoaom 1.4 ¢ B kaHane MHTeHcuBHOCTU M 0.7 ¢ B KaHane
nonspmsaumun B conHeyHon mukposcnbiwke (Nakariakov et al, 2018). CocucouHble konebaHus Takxke NpOSIBASIOTCS B BUAE
MOAYNALUMU CONHEYHbIX PAAMOBCNNECKOB C 3e6pa-cTpykTypoit (Yu et al. 2016; Kaneda et al. 2018). Mno6anbHas cocucoyHas
Moga bbina obHapyxeHa Kak 25-cekyHaHble KonebaHWs MHTEHCMBHOCTY M JOMNEPOBCKONO CMELLEHWUS ropsYei KOPOHaNbHOM
nmHum (Tian et al. 2016). HepaBHee TeopeTMyeckoe MOAENMPOBAHUE COCUCOYHbIX KONeBaHUi AeMOHCTPUPYET MX NOTeEHLUMAN
L1 OLLeHKM NoMNepeyHOwM CTPYKTYpbl Naa3Mbl B Konebntoweincs kopoHansHoi netne (Chen et al. 2016). bonee Toro,
COCUCOYHbIe KonebaHMs MOryT HbITb UCMOb30BaHbI A1 AUArHOCTUKU CKPYYEHHOCTU MAarHUTHOTO NOAS B PaCLUMPSIOLLMXCS
neTnsx, B TOM yncne u B auHamumke. CKpy4eHHOCTb MarHUTHOMO NOAS HANPAMYH CBA3aHA CO CBOOOAHOM MarHUTHOM SHepruei,
LOCTYMHOM AN1S BblAeNeHUS BO BCMbILWKE, U, CNeL0BATENbHO, AAeT HAM BEPXHUIA Npeaen SHePrum BCNblLWKK. IPdeKTol,
CBSI3aHHbIE CO CKPYYEHHOCTbIO, MOLENMPOBANMUCH B MPEAMONIOXEHUU KYCOYHO-PaauanbHOM HEOLHOPOLHOCTHU (HanpuMep,
Bembitov et al. 2014). A BnnsiHMe KPUBU3HbI KONEBMIOLLMXCA NeTesb, 00bIYHO PacCMATPUBAETCS B paMKaXxX ABYXMEPHOro
MozenmpoBaHus (Hanpumep, Pascoe & Nakariakov 2016). CoBokynHoOe e AeMCTBUE UCKPUBNEHMS M 3aKPYYEHHOCTH eLle He
66110 U3yyeHo. Kaknux-1mbo CTaTUCTUUYeCKUX UCCNeL0BaHUIA COCUCOYHbIX KonebaHui He NpoBOAMAOCH BNIOTb A0 HACTOSILLETO
BPEMEHM.

[lpyroi BaXXHOM TEMOMN, MONYYMBLLEN Pa3BUTME B MOCNEAHUX NYOIMKALMAX, CBA3AHHbIX C TEMATUKOW NPOEKTA, ABNSETCS
nccnenoBaHue ponu BOJIHOBBIX MPOLECCOB B PAa3BUTUM NpoLeCca BblAeNileHUs S3HepPrum Bo BpeMs Berbiwek. ConHeuHas
BCMbILWKA — 3TO NPUHUMNUANBHO TPEXMEPHbIN PU3MYECKMI NPOLLECC U BblAENEHWE JHEPTUM PA3BMBAETCS HE TO/bKO B
NAOCKOCTU CTaHAAPTHOM MOAENM BCMbILWKU» (C X-TOUKOM NepecoeanHeHUs, BbIOpACbiBaeMbIM NAa3MOMAOM M BCMbILWEYHOWM
neTnen), Ho v B NeprneHAUKYIIPHOM HanpasneHUK, 4TO Hanbonee 3aMeTHO B CJTy4ae MOLLHbIX ABYXJIEHTOUYHbIX BCMbILEK.
Takas 3sontoums NposaBASeTCs NOCAeA0BATENbHbBIM «3XKMIraHUEMY» MAarHUTONAa3MEHHbIX NeTeb BCMbILLeYHOM apKaabl 1
pa3BUTUEM UCTOYHUKOB XXECTKOrO peHTreHoBCKoro (XKP) usnyueHuns aonb HewTpanbHon amHum (HI1). MoHumaHwne
MeXaHW3MOB pa3BMTUS BCMbILWKKW BAOAb H/1 MMeeT pelalollee 3Ha4YeHMe AN OLeHKM CKOPOCTH BblAENEHWUS SHEPIrM BCMbILLIKK
W, CnefoBaTeNlbHO, ee MOLHOCTU. XapaKTepHble HabaaaeMble CKOPOCTM COCTABASIKOT OT €AMHML, A0 COTEH KM/C (HanpuMmep,
Bogacheyv et al. 2005, Grigis & Benz 2005, Kuznetsov et al., 2016; Qiu et al., 2017), 4To HWXKe, YeM XapaKTePHbIe 3HA4YEHUS
anbdBEHOBCKOM M BbICTPOM MarHUTO3BYKOBOM CKOPOCTENM B KOPOHE aKTUBHbIX obnacteit. [pepgnoxeHHas paHee
MHTEprpeTaLmus HabloAaeMOro pa3BuUTUS SHepro.blaeneHus Boonb HJ1, ocHoBaHHas Ha MexaHu3Max “whipping” v “zipping”
(Hanpumep, Liu et al. 2009), He MoXeT 06BACHUTL HabNOAAEMYO CKOPOCTb PacnpoCcTpaHeHUs aHe proeblaeneHus. Nakariakov
& Zimovets (2011) npeanoxunm nHTepnpeTaLmio, OCHOBaHHYH Ha NOCeA0BaTENbHON MHULMALMM MAarHUTHOMO
nepecoeauHeHns MeaNeHHOM MarHMTO3BYKOBOM BOJIHOM, pacNpOCTPaHSIOWENCS B apKafe BCMblLLeYHbIX neTesb. 3Ta MOAEb,
ecTecTBeHHbIM 06pa3oM, 06bACHAET HabIDAAEMYI0 CKOPOCTb, a TAKXKEe KBAa3UMepPUOANYeCKUA UM HEPETYNSPHBIV XapakTep
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BCMblLLEYHbIX KPUBbIX 6necka (Hanpumep, Grigis & Benz 2005). TeM He MeHee, faHHas MOLE/b HYXAAETCS B CEPbe3HOM
pa3BUTUM C Y4eTOM HEOAHOPOAHOCTU NM/a3Mbl B apkage. [lpyras uHTeprnpeTaums, OCHOBaHHAs Ha XNOMALLMX OCLUANALMSX
HeyCTOMYMBOro TOKOBOMO C/1091 HAZ apKaaoK, bbina npeanoxeHa Artemyev & Zimovets (2012), u npumeHeHa B paboTe Reva et
al. (2015) k oaHoM BCnbiwe4vHoM 0bnact Ha ConHue. B KOHTEKCTe COCUCOYHbIX KonebaHui gaHHas MoAesb y4uTbiBaeT CABUT
(lwmp, shear) MarHUTHOro NOAS, OLHAKO NIa3Ma CYHUTAETCS HECKMMAEMOW. XnonawLme konebaHUs MHTEHCUBHO U3Y4YatoTCs B
maruutocdepe 3emnm (Zhang et al.,, 2002; Erkaev et al., 2007; 2009). B nocnegHue roabl TeMa xnonawowwmx konebaHuii B
XBOCTE MarHuTocdepbl 3eMIu NolyYuna 3Ha4MUTeIbHOE Pa3BUTUE - B OCHOBHOM 33 CHET YUCIEHHOTO MOLENMPOBaHMUS U
M3MepeHui NapaMeTpoB Nnasmsl in situ (Hanpumep, Korovinskyi et al., 2018; Kubyshkina et al., 2014), oTkpbiBasi BO3MOXXHOCTb
ANs aganTaumm 1 UCNONb30BaHMS 3TUX 3HaHWI B QU3MKe conHeyHon atMocdepbl. KpoMme TOro, ecTb U anbTepHATUBHbIE
MOAenu, NpeasioXXeHHble ApYrMMu rpynnamu. B 4acTHOCTH, CTOUT OTMETUTL MOAENb, pa3paboTaHHyio JSleaeHuoBbiM 1 COMOBBIM
(2016), koTOpas 0CHOBaHa Ha TENIOBOM HEYCTOMYMBOCTM TOKOBOIO C/OS HAZ, BCMbILIEYHOM MarHUTHOM apKadon.
Mpepnaraemble B NpoeKTe UCCNeA0BaHMS AOMKHbI NPUBIN3UTL K OTBETY Ha BONPOC, Kaknue MexXaHW3Mbl paboTaloT B
LBYX/IEHTOUYHbIX BCMbllKax Ha ConHLe.

OCHOBHbIMM KOHKYpEHTaMu, paboTatowmMmM B AaHHOW 061aCTH, SIBNSIOTCA Cneayiolme HayyHble rpynnsl: [1] rpynna
npocdeccopa Li B YHuBepcuteTte LaHaoHra, Kutai (Teopetnyeckoe MmonenmpoBsanue); [2] rpynna npodeccopa Tian u3
lMeknHckoro yHuBepcuteTa, Kutai (aHanus HabnogatenbHbiX AaHHbIX); [3] rpynna npodeccopos De Moortel n Hood u3
yHuepcuteta CeHT-OHApIoCa, Bennmkobputanua (TeopeTuyeckoe MogenMpoBaHue M aHanus AaHHbIX); [4] rpynna npodeccopa
3aviuesa u yn.kopp. CrenaHosa u3 UMMAH 1 TAO PAH, Poccus (TeopeTnueckoe MogenmpoBaHue); [5] rpynna npodeccopa
Borauesa us ®WMAH, Poccus (HabnogeHus); [6] rpynna npodeccopa Ofman us HACA, CLLUA (HabnogeHus, moaenmpoBaHue); [7]
rpynna npodeccopa Comosa u3 FAULL MI'Y, Poccus (Teopus); [8] rpynna npodeccopa Karlicky us MuctmutyTta ActpoHoMuMM
Yewckon Pecnybmmku (Teopus, Habnoperus); [9] rpynna npodeccopa Murawski us Yuneepcuteta Mapum CknonoBCKoi-
Kiopu, Monblua (uncneHHoe mopennposarme); [10] rpynna npodeccopa Yokoyama us Tokuitckoro YHuBepcuteTa, AnoHus
(umcneHHoe MopenupoBanue); [11] rpynna npodeccopa Muxansesa us Kanmly, Poccus (teopus).

Ha GHeNULICKOM $513bIKe
The study of magnetohydrodynamic (MHD) wave processes is one of the most rapidly developing branches of solar coronal
physics. Over the past decade, there has been a significant increase in the sensitivity and resolution of both imaging and
spectroscopic observational instruments. This made it possible to confidently register MHD waves in various plasma
structures, and showed that these waves are a ubiquitous phenomenon in the Sun's atmosphere. Theoretical modeling of
MHD waves in coronal plasma structures is usually based on the Zaitsev-Stepanov-Edwin-Roberts model (ZSER), in which the
plasma inhomogeneity, that plays the role of a waveguide is considered as a plasma cylinder permeated and surrounded by a
magnetic field (for example, Nakariakov & Kolotkov 2020; see this and other references in the list of references in the
attached file). The ZSER model predicts the existence of three main MHD modes of the plasma cylinder: kink, longitudinal,
and sausage modes, as well as a continuum of torsional Alfven waves. The traditional interest in MHD waves is related to their
possible participation in the coronal plasma heating process as an agent that transfers energy to the corona from the lower
atmosphere and releases it at a certain height. However, the degree of participation of waves in coronal heating is still being
discussed (for example, Karampelas et al. 2019). Another rapidly developing area of research is MHD seismology, the essence
of which is to use MHD waves to diagnose plasma parameters and study specific physical mechanisms operating there. It has
been demonstrated that MHD waves carry valuable and often unique information about the magnetic field in the coronal
plasma of active regions, its thermodynamic properties, fine structuring, and transport coefficients. Seismological diagnostics
becomes especially important for the corona, where the combination of high temperature and low plasma density makes
traditional methods of astrophysical diagnostics ineffective. MHD seismology was identified among the key methods in the
Global Space Weather Roadmap 2015-2025, commissioned by COSPAR and the international group “Live with a star”
(Schrijver et al. 2015).

The majority of recent work in the field of MHD seismology focuses on the study of kink waves in coronal loops. Waves of this
type carry information about the absolute value of the magnetic field and the transverse density profile in the oscillating

loop. However, other types of waves, in particular, slow magnetoacoustic ("longitudinal”) and sausage oscillations also have a
high, although little used, seismological potential, which is especially important when diagnosing conditions in active regions
during solar flares, where these types of waves are most often observed. Slow oscillations with typical periods of several
minutes or longer are well resolved in coronal structures of active regions observed in the extreme ultraviolet (EUV), X-ray,
and microwave ranges, which has been demonstrated in a number of studies (for example, Wang et al. 2018, Kupriyanova et
al. 2019). Oscillations of this type are successfully detected both in observations with spatial resolution (images) and in
spectral data (for example, Li et al. 2017). Statistical studies of slow oscillations show a characteristic linear dependence of
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the attenuation time on the oscillation period and the dependence of the attenuation on the amplitude (Wang 2011,
Nakariakov et al. 2019). The occurrence of predominantly slow oscillations in hot plasma (> 5 MK) is also a mystery, as is their
occurrence in standing and reflecting or "sloshing” forms (for example, Kumar et al. 2013). Physical processes in a slow
oscillation are directly related to the transverse structuring of density and temperature in the oscillating structure. This
information is crucial for the understanding of filamentation, oriented along the magnetic field, which is inherent in the
coronal plasma. However, theoretical simulations of slow oscillations usually been performed within the framework of one-
dimensional acoustics, i.e., in the infinite field limit of the ZSER model (for example, Nakariakov et al. 2017). This approach
ignores the influence of specific transverse plasma density and temperature profiles.

Detection of sausage oscillations is a more difficult task, since their characteristic periods are significantly Lless than one
minute, while the cadence time of observations in the extreme ultraviolet (EUV) range performed by space observatories is
about 12 seconds or longer. Therefore, sausage oscillations are usually detected in a series of images obtained in the
microwave, radio, and hard X-ray bands (Van Doorsselaere et al. 2016) in individual events. In particular, sausage oscillations
with periods of 0.7 and 2 s were detected in broadband microwave emission in a flare (Mészarosova et al. 2016). Both the first
and second harmonics of the sausage mode were detected in the 3-4 GHz range with a period of 1.4 s in the intensity
channel and 0.7 s in the polarization channel in the solar microburst with RATAN-600 (Nakariakov et al, 2018). Sausage
oscillations also manifest as modulation of solar radio bursts with a zebra structure (Yu et al. 2016; Kaneda et al. 2018). The
global sausage mode was detected as 25-second oscillations in the intensity and Doppler shift of the hot coronal line (Tian et
al. 2016). Recent theoretical modeling of sausage oscillations demonstrates their potential for estimating the plasma
transverse structure in the oscillating coronal loop (Chen et al. 2016). Moreover, sausage oscillations can be used to diagnose
the twist of the magnetic field in expanding loops. The magnetic twist is directly related to free magnetic energy available
for release in flare, and therefore gives us an upper limit on flare energy. The effects associated with twist have been
modeled under the assumption of piecewise radial inhomogeneity (e.g., Bembitov et al. 2014). The effect of the loop’s
curvature is usually considered in the framework of two-dimensional modeling (for example, Pascoe & Nakariakov 2016).
The combined effect of curvature and twisting has not yet been studied. Statistical studies of sausage oscillations have not yet
been carried out.

An important topic, that has been developed in recent publications, related to the project is the study of the role of wave
processes in the development of the energy release process during flares. A solar flare is a fundamentally three-dimensional
physical process, and energy release develops not only in the plane of the "standard flare model" (with X-point reconnection,
the ejected plasmoid, and the flare loop), but also in the perpendicular direction, which is most noticeable in the case of
powerful two-ribbon flares. This evolution is manifested by the sequential "ignition” of the plasma Loops of the flare arcade
and development the hard X-ray (HR) emission sources along the neutral line (NL). Understanding the mechanisms of flare
development along the NL is crucial for estimating the rate of flare energy release and, consequently, its power. Typical
observed speeds range from a few to a few hundreds of km/s (for example, Bogachev et al. 2005, Grigis & Benz 2005,
Kuznetsov et al., 2016; Qiu et al., 2017), which is lower than the characteristic values of the Alfven and fast magnetoacoustic
velocities in the coronal active regions.

The previously proposed interpretation of the observed development of energy release along NL, based on the “whipping”
and “zipping” mechanisms (for example, Liu et al. 2009), cannot explain the observed speed of the energy release
propagation. Nakariakov & Zimovets (2011) proposed an interpretation based on the sequential initiation of magnetic
reconnection by a slow magnetoacoustic wave propagating in the arcade of flare loops. This model explains the observed
speed, as well as the quasi-periodic or irregular nature of flare light curves (for example, Grigis & Benz 2005). However, this
model needs serious development, taking into account the heterogeneity of the plasma in the arcade. Another interpretation
based on flapping oscillations of an unstable current sheet over an arcade was proposed by Artemyev & Zimovets (2012), and
applied in Reva et al. (2015) to a single solar flare region. In the context of sausage oscillations, this model takes into account
the shift (shear) of the magnetic field, but the plasma is considered incompressible. Flapping oscillations are intensively
studied in the Earth's magnetosphere (Zhang et al., 2002; Erkaev et al., 2007; 2009). In recent years, the topic of flapping
oscillations in the tail of the Earth's magnetosphere has developed significantly, mainly due to numerical modeling and in
situ measurements of plasma parameters (for example, Korovinsky et al., 2018; Kubyshkina et al., 2014), opening up the
possibility for adapting and using this knowledge in the physics of the solar atmosphere. In addition, there are alternative
models proposed by other groups. In particular, it is worth noting the model developed by Ledentsov and Somov (2016),
which is based on thermal instability of the current sheet above the flare magnetic arcade. The research proposed in the
project should bring us closer to the answer to the question about mechanisms which work in two-ribbon solar flares.

The main competitors working in this field are the following research groups: [1] the group of Professor Li at Shandong
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University, China (theoretical modeling); [2] the group of Professor Tian from Peking University, China (analysis of
observational data); [3] the group of professors De Moortel and Hood from the University of St. Andrews, UK (theoretical
modeling and data analysis); [4] the group of Professor Zaitsev and Stepanov from IPFAN and GAO RAS, Russia (theoretical
modeling); [5] Professor Bogachev's group from FIAN, Russia (observations); [6] the group of Professor Ofman from NASA, USA
(observations, modeling); [7] the group of Professor Somov from GAISh MSU, Russia (theory); [8] the group of Professor
Karlicky from the Institute of Astronomy of the Czech Republic (theory, observations); [9] the group of Professor Murawski
from Maria Sklodowska-Curie University, Poland (numerical modeling); [10] the group of Professor Yokoyama from the
University of Tokyo, Japan (numerical modeling); [11] the group of Professor Mikhalyaev from KalmSU, Russia (theory).

4.6. Mpepnaraembie MeToAbl U NOAXO0AbI, 06LMIA NNaH paboTbl HA BeCb CPOK BbINOJIHEHUS NPOEKTa U OXXMAAEMbIE pe3ynbTaThbl
(o6vemom He MeHee 2 cmp.; 8 MOM YU C/Te yKa3bieaomcs oxudaemMblie KOHKpemHble pe3ybmamel no 200aM; 06wuili n1aH
daemcs c pa3buekoii no 200am)

Ha pYccKoM si3bike
3apauun npoekTa pa3buTbl Ha Tpu pabounx naketa (Work Packages - WP), koTopble cB3aHbl Apyr C Apyrom obLei
MeTogonorueit. [letanbHoe onucaHune paboumx naketos 6onee nogpobHoO NpeacTaBneHo HuxKe. HoBM3Ha npeanaraemoii B
npoekTe MeTOLONIOrMK 3aK/IH4AETCS B:
- 06beAMHEHUN U B3aMMOLOMNONHEHWUU pe3ybTaTOB TEOPEeTUYECKOro aHanM3a 1 aHanusa ganHHbix (WP1.1, WP1.2, WP3.2);
- 3((HEeKTMBHOM MCNOIb30BaHWUM pe3y/bTaToB, NOAyYeHHbIX B hu3smke Mariutochepol 3emnm (WP3.3);
- CUCTEMHOM NMOAXO0AE, NPeANonaralLeM HaKoMnIeHUe U CUCTEMATU3ALUMIO MHDOPMaLMK O HABMIOAEHUSX, BbIMOMHEHHbIX
pa3HbIMU MHCTPYMEHTaMM U B pa3HbIX AMANa3oHax, B BUAE eAUHOro Katanora cobbituii (WP1.3, WP2.1, WP3.1);
- UCMONb30BaHUM NepeoBbIX METO0B aHaIN3a AaHHbIX, CNeLMaNbHO NpeaHa3HaY eHHbIX AN U3YYeHUS CUTHANOB, UMEOLLMX
HeCTaUMOHAPHbIN, HENMHEMHBIA U MHOTOMOAO0BbIM Xapaktep (WP1.3, WP3.1);
- UCMONb30BaHUM YHUKANbHbIX MHOTOBOJIHOBbIX MPOCTPAHCTBEHHO-pa3peLLeHHbIX paanoHabnoaeHmin ConHua, BbIMOAHEHHbIX
Ha CPI" (WP3.1).

AHanuTnyeckue mozenu 6yayT pa3paboTaHbl Ha OCHOBE CTaHAAPTHbIX MeTOA0B onucaHus MIT[1-BOH B NNa3MeHHbIX
BOJIHOBOJAX, KOTOPbIE MHTEHCMBHO MCNONbL3YHOTCA Hallel KoMaHaow (Hanpumep, Nakariakov et al. 2016). 3BonoUMOHHOE
ypaBHeHMWe Tuna bioprepca ans cnabo HeMHERHbIX HAaKNMOHHBIX MeANeHHbIX BOJIH, HanpasnsieMblX FafgKoi nonepeyHom
HEeOLLHOPOZHOCTbIO N1a3Mbl, ByAeT NoNy4eHo B paMKax acCUMNTOTUYeckoro GopManm3ma, pazpaboTaHHoro B pabote
(Nakariakov et al. 1997) nns 6bICTpbIX BOMH. HenmHeHas 3BOMOLMS CTOSYMX MeAIEHHBIX BOMH ByAeT onucaHa coyeTaHnem
nosy4YeHHOro ypaBHeHust Tuna broprepca c dopmanmsmom, paspabotaHHbiM PygepmaHoM (Ruderman 2013).

HoBbiM anieMeHTOM 3TOro npoekTa sengeTtcs 3bPeKkTMBHOE COBMECTHOE MCMOJIb30BAHME 3HAHUM O CONTHEYHOM KOPOHE U
MarHutocdepe 3emnu, cienys HanpasneHusaM, chopMynnpoBaHHbiMU B 0630pe (Nakariakov et al. 2016). YkazaHHbI noaxon,
NMO3BOJIUT BbIMTU 33 paMku Moaenn ZSER npu TeopeTtuueckom mogenmposaHum MI1-BonH B KOpoHe. Mbl agantupyem u
UCMOoNb3yeM MarHUToChepHbie MOAEM MeIeHHbIX MarHUTO3BYKOBbIX BOJIH B MarHUTHOM c/ioe (rodpuMpOBOYHbIE MOAbI) U
xnonawwmx konebaHMin B MakpoCKonu4yeCckoM TOKOBOM cnoe. PaHee 6b1im nonyyeHbl aHanUTUYeCKMe peLieHns ans
HEeYyCTOMYMBbIX XJIONAOLWMX BOJH B Npeaenax c1aboro n CMabHOro MarHMTHOTO Wwupa (CABMra), A1 KOPOTKUX U AJIMHHbBIX BOJH
(Artemyev & Zimovets, 2012) B Heckmumaemor MM, ong yaaMHEHHOTO KBa3n-BePTUKabHOrO TOKOBOIO CNOS B KOPOHe. bbifio
MOKa3aHo, YTO HaNpaBAAoLLEee MarHUTHOE NOME OKa3blBaeT CTabuAM3MpyHoLLee BO3AEMNCTBME HA Xn0onatowwme BoNHbl. Bknag
HanpaenaLWero Noas B HEYCTOMYMBbIE XJI0MNAOLWMe BOJHbI B TOKOBOM C/10€ MarHUTHOTrO XBOCTa 3eM/u Obl1 MCCel0BaH Kak
AHAMTUYECKM, TaK U C MOMOLLBI0 IMHeapu3oBaHHOro 2D n HeamHenHoro 3D MIT1-mopenupoBanus (Korovinskyi et al., 2015).
Bblnn ycTaHOBNEHBI CNeayoLMe BaXHbIE CBOMCTBA X/IOMAOLWMX BOJH: CTabMn3aums Ans KOpoTKOBOIHOBbLIX MO, NOSIBNEHME
TMNUYHOM (Hanbonee HbICTPO pacTyLueit) ANMHbBI BOMHbI MOPSAKA LUMPUHBI TOKOBOTO C/105l, yMEHbLUEHWE MaKCUMaJIbHOW
CKOPOCTM pOCTa Npu yBeNMYeHUM BeAyLIEro Noas 1 NosiHoe 3aTyxaHue Ansg 3Ha4eHui Begyluero nons 6onee NoNOBUHbI MNONS
[0Nen MarHMTHOTo XBOCTa.

BaxHbIM 31eMeHTOM CcecMonornm aenaoTcs Metoabl MogenmpoBanua MHcTpymeHTansHbix OTkinkos (MMO), To ectb
C03[3aHUA CUHTETUYECKUX HabMIoAEHWIA, MOKA3bIBALLMX, KaK pa3finyHble KonebatenbHbie MOAbl JOMKHbI BbIMSAETb B AAHHbIX
pa3nyHbIX HabnpaTenbHbIX MHCTPYMEHTOB. BXoAHbIE AaHHbIe A5 TaKOro pacyeTa MoryT ObITb MOTy4€eHbl U3 YUCTIEHHOTO
MI'1-MopennpoBaHus UM NOCTPOEHbI HA OCHOBE aHANUTUYECKMX Moaenel. [lonynsapHbIM MHCTPYMEHTOM A1 MOAENMPOBAHUS
MHCTPYMEHTaNbHbIX OTKIMKOB SIBNSETCS NporpaMmHbii kog FoMo (Van Doorsselaere et al. 2016), koTopbiit 6yaeT afanTMpoBaH
L9 Lenev npoekTa. 3TOT NPOrpaMMHbIi Kog, 6bla1 NPUMEHEH A1 MOAENIMPOBaHUS MeIEHHbIX KONe6baHui B ropsaumnx neTnsx
(Yuan et al. 2015, Mandal et al. 2016). Shi et al. (2019) BbinonHunan MMO Ha MOAYNALMIO KOPOHANBHOIO U3JTyYeHus
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COCUCOYHBIMM KONleBaHUAMM € y4eToM 3P PEeKTOB HEPaBHOBECHOM MOHM3aLMK. [ToXOXKUM MHCTpyMeHTOM ans MO
pagnounsnyveHus (B 4acTHOCTHU, MUKPOBOAHOBOTO) aBnseTcs nakeT GX Simulator (Nita et al. 2015, 2018), koTopbI NpUMeHaACs
LN MOLLeNIMPOBaHMS HaboAaTeNbHbIX MPOSBNEHWUIA COCUMCOYHBIX KoNlebaHuii B MMKPOBONHOBOM U3nyyeHum (Kuznetsov et al.
2015); cm. pucyHok 1 B npunoxenumn. YuactHuku npoekta (KysHeuos A.A.  AHdpuHorenTos C.A.) akTMBHO y4acTBYHOT B
pasBUTMM AAHHOTO NaKeTa U UMEIT BO3MOXHOCTb NPy He0H6X0AMMOCTM afaNTMPOBaTh €ro Noj 334a4M NpoekTa.

OueHKa CKpy4eHHOCTM MarHUTHOTro nonis No HabnopaemeiM MIT[1-konebaHusM, a TakxKe Apyrue 3aayun NpoekTa no
onpeaeneHuno XxapakTe pUCTUK Maa3Mbl CONHEYHbIX aKTUBHbIX 06nacTew, SBAAKOTCS 3a4a4aMu No onpeseneHuIo napaMeTpoB
MOAENM, AAOLMX Hauy4Llee corlacue TeopeTuieckmMx NpeackasaHui ¢ 4aHHbIMU HabnoaeHUH. TpaAMUMOHHO Takme 3aaa4um
peLLIarTCs NOArOHKOM CBOBOAHbIX NapaMeTPOB MOAEM, TaKUM 06pa3oM, UTobbl ee NpeackasaHua Bblam Kak MOXHO Bamke K
HabnoaaTenbHbIM AaHHBIM. Yalle BCero 4N1s 3TOro UCMOMb3YTCS pa3MyHble Bapuauum MeToaa HaMMeHbLUMX KBaApaTos. B
cnyyae 60bLIOro KOMYeCTBa MCKOMbIX NapaMeTpOB U CIOXKHOCTU MOJENM peLueHue 3TOM 33434M CTaHOBUTCS
HeTpuBMaNbHbIM. YTOObI NONYYUTL 4OCTOBEPHYH GU3MYECKYH MHDOPMALLMIO, HEAOCTAaTOYHO OLEHWUTL TONIbKO Hanbonee
BEPOSTHbIE 3HAaYEHMUS NapaMeTPOB, HO TaKKe He0BX0AMMO onpeneMTb fOBEPUTENIbHbIE MHTEPBAbl U BblSIBUTb 3aBUCMMOCTH
Mexay napameTpamu Mogenu. Kpome toro, 6onbLuoe 3HaYeHUe uMeeT NpaBubHOe CPAaBHEHWE HECKONbKUX aflbTePHATUBHbIX
Moaenen, y4uUTbIBaLWKMX pasmyHble dusndeckune spdekTol. Bce 3Tv npobnembl ycnewHo peLuaoTcs ¢ NOMOLLBHO
HalieCoBCKOM CTAaTUCTUKM B COYeTaHMM € MeTofoM MoHTe-Kapno no cxeme Mapkosckoi uenu (MCMC). Moaenb MoxeT 6bITb
onpefeneHa Kak MpoCTbiM aHaIMTUY € CKUM BblpaKEHUEM, TaK U CJTIOXKHBIM YMCIEHHBIM MOAENMPOBaHMeEM, Bko4as MMO.
MeTon MCMC ocyluecTenseT BbIGOPKY M3 MHOTOMEPHOIO anoCTePUOPHOro pacnpeaeneHuns BeposTHOCTeN NapaMeTpoB
MogAenu, CTPOUT TMCTOrpaMMmbl ANs KKA0r0 NapamMeTpa, a 3aTeM oLeHMBaeT Hanbonee BEPOSTHbIE 3HAYEHUS U
COOTBETCTBYIOLLME LOBEPUTENbHBIE MHTEPBasbI. [locneaHue MOryT 6bITb aCUMMETPUYHBIMU U OCTaBaTbCS NPaBUIbHBIMU AaXe
L1t MHOrOMOZ,0BbIX pacnpeneneHuit. SIBHble Wan HesSBHbIe OTHOLIEHWS MeX Ay NapaMeTpaMu MOLENN BbISBIAKOTCS U
BM3YaNM3UPYIOTCS C MOMOLLBIO ABYMEPHbIX rMcTorpamMm. Kpome Toro, KOHKypupyoLme MOAEN OLLeHMUBAKOTCS C
Mcnonb3oBaHWeM H6anecoBCKOro GakTopa, Npy 3TOM CPABHMBAKOTCS HE TONIbKO HamyyWwue npubanKeHus, a Moaenu B Lenom. B
npoekTe Mbl 6yaeM ucnonb3osatb ko MCMC (https://github.com/Sergey-Anfinogentov/SoBAT), pa3paboTaHHbI i
ucnonHutenem npoekta AHduHoreHToBbiM C.A. Ko 6bin1 yCnewHo npuMeHeH Ans CeMCMOIOrMYeCcKoro aHanmn3a 3atyxarmLmx
M3rnbHbIX KoNebaHWi KOPOHAbHbIX NeTesb 1 Ang onpeaeneHus npoduns nonepeyvyHomn NIOTHOCTU KOPOHaNbHbIX NeTeNb U3
Habntonaemoro npodunsa nHteHcneHocT KY® nsnyuenus (Pascoe et al. 2017, 2018). Ha pucyHke 2 B NpUnoXeHUn nokasaHbl
pe3ynbTaThbl NpuMeHeHUs ballecoOBCKOro aHanu3a ans onpeaeneHus KOHTPacTa NAOTHOCTU U TOALLWMHbBI NEPEXOAHOr0 €109
MeXAy S4pOM KOPOHAbHOM METIN U OKPYXKatoLLE i Nia3Mon.

Mpu n3yueHunm Mr[1-konebaHui B KOPOHA/bHbBIX NETASX U KBazunepuoamdeckux nynscauuii (KM BcnbilweyHoro nsnyvyeHus
ocoboe BHUMaHWe ByaeT yaeneHo NoTeHLManbHO MHOFOMO0BbIM KoNlebaTelbHbIM CUrHanaM, HeCTauMoHapHbIM KonebaHuam
M NyNbCaLMaM, MapaMeTpbl KOTOPbIX M3MEHSOTCS C TeyeHneM BpeMeHu (Hanpumep, Nakariakov et al. 2019). Mbl 6ynem
MCMONb30BaTb HOBYIO METOAMKY, pa3paboTaHHy0 B COBMECTHOM npoekTe Poccuiickoro poHaa yHaaMeHTaNbHbIX
nccneaoBaHuii u MexxayHapoaHoro npoekta Koponesckoro obuwectsa, nposoaumom KynpusHosoii E.I. B 2018-2019 rogax.
MeToaMKa 3aKN4aeTCs B YHUKANbHOM COYeTaHUM CTaHAAPTHBIX MeToA0B (Nnepuogorpamma Mypoe, BeiBneT) C METOA0M
pa3noxeHus no aMnupuyeckum moaam (EMD). B otimume oT cTaHaapTHbIX MeTooB, EMD He ucnonb3yeT pasnoxeHue
BPEMEeHHbIX PAL0B N0 NpeaonpeaeneHHbIM nepuoamyeckum 6as3osbiM GyHKUMAM. EMD MeTon aHanu3upyeT BpeMeHHble
MaclwTabbl CaMOro BpeMeHHOro paaa, Bblaensas oblime BpeMeHHble MacluTabbl BO BHYTPEHHIOW 3MIUPUYECKYI0 MO4Y.
MeToa0M UTepaumii BblLENAIOTCS MOAbI Pa3HbIX BPEMEHHbIX MaclWTaboB, OT HU3KOYACTOTHOrO TPEHAA L0 BbICOKOYACTOTHOMO
wyma. Kaxgas n3 Mo, no CyTi, NpeacTaBaseT HeCTaUMOHAPHbIM M aHFrapMOHMYeCKMi konebatenbHblv curHan. o aton
npuunHe Meton EMD Hannyywmm 06pasom NoaxoamT AS1s aHanM3a HecTauMOHapHbIX konebaHui (Hanpumep, Kolotkov et al.,
2018a,b). YpoBHM AOCTOBEPHOCTH OBHAPYXXEHMUS B MPUCYTCTBUM TPEHAA M LIBETHOIO WYyMa MOTYT 6biTb OLLEHEHbI C
MCMONb30BaHNEM OPUTMHANBLHOIO MeToAa, pa3paboTaHHoro B pabote (Kolotkov et al. 2016a).

B pagnopmanasoHe 6yayT MCNONb30BaHbl apXMBHbIE AaHHble paguorennorpada Hobesma (NoRH). KomaHza npoekTa obnagaeT
06LWMPHBIM ONBITOM UCMONb30BaHKUS AaHHbIX NORH, BKIOUYas uneHCTBO B MeXayHapoAHOM KOHCOPLMYMe AN NPOLOMKEHMS
nestenbHoct NoRH u perynspHoe BbinonHeHue dyHKUMI rnaBHbIX Habnoaatenen NoRH. Kpome Toro, 6yayT npueneyeHsl
DaHHble pagmoTteneckona Owens Valley Solar Array (EOVSA) 1 HoBoro Cubupckoro Paguorennorpada (CPI; AntbiHueB v ap.
2020) - MHCTpYMeHTa 415 nonyyeHns nzobpaxeHuin ConHua B MUKPOBOZIHOBOM AMana3oHe (B UHTEHCMBHOCTU U KPYroBoM
nonispusauum) C BbICOKUM BPEMEHHBIM pa3peLleHMEM Ha MHOTMX YacToTax OAHOBPEMEHHO, KOTOPbIM CTPOMUTCS B HAcTosLee
BpeMms B Pagnoactpodusmyeckonn Obcepsatopum NC3® CO PAH. C 2016 r. npoBoAsATCS perynspHble HabnogeH1s Ha 48-
aHTeHHoM npoTtotune CPI (Jlecosoii u ap. 2017) Ha 32 yacToTax B AmManasoHe 4-8 IMTu. MNMonHas Bepcus CPI 6ypeT cocTosTh M3
Tpex He3aBMCMMbIX aHTEHHbIX peLleToK, paboTalowmx B AMana3oHax vyactoT 3-6, 6-12 n 12-24 Tu, koTopble obecneyar
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BbICOKOE MpOoCTpaHCcTBEHHOE (7-30", B 3aBUCMMOCTM OT YacToTbl) 1 BpeMeHHoe (0.1-1 c) paspewenue. B 2020 r. nnaHupyeTcs
Hayano perynsapHbix HabnLeHUN B AnanasoHe 3-6 [Tu; 3aTeM ByayT 3anyLieHbl aHTeHHble peweTku Ha 12-24 1 6-12 Tw.
Mpumep pafmokapT, nonyyYaembix AencTayowmm npototunom CPI, nokasaH Ha pucyHke 3 B npunoxeHuu. Mocne
npekpalleHus HabntoaeHu Ha pagmorenvorpade Hobeama 31 mapta 2020 roaa, CPI 1 EOVSA cTtanv e sMHCTBEHHbBIMU B MUpeE
paamvoTeneckonamu, KOTopble NofyyYarT perynspHble AByMepHble paauonsobpaxeHns ConHua B MUKPOBOIHOBOM AManas3oHe,
W AaHHble KOTOPbIX HAaX0AATCA B OTKPbITOM AocTyne. [laHHbie MMEHHO 3TUX MHCTPYMEHTOB OyayT NPUBNEKATLCA 419 aHaNM3a
cobbITHiM, Nnpomsoweawnx nocne 31 mapta 2020 r. MHoroyacToTHble HabntoaeHUs genatot CPIM yHWKanbHbIM CONHEYHbIM
MHCTPYMEHTOM A4 NpefsaraeMoro npoeKTa, No3BoatoWLMM KOMOMHUPOBAHHOE NPOCTPAHCTBEHHO-CMNEKTPA/IbHO-BpEMEHHOE
paspeLleHne CONMHEeYHbIX BCMbILLEK M BO3HUKAKOLWMX B HUX OCLMANSLMIA. YYACTHUKM NPOEKTa HENOCPEeACTBEHHO BOB/IEYEHDI B
paboty Hag CPT. pyrumu uHcTpymeHTamu Papmoactpodusnyeckoi Obcepeatopum NC3@ CO PAH, koTopble byayT
MCMONb30BATLCS B MPOEKTE, SABAKOTCA MHOrOKaHa/IbHble CNEKTPOMNoNspuMeTpbl, obecneyunsatome noayyeHme gMHaMmny eckmnx
CNeKTpOB COSHEYHOIr0 MUKPOBOJIHOBOIO M3nyyeHus (C paspeweHnem 10 Mc Ha 26 yacToTax B AmManasoHe 4-8 [Tum c
paspeweHuem 1 c Ha 16 yacToTax B gnanasoHe 2-24 ITu).

Habop faHHbIX, KOTOpble HEOBX0AMMO NpUBNEKATb A5 aHanM3a pasnnyHbix MI[-mMopa, 3aBUCKT OT TNa Moabl. [OCKObKY
COCUCOYHAs MOAA UMeeT KOPOTKMI XapaKTepHbIV BpeMeHHOM MacwTab (nepuoa), COCTaBNSAIOWMIA MEHEE HECKO/bKUX AeCATKOB
CeKyHA, AN NoMCKa Takux KonebaHuit 6yayT MCnosib30BaTbCs MHCTPYMEHTLI, 06ecneynBaroLme Hambonee BbICOKOE
BpeMeHHoe paspelieHue. B 4acTHOCTH, B MUKPOBOIHOBOM AuMana3soHe Mbl 6yaem ncnonb3osats NoRH, CPIM u
LUIMPOKOMOOCHbIE CNEKTPONONSAPUMETPbI (OTKPbITbIV AOCTYN). B peHTreHOBCKOM AMana3oHe H6yayT MCNONb30BaTbCA AaHHbIE
Reuven Ramaty High Energy Solar Spectroscopic Imager (RHESSI) n Konus/WIND, Takxxe Haxoaswmecs B OTKpbITOM AOCTYyMeE.
OfHako, NockonbKy BpeMeHHoe paspeweHne RHESSI xyxe, 4eM y MUKPOBOMHOBbIX MHCTPYMEHTOB, AaHHble RHESSI 6yayT
MCMONb30BaTbCS TOMbKO A1 aHanM3a NepuoaoB, npeBbiwatowmx 15 c. BpemeHHoe paspelweHue gaHHbix Konus/WIND, ot 2 Mc
B TPMITEPHOM peXxnMe, N03BONSET UCMO/b30BATb €ro ANg UCCeA0BaHUA KOPOTKONEPUOANYECKUX COCUCOYHBIX OCLIMANALMMA.
TeM He MeHee, 3TOT MHCTPYMEHT, B oTiMume oT RHESSI, He npepocTaBnseT npoCcTpaHCTBEHHOM MHDOPMALMK, PETUCTPUPYS
NWLLb MHTETPaNbHbIM NOTOK PEHTFEHOBCKOro M3nyyeHus ConHua. MpocTpaHcTBeHHas nokanusaums KM B pa3HbiX BOSHOBbIX
AnanasoHax byaeT NpoBOAMUTLCS C NMOMOLLBIO MHCTPYMEHTOB C AOCTYMHbIM NPOCTPaHCTBEHHbIM paspelwexuem: CPIM (4-8 My, c
pacluMpeHveM SManasoHa B Nepuoa BbinonHeHus npoekTa), Expanded Owens Valley Solar Array (EOVSA,1-18 I'Tw), NoRH (17
1 34 ITu, apxmBHble faHHble), RHESSI (3-300 k3B, apxuBHble aaHHble), Atmospheric Imaging Assembly (AlA) Ha 6opTy SDO, a
Takke SDO/HMI. KoMBrHaLMS yka3aHHbIX MHCTPYMEHTOB Takxke o6ecneymBaeT BbICOKOE CNeKTPaNbHOE pa3peLleHne, YTo
BaXKHO 4151 BOCCTAHOBNEHUS SHEPreTUYeCKMX CNEKTPOB U3/Ty4eHUS U, TEM CaMbIM, MO3BONSET UAEHTUDULMPOBATL MEXAHWU3M
nsnyyeHus u reHepaumnm KM (Bce pazHoobpasune BO3IMOXKHbIX MeXaHW3MOB reHepauymm KM nponnntocTpMpoBaHO Ha pUCYHKe
4 B npunoxeHum). AHanM3 CNeKTpoB NO3BOSET OLEHUTb NAapaMeTpbl NOMYNSUMIA TENIOBOM Na3Mbl U HETEMNOBbIX
3N1EKTPOHOB, a TaKXKe MX 3BOJIIOLLMIO B MPOLECCe BCMbIWKKW. MeafieHHble Moabl UMetoT Bonee AnTeNbHble XapakTepHble
nepuoabl (Nopsaka HeCKOMbKMX MUHYT), MO3TOMY MakCMManbHOe BpeMeHHOEe paspelleHune He TpebyeTcs, HO HeobXxoanMo
BbICOKOE MPOCTPAHCTBEHHOE pa3zpelleHume. [No3Tomy 6yayT MCnonb3oBaHbl AaHHble B YO 1 KY® ananasoHax, nonyvyeHHble ¢
nomoubto SDO/AIA. KoMaHaa npoekTa uMeeT 60/1bLION OMbIT MCNO/b30BaHMS AaHHbIX OTKpbITOro goctyna RHESSI u SDO/AIA
(roe B. M. HakapskoB aBnsieTcs Associate Investigator), a Takke SDO/HMI. bynet npoBeaeHo aeTanbHOE M3yyYeHWe napameTpoB
KIIM B KaXKA0OM KOHKPETHOM Mana3oHe He3aBUCMMO U MX BO3MOXHbIX B3auMocBasew, a Takke KIlM B umpokononocHbIX
CUrHanax.

MHbopmaumsa 0 MarHMTHOM NoJie U S3HeproBbiAeNeHNM BCMbiLKK B oTochepe ByaeT noayydeHa c nomowpto SDO/HMI ¢
yrnoBbIM paspelueHneM 1. Hapsay co cTaHAapTHbIMK 45-ceKyHAHbIMU MarHMTOrpaMMamu (B NPOEKLMM Ha NIyd 3peHusl) Mbl
6yneM Mcnonb30BaTb BEKTOPHbIE MarHuTorpamMmel HMI ¢ BbicokMM BpeMeHHbIM paspelermem (90 ¢ u 135 c), koTopbie
HeJaBHO MOSBUAMCH B OTKPbITOM goctyne (Sun et al., 2017) n He Nnony4ymaM NOKa WMPOKOTO NPUMEHEHMS.

Teopusi HEYCTOMYMBBIX XNONAKOLMX BOSIH ByAeT NPUnoXeHa K CONMHEYHbIM ABYX/IEHTOUYHbIM BCMbILIKAM C UCMOb30BaHUEM
CMCTeMaTMYeCcKMUX M3MepeHUIA BEIMUYMHBI MarHUTHOTO LUMPA B CAyYasx «zipping» pacnpoCcTpaHeHUs NapHbiX UCTOYHKUKOB XKP
usnyyenus saonb HJ. B kauecTBe 6a3bl Mbl Byaem ncnonb3oBath karanor HabnoneHui (Kuznetsov et al., 2016) u
mMopenupoBaHue (Zimovets et al., 2018). Cnenyowmm warom byaeTt YMCNEHHOE MOLENIMPOBAHMUE PA3BUTUS HEYCTOMYMBbIX
XNonatowmx KonebaHuit B BE pTUKabHbIX TpEXMEPHbIX TOKOBbIX C/IOSIX B KOPOHE Npu GU3UYECKMX YCNOBUSIX, MOAXOAALMX LS
[BYX/IEHTOYHbIX BCMblWweK. byaeT BbINOIHEHO YUCIEHHOE MOAENMPOBAHME YPaBHEHMIA OKMMaeMor M, ang KOPOHanbHbIX
TOKOBBbIX C0€B. byayT cMoaennpoBaHbl pasMuHble KOHMUIypaLmmu TOKOBbIX c/loeB. B kauecTsBe nepgoro wara byaeTt
paccMOTPEHO pa3BUTME MPOCTPAHCTBEHHO NOKANM30BaHHbIX BO3MYLLEHWIA TOKOBbIX C/I0E€B C FeOMeTpUel, paCCMOTPEHHOM B
(Artemyev & Zimovets, 2012). B kauecTBe BTOPOro wara 6yaeT BbiNosaHeHO 3D MogennpoBaHue pa3BUTUS XIOMAKOLWMX
kone6aHumi B 2.5D TOKOBOM C/loe noA 3pynTUBHbLIM BONOKHOM (Zhao et al., 2017, 2019). B kauecTBe TpeTbero wara byaet
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nccnenoBaHa 3BOMOLMS TOKOBbIX CI0E€B C HaYalbHbIMU YCIOBUSMM, OT/IMYHBIMU OT TeX, KOTOpble MCMonb3ytoTcs B (Zhao et al.,
2017, 2019), B 4acTHOCTH, 6YLYT NPUHATbI BO BHUMAHWE HEOAHOPOAHOCTHU BAOb HEATPANbHOM IMHUM MAarHUTHOIO NONS.
Ocoboe BHMMaHUe ByaeT yaeneHo napaMeTpuyeCckoMy UCCef0BaHNIO HEYCTOMYMBOCTU XONaoLWMX KonebaHui B
3aBMCUMOCTM OT MarHUTHOTO LWKPa.

MpoekT cocTouT U3 Tpex oTaenbHbIX pabounx naketos (WP), KoTopbie CBS3aHbl Apyr C ApYyrom obuuei Metogonorvein. Y
Kaxzoro WP ecTb HazHaueHHbI 1 pyKOBOAMTENb, KOTOPbIM ByaeT KOHTPOIMPOBATb AESTENbHOCTb M OTYMUTBIBATLCS Nepes,
pyKOBOAMTENEM MpPOEKTa.

WP1: CocncouHble konebaHms BcnblweyHbIX netenb. Pykosogutens: E.I. KynpusHosa.

WP1.1 TeopeTnyeckoe MoaenMpoBaHNE COCMCOUHbIX KONeBaHMI B KOPOTKMX FrOPSIMMX BCMbILIEYHbIX NETASX C Yy4ETOM

3¢ heKToB NepeMeHHOro ce4YeHns NeTiun, CKpy4eHHOCTU MarHMTHOrO N/ NeTAM U KpuBM3HbI neTau. lNposeaeHue
TPEXMEPHOr0 YNCNEHHOTO MOAENMPOBAHUS Pa3BUTHS IOKASIbHO-0CECMMMETPUYHOIO BO3MYLLEHMS B NeT/e, MOAEIMPYEMON B
BULE MarHUTHOM TPYyOKM, 3aMONHEHHOM MIOTHOM MA3a3MOM, B AUMONbHOM MarHUTHOM nose. banskas K KpuTuyeckon
CKpPY4€HHOCTb MarHUTHOr o0 Nons 6yaeT BBeAeHa BpaleHMeM OAHOI0 U3 0CHOBaHMM neTau. [apameTpuyeckoe uccnenosaHune
33aBMCMMOCTM NEPUOLOB Pa3HbIX NMPOCTPAHCTBEHHbIX FAPMOHUK COCMCOYHbIX KoNnebaHui OT CTENEHN CKPYYEHHOCTHU U
nony4yeHue sMNMpuyecknx Gopmyn 4ns 3TMx 3aBUCMMOCTEN, HanpUMep, B BUAE NOMHOMA.

WP1.2 cnonb3ys pesynbtatel WP1.1, nposeaeHne MUO Ha pa3nuyHbie MPOCTPAHCTBEHHbIE FAPMOHMKM COCUCOYHbIX
KonebaHui B 306paxkeHUAX, NOAYYEHHbIX C MOMOLLBI pa3MyHbiX MHCTpyMeHTOB (RHESSI, NoRH v CPT) kak B onTtnyecku
TOHKOM, TaK U B ONTUYECKM TOJNCTOM pEXMMAX, C Y4eTOM Pas3fIMYHbIX pacrnpeaeneHuit HeTenaoBbiX 31eKTPOHOB MO 3HEPTUM,
NUTY-yray u 06beMy niasmsl.

WP1.3 (a) Monck xapakTepHbIX NPU3HAKOB COCUCOYHbIX KonebaHuii B aaHHbIX NoRH 1 RHESSI (apxuBHble gaHHbie), CPI 1
Konus/WIND (apxuBHble fAaHHble U HOBble HabAEeHUS), CNONb3YS CyluecTByrOWMe KaTtanoru KIM, yaenss BHUMaHue
aHrapMoHM4YeCcknM KonebaHUaM Kak BO3MOXHOM CUrHaType MHOrOMO0BbIX Kofle6aHMM, a TakKe BCMbILWKaM B aKTUBHbIX
061aCcTaX C y)Ke OLEHEHHbIMU CUAbHBIMM TOKaMU. (6) AHanM3 MHOrOMOAOBBIX COBBITUI. (C) MHTEpnpeTaums € TOYKM 3peHns
TeopeTnyecknx oueHok, nonydyeHHblx B WP1.1 n WP1.2. OnpepeneHune CKpy4eHHOCTM MarHUTHOIO NOAs B KOMebowmxcs
neTniax ¢ noMowpto 6arecoBckoro aHannsa metogoM MCMC Ha ocHoBe pe3ynbTtatoB WP1.1, cpaBHeHMe ¢ npeablaywmmm
OLEHKaMM CTeNEeHU CKPYYEeHHOCTH, T4 3TO BO3SMOXHO.

Pabota no nporpamme WP1 no3BonuT nony4mTb Cneaytolme HOBble pe3y/bTaTbl: TEOPETUYECKYH 3aBUCMMOCTb MapamMeTpoB
COCUCOYHBIX KONebaHMi OT CKpY4EeHHOCTM MAarHUTHOTO NOAS U KPUBU3HbI OCLUMNIMPYIOLLEN NET/IU; HOBble CEACMONOrnYecKne
MeTOo/bl OLEHKM CKPYYEHHOCTM B PACLUMPAIOLLMXCS NETNSAX; OLEHKY CKPYYEHHOCTU U ee BO3MOXHOM 3BOMIOLMM BO BpeEMS
BCMbI LKW,

WP2: MepneHHble MarHMT03BYKOBbIe KonebaHus netenb. Pykosogutens: P.A. Coiy

WP2.1 MpoBeaeHne BCECTOPOHHETO NMOMCKA NMELLYLWMXCS U CTOSUYMX MeafieHHbIX MLl kone6aHuii B KOPOHaNbHbIX NETIsAX C
ncnonb3oBaHneMm aaHHbix SDO/AIA. [1ns nnewywmxca konebaHwi, aHann3 napaMeTpoB 4719 Pa3fMYHbIX MPOCTPAHCTBEHHbIX
rapMoHuK. (a) CozpaHue Katanora cobbiThii (HaunHas ¢ AaHHbIX AlA ¢ nomolpto Helioviewer n 6a3bl 3HaHKit Heliophysics
Events Knowledgebase), ero koMb1HaLMs CO CMMCKOM YKe ONMMCaHHbIX CoBbITUIA, 0606wWweHHbIM B (Nakariakov et al., 2019). (6)
OnpepeneHuve cBg3el Mexay napameTpamu konebaHuii C napameTpaMu neTesb, pacwmpeHune cnncka cobbiTmit (Nakariakov et
al., 2019) sknoueHMeM nneLLyLmxcs konebaHuii. M3yyeHne pasHuLpbl MeXAy CTOSHMMU U NNELLYLMMUCS KOoNeBaHnaIMu.

WP2.2 PazpaboTka AByMepHOI MOAEAM CTOSUMX U NAELLYLIMXCS MeANEHHbIX MarHUTO3BYKOBbIX KOJe6aHMI B KOPOHAIbHOM
neTne, NpeACcTaBNEHHONM B BUAE NPSMOro NAa3MeHHOr0 UWAMHAPA, BbITAHYTOrO BAOJIb MarHUTHOMO NOJS, C NJIaBHbIM
PaBHOBECHbIM NpOodGUIEM NONepPevyHOro ceveHus cnos/umnmHapa. (a) Teopetmyeckme oLeHKU BAUSHUS HaKOHA BOHOBOTO
BEKTOpaA K OCM NETIMN Ha NapaMeTpbl BOJH, B IMHEHOM pexume. (6) BoisieneHne cBa3eit Mexay napameTpamu konebaHui
(nep1oaoB M aMNMTYA, pa3/IMUuHbIX NPOCTPAHCTBEHHbIX MOA) M NapaMeTpaMu BOHOBOAA (KPYTM3Ha npoduns, niasMeHHoe

$\beta$).

WP2.3 MNMpoBeaeHune MI[l yncneHHOro MoaenMpoBaHus CTOSUMX M NneLwywmxcsa MegneHHbix MM, kone6aHui, ncnonb3ys
Mopaenb neTnu, nonydeHHyto B WP1.1. (a) OueHka BAMSHUS KPUBM3HBI U CKPYYEHHOCTU MarHUTHOMO NoAns Ha Me4JIeHHble
KonebaHus B ciyyae KoHe4Horo niasmeHHoro $\beta$. OnpeneneHne B3aMMocea3eit napaMeTpoB KoiebaHuit M napameTpos
netim. (6) MMO Ha cTosiumne 1 nieLywmecs MeaneHHble KonebaHus B pasinyHbiX kaHanax AlA u B MMKpOBOJIHOBOM M3/1y4YeHUN.
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PaspaboTka MIl-ceiicMonormyeckoro MeToa OLeHKM nonepeyHbix npoduner NIOTHOCTM M TeMNEPATYpPbl B OCLUAIMPYIOLLE
netne.

B pe3synbtate pabotbl no WP2 6yayT nonyyeHbl cneyloLiye HoBble pe3yNibTaThl: yCOBEPLUEHCTBOBAHHAs MOLe b MeNeHHbIX
MarHMTO3BYKOBbIX KONe6aHWii B KOPOHANbHOM NeT/e, y4UTbIBAOLWAsA NONEePEeYHYI CTPYKTYPY NETAU, CKPYYEHHOCTb MarHUTHOMO
nons U KpUBM3HY neTiu; Hoeble Ml ceicMonornyeckme MeToabl UCCe0BaHUS MONEPEYHON CTPYKTYpbl NeTenb;
onpejeneHne HeoAHOPOAHOCTEN TeMnepaTypbl U NIOTHOCTU KOPOHaNbHbIX NeTeNb U X 3aBUCUMOCTMU OT YKa3aHHbIX
napameTpoB neT/u.

WP3: KBazunepuopgmnueckme npoLecchl B ABYXJIEHTOUHbIX BCNbiwKax. PykoBogutens: A.A. KysHeuoB

WP3.1. AHan13 nepeMeLleHNS UCTOYHMKOB BCMbILLEYHOIO 3HEProBblAEeNEHUS BAOSIb HENTPANIbHOM IMHWUM ABYXNEHTOYHbIX
BCMbILUIEK NO AAHHbIM, MOAYYEHHbIM C NoMoLLbio MHCTpyMeHTOB NORH un CPT, ¢ npusneyenunem gaHHbix SDO/AIAu SDO/HMI B
KayecTBe KOHTEKCTHbIX MHCTPYMEHTOB. () OnpeneneHune 3aBUCMMOCTU CKOPOCTM NepeMeLLeHUs OT NapaMeTpoB apKafibl,
0COBEHHO OT MAarHUTHOTO LWKMpPa (CABMIra) apKadbl, U OT CTaauu pasBuTUS apkagpl. CpaBHeHue ¢ pesynbtatamn WP3.3a. (b)
Mouck KM B ocHOBaHUAX apKadpl U, eCAm OHW HangeHbl, nomck KM B BepuMHe apkagbl, U UX MPOCTPAHCTBEHHO-BPEMEHHOM
aHanmu3. OueHka BpeMeHHOM 3aaepxku mexay KT, HabnogaeMbiMKU B pasHbiX CNEKTPANbHbIX AMANA30HaX, a TAKKe B
BapuaLMaX Mepbl SMUCCUMU U TEMMNEPATYPbl, U3Y4eHUe CBA3M AMHAMUKM BCMbIWEYHbIX TEHTOYHbIX OCHOBaHUM apKaabl (B YO
U3Ny4YEHMMU) M UCTOYHMKOB XKECTKOTO PEHTIFEHOBCKOMO M3/y4YeHus. MiccnenoBaHue BpEMEHHOM CBA3M MeXAY NOSBAEHUEM NIEHT
COJIHEYHOM BCMbILLKM M HAYaNOM ABUXKEHMS PEHTTEHOBCKMX MCTOYHMKOB (3ana3fiblBaHWe,/04HOBpPEMEHHOCTb/ONepexeHue) n
nonyvyeHme GuU3nM4eCckMx napaMeTpoB apKaa 1 ABMXKEHWUI MCTOYHMKOB, KOTOPbIE MOXXHO MCMNOb30BaTh A/ CONOCTABNEHMS C
pesynbTaTaMy MOAESIMPOBAHMS AN €r0 NPOBEPKM.

WP3.2 TeopeTnyeckoe MoAeNMPOBaHME MeANeHHbIX BOJIH, PAaCNpOCTPaHSIOLLMXCS BO BCMbIWEYHOM apKafe C OTPaKEHUEM B
NMOAHOXMSX BAONb HEWTPANbHOM JIMHWUM U UFPAKOLLMX POJb TPUITEPA, MHULMMPYIOLLETrO MarHUTHOE nepecoeauHeHne (passutue
mopenu HakapskoBa 1 3umoBua, Nakariakov & Zimovets 2011). (a) BoisBneHune cBOMCTB MeAsIeHHbIX BOSIH B apkaaax,
MoJenvpyeMbiX B BUAE NONYLMUIMHAPUYECKOro C0s Nia3Mbl, NaBHOHEOHOPOAHOIO B paiManbHOM HanpaeneHuu, B
YacTHOCTH, 3aBUCMMOCTU FPYNMNOBOM CKOPOCTM OT NapamMeTpoB apkaabl. (6) CpaBHeHME NONYyYEHHbIX TEOPETUY € CKUX
pe3ynbTaToB C HAbAOAATEIbHBIMK pe3yNbTaTaMu, NpeacTaBneHHbIMM B paboTax (Bogachev et al. 2005, Li & Zhang 2009,
Reznikova et al. 2010, Kuznetsov et al 2016). (B) [lpoBefeHne nccnefoBaHWI XapakTepHOro NoBeAeHUS TeMNepaTypbl U Mepbl
3MUCCUM U3NYYAIOLLEN NNA3Mbl apKaZbl, @ TAKXKE UX CBA3M Mexay COOO0M, 4Nng rpynnbl BCMbIWEK, y KOTOpbiX Habnoaatotcs KT
Ha da3e cnafia No AaHHbIM B MITKOM PeHTTeHOBCKOM Auana3oHe. (r) PaspaboTka MeToaMKM, NO3BONSIOLLE M OTAUYUTD
MeXaHM3M, OCHOBAHHbIM Ha MeAIeHHbIX BOJIHAX, OT MeXaHM3Ma zipping/whipping nepecoeanHeHus.

WP3.3 /ccnepoBaHue 3BOAKOLMM BCMbILWEYHbIX M NOCTBCAbIWEYHbIX apKag Kak pe3y/bTaT COCMCOYHOM MOAbI X/IOMAOLWMX
OCLMNNAUMIA, PACNPOCTPAHAIOLLMXCS B MaKPOCKOMMUY eCKOM KOPOHa/IbHOM TOKOBOM C/10€ C HanpaensoLwWmM (guide) MarHUTHbIM
nonem. (a) Passutne aHanutuueckoi mogenm (Artemyev & Zimovets, 2012) Ha He pacCMOTpeHHbIe paHee obiacTu
napamMeTpoB M nepecMoTp HabnogeHun Reva et al. (2015), Kuznetsov et al. (2016) n Zimovets et al. (2018). (6) 3D-
MOAENMPOBaHME XIONAKOLLMX BOSIH B H0SIE€ CIOXKHbBIX M PEAIMCTUYHBIX MOAENAX KOPOHA/IbHbIX TOKOBbIX C/I0EB (Hanpumep,
Zhao et al. 2017, 2019), 1 nx MmogndurKaLMaX, BKIHOYAIOWMX HaAMYMe HEOLHOPOLHOCTEN BAOb HEUTPANbHOM IMHUW.
OnpepeneHne ananasoHa GU3UYECKMUX XapaKTEPUCTUK TOKOBOIO €105 (TONWMHA, NNOTHOCTb NIa3Mbl, 3HaYE€HUSI KOMMOHEHT
MarHMTHOrO Moss), ANs KOToporo ¢ha3osas U rpynnoBas CKOPOCTU U AJIMHA BOSIHbI XIOMAOWMX KonebaHMi nexar B
AManasoHax, LOCTYMHbIX HabnogeHuaM. (B) Ha ocHoBe aHanu3a HabnogeHun (npeactaBneHHbix B WP3.1) u MogenMpoBaHus,
paspaboTka MI'[l ceicMonornyeckoro MeToaa ANnst AMarHOCTUKM NepecoeauHALWMXCS TOKOBbIX C/IOEB B MOLUHbIX
ABYXNIEHTOYHbIX BCMblLIKAX.

Wccnenosanus, npoBoanMble B pamkax WP3 no3BonisT nosy4ymTb Clefytowme HoBble pe3ynbTaThl: MOAEIb PacnpoCTPaHeHMUS
Me[IEHHbIX BO/H MO HEOAHOPOAHOM MarHUTHOM apKafe BAO/b HEWTPaNbHOM IMHKUM; MOAENb XIONaWMX KonebaHui B
TPEXMepPHbIX KOPOHa/bHbIX TOKOBbIX C/IOAX C HEOAHOPOAHOCTAMM BAO/b HEUTPANbHOM IMHUM, XapaKTePHbIMU /19
BCMblWeYHbIX ob6nacTei Ha ConHue; onpeaeneHne 0CHOBHbIX GMU3MYECKMX NapaMeTpoB, ONpeaensolmX CKOPOCTb
pacnpocTpaHeHMa 061acTu BCMblLLEYHOr0 SHEProBblAENEHNUS BAOb HEUTPANbHOM IMHUM U, CieA0BaTeNlbHO, MOLIHOCTb
BCMbILLKM; CEACMONOTMYECKMIA METOA, ANArHOCTUKM NEPECOEAMHSIOLMXCSH TOKOBbIX C/IOEB B MOLUHbIX ABYX/JIE€HTOUYHbIX

BCMbl LLKaX.

O6wwmit nnaH paboTbl Ha BECb CPOK BbINONHEHMS NPOEKTA
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1ron

1) VccnepoBaHme COCUCOYHBIX KonebaHWii BO BCMblWEeYHbIX neTnax. Bknoyaer B cebs:

a) TeopeTuyeckoe uccnefoBaHMe 3aBUCMMOCTU NEPUOAOB KonebaHMIM pasHbIX NPOCTPAHCTBEHHbIX FAPMOHMK COCUMCOYHbIX
Kone6aHui B 3aBUCMMOCTM OT CKPYYEHHOCTM MarHUTHOTO MO/ HA OCHOBE MoJeNbHbIX pacyeToB. OnpeneneHne B3anMHON
3aBWCUMOCTM NapaMeTPOB COCUCOUHbIX KonebaHMit U CKpyYeHHOCTH KoneboLweics neTu.

6) MNpoeepeHne MMO Ha pa3nnyHbie MPOCTPAHCTBEHHbIE FAPMOHMKM COCUCOYHbIX KONebaHui No HabraeHNSM B pa3HbIX
[Mana3oHax; OHO BKOYaeT B cebs uccnefoBaHMe B ONTUYECKM TOHKOM M B ONTUYECKM TONICTOM pPeXMMax, y4UTbIBaeT
pas/iMyHble pacnpefeneHuns YCKOPEeHHbIX 3NEKTPOHOB MO MUTY-YIAY U SHEPTUM.

B) MOMCK XapaKTepHbIX MPU3HAKOB COCUCOYHbIX KOnebaHMi No HabnoaeHWSM B pa3MyHbIX AMana3zoHax. Ocoboe BHUMaHWe
byneT yaeneHo cobblTMAM C aHFapMOHUYECKUMM KonebaTenbHbIMU CUTHaNaMK, Tak Kak aHrapMOHUYHOCTb CUrHana SBSeTCs
BO3MOXHbIM MHAMKAaTOPOM MHOTOMOA0BbIX KonebaHuit. B nepByto ouepenb OyayT pacCMOTPEHbI BCMbILWKW B aKTUBHbIX
obnacTax, rae no oLeHKaM CyLLeCTBOBaAM CUIbHbIE TOKW. ByaeT BbimonHeH aHann3 NoayYeHHbIX pe3ynbTaToB, Ha OCHOBE
KOTOpOro 6yayT AONOHEHbI CYLLECTBYHOLLME KATaNOTU.

2) ViccnepoBaHue NneLywmxcs u CTosYux MeafieHHbIX KoiebaHuii B KOPOHanbHbIX NeTasx. BkiouaeT B cebs:

a) KomMnnekcHbI NOWCK NAeLLyLIMXCS U CTOSYUX MeLNeHHbIX KonebaHWi B KOPOHaNbHbIX NETASX C UCMONb30BaHUEM AAHHbIX
SDO/AIA. Co3paHue Katanora CobbITUI C NAELLYLWMMUCA U CTOSMMMU MeANEHHbIMU KONebaHUaMKM, ero KOMOMHaLMS CO CMIMCKOM
cobbITHi onucaHHbix B Nakariakov et al. (2019).

6) [Lna nnewywwmxca kone6aHWit NpoBeAeHUE aHanM3a NapamMeTpoB Pa3NYHbIX MPOCTPAHCTBEHHbIX FAPMOHMK.

3) ViccnepoBaHue MeafieHHbIX BOJH, paCNpOCTPAHSOLWMXCS NO BCMbILLEYHOM apKaje BAOJb HEWTPANbHOM JIMHWUM U UTPAKOLLMX
pOJ/b TpUIrepa MarHMTHOro nepecoeanHeHus (passutne moaenm Nakariakov & Zimovets, 2011). BkntoyaeT B cebsi:

a) AHanuMTUYeckue pacyeTbl B paMKax YrnpoLLeHHOM MOAEU, YNCIEHHOE MOENMPOBaHME B PaMKax NOJHOM cucteMbl MITL,
YypaBHeHWA. BbisiBneHMe CBOWCTB MeANEHHbIX BOJIH B PaiMaNibHO-HEOAHOPOAHbIX apkaaax. OnpeneneHve 3aBUCUMOCTH
rpynmnoBoi CKOPOCTM OT NapaMeTpOB apKafbl.

6) CpaBHeHWe NONyYEHHbIX TEOPETUYECKUX PE3Y/bTATOB C pe3ynbTaTaMu, MNoJyYeHHbIMM B HaboaaTeNbHbIX paboTax
Bogachev et al. (2005), Li & Zhang (2009), Reznikova et al. (2010), Kuznetsov et al. (2016).

B) PazpaboTka MeToAMKM, NO3BONAIOLLEN OT/IMYUTb MEXAHW3M, OCHOBAHHbIM Ha Me[LNIEeHHbIX BOJIHAX B apKafiaxX, OT MEXaHWU3Ma
zipping/whipping nepecoeauHeHus.

4) MoarotoBuTb 5 cTaTei U HaNPaBUTb B peLieH3UpYeMble Hay4YHble XXYpHabl C BblCOKMM MMNaKT-dakTopoM. [peacraBneHve
pe3ynbTaToB NepPBOro rofa NPoeKTa Ha 0TeYECTBEHHbIX U MEXAYHAPOAHbIX KOHMEpPeHLUsX.

5) Co3paHue Beb-caiita npoekTa.

2 ron

1) VHTepnpeTaums COCUCOYHbIX KONebaHMM B CKPYYEeHHbIX BCMbIWEYHbIX NETASX Ha OCHOBE TEOPEeTUYECKUX OLEHOK,
nosy4yeHHbIX B Te4eHune nepsoro roga. OnpegeneHne CKpy4eHHOCTY MarHUTHOIO NOJS B KONEBIOWMXCSA NeTAAX C NOMOLLBHO
H6arecoBckoro aHannsa metogoM MCMC, cpaBHeHMe € NpeablAyLUMMKU OLLEHKAMKU CTEMEHU CKPYYEHHOCTH.

2) ViccnepoBaHue CTOSMMX M NNeLWyLWmMXcs MeafieHHbIX ML, kone6aHuii Bo BCNbILWEYHbIX NeTnsx. BkiovyaeT B cebs:

a) MNpopomkeHne noncka cobbITHM C NAELLYLIMMUCS U CTOSIM UMUK KonebaHuamu. OnpeaeneHne COOTHOLWEHMIM NapaMeTpoB
NAeLLyLWMXCS U CTOSYUX MeaneHHbIx M, konebaHui ¢ napameTpamu neTenb. M3ydyeHne pasHuLbl MeXAY CTOSHUMU U
nneLywmMmucs KonebaHusaMu.

6) lononHeHwue katanora (Nakariakov et al., 2019) cobbiTvammM ¢ naeLywmmMmucs konebaHuamu. Nybamkaums Katanora Ha cante
npoekTa.

B) Pa3paboTka AByMepHOM MOLENMN CTOSMMX M NNELLYLIMXCS MeAJIeHHbIX MarHUTO3BYKOBbIX KOsiebaHUiM B KOPOHaNbHOM neTne ¢
MNA3aBHbIM PaBHOBECHbIM NPOdUIEM NONEPEYHOrO CeYEHUS CNOS/UMNMHAPA. AHANUTUYECKME OLLEHKM BIUSHUS HAKIOHa
BOJIHOBOrO BEKTOPA K OCU LMAMHAPA HA MapaMeTpbl BOJH, B IMHEMHOM pexxume. BoisBneHune ceg3ei napaMeTpoBs KonebaHui
(nepronoB 1 aMNAUTYA, pa3IMYHbIX MPOCTPAHCTBEHHbIX MOJ) M NapaMeTpOB BONHOBOAA (KPYyTU3Ha Npoduns, nnasmMeHHoe
$\beta$).

3) MiccnegoBaHue BCMbIWEYHbIX apKad, AeMOHCTPUPYIOLWMX CMeLLEHME UCTOYHUKOB BCMbILWEYHOrO SHEProBblAeIeHNs BAOb
HeWTpanbHOM IMHMM MarHUTHOrO nons. BkioyaeT B cebs:

a) AHanU3 AMHAMKKKU CMELLEHMS UCTOYHUKOB BLOJIb HEWTPANbHOM JIMHWUM A1 ABYXNEHTOUYHbIX BCMbILEK MO AAHHbIM,
noJy4yeHHbIM ¢ nomoLpto HcTpymeHToB RHESSI, NoRH 1 CPI, SDO/AIA u SDO/HMI.

6) OnpepeneHune 3aBUCUMOCTU CKOPOCTU NepeMeLLEeHNS OT NapaMeTPOB apKafbl OT MarHWTHOTO LWUMPa (CABMIa) apKaabl, U OT
CTaauu pa3BUTUS apKagpbl.

B) Mouck KN B 0CHOBaHMSX M B BEpPLUMHE apKafbl, UX NPOCTPAHCTBEHHO-BPEMEHHOM aHanw3.

4) MoproToBka v Ny6nKaumMa 6 cTaTel B peLeH3npyeMblX Hay4 HbIX XXYpHanax C BblCOKMM UMMAKT-(akTopoM. [peactaBneHune
pe3ynbTaToB BTOPOro rofa NpoekTa Ha 0TeYeCTBEHHbIX U MeXAYHApOAHbIX KOHhEepeHLMIX U NyBanKaums ux Ha caite
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npoekTa.

3ron

1) ccnepoBaHue CTOSUUX M MAeLyLwmMxcs KonebaHuit Bo BCMblLLeYHbIX NeTnsx. BkiaoyaeT B ce6s:

a) MNpoBeeHMe TpexMepHOro YNCNEHHOTO MOLENMPOBaHUS KonebaHuit Ang MOAEeNM NeTNuU, NOCTPOEHHOM B TEYEHME NePBOro
roga npoekta. OueHKa BIMSHUS KPUBM3HBI M CKPYYEHHOCTM MAarHUTHOTO NOAS Ha MeAJieHHble KoiebaHus B Cly4yae KOHEeYHOro
nnasmeHHoro $\beta$. OnpeneneHve B3aMMocea3eit napaMeTpoB KoebaHuWit M NapaMeTpoBs NeT/u.

6) MNpoeepeHne MO Ha cTosuMe U NneLLywmecs MeaneHHble KonebaHus B pasnmuHbix kaHanax SDO/AIA n
pagmorenvorpados.

B) PazpaboTka MI'[] ceficMonornyeckoro MeToaa oLeHKM nonepeyHblX Npoduaen NI0THOCTU M TeMnepaTypbl B
ocuMnAMpytoLen neTne.

2) MpopomkeHue nccnefoBaHUS ABYXNEHTOUYHbIX BCMblLLEK, A€ MOHCTPUPYIOLWMX NepeMeLleHUS MCTOYHWKOB BCMbILLEYHOro
3HeprosblAeNeHNs BAOb HENTPanbHOW NHUK. BkntovaeT B cebs:

Mounck KIMMN B 0CHOBaHUAX M B BEPLUMHE apKafbl, UX MPOCTPAHCTBEHHO-BPEMEHHOM aHanu3. V3yueHue CBS3u AUHAMUKK
NIeHTOYHbIX OCHOBaHUM apkagbl B YO usnyyeHun n uctouHmnkos XP nsnyyeHus. BoiseneHne BpeMeHHbIX 3aKOHOMEpPHOCTE N
MEXAY YpYEHUAMU OCHOBaHMI apKaabl U “Zipping” NosBNeHNEM UCTOUHWUKOB XKP usnyyeHus.

3) UccnepoBaHue konebaTtesibHbIX NPOLLECCOB BO BCMbILWEYHbIX M MOC/IEBCMbILEYHbIX apkafax. BkaoyaeT B cebs:

a) MonenupoBaHue pa3BUTUS BCMbILWEYHbIX M MOCNEBCNbILEYHbIX apKaf, Kak pe3ynbTata COCMCOYHOM MOAbl HEYCTOMYUBbIX
XJIOMNAKLWMX OCLUANSLMIA, PACNPOCTPAHSIOWMXCS B MAaKPOCKOMMUYECKOM KOPOHAbHOM TOKOBOM CJI0€ C HaMpassaioLwmm
MarHMTHOM noneM.

6) OnpepeneHune amManasoHa GU3MYECKUX XapaKTePUCTUK TOKOBOIO €109 (TOMLLMHA, MOTHOCTb NA3Mbl, 3HAYE€HUSA KOMMOHEHT
MarHMTHOrO Moss), 4ng KoToporo ¢ha3osas U rpynnoBas CKOPOCTU U AJIMHA BOMHbI XI0NALWMX KonebaHWit iexar B AMana3oHax,
DOCTYNHbIX HabnoaeHUAM.

B) Pazpabotka MI'[] ceicMonorMyeckoro MeToaa AN AUArHOCTUKM NepeCcoeanHAIOLLMXCSA TOKOBbIX C/IOEB B MOLLHbIX
[BYXJIEHTOYHbIX BCMbILWKaX HAa OCHOBE NPOBELEHHOrO B MPOEKTE aHaM3a HabaeHWI M MOLEIMPOBAHMS BCMbILWEY HbIX
apkag.

4) MoproToBka v Ny6ankauma 5 cTater B peLeH3npyeMblX HayY HbIX XYpHanax C BblCOKMM UMMAKT-dakTopoM. [peactaBneHune
pe3y/nbTaToB TPETbEr0 FOAa NPOEKTa Ha 0TeYeCTBEHHbIX U MEXAYHAPOAHbIX KOHdDEepPEHLMAX U Ha CaiTe NpoekTa.

OxupaeMble KOHKpPETHblE€ pe3ynbTatbl NO rogam

1ron

1) dMNupuYeckas 3aBUCUMOCTb MeXAY NapaMeTpaMm COCUMCOYHbIX KoieBaHWI 1 CKpy4eHHOCTbIO KoNebtoLencs neTu.
2) XapaKTepuUCT1KM BbICLUIMX MPOCTPAHCTBEHHbIX FAPMOHMK COCMCOYHbIX MO, BO BCMbILLEYHbIX 0O1ACTSX.

3) Be6-cant npoekra.

4) Katanor cobbITWi1 C NAeLyLMMUCS U CTOSYUMU MeNIeHHbIMU Kole 6aHUSMU, ero KOMBMHALMS CO CMTUCKOM YXKe OMUCaHHbIX
cobbITUiA, 06061weHHbIM B Nakariakov et al. (2019). Mybnunkaumsa katanora Ha canTe nNpoekTa.

5) CBoWCTBa MeeHHbIX BOJH, PACNPOCTPAHAIOLLMXCS MO BCMbIWEYHON pafManbHO-HEOAHOPOAHOM apKase. 3aBUCUMOCTb
rpynnoBoi CKOPOCTM OT NapaMeTpOB apKafbl.

6) BbisiBneHue KBaznnepuoamnyeckoro BpeMeHHOro noBeAeHus TeMneparypbl U MeEpPbl SMUCCUM U3YYAIOLLE N NNA3Mbl
HECKOJIbKMX BCMbILLEYHbIX apKas.

7) MeToaumka, N03BONAIOLLASA OTIMYMUTb MEXAHWM3M SHEProBbIAENEHUS, OCHOBAHHbIM Ha MeAIeHHbIX BOMHAX B apkKadax, oT
MexaHu3Ma zipping/whipping nepecoeanHeHus.

8) MoaroToBka 5 cTatei U HanpaBneHWe B NeYaTb B peLLEH3MPYEMble HAyYHble XXYPHabl C BbICOKUM UMNAKT-PaKTOPOM.
MpeLncTaBneHue pesynbTaToB NEPBOro roAa NPOeKTa Ha OTEYECTBEHHbIX M MEXAYHAPOAHbIX KOHMEepeHLMUAX.

2ron

1) OueHka napaMeTpOB MarHUTHOM CKPYYEHHOCTU U €€ BO3MOXHOM 3BOJIOLMM BO BPEMS BCMbILLKM.

2) OnpepeneHHble 3aKOHOMEPHOCTU COOTHOLIEHMI MApaMeTPOB MELLYLUMXCS U CTOSYMX MeaneHHblx Ml konebaHui ¢
napameTpamu netenb. OnpeaeneHne pasHULLbl MeXy CTOSYUMU U NeLyLMMUCS KonebaHUaMK.

3) PaclumpeHHbI# KaTanor cobbiTuiA, BKIKOY AWM NneLLywmecs 1 ctosuune konebaHus. Nybnunkauusa katanora Ha cavite
npoekTa.

4) YcoBepLueHCTBOBaHHAs MOAeNb MeAIeHHbIX MAarHUTO3BYKOBbIX KonebaHuiM B KOPOHANIbHOM NeTne, y4uTblBaoLLIas
rnonepeyvHy CTPYKTypbl Nia3Mbl B MarHUTHOW NeT/e, CKPY4eHHOCTb MarHUTHOM NETU U KPUBM3HY NETAM.

5) HoBble celicMonornyeckune Metoabl MCCNeA0BaHUS NONEPEYHOro CTPYKTYPUPOBaHUS NAa3Mbl B NeTne.
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6) MNpoTecTMpoBaHHas METOAMKA, MO3BOSIOLLIAS OT/IMYUTb MEXAHM3M SHEProBblAeNeHMS, OCHOBAHHbIM Ha MeeHHbIX BO/HAX
B apKafax, OT MexaHun3Ma zipping/whipping nepecoeguHeHus.

7) 3aKOHOMEpPHOCTU CMELLEHUS UCTOYHMKOB BLOMb HEUTPANbHOM IMHUM ANS ABYXJIEHTOUYHbIX BCMbIWEK. 3aBUCUMOCTb CKOPOCTH
nepeMelLeHns oT napamMeTpoB apkaapl. OLeHKM CKOPOCTU pacnpOCTPaHeHWs BCMbIWKW BAOb HEWTPANbHOM JIMHUK U,
CnefoBaTeslbHO, MOLLHOCTM BCMbILWKM.

8) MoaroToeka u nybamkaums 6 cTatel B peLeH3MpyeMbIX HayYHbIX XXYPHaNax ¢ BblCOKMM MMNaKT-pakTopoM. [peactasneHune
pe3ynbTaToB BTOPOro rofa NpoekTa Ha 0Te4eCTBEHHbIX U MeXAYHApOAHbIX KOHhEepeHLMIX U NyBanKaums ux Ha caite
npoekTa.

3ron

1) OueHkKa BIMSIHMS KPUBM3HBI U CKPYYEHHOCTU MAarHUTHOTO NOAS Ha MeAJieHHble KonebaHus B Cly4yae KOHeYHOro
nnasmeHHoro beta. OnpeneneHHble B3aMMOCBA3M MeX 4y NapameTpaMu KonebaHui U napamMeTpamu NeTu.

2) HoBbi MI'[], ceicMonornyeckuii MeTof, oLeHKM nonepeyHblX npodunen NI0THOCTU 1 TeMNEPATYpPbl B OCLUANUPYIOLLEN
netne.

3) OueHku BpeMeHHbIX 3aaepxek Mexxay KI, HabnoaaeMbIMU B pa3HbiX AMana3oHax 3MeKTPOMarHUTHOMO CNEKTPa, a Takke B
BapuaLMsaIX Mepbl SMUCCUU U TeMNEPATYPbI.

4) BpeMeHHble 3aKOHOMEPHOCTU MeX .y AMHAMUKOM NNEHTOYHbIX OCHOBaHWI apkaabl B YD u3fydeHun u “zippnig” noseneHnem
MCTOYHUKOB XP nsnyyeHus.

5) Moaenb pa3BuTUS BCMbIWEYHbIX M MOCTBCMbILIEYHbIX apKaj, KaK pe3ynbTaTta COCUCOYHbIX KonebaHuM, pacnpoCcTpaHsoWwmxcs
B MaKpOCKOMMWYeCKOM KOPOHa/IbHOM TOKOBOM C/10€ B HaNpaBAsoLLEM MarHUTHOM Mose.

6) OnpepeneHHbIV AManasoH GU3nMYEeCKUX XapakTe pUCTUK TOKOBOrO €10 (TOALWMHA, NAOTHOCTb NIa3Mbl, 3HAYEHUS
KOMMOHEHTOB MAarHUTHOTO N0JK), Ans KOTOPOro pasoBas 1 rpynnosas CKOPOCTH U AMHA BOJIHbI XJIONAKLWMX KonebaHui nexar
[ManasoHax, AOCTYMHbIX HabnoaeHUAM.

7) MI'[] cecMonormMyeckoro MeToaa Afig AUArHOCTUKM MepeCcoeaMHAIOLLMXCS TOKOBbIX C/I0€B B MOLUHbIX ABYXNEHTOUYHbIX
BCMblLWKaX.

8) MoprotoBka 1 Nybnamkaums 5 ctatei B peLeH3MpyeMbIX Hay4HbIX XXYPHanax C BblCOKMM MMNaKT-dakTopoM. [peactaBneHmne
pe3y/nbTaToB BTOPOro roAa NpoekTa Ha 0TeYeCTBEHHbIX U MeXAYHApOAHbIX KOH(QEepPEeHLMAX U Ha CalTe NpoeKTa.

MpoekT ByneT KOOPAMHMPOBATLCS pyKoBoAMTENEM NpoekTa, B.M. HakapskoBbiM. OTBeYas yCNOBUSAM, CIOXKMBLLUMMCS B
pe3ynbTate naHaemmmn Kosua-19, cylwecTBeHHas 4acTb aAMUHUCTPUMPOBAHUS NpoeKTa byaeT OCyLLeCTBASTLCS B OHNAMH
pexunMe, C y4eTOM OFPOMHOTO OMbITa, HAKOMEHHOTO Hawel koMaHaow B TeyeHne 2020 roaa. Kaxablie aBe Hepenm 6yayT
npoBoanTbcs MS Teams nnu Zoom coBeLlaHus, Lienbio KOTOPbIX ByaeT OTCNeXUBaTb X0, BbIMOMHEHUS NPOEKTa B LLEJIOM, a
TakXke BbISIBASTb M YCTPAHATb NiloOble NpobaeMsl, BaMsoWwme Ha paboTy. ExxeMecsa4yHO pykoBOAMTENb NPOEKTa, OTBETCTBEHHbIE
MCNONHUTENN U PYKOBOAMTENN pabounx nakeToB 6yayT npoBoanTb TenekoHdepeHumuun (MS Teams nam Zoom), oTcnexxmeas u
KOOpAMHUPYS NPOrpecc B oTAeNbHbIX pabounx nakeTtax. MapannensHo avaepbl pabounx naketos 6yayT NpoOBOAMTL NO
KparHen Mepe exeMecsyHble TenekoHdepeHLMH C y4acTueM BCeX YHaCTHUKOB, BOBNEYEHHbIX B UX paboumnin nakeT. Kaxabli
Mecsl, KOMaHAa NnpoekTa byaeT NpoBOAUTbL UCCNeA0BATENbCKMIA BeOMHAP C Mpe3eHTaUUsIMU YNeHOB KOMaHAbI
(NnpeanoYTUTENBHO MONOABIX UCCNIef0BaTENEN) O CBOMX NOCIEAHMX HAYYHbIX LOCTMXEHUSX B paMKax MpoeKTa u nporpecce,
[LOCTUTHYTOM B HanpaBieHUM NPOeKTa KOHKYPUPYIOLWMMM rpynnamMu (Nno pesynbTataM ny6amkaumii, npe3eHTauumii Ha
KOH(depeHLMAX M YacTHbIX coobLeHui). Kaxaas HanpasnseMas B neyartb HayyHas CTaTbs, NpeACTaBAsoLWLAs pe3ybTaThl
MCCnea0BaHUii B paMKax NpoekTa, byaet npoxoanTb anpobauuio Ha BebuHape. CoBMeCTHas paboTa OTAEbHbIX Y4ACTHUKOB
npoekTa, Npu yCioBMM nx paboTbl HAa yAANeHHOM OCHOBE UM B pa3HblX OpraHM3auumsx, byaeT ocyLwecTBASTLCS C
MCMNOb30BaHMEM 3NEKTPOHHOM MNOYTbl M MS Teams nnm Zoom, a TakKe C UCNOJIb30BaHUEM 061aUHbIX X PAHUMLL, AAHHbIX.

Pe3ynbTathl npoekTa ByayT pacnpoCTpaHaTbCs B 0ObIYHOM NopsiKe Yepes HayuHble Ny6AnKaLMmM B HayUYHbIX XYpHanax (He
MeHee 16 Hay4HbIX CTaTe B peLeH3MpyeMblX HAy4HbIX XXYpHanax, npouMHaekcupoBaHHbix B Web of Science n Scopus) 1
npe3eHTauun Ha Hay4YHbIX KOHDEepEeHLMSX, a TaKkKe NOCPeiCTBOM NyBIMYHbIX NEKLUMIA U CTaTel B HAy4HO-NONYNSpHble
YKYpHanbl.

Pucku, cBa3aHHble C NPOEKTOM, CHYUTAKOTCA HU3SKNMU. Mbl 6y,EI,EM MCNosb30BaTb NpOBEPEHHbIE KOAbl 014 YNCNEHHOIO
MO4eNnpoBaHNA U MWO, Xopoulo pa3pa60TaHHble MeTOAbl aHANM3a AAHHbIX U HAAEXHbIe aHanuTuyeckmne metogabl. Komanaa
NPpOEeKTa KOMNEeTEHTHA BO BCEX ACMEKTAX NPOeKTa. HeobxoanMble gaHHble HaxoaaTcs 6o B OTKPbITOM O0CTyne, nmbo
OOCTYyNHbl Yepe3 HenoCcpeaCTBEHHOE y4acTMe Y4aCTHUKOB NPOEKTA B HAYy4YHbIX KOMaHAaX Heobx0anMbIX MHCTPYMEHTOB.
MHTEDECYDMME HaC NpUpogHble ABNEHUA PETYNAPHO HabntopatoTca ACTPOHOMUYECKUMU MHCTPYMEHTAMU, U UX YaCTHbIE
cnydam XOpoLwo U3yyeHbl. bazoBble TEeOpeTU4YeCKMe OCHOBbI MPOEKTa NPUHATbI HAYYHbIM Co06LLEeCTBOM.
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Ha GHeNULICKOM 5i3biKe
The project tasks are divided into three Work Packages (WP), which are linked to each other by a common methodology. A
detailed description of the work packages is presented below. The novelty of the proposed methodology in the project lies
in:
- combining and complementing the results of theoretical modeling and data analysis (WP1.1, WP1.2, WP3.2);
- effective use of the results obtained in the physics of the Earth's magnetosphere (WP3.3);
- a systematic approach, which assumes the accumulation and systematization of observational information obtained by
various instruments in different bands, in the form of a single catalogue of events (WP1.3, WP2.1, WP3.1);
- the use of advanced data analysis techniques specially designed for the study of signals that are transient, non-linear and
multimodal (WP1.3, WP3.1);
- the use of unique multi-wavelength spatially resolved radio observations of the Sun, carried out at the SRH (WP3.1).

Analytical models will be developed based on standard methods for describing MHD waves in plasma waveguides, which are
intensively used by our team (for example, Nakariakov et al. 2016). An evolutionary Burgers-type equation for weakly
nonlinear oblique slow waves guided by a smooth transverse plasma inhomogeneity will be obtained in the framework of
the asymptotic formalism developed in (Nakariakov et al. 1997) for fast waves. The nonlinear evolution of standing slow
waves will be described by combining the obtained Burgers-type equation with the formalism developed by Ruderman
(2013).

A novel element of this project is the effective sharing of knowledge about the solar corona and the Earth's magnetosphere,
following the guidelines formulated in the review (Nakariakov et al. 2016). This approach will allow one to go beyond the
ZSER model in theoretical modelling of MHD waves in the corona. We adapt and use magnetospheric models of slow
magnetosonic waves in the bent magnetic slab (corrugation modes) and flapping oscillations in the macroscopic current
sheet. Previously, analytical solutions were obtained for unstable flapping waves within weak and strong magnetic shear for
short and long wavelengths (Artemyev & Zimovets, 2012) in incompressible MHD for an elongated quasi-vertical current
sheet in the corona. It has been shown that the guiding magnetic field has a stabilizing effect on flapping oscillations. The
contribution of the guiding field to unstable flapping waves in the current sheet of the Earth's magnetic tail was investigated
both analytically and numerically using linearized 2D and nonlinear 3D MHD modelling (Korovinskyi et al., 2015). The
following important properties of flapping waves were established: stabilization for short-wave modes, the appearance of a
typical (fastest-growing) wavelength of the order of the width of the current sheet, a decrease in the maximum growth rate
with an increase in the driving field, and complete attenuation for values of the driving field more than half of the
magnetotail lobe field.

An important element of seismology is the forward modelling (FM), that is, the creation of synthetic observations showing
how different oscillatory modes should look in the data of different observational instruments. Input data for such a
calculation can be obtained from numerical MHD modelling or constructed based on analytical models. A popular tool for
forward modelling is the FoMo code (Van Doorsselaere et al. 2016), which will be adapted for the project needs. This code
has been applied to simulate slow mode oscillations in hot lLoops (Yuan et al. 2015, Mandal et al. 2016). Shi et al. (2019) did
forward modelling of the modulation of coronal radiation by sausage oscillations taking into account the effects of non-
equilibrium ionization. The GX_Simulator package (Nita et al. 2015, 2018), which was used to simulate the observational
manifestations of sausage oscillations in microwave radiation (Kuznetsov et al. 2015), is a similar tool for forward modelling
of the radio emission (in particular, in microwave band); see Figure 1 in the supplementary file attached to the proposal. The
project participants (A.A. Kuznetsov and S.A. Anfinogentov) are involved in the development of this package and will adapt it
to the project's objectives.

Estimation of the magnetic field twist from observed MHD oscillations, as well as other tasks of the project aimed to reveal
the characteristics of the plasma of solar active regions, are problems of inferring model parameters that give the best
agreement between theoretical predictions and observational data. Traditionally, such problems are solved by fitting free
parameters of the model, so that its predictions are as close as possible to the observational data. Most often, various
variations of the least-squares method are used for this purpose. In the case of a large number of parameters and complex
models, the solution to this problem becomes nontrivial. To obtain reliable physical information, it is not enough to estimate
only the most probable values of the parameters, but it is also necessary to determine the confidence intervals and identify
the relationships between the model parameters. Also, it is important to correctly compare several alternative models that
take into account different physical effects. All of these problems are successfully solved using Bayesian analysis in
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combination with the Markov Chain Monte-Carlo (MCMC) method. The model can be defined both by a simple analytical
expression or by complex numerical modelling, including the forward modelling. The MCMC method samples the
multivariate posterior probability distribution of model parameters, makes histograms for each parameter, and then estimates
the most probable values and associated credible intervals. The latter can be asymmetric and remain correct even for
multimode distributions. Explicit or implicit relationships between model parameters are identified and visualized using two-
dimensional histograms. Also, competing models are evaluated using the Bayes factor, and not only the best approximations
are compared, but the models as a whole. In the project, we will use the MCMC code (https.//github.com/Sergey-
Anfinogentov/SoBAT) developed by the project team member S.A. Anfinogentov. The code has been successfully applied to
the seismological analysis of decaying kink oscillations of coronal loops and to infer the transverse density profile of coronal
loops from the observed intensity profile of EUV emission (Pascoe et al. 2017, 2018). Figure 2 in the supplementary file
demonstrates the results of Bayesian inference of the density contrast and inhomogenity layer width of an oscillating coronal
Lloop.

When studying MHD oscillations in coronal loops and quasi-periodic pulsations (QPP) of flaring emission, special attention
will be paid to potentially multimodal oscillatory signals, non-stationary oscillations and pulsations, whose parameters are
changing over time (for example, Nakariakov et al. 2019). We will use a new methodology developed in a joint project of the
Russian Foundation for Basic Research and the International Project of the Royal Society, conducted by E.G. Kupriyanova. in
2018-2019. The technique consists of a unique combination of standard methods (Fourier periodogram, wavelet) with the
Empirical Mode Decomposition (EMD) technique. Unlike standard methods, EMD does not use time series decomposition in
terms of predefined periodic basis functions. The EMD method analyzes the time scales of the time series itself, highlighting
intrinsic time scales in an internal empirical fashion. By the iteration method, modes of different time scales are distinguished,
from a low-frequency trend to high-frequency noise. Each of the modes represents a non-stationary and anharmonic
oscillatory signal. For this reason, the EMD method is best suited for the analysis of non-stationary oscillations (for example,
Kolotkov et al., 2018a,b). Confidence levels of the detection in the presence of a trend and coloured noise can be estimated
using the original method developed in (Kolotkov et al. 2016a).

In the radio band, the archive data of the Nobeyama radioheliograph (NoRH) will be used. The project team have extensive
experience in using NoRH data, including membership in the International Consortium for the Continued Operation of NoRH
and regularly serving as the NoRH Chief Observers. Also, data from the Owens Valley Solar Array (EOVSA) radio telescope and
the new Siberian Radioheliograph (SRH; Altyntsev et al. 2020), an instrument for obtaining images of the Sun in the
microwave band (in intensity and circular polarization) with a high temporal resolution at many frequencies, will be used.
SRH is currently under construction at the Radioastrophysical Observatory of ISTP SB RAS. Since 2016, regular observations
have been carried out on the 48-antenna prototype of the SRH (Lesovoy et al. 2017) at 32 frequencies in the 4-8 GHz range.
The full version of the SRH will consist of three independent antenna arrays operating in the 3-6, 6-12 and 12-24 GHz
frequency bands, which will provide high spatial (7-30", depending on the frequency) and temporal (0.1-1 s) resolution. In
2020, it is planned to start regular observations at 3-6 GHz, and then antenna arrays at 12-24 and 6-12 GHz will be
commissioned. An example of multiwavelength radiomaps obtained by the operating prototype of SRH is shown in Figure 3
in the supplementary file. After the termination of observations on the Nobeyama radioheliograph on March 31, 2020, the
SRH and EOVSA became the only solar dedicated radio telescopes in the world, which obtain regular two-dimensional radio
images of the Sun in the microwave band, and the data of which are in the public domain. The data from these instruments
will be used to analyze events that occurred after March 31, 2020. Multifrequency observations make the SRH a unique solar
instrument for the proposed project, allowing combined space-spectral-time resolution of solar flares and the oscillations
arising in them. Project team members are directly involved in the work on the SRH. Other instruments of the ISTP SB RAS
Radioastrophysical Observatory that will be used in the project are multichannel spectropolarimeters providing dynamic
spectra of solar microwave radiation (with a resolution of 10 ms at 26 frequencies in the 4-8 GHz band and with a resolution
of 1 sat 16 frequencies at 2-24 GHz).

The set of observational data that will be used in the analysis of different MHD modes depends on the mode type. Since the
sausage mode has a short characteristic time scale (period), of less than several tens of seconds, the tools providing the
highest temporal resolution will be used to search for such oscillations. In particular, in the microwave band, we will use
NoRH, SRH and broadband spectropolarimeters (open access). In the X-ray range, data from the Reuven Ramaty High Energy
Solar Spectroscopic Imager (RHESSI) and Konus/WIND, which are also publicly available), will be used. However, since the
temporal resolution of RHESSI is worse than that of microwave instruments, the RHESSI data will only be used for the analysis
of periods longer than 15 s. The temporal resolution of the Konus/WIND data reaches 2 ms in trigger mode and allows us to
study short-period sausage oscillations. However, this instrument, unlike RHESSI, does not provide spatial information,
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registering only the integral flux of X-ray radiation from the Sun. Spatial localization of the QPP in different wavelength
bands will be carried out using instruments with spatial resolution: SRH (4-8 GHz, with an extension of the band during the
project), Expanded Owens Valley Solar Array (EOVSA, 1-18 GHz), NoRH (17 and 34 GHz, historical data), RHESSI (3-300 keV,
historical data), Atmospheric Imaging Assembly (AlA) on board SDO, and SDO/HMI. The combination of these instruments also
provides high spectral resolution, which is important for reconstructing the energy spectra of radiation and, thus, allows the
identification of the radiation mechanism and QPP generation mechanisms (the full variety of the QPP generation
mechanisms is presented in Figure 4 in the supplementary file). Analysis of the spectra makes it possible to estimate the
parameters of the populations of thermal plasma and nonthermal electrons, as well as their evolution during the flare. Slow
modes have longer characteristic periods (on the order of several minutes), therefore, maximum temporal resolution is not
required, but high spatial resolution is needed. Therefore, we will use the data in the UV and EUV bands obtained using
SDOAIA. The project team has extensive experience in using open-access data obtained with RHESSI and SDO / AlA (where V.
M. Nakariakov is Associate Investigator), as well as SDO/HMI observations. A detailed study of the QPP parameters in each
specific range will be carried out independently on their possible relationships, including the QPP in broadband signals.

Information on the magnetic field and energy release of the flare in the photosphere will be obtained using SDO / HMI data
with an angular resolution of 1 arcsecond. Along with the standard 45-s magnetograms (in projection onto the line of sight),
we will use HMI vector magnetograms with high temporal resolution (90 s and 135 s), which have recently appeared in the
public domain (Sun et al., 2017) and have not yet widely used by the research community.

The theory of unstable flapping waves will be applied to solar two-ribbon flares using systematic measurements of the
magnitude of the magnetic shear in cases of “zipping” propagation of paired sources of HXR along the neutral line. We will
use the observation catalogue (Kuznetsov et al., 2016) and modelling (Zimovets et al., 2018) as a starting point. The next step
is the numerical simulation of the development of unstable flapping oscillations in vertical 3D current sheets in the corona
under physical conditions suitable for two-ribbon flares. Numerical modelling of the equations of compressible MHD for
coronal current sheets will be performed. Various current sheet configurations will be modelled. As the first step, the
development of spatially localized perturbations of current sheets with the geometry described in (Artemyev & Zimovets,
2012) will be considered. As a second step, 3D modelling of the evolution of flapping oscillations in a 2.5D current sheet
below the eruptive filament will be performed (Zhao et al., 2017, 2019). As a third step, the evolution of current sheets with
initial conditions different from those used in (Zhao et al., 2017, 2019) will be studied, in particular, inhomogeneities along
the neutral line of the magnetic field will be taken into account. Special attention will be paid to a parametric study of the
instability of flapping oscillations depending on the magnetic shear.

The project consists of three separate Work Packages (WPs) that are linked together by a common methodology. Each WP has
a leader who will control activities and report to the project Pl.

WP1: Sausage oscillations of flare loops. Leader: E.G. Kupriyanova.

WP1.1 Theoretical modelling of sausage oscillations in short hot-plasma flare loops, taking into account effects of variable
loop cross-section, loop magnetic field twist and loop curvature. Numerical simulations of the evolution of a locally
axisymmetric disturbance in a loop, which is modelled as a magnetic tube filled with dense plasma, in a dipole magnetic
field. A near-critical twist of the magnetic field will be introduced by rotation of one of the loop footpoints. A parametric
study of the dependence of the periods of different spatial harmonics of sausage oscillations on the degree of twist, obtaining
empirical formulas for these dependencies, for example, in the form of a polynomial.

WP1.2 Based on the results of WP1.1, forward modelling of manifestations of different spatial harmonics of sausage
oscillations using images obtained with different instruments (RHESSI, NoRH and SRH) in both optically thin and optically
thick regimes, taking into account different distributions of nonthermal electrons by energy, pitch angle and plasma volume.
WP1.3. (a) Search for characteristic features of sausage oscillations in NoRH and RHESSI data (archive data), SRH and
Konus/WIND (archive data and new observations), using existing QPP catalogues, paying attention both to anharmonic
oscillations as a possible signature of multimode oscillations and to flares in active regions with already estimated strong
currents. (b) Analysis of multimode events. (c) Interpretation in terms of theoretical estimations from WP1.1 and WP1.2.
Defining the magnetic field twist in oscillating loops using Bayesian MCMC analysis based on WP1.1 results, compared with
previous estimates of the twist where applicable.

Work on the WP1 program will allow obtaining the following new results: theoretical dependence of the parameters of
sausage oscillations on both the magnetic field twist and the curvature of the oscillating lLoop; new seismological methods
for evaluating twist in expanding loops; an estimation of the twist and its possible evolution during the flare.
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WP?2: Slow magnetoacoustic oscillations of loops. Leader: R.A. Sych

WP2.1 A comprehensive search for sloshing and standing slow MHD oscillations in coronal loops using SDO/AIA data. For
sloshing oscillations, analysis of parameters for different spatial harmonics. (a) Creation of an event catalogue (starting with
AlIA data using Helioviewer and Heliophysics Events Knowledgebase), combined with a list of already described events
summarized in (Nakariakov et al., 2019). (b) Finding relationships between parameters of the oscillations with the loop
parameters, expanding the list of events (Nakariakov et al., 2019) by including sloshing oscillations. Studying the difference
between standing and sloshing oscillations.

WP2.2 Development of a 2D model of standing and sloshing slow magnetoacoustic oscillations in a coronal loop, modelled
as a straight plasma cylinder, elongated along the magnetic field, with a smooth equilibrium cross-section profile of a
slab/cylinder. (a) Theoretical estimations of the effect of the angle between the wave vector and the axis of the loop on the
wave parameters, in the linear approximation. (b) Revealing the relationships between the oscillation parameters (periods
and amplitudes of different spatial modes) and the waveguide parameters (profile steepness, plasma $\beta$).

WP2.3 MHD numerical simulations of both standing and sloshing slow MHD oscillations using the loop model obtained in
WP1.1. (a) Estimation of the effect of both the curvature and twist of the magnetic field on slow oscillations in the case of a
finite plasma $\beta$. Finding the relationships between parameters of the oscillations and the loop parameters. (b) Forward
modelling of manifestations of both standing and sloshing slow oscillations in different AIA channels and in microwave
emission. Development of an MHD-seismological method for estimation of the transverse density and temperature profiles in
an oscillating Loop.

As a result of the WP2, the following new results will be obtained: an improved model of slow magnetoacoustic oscillations
in a coronal loop, taking into account the transverse structure of the loop, the magnetic twist and the curvature of the loop;
new MHD seismological methods for studying the transverse structure of loops; determination of temperature and density
inhomogeneities of coronal loops and their dependence on the mentioned loop parameters.

WP3: Quasi-periodic processes in two-ribbon flares. Leader: A.A. Kuznetsov

WP3.1. Analysis of the movement of sources of flare energy release along the neutral line in two-ribbon flares based on data
obtained using the NoRH and SRH and attracting SDO/AIA and SDO/HMI data as contextual tools. (a) Determination of the
dependence of the speed of movement on the parameters of the arcade, especially on the magnetic shear of the arcade, and
on the stage of development of the arcade. Comparison with the WP3.3a results. (b) Search for QPPs at the arcade footpoints
and, if found, search for QPPs at the arcade top, and their spaciotemporal analysis. Estimation of the time delay between QPPs
both observed in different spectral bands and found the emission measure and temperature time profiles, study of the
relationships between the dynamics of the flare ribbons, which are the footpoints of the arcade, (in UV radiation) and sources
of the hard X-ray emission. Studying the temporal relationship between the appearance of solar flare ribbons and the
beginning of the movement of X-ray sources (delay/simultaneity/leading); estimating the physical parameters of arcades and
motions of the sources, which can be used for comparison with the results of simulation for its verification.

WP3.2 Theoretical modelling of slow waves propagating in a flare arcade with reflection at the foot along the neutral line
and playing the role of a trigger initiating magnetic reconnection (development of the model of Nakariakov and Zimovets,
2011). (a) Revealing the properties of slow waves in arcades modelled as a semicylindrical plasma slab smoothly
inhomogeneous in the radial direction, in particular, the dependence of the group speed on the arcade parameters. (b)
Comparison of the obtained theoretical results with the observational results presented in (Bogachev et al. 2005, Li & Zhang
2009, Reznikova et al. (2010), Kuznetsov et al. 2016). (c) Study of the characteristic behaviour of the both temperature and
emission measure of the emitting plasma in the arcade and their relationship with each other, for a group of flares in which
QPPs are observed in the decay phase according to data in the soft X-rays. (d) Development of a methodology to distinguish
between the slow wave mechanism and the zipping/whipping reconnection mechanism.

WP3.3 Study of the evolution of flare and postflare arcades as a result of a sausage mode of flapping oscillations propagating
in a macroscopic coronal current sheet with a guide magnetic field. (a) Extension of the analytical model (Artemyev &
Zimovets, 2012) to the previously unconsidered ranges of parameters and revision of observations by Reva et al. (2015),
Kuznetsov et al. (2016) and Zimovets et al. (2018). (b) 3D modelling of the flapping waves in more complex and realistic
models of the coronal current sheets (for example, Zhao et al. 2017, 2019), and their modifications, including accounting for
the presence of inhomogeneities along the neutral line. Determination of the range of physical characteristics of the current
sheet (thickness, plasma density, values of the magnetic field components), for which the phase and group velocities and
wavelengths of flapping oscillations lie in the ranges accessible to observations. (c) Based on the both analysis of
observations (presented in WP3.1) and modelling, development of an MHD seismological method for diagnosing the
reconnecting current sheets in powerful two-ribbon flares.

The WP3 research will provide the following new results: model of the slow wave propagation in an inhomogeneous
magnetic arcade along the neutral line; model of the flapping oscillations in the 3D coronal current sheets with
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inhomogeneities along the neutral line, typical for flare regions on the Sun; estimation of the principal physical parameters
that determine the speed of propagation of the flare energy release along the neutral line and, consequently, the power of
the flare; seismological method for diagnostics of reconnecting current sheets in powerful two-ribbon flares.

General work plan for the entire duration of the project

1 year

1) Study of sausage oscillations in flare loops. Includes:

a) Theoretical study of the dependence of the periods of oscillation of different spatial harmonics of sausage oscillations
depending on the magnetic twist based on model simulations. Study of the mutual dependence of the parameters of the
sausage oscillations and the torsion of the oscillating loop.

b) Forward modelling of the manifestations of different spatial harmonics of sausage oscillations in the multi-wavelength
observations, including optically thin and optically thick regimes, and considering different distributions of accelerated
electrons over both pitch angle and energy.

¢) Search for characteristic signatures of sausage oscillations in the multi-wavelength data. Special attention will be paid to
events with anharmonic oscillatory signals, since anharmonicity of the signal is a possible indicator of multimode oscillations.
First of all, we will consider flares in active regions where, according to estimates, strong currents existed. The analysis of the
results will be carried out, and, based on them, the existing catalogues will be supplemented.

2) Study of both sloshing and standing slow oscillations in coronal loops. Includes:

a) Comprehensive search for sloshing and standing slow oscillations in coronal loops using SDO/AIA data. Creation of a
catalogue of events with sloshing and standing slow oscillations, its combination with the list of events described in
Nakariakov et al. (2019).

b) For sloshing oscillations, analysis of the parameters of their different spatial harmonics.

3) Study of slow waves propagating in the flare arcade along the neutral line and triggering the magnetic reconnection
(development of the model by Nakariakov & Zimovets, 2011). Includes:

a) Analytical calculations in terms of a simplified model, numerical full-MHD simulations. Revealing the properties of slow
waves in radially inhomogeneous arcades. Determination of the dependence of the group speed on the parameters of the
arcade.

b) Comparison of the obtained theoretical results with the results obtained in the observational works of Bogachev et al.
(2005), Li & Zhang (2009), Reznikova et al. (2010), Kuznetsov et al. (2016).

c) Development of a methodology allowing to distinguish the mechanism based on slow waves in arcades from the
mechanism of zipping/whipping reconnection.

4) Prepare 5 papers and submit them to peer-reviewed scientific journals with a high impact factor. Presentation of the results
of the first year of the project at domestic and international conferences.

5) Creation of the project website.

Year 2

1) Interpretation of sausage oscillations in twisted flaring loops based on theoretical estimations obtained during the first year.
Determination of the magnetic twist in oscillating loops using Bayesian and MCMC analysis, comparison with previous
estimations of the twist.

2) Study of standing and sloshing slow MHD oscillations in flaring loops. It includes:

a) Continuing the search for events with sloshing and standing oscillations. Determination of the relationship between the
parameters of the sloshing and standing slow MHD oscillations with the parameters of the loops. Exploring the difference
between standing and sloshing oscillations.

b) Extending the catalogue (Nakariakov et al., 2019) with the events of sloshing oscillations. Publishing the catalogue on the
project website.

c) Development of a two-dimensional model of standing and sloshing slow magnetoacoustic oscillations in a coronal loop
with a smooth equilibrium transverse profile of the slab/cylinder. Analytical estimations of the influence of the angle
between the wave vector and the cylinder axis on the parameters of the waves, in a linear regime. Revealing the
relationships between the oscillation parameters (periods and amplitudes of different spatial harmonics) and the waveguide
parameters (profile steepness, plasma $\beta$).

3) Study of flare arcades manifesting progression of the flaring energy release sources along the magnetic neutral lines. It
includes:

a) Analysis of progression of the flaring energy release sources along neutral lines of two-ribbon flares using the data
obtained with RHESSI, NoRH and SRH, SDO/AIA and SDO/HMI.
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b) Determination of the dependence of the progression speed on the parameters of the arcade, such as the magnetic shear,
and the stage of the arcade development.

¢) Search for QPP at the footpoints and at the top of the arcade, their spatio-temporal analysis.

4) Preparation and publication of 6 research papers in peer-reviewed high-impact scientific journals. Presentation of the
results of the second year of the project at national and international conferences and their publication on the project
website.

Year 3

1) Study of standing and sloshing oscillations in flaring Lloops. It includes:

a) Performing a 3D numerical simulation of oscillations for the loop model designed during the first year of the project.
Estimation of the impact of the magnetic field curvature and twist on slow oscillations in a finite plasma-beta regime.
Determination of the relationship between parameters of the oscillations and the Loop.

b) Forward modelling of standing and sloshing slow oscillations in various channels of SDO/AIA and radioheliographs.

c) Development of an MHD-seismological method for assessing the transverse density and temperature profiles in an
oscillating loop.

2) Continuing the study of two-ribbon flares manifesting progression of the flaring energy release sources along the neutral
line. It includes:

Search for QPP at the footpoints and at the top of the arcade, their spatio-temporal analysis. Investigation of the relationship
between the dynamics of the arcade UV ribbons and sources of HXR emission. Revealing the correlation between the
appearing of ribbons and “zipping” motions of HXR sources.

3) Study of oscillatory processes in flaring and post-flaring arcades. It includes:

a) Modelling the development of flaring and post-flaring arcades as a result of the sausage mode of unstable flapping
oscillations propagating in a macroscopic coronal current sheet with a guiding magnetic field.

b) Determination of the range of physical parameters of the current sheet (thickness, plasma density, values of the magnetic
field components), for which the phase and group speeds and wavelength of flapping oscillations are available for
observations.

c) Development of an MHD-seismological method for diagnostics of reconnecting current sheets in powerful two-ribbon
flares based on the analysis of observations and modeling of flare arcades, carried out in the project.

4) Preparation and publication of 5 research papers in peer-reviewed high-impact scientific journals. Presentation of the
results of the third year of the project at national and international conferences and on the project website.

Specific expected results (by year):

Year 1

1) The empirical relationship between the parameters of sausage oscillations and the magnetic twist of the oscillating loop.
2) Characteristics of higher spatial harmonics of sausage modes in flaring regions.

3) Project website.

4) A catalogue of events of sloshing and standing slow oscillations, its combination with the existing list of events
summarized in Nakariakov et al. (2019). Publication of the catalogue on the project site.

5) Properties of slow waves propagating in a radially inhomogeneous flaring arcade. Dependence of the group speed on the
parameters of the arcade.

6) Revealing a quasi-periodic behaviour of the temperature and the emission measure of the emitting plasma of several
flaring arcades.

7) Atechnique allowing for distinguishing between the mechanisms for energy releases based on slow waves in arcades and
on zipping/whipping reconnection.

8) Preparation and submission of 5 research papers in peer-reviewed high-impact scientific journals. Presentation of the
results of the first year of the project at national and international conferences.

Year 2

1) Estimation of the parameters of the magnetic twist and its apparent evolution during a flare.

2) Revealed tendencies in the dependence between the parameters of the sloshing and standing slow MHD oscillations and
the parameters of the loops. Determination of the difference between standing and sloshing oscillations.

3) Extended catalogue of events including sloshing and standing oscillations. Publication of the catalogue on the project
website.

4) An advanced model of slow magnetoacoustic oscillations in a coronal Loop, taking into account the transverse structure of
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the plasma in the magnetic loop, the twist of the magnetic loop, and the curvature of the loop.

5) New seismological methods for studying the transverse structuring of plasma in a loop.

6) A tested technique for distinguishing between the energy release mechanisms based on slow waves in arcades and on the
zipping/whipping reconnection.

7) Characteristic properties of progression of sources along the neutral line in two-ribbon flares. The dependence of the
speed of progression on the parameters of the arcade. Estimations of the speed of flare propagation along the neutral line
and, hence, of the flare power.

8) Preparation and publication of 6 research papers in peer-reviewed high-impact scientific journals. Presentation of the
results of the second year of the project at national and international conferences and their publication on the project
website.

Year 3

1) Assessment of the effect of the curvature and twist of the magnetic field on slow oscillations in a finite plasma-beta
regime. Determined relationships between the parameters of oscillations and the loop.

2) Anovel MHD-seismological method for estimating the transverse density and temperature profiles in an oscillating loop.
3) Estimations of the time delays between QPP observed in different bands of the electromagnetic spectrum, aswell asin
variations of the emission measure and temperature.

4) Correlations between the dynamics of the arcade UV ribbons and sources of HXR emission, induced by “zipping” motions.
5) Amodel of the development of flaring and post-flaring arcades, caused by sausage oscillations propagating in a
macroscopic coronal current sheet in a guiding magnetic field.

6) Determined range of physical parameters of the current sheet (thickness, plasma density, values of the magnetic field
components), for which the phase and group speeds and the wavelength of flapping oscillations are available for
observations.

7) MHD-seismological method for diagnostics of reconnecting current sheets in powerful two-ribbon flares.

8) Preparation and publication of 5 research papers in peer-reviewed high-impact scientific journals. Presentation of the
results of the second year of the project at national and international conferences and on the project website.

The project will be coordinated by the PI, V.M. Nakariakov. Responding to the current Covid-19 pandemic conditions, a
significant part of the project management will be carried out online, taking into account the vast experience gained by our
team during 2020. MS Teams or Zoom meetings will be held every two weeks to monitor the progress of the project in
general and to identify and fix any issues affecting the work. Every month, the project PI, WP leaders and key participants will
have telecons (MS Teams or Zoom), monitoring and coordinating the progress in individual WPs. In parallel, WP leaders will
run at least monthly telecons with all participants involved in their WP. Every month, the project team will run a research
webinar, with the presentations of the team members (preferably, early-career researchers) on their recent research
achievements in frames of the project, and also on the project-related progress made by competing groups (based on
publications, conference presentations and private communications). Before submitting to a journal, every new research
paper presenting the results obtained in the framework of the project will be comprehensively discussed and tested at this
webinar. Collaboration of the individual project participants, provided they work in self-isolation, remotely or at different
institutions, will be carried out using e-mail and MS Teams or Zoom, as well as using cloud data storage.

The project results will be disseminated in the usual way via research publications in scientific journals (at least 16 research
papers in refereed scientific journals indexed by the Web of Science and Scopus) and presentations at research conferences,
and also by public lectures and articles in general science magazines.

Risks associated with the project are considered as low. We shall use well-tested numerical codes for simulations and
forward modeling, well-understood data analysis techniques, and reliable analytical methods. The project team are
competent in all aspects of the project. The necessary data are either in open access or available via the direct involvement of
the project members in science teams of required instruments. The natural phenomena of interest are well resolved and
explored in some case studies. The basic theoretical background of the project is well accepted by the research community.

4.7. meromiicsl y HAy4YHOro KONIEKTMBA Hay4Hbli 3aAeN No NPOeKTy, HalMuMe OMNbiTa COBMECTHOM peannsauum NpoeKToB
(yKasviearomcs nosy4eHHble paHee pe3yibmamel, paspabomaHHble NpopamMmbl U Memoobsi)

MpoeKkT 0CHOBaH Ha B3aMMOA0MOMHAEMOCTM OMbITa U 3HAHUIM Y4aCTHUKOB NPOEKTA (QHaNM3 JaHHbIX, aHAIMTUY eCKasg Teopus,
[OCTYN K OpUrMHaNbHOMY HabnoaaTelbHOMY MaTepuany, YUCIeHHOEe MOLENMPOBAHME), @ TaKXKe HA UMEIOLUMXCS HayY HbIX
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CBA3AX M COBMECTHOM 3a4ene OTAe/IbHbIX Y4aCTHUKOB KOINEKTUBA.

Y4acTHMKM NpoeKTa MMEeLOT 6ONbLLON ONbIT B aHanM3e HabnaaTebHbIX AaHHbIX, KaK HA3€MHbIX MHCTPYMEHTOB, TaK M AaHHbIX
KoCMUUYeckux obcepBaTopuit, M X MHTEpNpeTauuu. IMu npoBeAeHO CTaTUCTUYECKOe UCCIeA0BaHME NPOCTPAHCTBEHHO-
BPEMEHHOW AIMHAMUKN UCTOYHUKOB MY bCaLLMI B COMIHEYHbIX BCMbILIKAX MO HAbMHAEHUSM B )XECTKOM PEHTTEHOBCKOM
AnanasoHe (Kuznetsov et al. 2016) 1 onpepeneHa MarHUTHas CTPYKTypa BCMbILWEYHbIX 06/1acTel, reHe pupoOBaBLIMX 3TH
nynbcaumm (Zimovets et al. 2018); o6HapyxeHa KBa3unepmMogunyeckas MOAYNSLMS U3y eHUS COTHEYHOM BCMbIWKK OT
YEeCTKOro peHTreHOBCKOro A0 MeTpoBoro auanasoHa (Kupriyanova et al. 2016). Takke 66111 nonyyYeHbl 0Ka3aTeNbCTBa
BO3MOXHOCTM MHTEPNPETUPOBATb MUKPOBOIHOBbIE CYBCEeKYHAHbIE NYNbCaLMKN KaK NPOSIBEHUS NOBTOPSIHOLLErOCS MarHUTHOMO
nepecoeauHeHus (Mészarosova et al. 2016). Ha ocHoBe oaHOBpeMeHHbIX HabtoAeHUIA B peHTreHOBCKOM, KY® u
MMKPOBOSIHOBOM AMana3oHax Obia BnepBble HENOCPeACTBEHHO NOATBEPXKAEH CTOXACTUYECKMUIA MEXAHU3M YCKOPEHUS YacTuL, B
conHeuHbIx Bcnbiwkax (Kontar et al. 2017a). bbinv geTanbHO UCCnef0BaHbl TOHKME CNeKTpanbHble CTPYKTYPbl B CONHEYHOM
paavousnyyeHuM MeTpoBOro AMana3oHa; NoKa3aHo, YTo HabaaeMble XapaKTe pUCTUKM UCTOYHUKOB U3MTy4EHMUS B
3HaYMTENIbHOM Mepe ONpeaensoTcs pacCesHUEM PafMOBOJIH HA MA3MEHHbIX HEOAHOPOAHOCTAX B KOpoHe (Kontar et al.
2017b; Kuznetsov & Kontar 2019; Kuznetsov et al. 2020).

B xope peannsaumu npoekTa 6yaeT cnonb3oBaH NporpammHbli ko (https;//github.com/Sergey-Anfinogentov/SoBAT),
coyeTarwmn MeTobl 6aieCoBCKOW CTaTUCTMKKM C MeToAOM MoHTe-Kapno no cxeme Mapkosckoit uenu (MCMQ),
pa3paboTaHHbIi cnonHuTenem npoekta AHGuHoreHToBbiM C.A. B COTpYAHMYECTBE C UCCNef0BaTeNSIMU U3 YHUBEpCUTETa
JleseH (benbrusg). Kog 6611 ycnewHo npyMeHeH 419 CeMCMON0rMYeckoro aHanm3a 3atyXatowmx U3rnbHbiX oCUMANSaLmin
KOPOHaNbHbIX NeTeNb U 4S9 onpefeneHns npoduns nonepeyHoin NA0THOCTM KOPOHabHbIX NeTesb U3 HabNAaEMOro
npoduns nHTeHcMBHOCTM KY® nsnydeHus (Pascoe et al. 2017, 2018). [1ns MoaenmpoBaHus OTKIMKA CONTHEYHOMO Pafmo- 1
MWUKPOBOMIHOBOTO M3/lydeHns Ha MI'[], konebaHus 6yayT MCNob30BaHbl pa3paboTaHHble NPY Yy4aCTUU UCMONHUTENEN NpoeKTa
nporpamMMHble Koabl A9 3 EeKTUBHOro pacyeTa rMpOCUHXPOTPOHHOIO, TMPOPE30HAHCHOMO U TOPMO3HOIO U3JTyYeHUs
(Fleishman & Kuznetsov 2010, 2014) u cuctemMa ans TpexMepHoro mogenmposanuna GX Simulator (Nita et al. 2015, 2018);
DaHHbIM Nnoaxon 6bin paHee NpUMEHEH A9 YNPOLLEeHHbIX MOAeNel konebnowmnxcs BcnblweyHbix netens (Reznikova et al.
2014, 2015; Kuznetsov et al. 2015).

PykoBopuTens npoekTa, B.M. Hakapskos, aBnSeTcs 04HUM U3 MeXXAYHapOLHO MPU3HaHHbIX co3aatenen metona M
CencMoNorMn U IMAepoB AaHHOIO Hay4Horo HanpaeneHus. B 2015 rogy B.M. HakapskoB 6bi1 HarpaxxaeH MeAanbio M npeMuen
MeviH-ManowkmHoli 6putaHckoro MHcTuTyTa ®Usnku. MM paspaboTtaHa 1 BrepBeble MPpUMEHEHA CEMCMONOrMY eckast
AMArHOCTMKA BESIMYMHBI MarHUTHOTO nons B netnsax kopoHbl ConHua (Nakariakov & Ofman 2001) no usrubHbimM KonebaHusam. B
nocneaytolwme ABaALATh IET MO ero pyKoBOACTBOM U C aKTMBHBIM Y4acTUEM YYaCTHMKOB NPOeKTa Obla JOCTUTHYT
BNeyatnaoLwmii Nporpecc B yay4ylleHnMun gaHHoro Metoga (Pascoe et al. 2017, 2018), co3paHbl Katanoru cobbiTMii U NpoBeaeHa
UX CTaTucTMyeckas obpabotka (Zimovets & Nakariakov 2015, Goddard & Nakariakov 2016, Goddard et al. 2016, Nechaeva et
al. 2019), u paszpaboTaHbl TeopeTnyeckre Moaenm Hesartyxawwero pexuma (Nakariakov et al. 2016, Afanasyev et al. 2020).
Hanbonee 6a1M3kMMUM K TeMe NpoOeKTa ABNAOTCA HeaaBHUe paboTbl HakapskoBa No TeopeTMyecKoMy MOAENMPOBaHUIO
COCUCOYHBIX Konebanuit (Pascoe & Nakariakov 2016, Lim et al. 2018, 2020), ctatuctnueckmm ceoricteam MM3 (Nakariakov et
al. 2019), yctaHoBNEHME CBS3U MOAYNALMM IMHUI 3e6pa-CTPYKTYp C cocMcouHbiMm Konebanusamm (Yu et al. 2016), nepsas
MoAeNb UHULMALMK PA3BUTUS ABYXNEHTOUYHOM BCnbiwkun MM3 (Nakariakov & Zimovets 2011), neMoHcTpaums addekra
TennoBoro aucbanaHca Ha MM3 (Nakariakov et al., 2017), co3paHne MoLenm rohpupoBOYHOM HEYCTOMYMBOCTH B NJIa3MEHHOM
apkage (Klimushkin et al. 2017).

HepnasHue pesynbTatel [.10. KonoTkosa BKIOYAKOT HOBYIO aHaNMTUY eCKYH MoaeNb Ans 06pa30oBaHMS U 3aTyXaHuUs
KBasunepuoamyeckmux MI1-BonH n3-3a gucbanaHca NnpoueccoB Harpesa 1 oxnaxaeHus B nnasme (Kolotkov et al. 2019;
Zavershinskii et al. 2019); nepBas KoM4eCTBEHHO NOATBE PXXAEHHAS CBA3b KBAa3UNEPUOANYECKOM TOHKOM CTPYKTYpbI
pagmoscnnecka lll tuna ¢ M -sonHamu u MI[1-celicmonorueii B cpeaHeit kopoHe (Kolotkov et al. 2018a); o6HapyxeHwue u
nHTepnpeTtauus KN B camoit MOLWHOM CONHEYHOM BCMbILIKE B 24-M LMKNE M B 3B€34HbIX BCMblWwKax no MI-konebaHusam
(Kolotkov et al. 2018b, Doyle et al. 2018); HoBas aHanMTMUYeCKas MOAENb 419 NonepeYHbIX kKonebaHui npoTybepaHLeB
KOHEeYHOM aMnnTyabl B nposane MarHuTHoro nons (Kolotkov et al. 2016b, Kolotkov et al. 2018c); nepeoe o6HapyxeHue
HeJIMHeHbIX BOJIH B 06/1aCTV KOHTaKTa 3€MHOM MarHuTocdepbl U conHevHoro BeTpa (Hnat et al. 2016); HOBbI METOL, OLLEHKM
CTaTUCTUYECKOM 3HAYMMOCTM IMMMPUYECKUX MO, NMONYY€eHHbIX C nomoLpio MeToga EMD (Kolotkov et al. 20163, Kolotkov et
al. 2017).

PaHee yyacTHMKaMKM npoekTa 6bia pazpaboTaH MeTod 06paboTku NOCIeA0BATENIbHOCTM U306 paKEHMIA, NO3BONAIOLIMIA
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MCKYCCTBEHHO YBEIMYUTb aMNAMTYOy MOMepeyHbiX ABUXEHUI KOHTpAcTHbIX 06bekToB (Motion magnification). MokasaHo, 4To
MeToz NO3BOMISIET YCMELWHO AeTEKTMPOBATbL MasIoaMNMTYAHble n3rnbHble KonebaHms kopoHanbHbiX neTenb (Anfinogentov &
Nakariakov 2016). C nomoLLbo 4aHHOrO METOAA BNepPBble BbIMOHEHbI OLEHKM anbPBEHOBCKOM CKOPOCTU B KOPOHE aKTUBHOW
o0bnacTv no HabnAeHUAM U3rMBHbIX KonebaHMM KOPOHaNbHbIX NeTeNb B He3aTyxatoweM pexxmume (Anfinogentov & Nakariakov
2019). na obHapyxeHUs konebaHUi U UX AanbHENLWEro aHanM3a NPUMEHSNCS METOA, yBenyeHns apmxeHui (Motion
magnification), Takxxe yCTaHOBNEHbI HAAEXHbIE JO0BEPUTE/IbHbIE MHTEPBaA/bl, Gnarofaps npuMeHeHUo balecoBCKoOro aHanusa
n MeToaa MoHTe-Kapno no cxeme MapkoBcKow Lenu. BbinonHeHbl M3MepeHns KOHTpPacTa NA0THOCTU U TONWMHA NepPeXoaHOro
CN0S MeX Y BHYTPEHHEN YaCTblo KOPOHANbHOM NETAU 1 €€ OKPYXXEHWEM C OAHOBPEMEHHbBIM UCMO/b30BaHWMEM AAHHbIX
KOPOHaNbHOM CEMCMOMOTMKN U aHaNM30M HabntoaaeMblx Npodunent MHTeHcMBHOCTH (Pascoe et al. 2018). Bnepsbie
06HapyXeHa BTOpasi rapMOHMKa He3aTyXxarLWwmx M3rbHbix konebaHui B kopoHanbHoi netne (Duckenfield et al. 2018). MeTog,
yBENIMY eHNS ABUXKEHUS NNAHUPYETCS UCMOMb30BaTh 415 AETEKTUPOBAHMUS U aHaM3a NepUOAUY €CKUX CMELLEHMIM KOPOHANbHbIX
CTPYKTYP Ha Mpej- M NOCTBCMbIWEYHOM CTaAMAX 3BOJIOLMM aKTUBHBIX 0bnacTe.

Y Hay4YHOro KONEKTMBA NpOeKTa HapaboTaH OrpoOMHBbII OMbIT COBMECTHOW peanu3auMmn NpoekToB. B 4acTHOCTH, y4aCTHUKM
npoeKTa ycnewHo COTPYAHUYaNM B pyKOBOAMMbIX HakapsikoBbIM MeXayHapoaHOM ceTeBOM npoekTe "Pagnodusnka ConHua"
(FP7-PEOPLE 295272, 2012-2016), poccuitcko-6pmtaHckoM npoekte "CecMonorus aktmeHbix obnacteit kopoHsl ConHua no
n3rnbHbiM Konebanuam” (British Council 277352569, 2017-2019), n "HecTaumoHapHble npouecchl B N1a3MeHHbIX CTPYKTYpax
kopoHbl ConHua" (PLLM Kagpel 2012-1.5-12-000-1011-005, 2012-2013); B MexayHapoaHOM npoekTe "CynepBChblLUKK Ha
ConHue un 3Be3gax” (POOU-BRICS 17-52-80064, 2017-2019) noa pykosoacteoM A A. Ky3HeL0Ba; U pOCCUMICKO-OPUTAHCKOM
npoekTe "HecTauMoHapHble CBOMCTBA KBa3uNepuoanyeckux nynbcauuii Kak 0CHOBA AMArHOCTUKU MeXaHU3MOB BCMbILWEYHOro
3HeprosblgeneHuns” (PODOU - lonagoHckoe Koponesckoe Obwectso 17-52-10001, 2018-2019) noa pykosoactsoM E.T.
KynpusiHosoM.

4.8. NepeyeHb 060pynoBaHUA, MaTepUaoB, MHPOPMALMOHHDIX U APYrMX PeCYPCOB, UMEIOLLMXCSA Y HAYYHOTO KONNEKTUBA
AN BbINOJIHEHUA NPOEKTA (8 MOM Huc/Ie — onucbieaemcs He0o6xo0UMOCMb UX UCNO/16308AHUS 01 peanusayuu npoekma)
HayuHbIV KONNEKTUB UMEET HECKO/bKO NepPCOHaNbHbIX KOMMNbIOTEPOB M HOYTOYKOB C AOCTYNOM B CeTb MHTepHeT. Ha
KOMMbOTEPAX YCTAHOBNEHO NporpaMMHoe obecneyeHue (B YacTHocTu, IDL, SolarSoftWare, MatLab, Python 1 gp.),
Heobxoaumoe 4N MOAeNMpoBaHMA M 06paboTkun HabnAATENbHBIX AaHHbIX. [LOCTYN K 3N€KTPOHHBIM B1UbIMOTEKaM HayYHbIX
XKYPHanoB, He0BX0AMMbIX AN NMPOEKTa, UMEETCS C KOMMbIOTEPOB U3 JI0KaNbHOM BbluncamuTensHol cetn MC3® CO PAH. B
npoekTe 6yayT MCNONb30BaTbCA HAbMOAaTe IbHbIe AaHHbIE OCHOBHbIX COMIHEYHbIX 06cepBaTopumii kocmMmyeckoro (SDO,
RHESSI, RIS, GOES) n HazemHoro 6a3nposaHmns (EOVSA, RSTN, NoRP, a Takxxe apxuBHble gaHHble NoRH), apxuBbl KOTOpbIX
HaxoaaTca B cB0O60AHOM pocTyne B ceTu MHTepHeT. [locTyn K UHpacTpyKType, 060pyL0BaHMIO M apXMBY AaHHbIX CMBUpPCKOro
Papmorennorpada, cnektpononspumeTtpoB 4-8 [Ty, un 2-24 [Ty, ong BbinoNHeHMS NpoekTa ByaeT oCcyweCcTBASTbCS NOCPeACTBOM
LleHTpa KonneKTMBHOMO Nosb3oBaHKs “ConHeYHO-3eMHas GU3MKA U KOHTPOJIb OKOJIO3EMHOIO KOCMUYECKOTrO NPOCTPaHCTBA”,
LIKM “Anrapa” Ha 6a3ze MC3® CO PAH. MI'[l MoaenvMpoBaHue BOHOBbIX NPOLIECCOB BO BCMblILWEYHbIX 06aacTax u MAO
HabntopaTeNbHbIX BEAMUYMH MO faHHbIM AIA/SDO 6yayT BbINONHATLCS € NOMOLLBO KoAoB LareXd u FoMo cooTBeTCTBEHHO.
[laHHOe nporpaMMHoe obecneyeHne HaxoaaTCsa B OTKPbITOM LOCTYNe, @ Y4aCTHUKU NPOEKTA UMEIOT OMbIT €r0 MPUMEHEHUS U
Hay4YHOro COTpyAHUYECTBa C pa3paboTymnkamm 3Tux KofoB. MMeeTcsa paspaboTaHHOE NpU y4acTUK UCNONHUTENEN NPOeKTa
nporpamMMHoe obecneyeHue ang TpeXMepHOro MoAeMPOBaHMS U3/y4EeHUS CONMHEYHbIX BCMbILWEK U aKTUBHbIX 06nacTen B
pafmo, PEHTTeHOBCKOM U ybTpadMONETOBOM AMana3oHax, a TakKe ANs PeKOHCTPYKLUMM (IKCTPANOASLMKU) KOPOHANbHOTO
MarHMTHOrO MoNs € UCNonb3oBaHeM boTochepHbIX BEKTOPHbIX MarHUTOrpamm. bynet nposeaeHa agantaums 3TMX KOAOB Ans
ucnonbszosaHusa B UC3®D CO PAH. AHann3 HabnoaaTebHbIX AaHHbIX M YaCTUYHO YMUCIEHHbIEe pacyeTbl 6yayT NPOM3BOAMTLCS Ha
MMEIOLLMXCA B paCNOPsHKEHUM YHACTHUKOB MPOEKTa MePCOHaNbHbIX KOMMbloTepax. Ans AetanbHoro yucneHHoro M
MOAENMPOBAHMSA NAHMPYETCS NPMOBPeCTH OTAENbHbIN BblYMCAUTENbHDBIN CEpBEP, AMCKOBAs MOACUCTEMA KOTOPOro Takxke
6yneT MCnonb30BaTbCA AJ19 LEHTPANIM30BAHHOIO XPaHeHWs HAbMIOAATeNbHbIX AAHHbBIX U pe3y/bTaToB MOLEIMPOBaHMS.

4.9. MnaH paboTbl Ha NepBbIA roA, BbINOHEHUS NPOEKTA (8 MOM Yuc1e yKa3biearomcs 3an/1aHuposaHHble KOMaHOUpPOBKU
(3kcneduyuu))

Ha pyCcCKOM 5i3biKe
B TeueHue nepBoro roaa npoekTa NAaHUPYETCS BbINOAHEHMWE CleyoWwmX paboT:

1) TeopeTnyeckoe nccnefoBaHMe 3aBUCUMOCTU NMePUOAOB KonebaHMI pasHbiX NPOCTPAHCTBEHHbIX FAPMOHMK COCUCOYHbIX
Kone6aHui B 3aBUCMMOCTM OT CKPYYEHHOCTM MarHUTHOTO MOJIS HA OCHOBE MOJeNbHbIX pacyeToB. OnpeneneHne B3anMHON
33BMCUMOCTM NapaMeTPOB COCUCOUHbIX KonebaHWi U CKpyYeHHOCTH Konebowweics netu.
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2) MNposepeHne MU0 Ha pa3nnyHbie NPOCTPAHCTBEHHbIE FAPMOHMKM COCUCOYHBIX KONebaHi 419 pa3fMYHbIX MHCTPYMEHTOB B
pa3nmuHbix ananasoHax (RHESSI, NoRH, CPT) kak B onTU4eCKM TOHKOM, TakK U B ONTUYECKM TONICTOM PeXMMaAX, C PasUYHbIMU
pacnpeneneHUs MU YCKOPEHHbIX 3MEKTPOHOB MO NUTY-YrAy U 3Heprun. Busyanmsauusg pesynbTatos C y4eTOM annapaTHbIX
0CO6EHHOCTEN MHCTPYMEHTOB. AHANM3 MOMYYEHHbIX Pe3yNbTaToB.

3) Momck xapakTepHbIX MPU3HAKOB COCUCOYHbIX KonebaHnui no aaHHbiM NoRH, CPI™ n RHESSI, ucnonb3ys cywecTsytowme
Katanoru, yaensas ocoboe BHUMaHWe nNpuMepaM aHrapMoHUYeCcknx konebaHuit, kak BO3MOXHbIM MHAMKATOPaM MHOrOMO,0BbIX
KonebaHui, a Takxke BCMbILKaM B aKTUBHbIX 061acTaX, rAe No OLeHKaM CyLLIeCTBOBAM CUMbHble TOKK. [IpoBeaeHHe aHanmsa
COBBITUI C HECKOMBKMMU FapMOHMKaMMU.

4) BbINosHEHME KOMMIEKCHOTO MOMCKA NNELLYLWMXCS U CTOSYUX MEAJIEHHbIX KOeBaHWUI B KOPOHaNbHbIX MNETIsX C
ncnonb3oBaHMeM aaHHbix SDO / AlA. [1ns nnewwywmxcs konebaHuii NnpoBefeHWe aHann3a oTAelbHO NapaMeTPOB Pa3IMYHbIX
NpOCTPaHCTBEHHbIX rapMoHuMK. Co3aaHue katanora cobbITUiA, €ro KOMOMHALMS CO CMMCKOM YXKe OMMUCAHHBIX COBbITUIA,
0606LweHHbIM B Nakariakov et al. (2019).

5) NccnepoBaHme MeafieHHbIX BOSH, PACMPOCTPaHSAOWMXCA BAOIb HEMTPANbHOM IMHWMM BO BCMbILIEYHOM apKage v UrpatoLLmx
pOSib TPUITrepa, MHULMMPYIOLLETO MarHUTHOE NepecoeanHeHne BAOb HeUTpanbHOW IMHKMK (pa3sutue mogenm Nakariakov &
Zimovets, 2011). 310 6yneT BKtOUaTh: (3) BhisiBNeHME CBOMCTB MeA/IeHHbIX BOJIH B paAnanbHO-HEOAHOPOAHbIX apKaaax. (6)
CpaBHeHMe nofy4yeHHbIX pe3ynbTaToB C pe3ynbTataMu, NoaydyeHHbiMK B paboTax Bogacheyv et al. (2005), Li & Zhang (2009),
Reznikova et al. (2010), Kuznetsov et al. (2016). (8) [poBeaeHne uccnefoBaHUIA XapaKTEPHOro NoBeAEHMS TeMMepaTypbl U
Mepbl 3MUCCUM U3NTyYatoLLER NNa3Mbl apKagbl, @ TAKKE UX CBA3M Mexay CO60M, Ans rpynnbl BCMbILIEK, Y KOTOPbIX
Habntogatotcs KM Ha dase cnaga no AaHHbIM B MATKOM peHTFEHOBCKOM amanasoHe. (r) Pa3paboTky MeToAMKM, NO3BOASIOLEN
OT/IMYUTb MEXAHU3M, OCHOBAHHbIV Ha MeAJIeHHbIX BOJIHAX, OT MeEXaHW3Ma zipping/whipping nepecoeanHeHus.

6) MoparoToBka v HanpaeneHue 5 cTaTel B peLleH3MpyeMble Hay4YHble XYPHabl C BbICOKUM UMMAKT-MaKTOPOM.
7) Co3paHue Beb6-caiTa npoekTa.

8) MnaHupyeTcsa NnpeacTaBneHe pe3ynbTaToB NePBOro rofa NpPoekTa Ha cieayowmnx KoHdepeHuusax: European Solar Physics
Meeting (ESPM-16) (TypuH, Uranus, ceHtabpb 2021); "MarHeTM3M 1 aktuBHOCTb ConHLa, 3834 M ranaktik - 2021" (KpbiMckas
actpodumsmyeckas obcepearopus, asryct 2021); koHdepeHumsx no dusunke nnasmol EBponeiickoro ®usnyeckoro ObwecTsa
(European Physical Society; Cutrec, Mcnanwmsg, 2021), Asnatcko-TuxookeaHckoro leodpusmnyeckoro ObuecTsa (Asia-Oceania
Geophysical Society) n EBponetickoro leopusmyeckoro Obwectsa (European Geophysical Society); paboumnx coBeluaHMsaX
MEXAYHapoAHbIX Konnabopaumit “Waves and Instabilities in the Solar Atmosphere” 1 “Waves in the Lower Solar Atmosphere”.

Ha GHeNULICKOM $i3biKe
During the first year of the project, we plan to do the following:

1) Theoretical study of the dependence of the periods of oscillation of different spatial harmonics of sausage oscillations
depending on the magnetic twist based on model simulations. Study of the mutual dependence of the parameters of the
sausage oscillations and the magnetic twist in the oscillating loop.

2) Forward modelling of the manifestations of different spatial harmonics of sausage oscillations in multi-wavelength
observations (with application to RHESSI, NoRH, SRH), including optically thin and optically thick regimes, and considering
different distributions of accelerated electrons over both pitch angle and energy. Visualization of the modeling results,
accounting for the instrumental response functions; analyzing the obtained results.

3) Search for characteristic signatures of sausage oscillations in the multi-wavelength data (NoRH, SRH, RHESSI), using the
existing catalogues. Special attention will be paid to events with anharmonic oscillatory signals, since anharmonicity of the
signal is a possible indicator of multimode oscillations. First of all, we will consider flares in active regions where, according
to estimates, strong currents existed. The analysis of the multi-modal events will be carried out.

4) Comprehensive search for sloshing and standing slow oscillations in coronal loops using SDO/AIA data. Analyzing separate
spatial harmonics (for the sloshing oscillations). Creation of a catalogue of events with sloshing and standing slow oscillations,
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its combination with the list of events described in Nakariakov et al. (2019).

5) Study of slow waves propagating in the flare arcade along the neutral line and triggering the magnetic reconnection
(development of the model by Nakariakov & Zimovets, 2011). Includes: a) Revealing the properties of slow waves in radially
inhomogeneous arcades. b) Comparison of the obtained theoretical results with the results obtained in the observational
works of Bogachev et al. (2005), Li & Zhang (2009), Reznikova et al. (2010), Kuznetsov et al. (2016). c) Studying the
behaviour of the plasma temperature and emission measure as well as their mutual dependence in the arcades of flares with
quasi-periodic pulsations in the decay phase, observed in soft X-rays. d) Development of a methodology allowing to
distinguish between the mechanisms based on slow waves in arcades and on zipping/whipping reconnection.

6) Prepare 5 papers and submit them to peer-reviewed scientific journals with a high impact factor.
7) Creation of the project website.

8) We are going to present the results obtained in the first year of the project at such scientific conferences and meetings as:
European Solar Physics Meeting (ESPM-16) (Torino, Italy, September 2021), “Magnetism and activity on the Sun, stars, and
galaxies” (Crimean Astrophysical Observatory, August 2021), conferences on the plasma physics of the European Physical
Society (Sitges, Spain, 2021), Asia-Oceania Geophysical Society and European Geophysical Society, and at the workshops of
the international collaborations “Waves and Instabilities in the Solar Atmosphere” and “Waves in the Lower Solar Atmosphere”.

4.10. NMnaHupyemoe Ha nepBbiii roA coaepKaHue paboTbl KIKAOro OCHOBHOIO UCMONHUTENA NPOEKTa (BK/0YAS
pyKosoOumens npoekma)

Hakapskos B.M.: pykoBoACTBO NPOEKTOM; NpOBeAEHME UCCeA0BaHUS NapaMeTPOB 3aBUCUMOCTM NepPUOAOB KonebaHui
COCMCOYHOTO TUMA B 3aBMCMMOCTH OT MarHUTHOIO CKPYYMBaHMS HA OCHOBE MOAE/bHbIX pacyeToB; pa3paboTka METOAMKM,
MO3BOMAOLLEN OT/IMYUTL MEXAHU3M PAaCNPOCTPaHEHUS MeLIEHHbIX BOJIH N0 apKaZie 0T MexaHu3Ma zipping/whipping; aHanus u
MHTeprnpeTaums Noy4eHHbIX pe3y/bTaTos.

KynpusaHoea E.I".: uccnegosaHue BpeMeHHbIX Npoduaei pasiMyHbiX NapaMeTpoB CONHEYHbIX BCMbILLEK, MONYYEHHbIX B
pe3ynbTate 06paboTku faHHbIx AIA/SDO, NoRH, CPI u RHESSI, meTopamu @ypbe u BeliBneT-aHanmsa; oT6op cobbiTuii
CO34aHM1e KaTalloroB; aHa/IM3 M MHTeprpeTaums NoJlyYeHHbIX Pe3ybTaToB.

KysHeuos A.A.: aganTaumsa koga FoMo anq 3agay npoekTa, paspaboTka NporpaMMHbIX KOA0B As MOAENMPOBaHUS
MMKPOBOJIHOBOIO M3/ly4€HMS BO BCMbILWEYHbIX NeTnsx ¢ Ml konebaHnamm, aHanms HabnoaeHMUt BbiOPaHHbIX CONHEYHbIX
BCMblLLEK B MUKPOBOIHOBOM M PEHTTEHOBCKOM AMana3oHax.

Cobiu P.A: apanTtaums pa3paboTaHHbIX METOLOB CNEKTPanbHOro aHanu3a aaHHbix (PWF n EMD) anga nccnepnosaHus
KBa3unepuoam4eCcKMx NynbCcaLmii B KOPOHaNbHbIX CTPYKTYpax; 0TOop cobbiTui B HMHeN atmochepe ConHua ans
MCCnea0BaHUS CBA3M 3BOJIHOLMM MeAJIEHHbIX MAarHUTO3BYKOBbIX BOJH B NATEHHbIX 06/1ACTAX U BOSHUKHOBEHUM COMHEYHbIX
BCMbILIEK; UCCNEA0BAHUE MELNEHHbIX BOJH, pAaCNPOCTPAHAOLLMXCS MO BblAENEHHbIM BOJIHOBOAAM KaK TPUIrepa MarHMTHOMo
nepecoeauHeHus; aHanMs3 1 MHTeprpeTaLms NoNyYeHHbIX Pe3yNbTaToB.

4.11. OkupaeMbie B KOHLIE NEPBOro roAa KOHKpETHbIE Hay4Hble pe3ynbTaThbl (popmMa usnoxeHus 00/IHHA 0amb 803MOXHOCMb
nposecmu 3Kcnepmusy pe3ysbmamos U ouyeHUms cmeneHb 8bINOJIHEHUS 3a518/1eHH020 8 npoeKme niaHa pabomsi)

Ha pyCcCKOM 5i3biKe
B pesynbTate BbINOAHEHMS NAaHa NepBoro roga NpoekTa byayT nonyyYeHbl cneaylowme pe3ynbTarbl:

Bynet paspaboTtaHa YmMcneHHas MofeNlb paBHOBECHOM CKPYYEHHOM MarHUTHOW TPYOKU, MOMELLEHHOM B AUNONIbHOE MarHUTHOE
none. bynet onpeneneHo KpUTUYECKOE 3HAYEHMS CKPYYEHHOCTH (TBUCTA); ByAyT MCCNenoBaHbl MPOLECCh MHULMALMM U
Pa3BUTMS Pa3NUYHbLIX NPOCTPAHCTBEHHbIX FAPMOHMK KONebaHMM COCUCOYHOMO TMMNA B 3aXBaYE€HHOM U 3aTyXaloLWEM pexnMax.
byneT nonyyeHa oueHKa 1 aHanu3 pasnnymi Mexay pe3ynsTataMm HOBOM MOAENU U pe3y/bTaTtamMu, KOTOPbIMU AaeT MOAENb
ZSER. bypeT noarotosneHa Kk neyatv ogHa CTaTbs.

By,EI,ET npoeeneH KOMMJIEKCHbIW aHann3 YyeTbipeX-weCTU KOHKPETHbIX COObITUIA C MHOFOMOA0BbIMU KONEHAHUAMU COCUCOYHOFO
TMNa U onpeaeneHbl NapaMeTpbl pa3iMiHbIX NPOCTPAHCTBEHHbIX FAPMOHUK. Ha ocHoBe 3Tnx pe3ynbtatoB 6y,IJ,ET noaroToBneHa
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K neyartn oaHa CTatbA.

Bynet co3paH kartanor cobbITUi, B KOTOPbIX HabAAanMch cTosume u nnewyuwpmecs (sloshing) konebanus. Ha npumepe
Co6bITWI U3 KaTanora 6yaeT NpoBefeHO 3IMNUMPUYecKoe MacluTabupoBaHMe NapamMeTpoB KonebaHWii OTHOCUTENIbHO
napameTpoB neTiu. Ha ocHoBe 3TUX pe3y/bTaToB 6yLeT NOAroTOBAEHA K NeYaTH CTaTbs.

ByneT paspaboTaHa TeopeTHUeckas MHeMHas MOAe b MeAJIeHHbIX BOJH B M/1IaBHO NONepeyHO-HEOAHOPOAHOM C/oe Ma3Mbl,
U U3YYEHO BAMSHME NONEPEYHOro CTPYKTYPUPOBAHMS NNa3Mbl Ha BOJIHbI AAHHOTO TUMA. Ha 0CHOBE MOTly4eHHbIX pe3ynbTaToB
6yneT NoAroTOBNEHA K NeYaTu CTaTbs.

BynyT 0To6paHbl M AeTanbHO NPOaHANN3UPOBaHb! ABYXIEHTOUHbIE COIHEYHbIE BCMbILLIKM, B KOTOPbIX 06/1aCTb BblAENEHUS
3HEeprumn CMeLanach BAOJb HEWTPANbHOM JIMHWM, U 3TOT NPOLLECC COMPOBOXAA/ICS KBA3UMEPUOANY €CKMMM NYNbCALUAMM,
HabNtoAABLUMMMCSA B CNEKTPanbHbIX AnanasoHax nHctpymeHtoB SDO/AIA v HMI u RHESSI/ NoRH / CPT. byaeT pa3paboTaHa
TeopeTnyeckas MoAesb pacnpoCTpaHeHUS MeJIeHHbIX BOJIH B apKaae, NpeACcTaBnsie Mol Kak MofoBMHA paanabHO-
HEOAHOPOLHOM MarHUTHOM TpYOKW. byaeT nonyyeHa HoBasi MHPOPMaLIMS O CBA3M MeXAY rPYnnoBO CKOPOCTbHO BOJHbI U
rapameTpamu Takow apkaibl M MPOBELEHO CPAaBHEHME MONyYEHHbIX Pe3YAbTaTOB C HAGMOAEHUAMU, NPOAHANM3UPOBAHHBIMU B
paboTtax Bogachev et al. (2005), Li & Zhang (2009), Reznikova et al. (2010) n Kuznetsov et al. (2016). byaeT noarotoeneHa K
rneyaTu ofHa CcTaTbs.

HA GH2NULICKOM fi3bIKe
By implementing the plan for the first year of the project, the following results will be obtained:

A numerical model will be developed for an equilibrium twisted magnetic tube placed in a dipolar magnetic field. The
critical value of the twist will be determined; the processes of initiation and development of various spatial harmonics of
sausage oscillations in trapped and leaky regimes will be investigated. Differences between the results of the new model
and the ZSER model will be identified and analysed. One research paper will be prepared for publication.

A comprehensive analysis of four to six specific events with multi-modal sausage oscillations will be carried out and the
parameters of various spatial harmonics will be determined. Based on these results, one research paper will be prepared for
publication.

A catalogue of events, in which standing and sloshing oscillations were observed, will be created. Using events from the
catalogue, the empirical scaling between the oscillation parameters and the loop parameters will be revealed. Based on
these results, a research paper will be prepared for publication.

Atheoretical linear model of slow waves in a plasma slab with a smooth transversely inhomogeneous profile will be
developed, and the effect of transverse plasma structuring on waves of this type will be studied. Based on the results
obtained, a research paper will be prepared for publication.

Two-ribbon solar flares will be selected and analyzed in detail, in which the energy release site drifts along the neutral line,
and this process is accompanied by quasi-periodic pulsations observed in the spectral bands of the SDO/AIA and HMI, and
RHESSI/NoRH/SRH instruments. A theoretical model of the propagation of slow waves in the arcade, represented by a radially
inhomogeneous magnetic “half-pipe”, will be developed. New information will be obtained on the relationship between the
group speed of the wave and the parameters of such an arcade; the obtained results will be compared to the observational
studies by Bogachev et al. (2005), Li & Zhang (2009), Reznikova et al. (2010), and Kuznetsov et al. (2016). One research
paper will be prepared for publication.

4.12. MepeyeHb N1aHMpYEeMbIX K NPUOBGpETEHUIO 3a CUET FpaHTa 060pyA0BaHUS, MaTe pUaNoB, MH(OPMALMOHHBIX M APYTUX
pecypcoB Ans BbIMOJHEHUS MPOEKTA (8 MOM yucie - onucbieaemcs He06xXo0UMOCMb UX UCNO0b308aHUS 019 peanusayuu
npoekma)

1) [1Ba MOLUHbIX CUCTEMHbIX 610Ka M ABa MOHUTOpPA K HUM A9 060pyaoBaHKs ABYx paboumnx mecT B MC3® CO PAH pgns
nposefeHns paboTt No NnpoekTy (XpaHeHWe 1 06paboTKa AaHHbIX, YUC/IEHHbIE pacyeTbl, MOArOTOBKA NYOAMKALMIA U OTHETOB);
2) BoluncnmTenbHbli cepeep AN NnpoBeLeHns YucneHHoro M, MoaenMpoBaHua U LEHTPANM30BAHHOTO XPaHEHMS AaHHbIX
HabloaeHWUI U pe3yNbTaTOB MOAENMPOBAHUS

3asaBka Ne 21-12-00195 CtpaHuua 58 13 61



3) [1Ba HOyTOYKa A/ BO3MOXHOCTU NpoBeAeHUs paboT Mo NpoeKTy BO BpeMs KOMaHAMPOBOK;

4) PacxogHble MaTepuansl (KapTPUOAKK AN NpuHTEpPa, Bymara, KaHLenspckme ToBapbl) AN pacneyaTku HayyYHblX nybavkauui
No TeMaTUKe NPOEKTa, 3anucei U aHaNUTUYECKUX PacyeToB, a TAKKe A8 NOArOTOBKM OKYMEHTOB M OTYETOB MO MPOEKTY;

5) NopoByto nMUeH3MI0 cpeacTBa Zoom Ans NPOBeAEHUS TPYNMOBbIX CEAHCOB CBA3M MEXAY YIeHAaMU KONNEKTUBA B CETH
UHTepHerT.

4.13. daiin ¢ pononHuTENbHOM MHGOpMaumeit 1

C rpadmkamu, dotorpadmamm, pucyHkamm u uHoI MHGopMaLmeit o coaepxalum npoekta. OauH daitn B dopmare pdf, o 3 M6.
CKayaTb...

TekcT B danax ¢ [,0NonHUTENbHOM MHGDOPMaLMeN A,0/MKEH NMPUBOLUTLCS HA PyCCKOM si3bike. [lepeBon Ha aHIIMIACKMIA 93blk TpebyeTcs B TOM Ciy4ae, eum

PYKOBOAUTENb MPOEKTa OLEHUBAET AaHHYH MHDOPMALMIO CYLLECTBEHHOM ANS 3KCnepTa.
4.14. daitn c pononHuTenbHOM MHGOPMaumeii 2 (eciu uHgopmayuu, npusedeHHoll 8 ¢paline 1, okaxcemcs HedocmMamoyHo)

C rpadmkamu, dotorpadmamm, pucyHkamm U MHOI MHGopMaLmeit 0 coaepxalum npoekta. OauH daitn B dopmare pdf, o 3 M6.
CKayaTb...

Moanucb pykoBoauTena npoekra /B.M. Hakapsikos/
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@opma 5. 3anpawmBaemoe puHaHcuposaHue Ha 2021 rog,

5.1. MnhaHupyembie pacxoabl N0 NPOEKTY

(He 6onee 10 NPOLEHTOB OT CyMMbl IPaHTA)

Ne Cymma pacxopnoB
HanpaeneHus pacxoaoBaHMs cpeAcTB rpaHTa
n.n. (TbiC.py6.)
BCEIro 6000
BosHarpaxaeHue 41eHOB Hay4HOro KOIeKTUBA (C y4eTOM CTPaxoBbiX B3HOCOB BO 3055
BHeOmKeTHble GoHAbI, 6e3 nnL, KaTeropmm «BCMOMOraTelbHbl MePCoHan»)
Bo3HarpaxaeHune nuL, KaTeropmMm «BCNOMOraTtesibHbl NePCOoHan» (C y4eTOM CTPAx0oBbIX 0
B3HOCOB BO BHeOIOAKeTHbIE POHLbI)
1 |Wroro Bo3HarpaxaeHue (C y4eToM CTPaxoBblX B3HOCOB BO BHEOOAXKETHbIE HOHAbI) 3055
2 |Onnata Hay4HO-MCCNenoBaTeNbCKMX PaboT CTOPOHHMX OpraHM3aLmMi, HanpaBneHHbIX Ha 0
BbINOJIHEHWE HAYYHOrO NPOEKTa
(He Bonee 15 NpOLEHTOB OT CYMMbl PaHTa)
3 |Pacxoppl Ha npuobpeTteHne 060pya0BaHNUS U MHOTO UMYLLECTBA, HEO6X0AUMDIX ANns 1400
npoBeLeHNs HAay4YHOro nccnefoBaHus (BkIoYas obydyeHne paboTHUKOB, MOHTaXHbI€e, MYCKO-
Hanafo4YHble U PEMOHTHbIE ™ *** paboTbl)
**** He cBA3aHHblE C OCYLUECTBNIEHMEM TEKYLIEN [ esiTeNbHOCTY OpraHMU3aLMM.
4 |Pacxoppl Ha npuobpeTeHMe MaTepuanoB U KOMMAEKTYIOWMX 418 NPOBEAEHUS HAYYHOMO 30
nccnenoBaHns
MHble pacxonbl Ang uenen BbiNONHEHMS NPOeKTa 915
6 |HaknagHble pacxonbl opraHusaumm 600

5.2. PacwmdpoBKa n1aHUupyeMbiX pacxoaoB

HanpaeneHusi pacxoAoBaHMA CpeAcTB rpaHTa, pacwmdpoBKa

WToro Bo3HarpaxaeHue (C y4eToM CTPaxoBblX B3HOCOB BO BHeBOAXETHbIE HOHAbI)

(yKa3bIBaeTC5I CyMMa BO3Har paxxa eHus (BKJ'II'O"Iaﬂ pyKoBoOAUTENA, OCHOBHbIX MCMOSTHUTENEN U MHBIX UCMONHUTENEN, NPUBNIEKAEMbIX K BbINOJIHEHUO pa60T no

I'IpOGKTy), BK/1KO4adA YCTaHOB/IE€HHbIE 3aKOHOL,aTE/IbCTBOM Poccwiickoit CDe,u.epauMM FapaHTUM, OTYNCIEHMA NO CTPaxXOBbIM B3HOCaM Ha obsi3arensHoe

NEHCMOHHOE CTpaxoBaHWe, Ha 06s3arenbHoe MeauUMHCKoe CTpaxoBaHue, Ha 06si3arensHoe coupanbHoe CTpaxoBaHWE Ha cnyqaﬁ BpeMeHHOﬁ

Hepr,ELOCI'IOCOﬁHOCI’M M B CBA3U C Mar€pUHCTBOM, Ha obsi3arenbHoe couuanbHoe CTpaxoBaHMe OT HeCHaCTHbIX C1y4aeB Ha NPOU3BOACTBE U I'IpOd)eCCMOHaﬂbeIX

3abonesaHuif)

BosHarpaxaeHue 4neHoB Hay4YHOro KONeKTUBA:

1. Hakapskos B.M. (pykosoguTtenb npoekta): 350 TbiC. pyb.;
2. Ky3HeuoB A.A. (0cHOBHOM ucnonHutens): 350 Toic. pyb.;
3. Cbly P.A. (ocHOBHOWM McnonHWTeNb): 350 TbiC. pyob.:

4. KynpuaHosa E.I". (ocHoBHOM ucnonHuTenb): 350 Toic. pyb.;
5. AntbiHueB A T. (ucnonHuTenb): 300 ToiC. pyb;

6. AHdunHoreHToB C.A. (McnonHuTenb): 300 Toic. pyob;

7. Konotkos [1.10. (ncnonHutens): 300 Thic. pyb;

8. lapnoHosa AWM. (ncnonuutens): 255 Toic. pyb.;

9. Kapakotos P.P. (ncnonnutens): 250 Toic. pyb;

10. ®epenés B.B. (ucnonHutens): 250 ToiC. pyb.

Mroro: 3055 TeiC. pyb.

BO3Hana)K[J,EHMe BCNOMOratenbHOro nepcoHana: He NnpeaycMoTpeHO.

Onnata Hay4YHO-UCCnenoBaresibCKUX pa60T CTOPOHHUX opraHM3au,m71, HanpaBNE€HHbIX Ha BbIMOJIHEHNE HAYYHOIO
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npoekTa
(I'IpMBO,EI,MTCﬂ nepeYveHb NnaHMpyeMmbIX 0,0roBopos (CHETOB) CO CTOPOHHMMM OpraHu3aumsaMU C YKa3aHHMeM npenmeTa U CyMMbl KaXKO,0ro ,D,OI'OBOpa)
He npepnycmoTpeHa

3 Pacxopnbl Ha npuobpeTeHne 060pyno0BaHMS M MHOMO UMYLLECTBA, HE0BXO0ANMBIX A1 NPOBEAEHUS HAy4HOrO
nccnefoBaHus
(I'Ipeﬂ,CTaBﬂﬂeTCﬂ nepeyeHb NiaHUpyeMbIX K 3aKyrnke o60pyu.oaaHM;| M MHOTO UMYLLECTBA, HEO6XOD,VIMbIX ANa npoBeaeHna Hay4YyHoro ucaienoBaHua (B
cootBeTcTBUM C M. 4.12 opmbl 4))
[1Ba nepCcoHanbHbIX KOMMbKOTEPA C MOHUTOPAMM A5 NpoBeAeHUs paboT no 06paboTke HabAAEHWUIA U YMCIEHHOMY
mogaenmposaxuto: 200 Teic. py6b.;
[Ba HOoyTOYKa 419 BO3MOXXHOCTU NpoBeAeHMs paboT No NpoekTy Bo BpeMs KoMaHauposok: 200,0 Teic. py6.;
CepBep ong npoBeAeHWs YUCIEHHOTO MOAENMPOBAHUS, XpaHeHUs U 06paboTKM AaHHbIX. MpUMepHas KOHPUrypauus:
npoueccop AMD Epic (64 sapa, 128 noTtokos), 512 I'b onepatneHoi namstu, 2 Tb NVME SSD ¢ 3awmToi oT cbosi no
nuUTaHUIo Ans runepeusopa u cuctemol, 6 x 10 TB HDD (5 - ans co3paHmns 0TKa3oyCcTonmymMBoro Maccuea u 1 pesepsHbii
ong ropsyert 3aMenbl): 1000,0 Toic. pyb.

Wroro: 1400,0 Tbic. py6.

4 PaCXO,EI,bI Ha ﬂpMO6p8TEHMe MaTtepuanoB M KOMNNEKTYOLWKUX ONa npoBeeHUa Hay4HOro nccneanoBaHus

(npencraBnseTcs paciumdpoBka 3an1aHUPOBaHHbIX MATEPUANOB 1 KOMMIEKTYIOWMX (B COOTBETCTBUM C M. 4.12 dopMbl 4))

PacxonHble MaTepuanbl Ansg OprrexHuku (bymara u KapTpuaxu 4N NpUHTEpPOB), KaHUenspckue ToBapbl: 30 Teic. pyo6.
5 WHble pacxonbl ong uenen BoINONHEHUS NPOEKTa

(I'IpMBO,D,ﬂTCﬂ WHbIE 3aTparbl Ha e BbINO/THEHUA NPOEKTa, B TOM YMUIE Ha KOMaHAMPOBKHK, onary yanyr CBA3W, TPAaHCNOPTHLIX YO1YyT, pacXon bl He

QaCLUMQQOBbIBa}OTCﬂ
Onnata nybamkaumm cTaTeit B BeAYLWMX peLeH3MpyeMbIX HayuHbIX xypHanax (Ap), A&A): 300 Teic. pyb.;

OnnaTa KOMaHAMPOBOK A1 Y4aCTUS B POCCUIACKMX U MEXAYHAPOAHbBIX Hay4YHbIX KoHpepeHumsax: 600 Tbic. pyb.
Onnata ycnyr ¢B3u (rogoBas AMUeH3ns Zoom s OpraHn3aumm yaaneHHbIX CEMUMHAPOB U coBeluaHuit): 15 Teic. py6.

Mroro: 915 Tbic. pyb.

Moanucb pykoBoauTens npoekra /B.M. Hakapsikos/

Moanuco pyKkoBoauTena opraHmsauuu (yI'IOJ]HOMOLIEHHOI'O npencraBuTeNs, ﬂ,eﬁCTByPOU.LEFO Ha OCHOBaHWM 0OBEPEHHOCTUN NN
pacnopaanTenbHOro LI,OKyMEHTa), nevyartb (I'IpM ee Hanny VIM) opraHu3auuu.
B cnyyae nognmcaHus GopMbl yNosIHOMOYEHHbIM NpeA CTaBUTENEM OpraHM3aLmMm (B T.4. — pyKoBoauTeneM Guamnana) K nevarHoMy 3K3emMnnapy 3asBKM NpunaraeTcs

Konua pacnopaauTenbHOro 4,0KyMeHTa Uin 0,0BEPEHHOCTH, 3aBEPEHHAA NEeYdTbi0 OpraHu3aumnn.

M.M.
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