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®opma 1. CBepeHus o npoekre

1.1. HazBaHue npoekTa
Ha pyCcCKOM 5i3biKe
du3nKa akKpeuum 1 MarHUTHble MO HEWTPOHHbIX 3Be3[,: TPAH3MEHTbI M 3BOJIOLLUS

Ha GHeNULICKOM 5i3biKe
Physics of accretion and magnetic fields of neutron stars: transients and evolution

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

OTHECEeHa K 0f,HOMY M3 MPUOPUTETHBIX HaMPaB/EHWH, a TAKKE MOXET BHECTU BKNIAJ, B Pa3sBUTUE KpUTUUECKMX TexHonoruii Poccuitckoi Pdenepaumm.

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)

1.3. KnioueBble cnoBa (npusodumcs He 6onee 15 mepmuHos)
Ha pYCCKoM 5i3blke
HEWTPOHHbIe 3Be3/bl, aKKpeLUs, PEHTTEHOBCKME UCTOYHUKM, NMYNbCapbl, ABOMHbIE CUCTEMbI, MarHUTHbIE NONS

Ha GHeNULICKOM $13bIKe
neutron stars, accretion, X-ray sources, pulsars, binary systems, magnetic fields

1.4. AHHOTauus npoekTa (06vemMoM He 6os1ee 2 cmp.; 8 MOM YuCIe Kpamko — aKmyasabHocme peuleHus YyKasaHHol eviwe
Hay4Hoil npo6eMbl U HAYYHAS HOBU3HA)
DanHasa uHdopmaumus MoxeT 6biTb ony6nmMkoBaHa Ha caifre PoHAaa B MH(BOPMALMOHHO-TEIEKOMMYHMKALLMOHHOM ceTu «UHTepHeT».

HQ pYCCKOM 5i3bIKE
CoBpeMeHHOe v byayulee pa3BuTMe HabMAaTeIbHOM acTpOdM3MKM BeAeT K 3HaYUTEIbHOMY pOCTY MacCMBa HAaKOMAEHHbIX
HabnoaaTeNbHbIX AAHHbIX, BKAOYas 0630pHbIe, YeMy CMNOCOBCTBYET M HOBbIM YPOBEHb YYBCTBUTENBHOCTU, LOCTUXMUMDIN Ha
Honee CoBepLUEHHbIX YCTAHOBKAX - PaaMoTeecKonax, peHTTeHOBCKUX AeTEKTOpaX, LWMPOKOMOJbHbIX OMTUYECKUX
MHCTPYMeHTax. B pe3ynbTarte OTKpbIBAKOTCS MCTOYHMKM HOBbIX TUNOB, @ M3BECTHble 06beKTbl 0OHAPYXKMBAKOT PEeHOMEHDI,
Tpebytowme rnybokoro aHanmsa Anis ux onucaHums. NpoekT HanpaBneH Ha UCCNef0BaHWE CBOMCTB HEKOTOPbIX TakKMX
MUCTOYHMKOB, @ UMEHHO, Ha [eTaNbHbIM aHanM3 GyHAAMEHTANbHbIX XapaKTEPUCTUK U HAbAOAATEIbHBIX NPOSBAEHMN
HEWTPOHHbIX 3BE3[, B NepBY0 ouepeb Ha CTaAMM akKpeLuu. byneT usyuyeHo BansHME 3BOOLMM MArHUTHOTO NOAS U
napaMeTpOB BHELWHel cpebl Ha HabnaaTelbHble NPOSBNEHUS HEMTPOHHbIX 3BE3[, B Pa3/IMYHble NepUoabl UX XXM3HEHHOTO
umkna. bynet pa3paboTaH OTKPbITbIM YMCNEHHbIV KOA, MO3BOSOWMI pacCyUTbIBaTb CTPYKTYPY aKKPEeLMOHHOI0 ANCKA U
KpuBble Bnecka, HabnogaeMble B peHTTEHOBCKOM M ONTUYECKMX AMana3oHax BO BPEMS BCMblLLEK, BbI3BaHHbIX POCTOM TEMNA
aKKpeLun B AUCKAX BOKPYF HEMTPOHHbIX 3Be34. [lnaHupyeTcs npoBecTy nogpobHoe MOAEeNMpOBaHME AMHAMMKM U3TUOHbIX
AKKPELMOHHbIX AMCKOB U B pe3y/bTaTe AeTalbHO BOCCTAHOBUTb (U3UYECKME XAPaAKTEPUCTUKM aKKPELMOHHOIO AMCKA U
NOCTPOUTb KAPTUHY CUHXPOHM3ALMMN NPELLECCUIA AMCKA U HEWTPOHHOWM 3Be34bl B 0CO60 MHTEPECHOM PEHTIEHOBCKOW ABOMHOM
cucteme Her X-1 ¢ cnonb3oBaHMEM COBpEMEHHbIX HAabMH0AATENbHbIX AAHHbIX.

Bce pe3ynbTarthl, KOTOPbIE OXMAAETCS MOMYYUTb B paMKax JaHHOMO NPoekTa, OyayT HOBbIMU U OPUTMHANBHBIMU U Oy oyT
COOTBETCTBOBAaTb MMPOBOMY YPOBHIO.

HQa aH2/IULCKOM Si3biKe
The current and future development of observational astrophysics leads to a significant increase of accumulated
observational data, including survey data, which is also facilitated by a new level of sensitivity achievable with more
advanced facilities - radio telescopes, X-ray detectors, and wide-field optical instruments. As a result, sources of new types
are being discovered, and well-known objects reveal phenomena that require deep analysis to describe them. The projectis
aimed at studying the properties of some of these sources, namely, at a detailed analysis of the fundamental characteristics
and observational manifestations of
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neutron stars, primarily at the stage of accretion. The influence of the evolution of the magnetic field and the surrounding
media parameters on observational manifestations of neutron stars at various periods of their life will be studied. An open
numerical code will be developed to calculate the structure of the accretion disk and light curves observed in the X-ray and
optical ranges during outbursts caused by an increase in the accretion rate in disks around neutron stars. It is planned to carry
out a detailed simulation of the dynamics of warped accretion disks and, as a result, to reconstruct in detail the physical
characteristics of the accretion disk and to construct a picture of the synchronization of the disk and neutron star precessions in
a particularly interesting X-ray binary system Her X-1 using modern observational data.

All the results that are expected to be obtained within the framework of this project will be new, original and globally
significant.

1.5. Okupaembie pesynbTaTbl M MX 3HAUYUMOCTD (YKA36I8AIOMCS PE3YNbMAMel, UX HAYYHAS U 06UjecmeeHHas 3Ha4umMocmeo
(coomeemcmeue npednonazaembix pe3ybmanos MUpo8oMy YpOBHI0 UCCIe008aHULI, 803MOHHOCMb NPAKMUYECKO20
UCnonL308aHUs 0XUOAEMbIX Pe3y/lbmamos npoeKma 8 3KOHOMUKe U coyuansHoli cgepe))
JMaHHasa uHdopmaLmua MoXeT 6biTb ony6nmMkoBaHa Ha caifre MoHAa B MH(OPMALMOHHO-TEIEKOMMYHUKALLMOHHOM ceTu «UHTepHeT».

Ha pYCCKOM 53bIKE
1) MoaenMpoBaHue MarHMTOBpaLLATEIbHOM 3BOIOLMM MOSIOAbIX HEMTPOHHbIX 3BE3/ B ABOMHbBIX CUCTEMAX C Y4ETOM Bapuaumi
TEMMA aKKpeLmn.

2) OueHKM NapaMeTpoB OAMHOYHbIX AaKKPELMPYIOLLMX HEWTPOHHbIX 3BE34, B TOM YMC/IE B MPUNOXEHUM K X UOEHTUDUKALUK B
OaHHbIX eROSITA.

3) Pa3paboTka nonynsuMOoHHbIX MOAeNel B paMKax MarHMTapHOro CLeHapus BbICTPbIX PafMOBCMIECKOB.

4) Pa3zpaboTka YMCNeHHOro Koaa Ansg MoAeIMPOBaHMS BCMbILWEK PEHTTEHOBCKMX TPAH3MEHTOB C PACYEeTOM CTPYKTYpPbI
HeCTaLMOHAPHOr0 akKpPeLMOHHOrO AMCKa.

5) MNpoBepka TeopeTU4ECKMUX MoLeNel B3aMMOAENCTBUS BeLleCTBa AUCKA U MarHUToCdepbl HEATPOHHOW 3Be3Abl MO
HabntoaaeMblM KpMBbIM Bnecka peHTreHOBCKMX TPaH3MEHTOB BO BPeMsl BCMblLUEK.

6) CTpyKTypa A1CKa, B 4aCTHOCTU, pacnpeaeneHue TeMnepaTtypbl N0 NOBEPXHOCTU U3rMBHOr0 akKpeLIMOHHOI0 ANCKA BOKPYT
HeWTPOHHOW 3Be34e B peHTTeHOBCKOM MCTOYHMKe Her X-1.

7) Mopenb CMHXPOHM3aLMK NeprMoLoB CBOHOAHONM NpeLeccumn HEMTPOHHOM 3Be34bl M NpeLeccun ancka. NoctpoeHune moaenm
opbUTanbHbIX BapMaLmMin peHTreHOBCKOr0 MOTOKA M CNEKTPa Ha pa3HbliX (asax 35-aHeBHOro umkia, Habmogaembix y Her X-1.

JlaHHble pe3ynbTaTbl UMEIOT BXKHOE 3HAYEHWE 1S NOCTPOEHUS LieNIbHOM KapTHHbI pa3HOOOpPa3HbIX SBNEHMI B GU3MKe
HEWTPOHHbIX 3BE3[ W, B LLeIOM, 0GBbEKTOB 3KCTPEMA/bHOM BU3MKM B KOCMOCE. Bce HaydHble pe3ynbTaTbl 6yayT NoMyYeHbl
BriepBble 1 6yayT COOTBETCTBOBATH COBPEMEHHbBIM 3aMpOCaM MUPOBOIO HAy4YHOr0 COOBLLECTBA, 0COBEHHO C YYETOM
aKTyaslbHbIX M BYAYLIMX MPOEKTOB PEHTTEHOBCKMX MUCCHUIA. Pe3ynbTatbl MCCNef0BaHMI ByAyT LONOXKEHbBI HA HaY4YHbIX
KOHdepeHLMsX, NPeLCTaBNEHbI B HAYYHO-MONYNSPHOM KOHTEHTE, UCMO/b30BaHbI B Aa/bHEWLLIE 06pa3oBaTe/bHOM
LesTeNbHOCTU rpynnbl 3aseuTeneit. MporpamMmHoe obecnevyeHune ByaeT BbIIOXEHO B OTKPbITbIM JOCTYN HA
CMEeUManM3mMpoBaHHbIX CEPBEPAX A/1s UCMOMb30BaHUS APYrUMI Hay4Y HbIMM FpyMnnamu.

Ha GHeNULICKOM $i3biKe
1) Modeling the magnetorotational evolution of young neutron stars in binary systems taking into account variations in the
accretion rate.

2) Estimates of the parameters of isolated accreting neutron stars, as applied to the eROSITA data in particular.
3) Development of population models within the magnetar scenario of fast radio bursts.

4) Open numerical code for simulating outbursts of X-ray transients along with the calculation of the structure of a non-
stationary accretion disk.
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5) Testing of theoretical models of the interaction of disk matter and the magnetosphere of a neutron star using observed
light curves during outbursts of X-ray transients.

6) Structure of the disk, in particular, the temperature distribution over the surface of the warped accretion disk around the
neutron star in the X-ray source Her X-1.

7) Model of synchronization of periods of free precession of the neutron star and disk precession. Construction of a model of
orbital variations in the X-ray flux and spectrum at different phases of the 35-day cycle observed in Her X-1.

These results are important for constructing a comprehensive picture of various phenomena in the physics of neutron stars
and, in general, objects of extreme physics in space. All scientific results will be obtained for the first time and will
correspond to the modern requirements of the world scientific community, especially taking into account current and future
projects of X-ray missions. The research results will be reported at scientific conferences, presented in popular science
content, used in the further educational activities of the group of applicants. The software will be made publicly available on
specialized servers to be used by other scientific groups.

1.6.B cocTaB HAy4YHOro KosJ1eKTtusa 6y.n.yT BXOAUTb (YKa3blBaeTCil nnaHupyemoe KoanuvyecTeo WUCMOJIHUTENIEN B TEYEHUE BCETO
CpoKa peanusauum NpoeKTa):
HecooTtBeTcTBME cOCTaBa Hay4yHOro KOMJIEKTUBA (B TOM YUCIe OTCYTCTBME MHGOpMaLLMM B COOTBETCTBYHOLLMX Nonsx ¢opMbl) Tpe6oBaHUAM NMYHKTA 12 KOHKYpCHOM
AOKYMEHTaLl U ABNAETCA OCHOBaHUEM He[omyCKa 3afABKU K KOHKYpCY.
8 ucnonHuTenen npoekTa (BKIKYas pyKOBOAUTENS),
B cooTBeTCcTBUM C TPeBOBaHWSAMM MYyHKTA 12 KOHKYPCHOM A,0KYMeHTauum ot 4 no 10 yenosek. BHe 3aBUCMMOCTM OT TOrO, B TPYAOBbIX MW IPaXK,aHCKO-NPaBOBbIX
OTHOLLEHUAX MCNONMHUTENN COCTOAT C opranaaumeﬂ.
B TOM vyucne

5 ncnonHutener B Bospacte 40 39 neT BKAUUTENBHO,

N3 HUX:

3 OYHbIX AaCMMPAHTOB, aAbIOHKTOB, UHTEPHOB, OPAMHATOPOB, CTYAEHTOB.

1.7. MnaHupyeMblii COCTaB Hay4HOro KOINEKTUBA C YKazaHueM daMunuii, UMeH, oT4ecTB (MPU HAUTMYUMU) WIEHOB KONNEKTUBA,
MX BO3pacTa Ha MOMEHT NOJAYM 3a1BKM, YUEHbIX CTeNeHe, AONKHOCTE U OCHOBHbIX MeCT paboTbl, GOPMbl OTHOLLEHMIA C
opraHusauumei (TpyA0BOi AOroBOp, FPaXKAAHCKO-NPaBOBOi A4OrOBOP) B NepUOA, peanmsaLumn NpoeKTa

Ha pyCcCKOM 5i3biKe
1) Wakypa Hukonai MBaHoBwMY, 75 roaa, BOKTOP $u3.-MaT. HayK, 3aBeyowmii otaenom Penatmemctckor actpodusmnkm FANLL
Mry
2) Monos Ceprett bopucosny, 48 net, noKTOp PU3.-Mart. Hayk, npodeccop PAH, Beaywmii Hay4HbIM coTpyaHuk FANLL MY
3) JlunyHoBa NanuHa BnagnMnposHa, 45 neT, KaHAMAAT PU3.-MaT. HAYK, CTapLUMIA Hay4YHbIM cOTpyAHUK TAULL MY
4) ManaHueB KoHCTaHTHH JleoHnpoBuy, 30 neT, KaHAMAAT Gu13.-MaT. HayK, Hay4Hbl coTpyaHuk FTAULL MIY
5) KonecHukoB Amutpuii Anekceesud, 30 neT, Beaywmin uuxeHep FAULL MY
6) XoxpsikoBa AnéHa [imMnTtpureBHa, 22 roaa, CTygeHTKa 5 Kypca ¢pumsmyeckoro dakynsteta MockoBckoro NocyaapcTBeHHOro
yHuBepcuteta um M.B. JlTomoHocoBa

—_ T = —

7) ABakaH ApTyp JleBoHOBWY, 23 roaa, CTyAeHT 6 Kypca pusnyeckoro dakynbteta MoCcKoBCKOro ocyaapcTBeHHOro
yHuBepcuteTa uM M.B. JToMoHoCOBa

8) Tasnees AHgpeit Cepreesuy, 23 rofa, CTyaeHT 6 Kypca pusmyeckoro dakynbteta MockoBCKOro ocyaapcTBEHHOMO
yHuBepcuteTa uM M.B. JToMoHoCOBa

Bce yyacTHMKM - TPYyA0BOM [OrOBOP

Ha GH2NULICKOM 5i3biKe
1) Shakura Nikolai Ivanovich, 75 years old, doctor of physics and mathematics. Sci., Head of the Relativistic Astrophysics
Department of the Sternberg Astronomical Institute (SAI) of the Lomonosov Moscow State University (MSU)
2) Popov Sergey Borisovich, 48 years old, Doctor of Phys.-Math. Sci., Professor of the Russian Academy of Sciences, Leading
Researcher of the SAIl of the MSU
3) Lipunova Galina Vladimirovna, 45 years old, candidate of physics and mathematics. Sci., Senior Researcher o the SAI of the
MSU
4) Konstantin Leonidovich Malanchey, 30 years old, candidate of physics and mathematics. Sci., Researcher at the SAl of the
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MSU

5) Kolesnikov Dmitry Alekseevich, 30 years old, leading engineer of the SAl of the MSU

6) Alena Dmitrievna Khokhryakova, 22 years old, 5th year student of the Physics Faculty of the MSU
7) Avakyan Artur Levonovich, 23 years old, 6th year student of the Physics Faculty of the MSU

8) Tavleev Andrey Sergeevich, 23 years old, 6th year student of the Physics Faculty of the MSU

NN NS

All team members have employment contracts.

CooTeeTcTBME NPOdeCcCUOHANBHOrO YPOBHS WIEHOB HAayYHOro KOIIeKTUBA 3a4a4aM NpoekKTa

HQa pyCCKOM fA3bIKe
KonnekTue BKIOYAET BELYLIMX YUEHBIX MUPOBOIO YPOBHS M 3aLUMLLEHHbIX MCCNEA0BATENEN - LOKTOPA U KaHAMAATbI HayK, -
0[LHOTO Y/IEHA KOMINEKTMBA C NMPeACTOALEe 3aluMToN B 6aMKaiweM roay nog Hay4yHbIM pyKoBoACTBOM PykosoauTens MpoekTa
W CTY[EHTOB. 33a4M NPOeKTa afeKBaTHbl NPoheCcCcMoHaNnbHOMY YPOBHIO FPYMbI.

Ha GH2UUCKOM f3biKe

The team includes leading world-class scientists and staff researchers - professors and PhDs - plus one member of the team
with the planned PhD defense in the coming year (supervised by the Project Leader) and students. The tasks of the project
are adequate to the professional level of the group.

1.8. MnaHupyembiii 06beM uHaHCHMpOBaHUA npoekTa DoHAOM NO roaam (yKasbiBaeTcs B TbiC. pybneit):

2021 r. - 6000 TbiC. pybnei,

2022 r. - 6000 TbIC. pYbRen,

2023 r. - 6000 TbIC. pYbRen.

HecootseTcTBME NMNaHMpyeMoro obbema GUHaHCMPOBaHUA NPoeKTa (B TOM YMce OTCYTCTBME MH(POPMaLIMK B COOTBETCTBYOLMX NONAX Gopmbl) TpeboBaHMAM nyHkTa 10

KOHKprHOVI AOKYMEHTaUUKN ABNIAETCA OCHOBaHMEM HEeL oMy CKa 3a9BKU K KOHKYPCY.

1.9. HayuHbii1 KONNeKkTMB NO pe3ynbTataM NPOEKTa B XO4e ero peanusauumn npeanonaraeT ony611MKoBatb B peLeH3MpyeMbiX
pOCCMﬁCKMX u 3apy69)KHbIX HAY4YHbIX U30aHUAX HE MeHee
MpuBOAATCA AaHHbIE 32 BECb NEpUOS, BbIMOMHEHUS NPOEKTa. Y MeHbl eHUe KonuiecTsa ny6amkauuii (B TOM Yucie OTCYTCTBUE MHGOPMaLLUU B COOTBETCTBYHOLMX
nonax ¢opMbi) MO CPABHEHUIO C NOPOroM, YCTAHOB/EHHBLIM B MYHKTE 16.2 KOHKYPCHOI A,0KYMEHTaL MK, ABASIETCA OCHOBAaHUEM HE0NYCKA 3asiBKM K KOHKYPCY.
B cnyyae npeacraBnenus ny6nukaumm B MUspaHuaX, MHAeKcMpyeMbix B 6ase AaHHbIX «CeTb Hayku» (Web of Science Core Collection) unn «Ckonyc» (Scopus),
BXOAAWMX B NepBblit KBapTunb (Q1) no umnakT-dakrtopy JCR Science Edition min JCR Social Sciences Edition, no SIR (npuHaanexHoctb uspanma k Q1 B Scopus
onpepensietca no 6ase AaHHbIX http://www.scimagojr.com/), AaHHasA CTaTbs YYMTbIBAETCA Kak ABe ny6naukauuu.
16 nybamkaumi,
N3 HUX

14 B u3paHusX, nHaeKcMpyeMblx B 6azax faHHbix «CeTb Hayku» (Web of Science Core Collection) unm «Ckonyc» (Scopus).

MHdbopMaumsa o HayuHbIX M3JaHUAX, B KOTOPbIX NpeanonaraeTcsl ony61MKoBaTh pesynbTaThl NPOEKTa, B TOM YMcie cnepyet
yKasarb B Kakux 6a3ax MHAEKCUPYIOTCA AaHHble u3paHusa - «Cetb Hayku» (Web of Science Core Collection), «Ckonycs»
(Scopus), PUHLL, nHble 6a3bl, a TakKe yKa3aTb TN NY6AMKaLuMK - cTaTbsl, 0630p, Te3UCbI, MOHOrpadusa, MHOM TUN
MnaHupytroTcs Ny6aMKaLMmM B OCHOBHBIX MEXAYHAPOAHbIX PeLeH3MPYEMbIX XypHanax no npodunto "actpodumsmnka’, B ToM
uyncne B Monthly Notices of Royal Astronomical Society, Astronomy Letters, Astronomical Reports, KoTopble MHAEKCUPYHOTCS
Web of Science Core Collection, Scopus, PUHLL. Tun nybamnkaumi - Te3ucel, CTaTbu.

MHble cnoco6bl 06HapoA0BaHMSA Pe3yNbTaToB BbINOJHEHUS NPOEKTa

MpencTaBneHUe Ha MEXAYHAPOLHbIX KOHdEpPEHLMsIX, ONYy6AMKOBaHUE pe3ynbTaToB B Tpyaax KoHdepeHumit. MpeacTaeneHue
pe3yNbTaToB Ha acTPOMU3MYECKMX KONIOKBUYMaX M ceMuHapax. My6aMyHoe pacnpocTpaHeHMe pe3ynbTaTos B IEKLUMAX U
BbICTYMNNEHMSX ANS NoBUTENEN aCTPOHOMUM U MHTEPECYHOLLMXCA AOCTUNKEHUSIMU COBPEMEHHOI HayKK.

1.10. Yucno ny6amkaumin WieHOB Hay4HOr0 KOJIIEKTUBA, ONy6/IMKOBaHHbIX B nepuoa ¢ 1 aueapa 2016 roaa ao Aartbl nogavun
3aBKMH,
78, 13 HUX

45 - ony6nuKoBaHbl B U3aaHusx, uHaekcupyembix B Web of Science Core Collection nam B Scopus.
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1.11. MnaHupyemoe yyacTe Hay4HOro KOJNJIEKTUBA B MEXAYHAPOAHbIX Konnabopaumax (npoekrax) (mpy HaMunm)

PykoBoauTeNb NpoeKTa NoATBEPXKAAET, YTO

® BCE YJieHbl HAYYHOrO KO/EeKTUBA (B TOM YMCe pyKOBOAMUTENb MPOEKTA) YAOBNETBOPSIOT NyHKTaM 6, 7, 13 KOHKYpPCHOM
LOKyMeHTaLuu;

® Ha BeCb Nepuoa peannsaummn NnpoekTa oH OyaeT COCTOSATb B TPYA0BbIX OTHOLIEHMSX C OpraHu3aumen;

e npwu 06HApOA0BaAHMM Pe3Y/bTATOB NHOOOM Hay4YHOM paboThl, BbINOJHEHHOM B paMKax noanepXKaHHoro MoHaoM
NpoeKTa, pyKOBOAMUTE b MPOEKTA U €ro Hay4Hbl KONEKTUB BYAYT YKa3blBaTb HA NOJly4eHWe PUHAHCOBOM NOLAE PXKKM
oT MoHAA M OpraHM3aLmio, a TakkKe CornacHbl ¢ onybamkoBaHueM MOHAOM aHHOTALMK U OXMAAEMBIX PE3Y/bTaToB
noAAepXXaHHOro MPOeKTa, COOTBETCTBYIOLMX OTYETOB O BbINOJHEHUM MPOEKTA, B TOM Yucne B UHOOPMALMOHHO-
TeNeKOMMYHUKaLMOHHON ceTh «MHTepHeT;

e nomuMo rpaHTa MoHAa NpoekT He ByaeT UMeTb APYrMX UCTOYHUKOB DUHAHCUPOBAHMS B Te4eHWe BCEro nepuoaa
NpakTUYeCKoM peannsaLmm NpoekTa C UCNoAb30BaHMeM rpaHTa MoHaga;

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

® MPOEKT He COAEPXMUT CBEAEHMUI, COCTABNAOLLMX FOCYAAPCTBEHHYH TalHY UM OTHOCUMBIX K OXPaHSEMOM B
COOTBETCTBMM C 3aKOHOAATENbCTBOM Poccuiickon @epepaunm MHOW MHGOPMALMKM OFPAaHUY €HHOTO JOCTYNa;

® 1019 YNEHOB HAaY4YHOrO KO/MEeKTUBA B BO3pacTe A0 39 neT BKAIOYUTENBHO B 06LWe YMCIEHHOCTU YNEHOB HAYYHOO
KonnekTuea byneT cocTaBnsTb He MeHee 50 NpoLEeHTOB B TeYeHMe BCEro Nepuoaa NPakTMYeckom peanmMsaumnm NpoexTa;

® BYCTaHOBNEHHblE CPOKM ByayT NpecTaBnaTbcs B MOHA, exKeroaHble 0T4YETbl O BbIMOHEHWU NPOEKTA U O LieNeBOM
MCMONMb30BaHUM CPeACTB rpaHTa.

Moanucb pykoBoautens npoekra /H.W. Wakypa/
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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)
HQ pYCCKOM 5i3biKe
Lakypa Hukonaw MBaHoBuY

Ha aH2UTICKOM 53bIKe Gamuius u UHUYUAnsl
Shakura N.

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

https://publons.com/researcher/ABC-7206-2020/

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/0000-0002-5672-9517

2.2. lata poxaeHus (ykassleaemcsa yu@pamu — 4ucio, Mecsuy, 200)
07.10.1945

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.

[lokTop Pm3MKo-MaTeMaTUyeCckux Hayk, 1989

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

Naypeart lNocynapctBeHHOM npeMun PO B 061acT HAYKK U TEXHOMOTUIA;

3BaHue Eminent Scientist nH-ta RIKEN dnoHuu;

Mpemusa um. M.B. JlomoHocoBa, MI'Y;

YneH MexayHapoaHoro ACTPOHOMMYECKOr0 CO3a;

YneHCTBO B OpraHM3aLMOHHOM KOMUTETE MeXAyHapoaHbixX koHdepeHumin Zeldovich-1 (2009), Zeldovich-2 (2014),
Zeldovich-3 (2018), Zeldovich-4 (2020)

2.6. OcHOoBHOE MeCTO paboTbl HA MOMEHT NOAAYM 3aBKU — AOHKHOCTb, NOJIHOE HAUMEHOBAaHME OpraHM3auum (COKpaLLEHHOe
HaMMEeHOBaHWE OpraH13aLum)

PyKosop.wrenh npoeKTa MOXXET Ha MOMEHT NnoAayu 3asBKU He ABNATLCA paGOTHMKOM opraHusauuu, HO, B Tly4yae HOGe,D.bI B KOHKYpce, A0/MKEH 3aK/MH4YUTb C HeW
pr.D.OBOﬁ A0rosop. B aiyyae, eUiM pyKoBoauUTe/Ib NPOeKTa He ABASEeTCA rpaaaHMHOM Poccuitckoit me,qepau.uu, oprauusauueﬁ AODKHbI 6bITb BbINO/IHEHbI BCE
npoueaypsl, NPeAycMOTpeHHble 3aKOHOAaTeNbLCTBOM Poccuitckoii Denepaliui Npu TPyAOYCTPOCTBE MHOCTPAHHBIX rpaXaaH.

3aBeayloWwmii oTaenoM, denepanbHoe rocyaapcTBeHHoe brookeTHoe 0bpa3oBaTeNibHOE yypexaeHWe BbiCLero 06pasoBaHus
"MOCKOBCKWUIA roCyaapCTBeHHbIN YHUBepcuTeT nMeHu M.B.JToMoHoCoBa" (MOCKOBCKMIM roCyapCTBEHHbIM YHUBEPCUTET UMEHM
M.B.JlomoHocoBa, MI'Y nmeHu M.B.JToMoHOCOBa, MOCKOBCKMI yHMBepcuTeT uian MIY, r MockBa)
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https://publons.com/researcher/ABC-7206-2020/
https://orcid.org/0000-0002-5672-9517

2.7. 06nacTb Hay4HbIX UHTEPECOB — K/lOUeBble CNOBA (npusodumcs He bonee 15 knwyvessix c/108)

HQ pYCCKOM 5i3bIKe
aKKpeLus,, YepHbIe Ablpbl, HEMTPOHHbIE 3BE3/bl, aKKPELIMOHHbIE AUCKM, MYbCapbl, PEHTTEHOBCKME UCTOUHWUKK, Oenbie
Kap/MKK, [IBOVHbIE 3BE3[Hble€ CUCTEMbI, KBa3apbl

HA aHeULiCKOM S3biKe
accretion, black holes, neutron stars, accretion discs, pulsars, X-ray sorces, white dwarfs, stellar binaries, quasars

2.8. O6nacTb Hay4HbIX UHTEPECOB — KOAbI N0 Knaccudukaropy PoHaa
02-704

2.9. MNepeyeHb ny6anKaumii pykoBoauTensl NpoekTa, ony6anMkoBaHHbIX B nepuoa, ¢ 1 aHBapa 2016 roaa Ao Aatbl noaaum
3asBKU, ﬂOATBep)KAaIOI.IJMﬁ BbINOJIHEHUE YC/10BUS MYHKTA 9 KOHKprHOﬁ AOKYMeHTauuu
[ina nuu, HAXOAMBLUMXCA B YKa3aHHbIN B HAaCTOSLLLEM NMYHKTE NepuoA B OTMYCKaX Mo 6epeMeHHOCTM U poAaM, OTMYCKaX Mo yxoAy 3a pe6eHKoM, a TaKKe OTMycKax
paboTHUKaM, YCbIHOBUBLUMM pebeHKa, AOMyCcKaeTcs HanuMuMe COOTBETCTBYIOWMX MyGaMKaLuii TakxKe B nepuoa, npeawecrsytowmii 1 sueapsa 2016 ropa, u paBHbiv
NPOA.OMKUTENLHOCTM TAKUX OTMYCKOB.
JlocTaToO4YHO NPUBECTM CCbINKM Ha My6IMKaL MM B KONUYECTBE, PAaBHOM YCTaHOB/IEHHOMY B KOHKYPCHOM JA,0KyMeHTaluu nopory. B ciyyae npeacrasnesus ny6nukauum
B M3AAHUAX, MHAEKcMpyeMbiX B 6ase AaHHbix «CeTb Hayku» (Web of Science Core Collection) umn «Ckonyc» (Scopus), Bxoasiwmx B nepsbiii kKBaptwib (Q1) no
nmnakT-gaktopy JCR Science Edition nnm JCR Social Sciences Edition, no SIR (npuHaanexxHocTb uspanus K Q1 B Scopus onpepenseTca no 6ase AaHHbIX
http://www.scimagojr.com/), faHHas CTaTbl B HACTOAILLLEM MYHKTE YKa3blBAeTCA KaK ofHa My6auKkaw s, HO yuMTbiBaeTcsl Kak ABe ny6nukauuu. Mpu atom
Heo6X0AMMO YKa3aTb Ha NPUHAANEXKHOCTL M3AaHUA K Q1 1 Ha rop npuHaanexxHocT uspanusa K Q1. HecootBetctBue KonuyecTBa ny6nukaumii (B ToM uncne
oTCyTCTBME MHGOPMALLMU B COOTBETCTBYHIOLUMX NONAX (POPMbl MM OTCYTCTBUE MHGOPMALLMM O MPUHAANEKHOCTM u3naHua K Q1), npuBoauMoe B nepeuHe u/unm
YUCIIEHHO B CTPOKE HWXKe, TpeGOBaHUAM NYHKTa 9 KOHKYPCHOM A,0KYMEHTaLUK SBNSIETC OCHOBAHWEM HEAOMyCKa 3asBKM K KOHKYPCY B COOTBETCTBUM C NMOANYHKTOM
«e» MyHKTa 21 KOHKYpPCHO# ,0KYMeHTaLuu.

Ha aHeulickoMm 53bike
1. Modelling of 35-d superorbital cycle of B and V light curves of IMXB HZ Her/Her X-1.
Kolesnikov, D. A.; Shakura, N. I.; Postnov, K. A.; Volkov, I. M.; Bikmaev, I. F.; I'smambetova, T. R.; Staubert, R.; Wilms, J.;
Irtuganoy, E.; Golysheva, P. Yu; Shugarov, S. Yu; Nikolenko, I. V.; Trunkovsky, E. M.; Schénherr, G.; Schwope, A.; Klochkoy, D.
Monthly Notices of the Royal Astronomical Society, 2020, Volume 499, Issue 2, pp.1747-1757
DOI: 10.1093/mnras/staa2829
IF=5.356,01

2. Accretion processes in astrophysics. Shakura N.I.; Kolesnikov D.A.; Postnov, K. A; Volkoy, |. M.; Bikmaey, I. F.; Irsmambetova,
T. R.; Staubert, R.; Wilms, J.; Irtuganoy, E.; Golysheva, P. Yu; Shugaroy, S. Yu; Nikolenko, . V.; Trunkovsky, E. M.; Schonherr, G.;
Schwope, A.; Klochkov, D.

Phys. Usp., 2019, vol. 62, pp., 1126-1135, 2019

DOI: 10.3367/UFNe.2019.04.038647

3. *Accretion Flows in Astrophysics® (monograph), Shakura N.I. (editor),
https://doi.org/10.1007/978-3-319-93009-1
Springer International Publishing AG, part of Springer Nature 2018

4. Microquasar V404 Cyg/GS 2023+338: MASTER optical observations during the June and December 2015 super-outbursts.
Lipunov, V. M.; Gorbovskoy, E.; Kuznetsov, A.; Vlasenko, D.; Kornilov, V. G.; Zimnukhov, D.; Vladimirov, V.; Giovannelli, F.;
Titarchuk, L. G.; Shakura, N. I.; Rebolo, R.; Serra-Ricart, M.; Buckley, D. A. H.; Tiurina, N.; Budnev, N. M.; Gress, O.; Hongbo, H.;
Wang, X.; Krushinsky, V.; Tlatov, A. ; New Astronomy, 2019, Volume 72, p. 42-82.

DOI: 10.1016/j.newast.2019.04.005

IF=1.058

5.V404 CYG/GS 2023+338: Monitoring in the Optical with Robotic Telescopes of the MASTER Global Network during the
2015 Superburst. Lipunov, V. M.; Kuznetsov, A. S.; Gorbovskoy, E. S.; Kornilov, V. G.; Tyurina, N. V.; Vladimirov, V. V.;
Krushinskiy, V. V.; Zalozhnykh, I. S.; Vlasenko, D. M.; Zimnukhov, D. S.; Balanutsa, P. V.; Gabovich, A.; Shakura, N. I.; Giovannelli,
F.; Titarchuk, L. G.; Buckley, D. A. H.; Gress, O.; Budnev, N.; Rebolo, R.; Serra-Ricart, M. ;

Astronomy Reports, 2019, Volume 63, Issue 7, pp.534-549

DOI: 10.1134/51063772919070059

IF=1.164
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6. Evolution of broad-band SED during outburst rise in NS X-ray Nova Agl X-1

Meshcheryakov A.V., Tsygankov S.S., Khamitov .M., Shakura N.I., Bikmaev LF., Eselevich M.V., Vlasyuk V.V,, Pavlinsky M.N.
Monthly Notices of the Royal Astronomical Society, Blackwell Publishing Inc. (United Kingdom), 2018, vol. 473, pp. 3987-
4002, doi:10.1093/mnras/stx2565

https://academic.oup.com/mnras/article/473/3/3987/4331644

IF =5.356, 01

7. Logarithmic potential for the gravitational field of Schwarzschild black holes

Shakura N.I., Lipunova G.V.

Monthly Notices of the Royal Astronomical Society, Blackwell Publishing Inc. (United Kingdom), 2018, vol. 480, N2 3, pp.
4273-4277, doi:10.1093/mnras/sty2165

https://academic.oup.com/mnras/article/480/3/4273%/5068187

IF =5.356, 01

8.Ya. B. Zeldovich and Foundation of the Accretion Theory

Shakura N.I.

Astronomy Reports, Maik Nauka/Interperiodica Publishing (Russian Federation), 2018, vol. 62, N2 12, pp. 823-833,
doi:10.1134/S1063772918120314

https://link.springer.com/article/10.1134%2FS1063772918120314

IF=1.235

9. 3D modelling of accretion disc in eclipsing binary system V1239 Her

Lukin V.V,, Malanchev K.L., Shakura N.l., Postnov KA., Chechetkin V.M., Utrobin V.P.

Monthly Notices of the Royal Astronomical Society, Blackwell Publishing Inc. (United Kingdom), 2017, vol. 467, N2 3, pp.
2934-2942, doi:10.1093/mnras/stx 309

https://academic.oup.com/mnras/article/467/3/2934/2970359

IF=5.356,01

10. Convection in axially symmetric accretion discs with microscopic transport coefficients

Malanchev K.L., Postnov KA., Shakura N.1.

Monthly Notices of the Royal Astronomical Society, Blackwell Publishing Inc. (United Kingdom), 2017, vol. 464, N2 1, pp. 410-
417, doi:10.1093/mnras/stw2348

https://academic.oup.com/mnras/article/464/1/410/2194694

IF=5.356,01

,ﬂ]‘lﬂ PYCCKOA3bIMHbIX Ha3BaHWI cBedeHna NpuBoaATCA Ha PyCCKOM A3blke U B NepeBoAe Ha AHMNUACK U A3bIK. |-|pl4 3TOM [,0/1XKHO 6bITb MOHATHO, 4YTO peYb UaoEeT 06

OfLHOM U TOM Xe A,O0KYMeHTe (Hanpumep, dobasnsiime cn0o8o «nepesoo»).
MepeueHb copepxuT 15 ny6nukaumii B uspaHuax, miaekcupyemoix B Web of Science Core Collection, Scopus.

MepeyeHb copepXXuT 5 nybnukaumii B UspaHuaX, BXoaawwmx B nepebiii KBaptunb (Q1) no umnakr-¢dakropy JCR Science Edition
nnu JCR Social Sciences Edition, no SJR (npuHaanexxHocTb uspaHusa kK Q1 B Scopus onpepensietcs no 6ase AaHHbIX
http://www.scimagojr.com/).

2.10. OcHOBHbIe Hay4Hble pe3ynbTaTbl pyKOBOAUTENS NPOoeKTa 3a nepuog ¢ 1 aueaps 2016 ropa (pesysnsmameol 00/14HbI
noomeepxdamecs ceedeHUIMU U3 3a518KU, Hanpumep - ny6uKayusmu)

Ha pyCcCKoM si3biKe
1.TeopeTnyecku uccnenoBaH pexum KBasmchepmuyeckon akkpeLmmn Ha 3aMarHuy eHHble HEMTPOHHbIe 3Be3bl B pexnme
ocepnaHus. [okasaHo Kak 6e3pasmepHble NapaMeTpbl TEOPUU MOTYT BbITb ONpeaeneHsl U3 HabNIOAEHMI PaBHOBECHbIX
peHTreHoBCKMX nynbcapos Tmna Vela X-1, GX 301-2.
2. Ha ocHoBe aHann3a MHOroneTHMX GOTOMEeTPUYECKMUX LUMPOKOMOMIOCHBIX HAabNaeHW ABOMHOM pEHTIeHOBCKOM CUCTEMbI
Her X-1=HZ Her 66110 noka3aHo, 4TO B 3TOM CUCTEME HapsAY C BbIHYXAEHHOM NpeLeccueit akkpeLMoHHOro AncKa (c
nepuonom ~ 35 nHen) Takke nMeeT MeCTo CBOOOAHAs NpeLeccus HeMTPOHHOM 3BE3 b,
C dason cBoboOAHOM NpeLEeccum MEHIETCS MOMEHT MarHUTHbIX CUA, e MCTBYIOLWMIM Ha aKKpe LIMOHHbIN AUCK CO
CTOPOHbI MarHUTHOTO NoJiA. TlaTte bHbIM aHanM3 KpUBbIX 61eCKa MO3BOWA BbISBUTb M3MEHEHME C (Pa30W NpeLeCcCUMmn HaKNoHa
W CKPYY€EHHOCTW BHYTPEHHMX YacTel akKpPeLMOHHOr0 AUCKa, YTO OAHO3HAYHO CBUAETENBCTBYET O HaMUY KM CBODOAHOA
npeLeccun y HeMTPOHHOW 3Be3bl B 3TOM CUCTEME.
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3. 06HaPY)KeH TOYHbIN I'IOFapMCbMM‘-leCKMM noTeHumnan, KOTOprﬁ no3BOJIAE€T TOYHO ONUCHIBATb ABMXXEHUE YaCTUL, B METPUKE
LLIBapu,mmnbu,a Ha 43blKe NOTEHLMANOB.

Ha aH2/IUTCKOM A3biKe
1. The regime of quasi-spherical accretion onto magnetized neutron stars in the settling regime has been theoretically
investigated. It is shown how the dimensionless parameters of the theory can be determined from observations of
equilibrium X-ray pulsars such as Vela X-1, GX 301-2.
2. Based on the analysis of long-term photometric broadband observations of the binary X-ray system Her X-1 = HZ Her, it was
shown that in this system, along with the forced precession of the accretion disk (with a period of ~ 35 days), there is also a
free precession of a neutron star. With the free precession phase, the moment of magnetic forces, acting on the accretion
disk, changes. By careful analysis of the light curves, it is possible to reveal the change in the inclination and twist of the inner
parts of the accretion disk with the precession phase, which unambiguously indicates the presence of free precession in a
neutron star in this system.
3. An exact "logarithmic” potential has been found, which allows one to accurately describe the motion of particles in the
Schwarzschild metric in the language of potentials.

2.11. O6wee uucno ny6aunkaumii 3a nepuop, ¢ 1 ausapa 2016 roaa, 24, U3 HUX:
15 - ony6nunkoBaHo B M3aaHuAX, MHAeKcupyeMbix B Web of Science Core Collection nnu Scopus,

B TOM uucne 6 nybnukaumii B UsgaHUaX, BXoaaLWMX B nepBblit kBaptuab (Q1) no umnakr-dakropy JCR Science Edition unn JCR
Social Sciences Edition, no SJR (npuHapnexHocTb uspaHusa kK Q1 B Scopus onpepensietcs no 6ase AaHHbIX
http://www.scimagojr.com/).

2.12. lonofHMTEIbHbIN CMIMCOK Ny6aMKaumii pykoBoauTena npoekra ¢ 1 auBapa 2016 ropa (MoHozpaguu, pesynemamei
UHMeneKkmyansHol desmenbHOCMU, UMEWUE Npagosyto 0XPaHy, NyoNuKayuu 8 8edyuux peuyeH3upyeMbix HayyHbix U30aHUSX,
nybaukauyuu 8 u3oaHusx, UHOekcupyembix 8 cucmemax yumuposarHus Web of Science Core Collection, Scopus, npugodumcs He
6onee 10 nybaukayul, npu HanUYUU NYGAUKAUUU 8 UHGOPMALUOHHO-MENEKOMMYHUKAUUOHHOU cemu «MIHmepHem» ykazeieaemcs
CCbIIKA HA Hee (0653amenibHO 07151 nybnukayul 8 UHOeKcupyembix U30aHUSIX), yKaseleaemcs, npu Haau4yuu, uMnakm-gpakmop
Hay4Hoe2o u3danus (no JCR Science Edition, JCR Social Sciences Edition unu SIR))
nyHKT He ABNAeTca 0653aTe/IbHbIM K 3aMo/IHEHUIO. Mory'r npueoAaUTLCA I'Iy5I1MKaLI.MM, cBuaeTenscreylowie o Hay‘lHOﬁ KBanMdMKaLlMM U AOCTUXKEHUAX pyKoBoAauTens
npoeKTa, 3a UCK/IIYEHMEM NMy6nMKaL i, yKasaHHbIX B N. 2.9 Hactosiweit (opMbl.

Ha GHeNULICKOM $513bIKe

2.13. OnbIT BbINOJIHEHMSA HAYYHbIX MPOEKTOB (YKA36/8AHMCA HAUMEHOBAHUS YOHA08 (OpeaHu3ayuli), ux MeCmoHaxoxoeHue
(cmpaHa), popma ydacmusi, HOMEPQ, HA36AHUS NPOEKMO8 U CPOKU 8bINOIHEHUS 3a nociedHue 5 1em)
Ha pyCcCKOM 5i3biKe

PH®, 14-12-00146, Actpodu3unka YepHbIX Ablp, HEMTPOHHbIX 3Be34, 1 Benbix kapaunkos, 2014-2016
PH®, 14-12-00146-11, AcTpodur3nKa YepHbIX AblP, HEUTPOHHbIX 3Be34 U Henbix kapaukos, 2017-2018

PO®N, 14-02-91345, Ousmka akkpeLumn B peHTFTEHOBCKMX ABOMHbIX NyNbcapax -- Usyvatowpe 06nactv n MariutocdepHas
rpaHuua, 2014-2016

POOU-TOEH, 18-502-12025, ®usmka akkpeLun B 4BOMHbLIX PEHTFEHOBCKMX MyNbCapax - PENSTUBUCTCKME 3P eKTbl, Npodum
MMMYNbCOB M CBOMCTBA M3nyveHus, 2018-2020

POOU-TOEH, 14-02-91172, AKKpeUMOHHbIE AUCKM B LOKPUTUYECKOM U CBEPXKPUTUYECKOM pexxnMax, 2014-2015

Mporpamma pazeutug MY O6beamMHeHHas Hay4uHas wkona FAULL MIY «@usunka 3Be34, pensTMBUCTCKUX 0ObEKTOB U ranakTUK»,
2018

Mporpamma pazeutus MY O6beamMHeHHas Hay4uHas wkona FAULL MIY «@usnka 3Be34, pensTUBUCTCKUX 0ObEKTOB U rafakTUK»,
2019

Ha aH2/1ULCKOM 3biKe
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RSCF, 14-12-00146, Astrophysics of black holes, neutron stars and white dwarfs, 2014-2016
RSCF, 14-12-00146 (prolongation), Astrophysics of black holes, neutron stars and white dwarfs, 2017-2018

RFBR, 14-02-91345, The physics of accretion in X-ray binary pulsars -- the emitting region and magnetospheric boundary,
2014-2016

RFBR-NSFC, 18-502-12025, The physics of accretion in X-ray binary pulsars - relativistic effects, pulse profiles, and emission
properties, 2018-2020

RFBR-NSFC, 14-02-91172, Accretion disks in sub- and super-critical regimes, 2014-2015

The Program of development of M.V. Lomonosov Moscow State University (Leading Scientific School 'Physics of stars,
relativistic objects and galaxies'), 2018

The Program of development of M.V. Lomonosov Moscow State University (Leading Scientific School 'Physics of stars,
relativistic objects and galaxies'), 2019

B ToM uucne npoekToB, hruHaHcupyeMbix PH® (npu Hanuumm):

SAsnancsa pykosoamtenem npoekta N2 14-12-00146, 2014-2016 rr. (ycnewwHo 3aBepLueH)
SAsnancsa pykosoauteneM npoekta N2 14-12-00146 (npoaneHue), 2017-2018 rr. (ycnewHo 3aBeplueH)

2.14. MnaHupyeMoe y4acTe B Hay4yHbIX NpoekTax (B Nto60om kavectse) B 2021 roay

Ob6luee KonMuyecTBo — 5, U3 HUX:

PYKOBOACTBO — 3, y4acTME B KAYECTBE UCNONHUTENS — 2,

a UMEHHO:

rocypapcteeHHoe 3agaHue FAULL MIY, rpanTbl PO®OU, PHD

(yKa3bIBaIOTCﬂ B TOM 4undie rpaHToaaresin Unm 3aKazvymnkum npoekToB U UCTOYHKUK d)MHaHCMpOBaHVIﬂ, HanpuMep - rocyaapCrBeHHOE 334aHne y4ypeauTens, rpaHTbl PCDCDM,

@MU, PHDO, UHbIX HOHAOB UAM MHBIX OPraHU3aLMiA, FOCYA,aPCTBEHHbIA KOHTPAKT (3aKa34uK, NpOrpamMma), MHOW X035 MCTBEHHbIN [,0r0BOP, MUHbIE PaHTbl U CyBCuaum).

2.15. Nlona pa6oyero BpeMeHH, KOTOPYH MIaHUPYeTCs BblAEIUTb HA PYKOBOACTBO AAHHbIM NMPOEKTOM B Ciy4yae nobeabl B
KoHKypce DoHpa -

30 npoueHToB.

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

TaKXXe [,0/1KHa YYUTbIBATbCA.

2.16. NMpepnonaraemas (popMa TPYAOBbIX OTHOLLEHHUIA C OpraHM3auuei, Yepes KOTopylo 6yAeT ocyllecTBASTLCS
¢$uHaHCcHpoBaHue:

Opeanu3sayus 6ydem 518/15MbCs OCHOBHbIM MECMOM pabomel (Xapakmep pabomsi — He AUCMAHUUOHHbIL): pa;

Tpydosoli do2080p no cosMecmumesibcmay (xapakmep pabomsi — He QUCMAHUUOHH®bIL): HeT;

Tpydosoli 002080p 0 AUCMAHUUOHHOU pabome (Mecmo ocyuiecmesieHuss mpyoogoli dessmesibHOCMU PacnooxeHo™ Ha
meppumopuu Pocculickoli @edepayuu): HeT.

**Tpydosoii kodekc Pocculickoii Gedepayuu He npedycMampueaem 803MOXHOCMb 3aKAYeHUS Mpydosozo 002080pa 0 AUCMAHUUOHHOU pabome ¢

2PAMOaH UHOM, NPOXUBAIWUM U OCYW,ecmsasouumM mpydosyo desmensHocmes 3a npedenamu meppumopuu Pocculickoli @edepayuu.

2.17. OnbiT 06pasoBaTenbHOM AeATENLHOCTU 3a MOCneAHKue 5 neT (ykassieaemcs uHgopmayus o pykogodcmee acnupaHmamu,
a0blOHKMAMU, UHMepHamu, opoUHAmopamu, paspabomke u YmeHuUU Ho8blIX 06pa308aMeNbHbIX KypCo8 8 pocculickux u
3apybexHblx 8y3ax)

PykoBoacTBO KaHamaatckumm aucceptaumamm [1.A. KonecHukoBa (npegnonaraemas gata 3awmtbl (2021r.), MN.1O. MNonbiwesom
(npepnonaraemas gata sawmtsl (2021r.), KJ1. Mananyesa (3awmtuncsa 8 2017 r.), Paspobypaunta [.H. (3awmtunca 8 2017 r).

2.18. MouToBbIiit appec
119602, r.Mockea, MuuypuHckuit np., Onumnuiickas a-Hs, 4.16,ke.98
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http://rscf.ru/prjcard?rid=14-12-00146
http://rscf.ru/prjcard?rid=17-12-00014
http://base.garant.ru/12125268/3481e2d30e327d4133f173d49f3dcb2c/#block_10491

2.19. KoHTakTHbI TenedoH
+79153680390

2.20. dneKTpoHHbIN agpec (E-mail)
nikolai.shakura@gmail.com

2.21. Yyactne B npoekTe:
PykoBoautens npoekra

2.22. daiinbl ¢ AONONHUTENBHOM MHBOPMaLMeid (pe3rome, Opyaasi 00NOIHUMENbHAS UHGOPpMAyUSs, KOmopas, N0 MHEHUO
pyKogooumesnsi npoekma, Moxem 6biMb N0E3HA AN NPUHAMUS pelleHus 0 UeaecoobpasHocmu GUHAHCUPOBAHUS OaHHO20
npoekma)
B ¢dopmarte pdf, no 3 M6.

Ha pYyCcCKOM 5i3biKe

HQa aHeULiCKOM 5i3biKe
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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 otuectso |LLlakypa Hukonaii ViBaHoBUY

[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 119602, r.Mockea, MuuypuHckui np., Onumnuiickas a-Hs, 4.16,k8.98

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 /H.W. Wakypa/

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

2.1. ®amunus, uma, omyecmeo (npu Hanu4uu)
Ha pYCCKOM 5i3blKe
JivnyHosa lNanuHa BnagummpoBHa

Ha GH2NULICKOM $13bIKe QaMuus U UHULUGTbI
Lipunova G.

WoS ResearcherlID (npu Hanuyuu)

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

https://publons.com/researcher/S-1357-2016/

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=7004198811

ORCID (npu Hanuvuu)

MOHO nonyuuTb, 3aperucTpupoBaBLUMCL MO anpecy orcid.org.

https://orcid.org/0000-0003-4515-8955

2.2. lata poxaeHus (ykaseleaemcs yu@pamu — 4ucio, Mecsy, 200)
12.09.1975

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-maremMatmueckmnx Hayk, 2001

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

2.6. OcHOBHOE MeCTO paboTbl HA MOMEHT NOAAYM 3aSBKU — AOHKHOCTb, NOJIHOE HAUMEHOBAHME OpraHM3auum (COKpaLLEHHOe
HaMMEeHOBaHWE OpraH13aLum)

CTapLUMI Hay4HbIA COTPYAHUK, [0CYAapCTBEHHDbIW ACTpPOHOMMY eCKMiA MHCTUTYT uM. [.K.LLTtepHBepra MockoBckoro
locypapctBeHHOro YHusepcuteTa um. M.B.JlomoHocosa (FTAULL MIY, MockoBckas 061)

2.7. 06nacTb Hay4HbIX UHTEPECOB — KNOYeBble CNOBa (npusodumcs He bonee 15 knwyvessix c/108)
Ha pyCcCKOM 5i3biKe
aKKpPELMOHHbIE OMCKM, YepHble Ablpbl, HEMTPOHHbIE 3BE3/Abl, IBOVHbIE CUCTEMbI, FAMMa-BCMIECKM

Ha aHenulickoM 93biKe
accretion discs, black holes, neutron stars, binary systems, gamma-ray bursts

2.8. O6nacTb Hay4HbIX MHTEPECOB — KOAbI N0 Knaccudukaropy PoHpa
02-704

2.9. O6wee uncno nyénukaumii 3a nepuop, ¢ 1 aueaps 2016 ropa, 12, us Hux:
7 - ony6nukKoBaHo B u3paHuaXx, uHaekcupyemoix B Web of Science Core Collection unu Scopus.

2.10. Cnucok ny6auKaumii 0CHOBHOIo MCMONHUTeNS npoekTa ¢ 1 auBapa 2016 roaa (MoHozpaguu, pesyiemamel
UHMenekmyansHol desmenbHOCMU, UMeUUe Npagosyto 0XpaHy, NyenuKayuu 8 8edyuux peuyeH3upyeMbix HaydHblx U30aHUSX,
nybaukayuu 8 u3daHusx, uHOekcupyemsix 8 cucmemax yumuposarus Web of Science Core Collection, Scopus, npusodumcs He
6onee 10 nybnukayull, npu Hanu4yuu NY6AUKaUUU 8 UHPOPMayUOHHO-meNekOMMYHUKAUUOHHOU cemu «MIHmMepHem» ykasvisaemcs
CCbIIKA HA Hee (0653amenbHO 0715 Nybnukayul 8 UHOeKcupyembix U30aHUSX), yKaseleaemcs, npu Haau4yuu, uMnakm-gpakmop
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https://publons.com/researcher/S-1357-2016/
https://www.scopus.com/authid/detail.uri?authorId=7004198811
https://orcid.org/0000-0003-4515-8955

Hay4yHoeo u3danus (no JCR Science Edition, JCR Social Sciences Edition unu SIR))
MYHKT He siBnsieTcs 06sa3arenbHbIM K 3anosHeHWo. MoryT npuBoaUTLCS My6aMKaLumK, CBUAETENbCTBYOWME O HAYYHOW KBANMMDUKALMU U [0CTKEHUSIX.
HQa aHenulickoM s3bike

1. Gornostaev M.I,, Lipunova G.V. Comptonization of CMB in galaxy clusters. Monte Carlo computations // Monthly Notices
of the Royal Astronomical Society - 2020 - Vol. 499 - pp.2994-3005 link: https://doi.org/10.1093/mnras/staa3010 DOI
10.1093/mnras/staa3010 Impact Factor 5.356

2. A. A Mushtukov, G .V. Lipunova, A. Ingram, S. S. Tsygankov, J. Monkkonen, M. van der Klis

Broad-band aperiodic variability in X-ray pulsars: accretion rate fluctuations propagating under the influence of viscous
diffusion // Monthly Notices of the Royal Astronomical Society --- 2019 --- Vol. 486 - p. 4061-4074 link:
https://doi.org/10.1093/mnras/stz948 DOI 10.1093/mnras/stz948 Impact Factor 5.194

3. A. Chashkina, G. Lipunova, P. Abolmasov, J. Poutanen Super-Eddington accretion discs with advection and outflows around
magnetized neutron stars

// Astronomy & Astrophysics --- 2019 --- Vol. 626 --- A18 --pp. 14 link: https;//doi.org/10.1051/0004-6361/201834414
D0I110.1051/0004-6361/201834414 Impact factor 5.565

4. Shakura N. I., Lipunova G. V. Logarithmic potential for the gravitational field of schwarzschild black holes // Monthly Notices
of the Royal Astronomical Society. — 2018. — Vol. 480, no. 3. — P. 4273-4277. link
http://dx.doi.org/10.1093/mnras/sty2165 DOl 10.1093/mnras/sty2165 Impact Factor : 5.194

5. V. Lipunov, V. Kornilov, E. Gorbovskoy, G. Lipunova, D. Vlasenko, I. Panchenko, N. Tyurina, and V. Grinshpun. The discovery
of the neutron stars merger gw170817/grb170817a and a binary stars evolution. New Astronomy, 63:48-60, --- 2018 ---- ;
link http://dx.doi.org/10.1016/j.newast.2018.02.004 ; DOI

10.1016/j.newast.2018.02.004 ; Impact factor 0.92

6. N. I. Shakura, G. V. Lipunova, K. L. Malanchey, V. V. Zhuravlev, D. N. Razdoburdin, P. K. Abolmasov, A. Chashkina, K. A.
Postnov, A. Y. Kochetkova, and L. Hjalmarsdotter. Accretion flows in astrophysics. New York, New York, ---- 2018 ---- . link
https://link.springer.com/book/10.1007%2F978-3-319-93009-1 DOl 10.1007/978-3-319-93009-1 (nepepaboTaHHas
Bepcus NyHkTa 9)

7. G. V. Lipunova and K. L. Malanchev. Determination of the turbulent parameter in accretion disks: effects of self-irradiation in
4u 1543-47 during the 2002 outburst. Monthly Notices of the Royal Astronomical Society, 468(4):4735-4747, ---- 2017 ----.
link http://dx.doi.org/10.1093/mnras/stx768 DOI

10.1093/mnras/stx768 impact factor 5.194

8. V. M. Lipunov, J. Gorosabel, M. V. Pruzhinskaya, Postigo A. de Ugarte, V. Pelassa, A. E. Tsvetkova, I. V. Sokolov, D. A. Kann, Xu
Dong, E. S. Gorbovskoy, V. V. Krushinski, V. G. Kornilov, P. V. Balanutsa, S. V. Boronina, N. M. Budney, Z. Cano, A. J. Castro-
Tirado, V. V. Chazov, V. Connaughton, C. Delvaux, D. D. Frederiks, J. F.U. Fynbo, A. V. Gabovich, A. Goldstein, J. Greiner, O. A.
Gress, K. I. Ivanov, P. Jakobsson, S. Klose, F. Knust, V. N. Komarova, E. Konstantinov, A. V. Krylov, D. A. Kuvshinoy, A. S.
Kuznetsov, G. V. Lipunova, A. S. Moskvitin, V. D. Pal'shin, S. B. Pandey, V. A. Poleshchuk, S. Schmidl, Yu P. Sergienko, E. V.
Sinyakov, S. Schulze, V. V. Sokolov, T. N. Sokolova, M. Sparre, C. C. Thone, A. G. Tlatov, N. V. Tyurina, M. V. Ulanoy, S. A. Yazev,
and V. V. Yurkov. The optical identification of events with poorly defined locations: the case of the fermi gbm grb 140801a.
Monthly Notices of the Royal Astronomical Society, 455:712-724, --- 2016 ---- link
http://dx.doi.org/doi:10.1093/mnras/stv2228 DOI

10.1093/mnras/stv2228 impact factor 4.961

9. H. . Wakypa, K. A. MocTHos, I". B. JIunyHoBa, K. /1. ManaHues, B. B. XXypaenes, [1. H. PaznobypauH, A. 10. KoueTkosa, /1.
SinmapcpoTrep, M. K. Abonmacos, and A. A. YawkunHa. AKKpeLMOHHble npouecchl B acTpodusnke. @usmatamt Mocksa, 2016.)
https://www.rfbr.ru/rffi/portal/books/o_1933726

[N pycckos3blMHbIX HAa3BaHWIA CBEL,EHUSI MPUBOASTCS HA PyCCKOM s3bIKe U B MEpPeBOAE Ha aHMIUIACKMIA s13bIK. MK 3TOM A0/XKHO BbiTb MOHATHO, YTO peyb UaeT 06
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OfLHOM U TOM e A, O0KYMeHTe (HanpuMmep, 1,00aBNsiTe CI0BO «NEPEBOA,»).

2.11. OnbIT BbINOIHEHMSA HAYYHbIX MPOEKTOB (YKA36/80HMCA HAUMEHOBAHUS YOHA08 (OpeaHu3auyuli), ux MeCmoHaxoxoeHue
(cmpaHa), popma yuacmus, HOMepPGA, Ha38aHus NPOeKMOo8 U CPOKU 8bINOIHEeHUS 3a nociedHue 5 nem)
Ha pYccKoM si3bike

PO®U 14-02-91345 2014 - 31 nekabpsa 2016 r. "Ou3nka akKpeLMn B pEHTrEHOBCKMX [LBOWMHbIX My/bCapax -- U3ay4vatolme
06nacTv 1 MarHuTocdepHasg rpaHMLa” - UCMONHUTEND;

PH® 14-12-00146 2014 - 2018 r. "AcTpodm13unKa YepHbIX Ablp, HEMTPOHHbIX 3BE3[ U 6ebIX KapsMKOB" - UCMONHUTEND;
Bepnywasa HayyHas wkona MY 1.11.2018 - 31.08.2020 "®u3nka 3Be34, peNITUBUCTCKUX 0ObEKTOB M ranakTuk" - MCNOAHUTENb
PO®N 18-502-12025 1 sHBaps 2018 r. - 31 pekabpsa 2020 r. "Ousmka akkpeLn B 4BOVHbIX PEHTTEHOBCKMX MyNbCapaXx -
pensatunctckmne acddekTbl, NPodMAM MMNYIbCOB M CBOMCTBA U3NYYEHUS" - UCNONHUTEND

Ha GH2/UUCKOM 53bIKe

RFBR 14-02-91345 "Physics of accretion in binary pulsars - radiating areas and magnetospheric boundary” - participant (2014 -
2016);

RSCF 14-12-00146 "Astrophysics of black holes, neutron stars and white dwarfs" - participant (2014-2018);

Program of development of the MSU. Leading scientific school - participant (2018-2020);

RFBR 18-502-12025 "Physics of accretion in binary X-ray pulsars - relativistic effects, impulse profiles, and properties of
emission” - participant (2018 -2020)

2.12. MnaHupyeMoe y4acTe B Hay4HbIX NpoekTax (B nto6om kavectse) B 2021 roay

Obwwee konnuectso - 0, U3 HUX:

pykosoacTeo — 0, yuactue B kayecTse ucnonHutens — 0,

d UMEHHO!

HeT

(yKasblBatOTCS B TOM YMC/IE FPAHTOAATENN MNK 3aKa3YMUKM NPOEKTOB U UCTOYHUK (MHAHCMPOBAHMS, HaNpUMep — roCyAapCTBEHHOE 3adaHue yupeautens, rpaHtsl POOU,

@MU, PHO, MHbIX HOHA OB MAM MHBIX OPraHU3aLMiA, FOCYA,aPCTBEHHBIA KOHTPAKT (3aKas4MK, NpOrpamma), MHOW XO3SMCTBEHHbINA [,0r0BOP, MHbIE PaHTbl U Cybcnaum).

2.13. lonsa paboyero BpeMeHH, KOTOPYIO NIAHMPYETCS BbIAEIUTb HA yYacTMe B AAHHOM NPOEKTE B cyyae nobeapl B
KoHKypce DoHpa -

30 npoLeHTOB.

MMeeTcs B BULY — OT MOJHOW 3aHATOCTM B paMKax TPYAOBbIX WM IPaXKAaHCKO-NPaBOBbIX NMPAaBOOTHOLLEHU, T.€. 3aHATOCTb B CBOBOAHOE OT OCHOBHOM paboTbl BpeMs

TaKXe [,0/1KHA YYUTbIBATLCA.

2.14. Yyactne B 06pa3oBaTenibHOM AeATENbHOCTU (yKa3bieaemcsa UHGOPMayus o pykosoocmse acnupaHmamu, a0bloHKMamu,
UHMepHamu, opoUuHamopamu, papabomke U YmeHuUU HOBbIX 06pa308ameslbHbIX KypCo8 8 poCCUlicKUX U 3apybexHbix 8y3ax)

PYKOBOZCTBO AUMIOMHBIMU paboTamum CTyAeHTOB 6 Kypca dpusmndeckoro dakynreta MY AJ1. Asakana u A.C. TasneeBsa

2.15. B 2019 unu B 2020 ropax yyacTBOBa/ B KauecTBe pyKoBoauTens npoekTa, puHaHcupyeMoro doHaoM, unu
MCNONHUTENS NpoeKTa, GuHaHcupyeMoro PoHAOM, B CieAyloWMX NPOeKTax (Npu Haau4uu):

2.16. KoHTakTHbI TenedoH, IneKTPOoHHbIi agpec (E-mail)
+79151546282, galja@sai.msu.ru

2.17. Yuactne B npoekTe:
OcHOBHOM MCNoONHWTENb NpOekKTa
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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 u otuectso |/lunyHosa MannHa BnagnmupoBsHa

[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 Mockga, 117647, MNpodcotosHag, 119-2-236

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 /T.B. JlunyHoBa/

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

2.1. ®amunus, uma, omyecmeo (npu Hanu4uu)
Ha pyCcCKOM 5i3biKe
Monos Cepren bopuncosuy

Ha GH2NULICKOM $13bIKe QaMuus U UHULUGTbI
Popov S.B.

WoS ResearcherlID (npu Hanuyuu)

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

https://publons.com/researcher/B-6368-2008/

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=7202624235

ORCID (npu Hanuvuu)

MOHO nonyuuTb, 3aperucTpupoBaBLUMCL MO anpecy orcid.org.

https://orcid.org/0000-0002-4292-8638

2.2. lata poxaeHus (ykaseleaemcs yu@pamu — 4ucio, Mecsy, 200)
08.12.1971

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.

HokTop dun3nko-mMareMatmyeckmx Hayk, 2012

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

Mpemusa "3a BepHOCTb Hayke" 2016 .
YneH MexayHapoAHOro aCTpOHOMUYECKOro COH3a

2.6. OcHOBHOE MeCTO paboTbl HA MOMEHT NOAAYM 3aBKU — AOKHOCTb, NOJIHOE HAUMEHOBAaHME OpraHM3aLMK (COKpaLLeHHOoe
HaMMeHOBaHWe OpraH13aLuK)

BEAYLIMI HAYYHbIM COTPYAHMK, [ocyaapcTBeHHbIN ACTpOHOMUYeCKuiA MHCTUTYT uM. [.K LLTtepH6epra Mockosckoro
locynapctBeHHOro YHusepcuteta M. M.B.JlomoHocosa (TAULL MIY, MockoBckas 06n)

2.7. 06nacTb Hay4HbIX UHTEPECOB — KlOUeBble CNOBa (npusodumcs He bonee 15 knwyvessix c/108)
HQ pYCCKOM 5i3bIKe
HeMTPOHHbIE 3Be3/bl, IBOMHbIE CUCTEMBI, YEPHbIE AbIPbl, aKKPELUS, IK30MNaHET

Ha aHeulickoM 5i3biKe
neutron stars, binary systems, black holes, accretion, exoplanets

2.8. 0O6nacTb Hay4HbIX MHTEPECOB — KOAbI N0 Knaccudukaropy MoHpa
02-704

2.9. O6wee uncno nydnukaumii 3a nepuops, ¢ 1 aueaps 2016 ropa, 28, us Hux:
24 - ony611KOBaHO B U3AaHUAX, MHAeKcupyeMbix B Web of Science Core Collection nnu Scopus.

2.10. Cnucok ny6nmKaumii OCHOBHOro ucnonHuTena npoekta ¢ 1 aueapa 2016 ropa (MoHozpaguu, peynemamsi
UHMmMennekmyansHol desmenbHOCMU, UMeWUE NPasgosyto oXpady, nyonukauuu 8 8e0yuiux peyeH3upyembix Hay4Hbix U30aHUSIX,
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https://publons.com/researcher/B-6368-2008/
https://www.scopus.com/authid/detail.uri?authorId=7202624235
https://orcid.org/0000-0002-4292-8638

nybnukauuu 8 u30aHusx, UHoekcupyembix 8 cucmemax yumuposadus Web of Science Core Collection, Scopus, npusodumcs He
6onee 10 nybnukayud, npu HaAUu4Yuu NY6AUKAUUU 8 UHOPpMAUUOHHO-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 3aM0HEHUIO. MOFyT npuBOAUTLCA ny6ﬂMKaLLIAl4, cBMaeTenbCTByOWneE 0 Haquon KBaﬂI/IdJVIKaLIMM U OO0CTUXEHUAX.

HQa aHe/IULCKOM Si3bIKe

1. AP. Igosheyv, J.G. Elfritz, S.B. Popov
“Post fall-back evolution of multipolar magnetic fields and radio pulsar activation”
MNRAS vol. 462, pp. 3689-3702 (2016) [IF=5.231] http://mnras.oxfordjournals.org/content/462/4/3689

2. S.B. Popov, R. Taverna, R.Turolla
“Probing the surface magnetic field structure in RXJ1856.5-3754"
MNRAS vol. 464, 4390 (2017) [IF=5.231] http://adsabs.harvard.edu/abs/2017MNRAS.464.4390P

3. S.B. Popov, KA. Postnov, M.S. Pshirkov
“Fast radio bursts"
Physics Uspekhi vol. 61, pp. 965-9 (2018) [IF=3.090] https://iopscience.iop.org/article/10.3367/UFNe.2018.03.038313

4. A.P. Igoshev, S.B. Popov
"How to make a mature accreting magnetar”
MNRAS vol. 473 pp. 3204-3210 (2018) [IF=5.231] http://adsabs.harvard.edu/abs/2018MNRAS.473.3204|

5. S.B. Popov, S. Mereghetti, S.1. Blinnikov, A.G. Kuranov, LR. Yungelson
"Ayoung contracting white dwarf in the peculiar binary HD 49798/RXJ0648.0-4418?"
MNRAS vol. 474 pp. 2750-2756 (2018) [IF=5.231] http://adsabs.harvard.ed/abs/2018MNRAS.474.2750P

6. A.V. Popkov, S.B. Popov
“The rate of planet-star coalescences due to tides and stellar evolution”
MNRAS vol. 490, pp.2390-2415 (2019) [IF=5.356] https://ui.adsabs.harvard.edu/abs/2019MNRAS.490.2390P/abstract

7.S.B. Popov, M.S. Pshirkov
“"Fast Radio Bursts counterparts in the scenario of supergiant pulses”
MNRAS vol. 462, L16-L20 (2016) [IF=5.231] http://adsabs.harvard.edu/abs/2016MNRAS.462L..16P

8. Gonzalez-Galan, A,, Oskinova, L. M.; S.B. Popov et al.
A multiwavelength study of SXP 1062, the long-period X-ray pulsar associated with a supernova remnant "
MNRAS vol. 475 pp. 2809-2814 (2018) [IF=5.356] https://ui.adsabs.harvard.edu/abs/2018MNRAS.475.2809G/abstract

9. A.P. Igosheyv, S.S. Tsygankov, M. Rigoselli, S. Mereghetti, S.B. Popov, J.G. Elfritz, A. A. Mushtukov
“Discovery of X-rays from the old and faint pulsarJ1154--6250"
ApJ vol. 865, id. 116 (2018) [IF=5.580] https://ui.adsabs.harvard.edu/abs/2018Ap)...865..116l/

10. O. Kulikova, S.B. Popov, V.V. Zhuravlev
“Planet migration in wind-fed accretion disks in binaries"
MNRAS vol. 487, pp. 3069-3078 (2019) [IF=5.231] https://ui.adsabs.harvard.edu/abs/2019MNRAS.487.3069K

Ons PYCCKOA3bIMHbIX Ha3BaHUI cBEO eHUs npuBOOATCA Ha PYyCCKOM A3blKe U B NepeBoAe Ha QHTTIMIACKUI 93bIK. ['Ipw 3TOM [,0/KHO ObITb MOHATHO, YTO peyb uoet 06

OfLHOM W TOM Xe A,0KyMeHTe (HanpuMmep, 1,00aBNsiTe C10BO «NEPEBOA,»).
2.11. OnbIT BbINOAHEHNS HAY4HbIX NMPOEKTOB (YKA3bI8AKMCS HAUMEHOBAHUS (POHA08 (0p2aHU3auULi), UX MECMOHAXOMOEHUE

(cmpaHa), opma yyacmus, Homepa, Ha38aHUS NPOEKMO8 U CPOKU 8bINOJHEHUS 3a nocnedHue 5 nem)
HA PYCCKOM 5I3bIKe
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PH® 14-12-00146 "AcTpodu13nKa YepHbIX Ablp, HEUTPOHHbIX 3BE3[ U Bebix KapaMKoB" - ncnonHutens (2014-2018);
PO®N 14-02-00657 "Tlonynsaumm oAMHOYHbBIX M ABOMHbBIX HEMTPOHHbIX 3Be3[ B ranaktukax'- ucnonHutens (2014-2016);
PO®N 15-12-20038 "Benmkoe obbeamMHEHME HEMTPOHHbIX 3Be34" - pykoBoamTens (2015).

Mporpamma pazsutna MIY. Beayuwas HayyHas wkona - ncnonHutens (2018)

Mporpamma paseutua MI'Y. Bepyuias Hay4uHas wkona - ucnonHutens (2019)

Mporpamma paszeutua MI'Y. Beayuias Hay4uHas wkona - ucnonHutens (2020)

IpaHT MuHUCTepCTBA BhiCLIero 06pa3oBaHus 1 Hayku PO, npoekt 075-15-2020-780 - ucnonHutens (2020-2022)

IpaHT MuHUCTEpCTBa BbiCcLero o6pa3oBaHus u Hayku P®, npoekt 075-15-2020-778 - ucnonHutens (2020-2022)

Ha GH2UUCKOM 53biKe

RSCF 14-12-00146 "Astrophysics of black holes, neutron stars and white dwarfs" - participant (2014-2018);

RFBR 14-02-00657 "Populations of isolated and binary neutron stars in galaxies” - participant (2014-2016);

RFBR 15-12-20038 "Grand unification for neutron stars" - PI (2015).

Program of development of the MSU. Leading scientific school - participant (2018)

Program of development of the MSU. Leading scientific school - participant (2019)

Program of development of the MSU. Leading scientific school - participant (2020)

Grant of the Ministry of Science and Higher Education of the Russian Federation project no. 075-15-2020-780 - participant
(2020-2022)

Grant of the Ministry of Science and Higher Education of the Russian Federation project no. 075-15-2020-778 - participant
(2020-2022)

2.12. MnaHupyeMoe y4yacTie B Hay4yHbIX NpoekTax (B nto6om kavectse) B 2021 roay

Ob6lLLee KONMYecTBo — 2, U3 HUX:

pykoBoacTteo — 0, yuacTve B Ka4ecTBe UCNONHUTENS — 2,

a UMEHHO:

I'paHT MuHUCTEpCTBA BbiClero o6pa3oBaHus U Hayku PD, npoekt 075-15-2020-780

IpaHT MuHUCTepCTBa Bbicwero o6pa3oBaHus u Hayku PO, npoekt 075-15-2020-778

(YKasblBatOTCS B TOM YMC/IE FPAHTOAATENN MNM 3aKa3YMUKM NPOEKTOB U UCTOYHUK (MHAHCMPOBAHMS, HaNpUMep — roCyAapCTBEHHOE 3adaHue yupeautens, rpaHtsl POOU,

@MU, PHO, MHbIX HOHA OB MAM MHBIX OPraHU3aLMiA, FOCYA,aPCTBEHHBIA KOHTPAKT (3aKas4MK, NpOrpamma), MHOW XO3SMCTBEHHbINA [,0r0BOP, MHbIE PaHTbl U Cybcnaum).

2.13. lonsa paboyero BpeMeHH, KOTOPYIO NIAHMPYETCS BbIAEIUTb HA yYacTMe B AAHHOM NPOEKTE B cyyae nobeapl B
KoHKypce DoHpa -

30 npoLEeHTOB.

MMeeTcs B BULY — OT MOJHOW 3aHATOCTM B paMKax TPYAOBbIX WM IPaXKAaHCKO-NPaBOBbIX NMPAaBOOTHOLLEHMUA, T.€. 3aHATOCTb B CBOBOAHOE OT OCHOBHOM paboTbl BpeMs

TaKXe [,0/1KHA YYUTbIBATLCA.

2.14. Yyactne B 06pa3oBaTenibHOM AeATENbHOCTU (yKa3bieaemcsa UHGOPMayus o pykosoocmse acnupaHmamu, a0bloHKMamu,
UHMepHamu, opoUuHamopamu, paspabomke u YmeHuUU HOBbIX 06pa308ameslbHbIX KypCos8 8 poCCUlicKUX U 3apybexHbix 8y3ax)

cneukypc "CoBpeMeHHas peHOMEHONOrMS HEMTPOHHbIX 3BE3[ M YepHbIX Ablp". ACTPOHOMUYeCKoe oTaeneHue Gu3nyeckoro
dakynbteta MI'Y. 2008, 2009, 2011, 2013, 2015, 2017, 2018, 2019, 2020.

cneukypc "®Ousnka GopMUPOBaHUS M 3BONKOLLMM 3K30M/aHeT . ACTpoHOMUYecKoe oTaeneHune dusnyeckoro dakynbteta MIy.
2017, 2018, 2019, 2020.

Kypc "OCHOBbI aCTPOPU3UKM M KOCMoSlorun'”. MNonnTexHUYeckuii yHmuBe peuteT, Mockea. 2016.

Kypc "Actpodusmka”. Dusndeckuii akynsteT MY um. JlomoHocosa. 2017, 2018, 2019, 2020.

Kypc "Actpodusmka” (6akanaspsl). pakynbTeT Gpusmku Boicwas wkona skoHomukn. 2018, 2019, 2020.

Kypc "Actpodusuka n kocmonorus” (Maructpbl). dakynbteT dusmnkm Boicwas wkona skoHomuku. 2019, 2020.

Kypc "OcHoBbl npupoabl KocMuyeckux cpeq’. MakynsTeT KOCMUYECKUxX nccnenosaHmin. MY um. Jlomorocosa. 2019, 2020.
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PykoBoacTBO KypcoBbiMM paboTamu (7 - roabl 3awmTt 2013, 2015, 2018, 2019, 2020), pyKoBOACTBO AMNIOMHMKaMKU (6 - rogpl
3awmT 2006, 2011, 2015, 2017, 2020).
B HacToawmit momeHT (2020 r.) pyKOBOACTBO 4 CTyAeHTaMM M OAHWUM aCMPaHTOM.

2.15. B 2019 unu B 2020 ropax y4acTBOBa/1 B Ka4yeCTBe PyKOBOAUTENS NpoeKTa, pMHaHCMpyeMoro MoHAOM, unm
MCNONHUTENS NpoeKTa, GuHaHcupyeMoro PoHAOM, B CieAyloWMX NPOeKTax (Npu Haau4uu):

2.16. KoHTaKTHbI TenedoH, 3NeKTpOoHHbIN aapec (E-mail)
+74959395006, sergepolar@gmail.com

2.17. Yuactne B npoekTe:
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.

®amunug, uma u otuecteo |lonos Ceprevi bopucosuy

[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 115477, Mockga, lNponeTtapckuit npocnekT 33-214

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 /C.b. Monoe/

JlaTa noanucaHua « » 2020r.

3asaBka Ne 21-12-00141 Ctpanuua 22 n3 48



@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)
(denepanbHoe rocygapcTeeHHoe BrogkeTHOe 06pa3oBaTenbHOE yypexaeHue Bbiclero 06pasoBaHns "MoOCKOBCKMI
rocyfapCTBeHHbIM yHUBepcuteT nMeHu M.B.JloMmoHocoBa"

3.2. CokpaweHHOe HaMMeHOBaHHUe
MOCKOBCKMI rocyaapCTBeHHbIN yHuBepcuTeT uMeHun M.B.JlomoHocoBa, MIY nmeHn M.B.JloMmoHoCoBa, MOCKOBCKMM
yHuBepcuTeT unm MIry

3.3. HaumeHoBaHK1e Ha aHFIMIACKOM f3bIKe
Federal State Budgetary Educational Institution of Higher Education Lomonosov Moscow State University

3.4. OpraHu3aunoHHo-npaBoBas dopMa (ykassisaemcs no OKOMN®)
MepepanbHble rocyfapCTBEHHbIE BIOLKETHbIE YUY peXaAeHUs

3.5. ®opma cobeTBeHHOCTH (YKa3bisaemcsi no OKDC)
MepepanbHas CO6CTBEHHOCTb

3.6. BemoMcTBEHHas NPUHAAIEXHOCTb
MpasuTtenbcTBo Poccuickon Mepepauum

3.7. UHH, KN, OrPH, OKTMO
7729082090, 772901001, 1037700258694, 45325000

3.8. Anpec
119991, r. Mockaa, JleHunHckue ropel, 4. 1

3.9. ®akTueckuii appec
119991, r. MockBa, JleHunHckue ropel, 4. 1

3.10. Cy6nekT Poccuiickoi Depepaumnm
r Mocksa

3.11. JomkHOCTb, hamunus, UMA, 0T4ECTBO (MPU HANNMYMU) PYKOBOAUTENS OpPraHMU3aLUK
PekTop, CapoBHMY M1 BukTop AHTOHOBMY

3.12. KoHTakKTHbIN TenegoH
+74959394647

3.13. dnekTpoHHbIi agpec (E-mail)
info@rector.msu.ru

PyKOBOAMTe.ﬂ b OpraHusauuu NOATBE PXXAaeT, YTo:

® O3HaKOMJEeH C yCNoBMUAMU KOHKYPCa MoHpa v cornaceH Ha (bl/IHaHCMpOBaHMe NpoeKTa, B C/ly4ae ero noaaep>Xku, Hepes

OpraHu3aumio;
e cornaceH c nyHktamu 8, 14, 33, 35, 36 KOHKYPCHOM LOKYMEHTALMM, MHbIMU YCII0BUSIMU KOHKYPCa;
® 0ATBEPXKAAET CBEEHMS O PYKOBOAWTENE MPOEKTa, U3N0XKEHHbIE B JAHHOM 3asBKe;

® OpraHuMsauuna UucnonHaeT o0b6s3arenbcTBa nNo ynnate Hanoros B 6r0oKeTbl BCEX ypOBHEﬂ M 0693aTeNbHbIX NJATEXEN B
rocynapCrtBeHHblIe BHeOmKeTHbIe d)OH,EI,bI, nnatexxecnocobHa, He HaxoanTCa B npouecce nMKengauuun, He Npu3HaHa

HecocTosaTeNbHOM (6aHKPOTOM), Ha ee UMYLLECTBO HE HaNOXKEH apecT U €€ 3KOHOMUY eCKas AeATENbHOCTb He
NpUOCTaHOBNEHS;
e B C/lydae Npu3HaHWA 3a8BKM NobeanTeneM opraHusaums 6epet Ha cebs cnegyolme obs3aTenbCTea:
o 3aK/OYUTb C YSIEHAMU HAYYHOTO KOMIIEKTMBA MPaXk 4aHCKO-NPaBOBbIE WM TPYAOBbIE (CPOUHbIE TPYAOBbIE)
BOroBOpbI;

Ecnv TakoBble He 3akntoueHsbl paHee. B aiyyae, edin YneH Hay4YHoro KONnNekTuBa He ABNAETCA rpaxaaHMHOM Poccuitckoit (De,u,epaumm, opraHM3aul4e|71

[LLO/KHbI ObITb BbINOMHEHbI BCE MPOLIEAYPbl, NPeAyCMOTPEHHbIE 3aKOHOAaTeNbcTBOM Poccuiickoi Mepepalmm npy Tpy L0y CTPOACTBE MHOCTPaHHbIX

rpaxn,aH.
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/site/user/org-edit?rid=3aiOG00Jo7jz3i8XZ22cLb00

© 10 NOPYYEHUIO PYKOBOAWTENS MPOEKTA BbINAA4YMBATb Y€HaM Hay4YHOro KONNEKTMBA BO3HAarpaxaeHue 3a
BbINOJIHEHWE paboT No NpoeKTy;

0 @XeroiHo B YCTaHOBNEHHble CPOKU NPEeLCTaBNATb OTYET O LieIeBOM MCMOb30BaHWUM rpaHTa Poccuiickoro
HayyHoro ¢oHaa.

PykoBoauTeNb OpraHW3aLMM rapaHTUpyeT, YTo:

® BO3HarpaxaeHue 3a BblMOJIHEHNE pa60T no peannsaummn NpoekTa 6y,ELET €XXerogHo nony4atb Ka)K,EI,bIl71 YJ1I€H HAaYy4YHOro
KONNeKTuBa,

TNuua, He ABASIOWMECH HATOrOBLIMM pe3uaeHTamMu Poccuitckon MDepepaumm, MOryT ocyLecTensATb pabotsl no MpoekTy Ha Ge3803Me34HOM OCHOBE (33
WCKIIOYEHNEM DYKOBOAUTENS MPOEKTA).

o O6IJ.I,MI71 pa3sMep eXerogHoro BO3HarpaXXaeHma 4ieHa Hay4Horo KoJinektmea He 6y,IJ,ET npeBbllWaTb 30 NpoLUEeHTOB OT
CYMMbI €XXerogHoro Bo3HarpaxaeHumsa sCceM 4YneHaM Hay4yHOro KonnekTuBea,

Bktouast yCTaHOBNEHHbIE 3aKOHOAaTeNsCTBOM Poccuiickoi deaepalmm rapaHTu, OTYUCIEHHS NO CTPAXOBbIM B3HOCAM Ha 0Bs13aTenbHOe NeHCMOHHOE
CTpaxoBaHwe, Ha 06a3aTeNnbHoe MeaUUMHCKOE CTPaxoBaHue, Ha 0BsI3aTe/lbHOEe COLMANbHOE CTPaxoBaHMe Ha Cyyait BPDEMEHHOM HETPY.,0CNOCOBHOCTM U B CBA3M
C MarepuHCTBOM, Ha 06s3areNnbHOe COLMANbHOE CTPaxOBaHWE OT HECYACTHbIX CIyYaeB Ha MPOM3BOACTBE M NPOQECCHOHATbHBIX 3a00N1EBaHMIA.

° OGLIJ,VIVI pasMep eXxerogHoro BO3HarpaXXaeHua 4i1eHoB Hay4HOro KonnekTtmea B BO3pacTte Ao 39 neT BKIOYUTENBHO He
6y,EI,ET MeHbLe 35 NPOLEHTOB OT CyMMbI €XXErogHOro BO3HarpaXXaeHua scex 4eHOoB Hay4HOro KOJIIeKTUBa,;

L4 o6u.|,ee YUCNO YNEHOB HAYYHOI0 KO/INEKTUBA (BMeCTe C pykosogutenem ﬂpOEKTa) He 6yD,ET npeBbllWaTb 10 YenoBek,
NpU 3TOM YIEHOM HAY4YHOTI0 KONNIEKTUBA HE 6y,£l,eT ABNATbCA pa6OTHMK OopraHnsaumu, B HenocpeaCcTtBeHHOM
AAMUHNCTPATUBHOM NOAYUHEHUN KOTOPOIro HaxoaAMnTCAa pyKOBOAUTE b MPOEKTA;

® Hay4yHOMY KonnekTuBy byaeTt npenocTaBneHo noMelleHme u obecneyveH fOCTyn K MMeLLEACS 3KCNePUMEHTaNbHON
baze ANga oCyLlWwecTBNeHNUA HAay4YHOro uccnenosaHuA.

Moanucb pykosoauTens opraHusauum (YrosHOMOYEHHOIo NpeacTaBuTenNs, AeMCTBYIOLEro Ha OCHOBaHWW J,OBEPEHHOCTU UK
pacnopsauTenbHOro AOKYMEHTa), neyarb (Npy ee Hannuyumn) opraHusaumm.
B cnyyae nopnucaHus opMbl yNoNHOMOYEHHBIM MpesCTaBUTeNeM OpraHuaumm (B T.4. — pyKOBOAUTENeM Gunuana) K neyarHomy 3K3eMnispy 3asBKW npuiaraetcs

KOonua pacnopagutenibHoro A 0KyMeHTa 1K 4,0BePEHHOCTH, 3aBEPEHHaA Nevarbd OpraHu3aumn.

M.M.
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(®opma 4. CopgepxaHme npoekTa

4.1. HayuHas npobnema, Ha pelleHUe KOTOPOK HanpaBneH NpoeKT

Ha pyCcCKOM 5i3biKe
MpoeKT HanpaBneH Ha AeTanbHbIM aHaM3 GYHAAMEHTaNbHbIX XapaKTePUCTUK M HabHAATENbHBIX MPOSBAEHUI HEUTPOHHbIX
3Be3/, B MepByH o4epe/ib Ha CTaAUM aKKpeLMK.
B 3B0OMIOLMOHHOM KOHTEKCTE ByaeT pacCMOTPEHaA 3BOJIOLMS MAarHUTHOTO NOJIS 3BE3[, BIUSHME €€ W NapaMeTPOB BHELUHEN
cpeppl Ha HabnoaaTeNnbHble NPosSBNEHWUS HEMTPOHHBIX 3Be3[,. Pu3mnka AMCKOBOM akKpeLyu, NapaMeTpbl U YCIOBUS B ABOMHbIX
cucTeMax byayT M3ydeHbl MyTeM MOAENMPOBAHMS BCMblLLEK, MPOUCXOASALMX B pe3yNbTaTe YBeAMYeHUsa TeMNa akKpeLmm Ha
HEeMTPOHHbIE 3BE3Abl M HAOMIOAAEMbIX KaK O4eHb ipkue cobbiTus. 119 conocTaBneHus C Teopuei B 3anadax npoekTa byayT
MCNO/b30BaThCS MOMyYEHHbIE PaHee WM HOBble HabnaaTebHble AaHHbIe. 10 WMPOKONONOCHbIM GOTOMETPUYECKUM U
pEeHTreHOBCKMM HabMoAeHMAM ANS pEHTTEHOBCKOM ABOWHOM cucTeMbl Her X-1 6yaeT npoBefieHO AeTaslbHOE BOCCTaHOBEHME
CTPYKTYpbl aKKPELMOHHOI0 AMCcKa U 0COBEHHOCTEN ero B3aMMoAeNCTBUS C MarHUTHbBIM NOSIEM HEUTPOHHbLIM 3BE3/bl, @ TakkKe
uccnenoBaHa cBoboaHas npeLeccus HeMTPOHHOM 3Be3/bl.

Ha GH2IUTCKOM £3biKe
The project is aimed at a detailed analysis of the fundamental characteristics and observational manifestations of neutron
stars, primarily at the stage of accretion.

In an evolutionary context, the evolution of the magnetic field of stars, its influence and parameters of the surrounding
environment on the observational manifestations of neutron stars will be considered. The physics of disk accretion,
parameters, and conditions in binaries will be studied by simulating outbursts that occur as a result of an increase in the
accretion rate onto neutron stars and are observed as very bright events. For comparison with theory the existing and new
observational data will be used. Based on broadband photometric and X-ray observations, a detailed reconstruction of the
structure of the accretion disk and the features of its interaction with the magnetic field of the neutron star will be carried out,
as well as the free precession of a neutron star, will be investigated for the X-ray binary system Her X-1.

4.2. HayyHas 3HAYMMOCTb M aKTyaIbHOCTb pelueHns 0603Ha4YeHHOW Npo6neMbl

Ha pYCCKOM 513blKe
bnaronaps 3HaYUTEIbHOMY KOIMYECTBY HOBbIX HaboAEHMI (BKOYas 0630pHbIE) U BBOAY B CTPOM 60/1ee COBEPLUEHHbIX
YCTaHOBOK (PafMOTeNeCKomnbl, pEHTTEHOBCKME AETEKTOPbI U T.4.) OTKPbIBAOTCS MCTOYHMKM C paHee He HabnaaBwmnMmucs
KOMBMHaUMsMM NapaMeTpoB, a Takke 0bHapyxXuBatoTcst GeHoMeHsbl, Tpebytowme 6onee rnyboKoro u AeTanbHOro aHanmsa ans
MX OMMUCaHMSA. ITO OTHOCUTCA U K COBCEM HOBBIM SIBNIEHUSIM U 0ObEKTAM - TakUM Kak BbICTpble palMOBCMNIECKH, CBEPXSPKUE U
MUNUCEKYHAHbIE PEHTIEHOBCKME My/bCapbl - U K aBHO M3y4aeMbIM K1acCaM 0ObEKTOB - HanpuMep, ABOMHbIM
PEHTreHOBCKMM CUCTEMaM.

HabntopatenbHble NposiBneHns HEMTPOHHBIX 3BE3[, CYLIECTBEHHBIM 0OPA30M 3aBUCAT OT MUX MarHUTHbIX NONEN U CBOMCTB
OKpY>KaloLLero BellecTsa. B nocnegHme rogbl npoMcxoanT akTUBHOE pa3BUTME METOA0B TEOPETUYECKOrO ONUCAHUS
MarHMTHbIX NONEN HEMTPOHHbBIX 3BE3A, a TAKXKE MNOABASIOTCS HOBbIE NOAXOAb! K ONpeAeeHno NapaMeTpoB Nosiel No AaHHbIM
HabnopeHwui. Tak, HanpuMep, NOSBASIOTCS XOPOLUME KOIMYEeCTBEHHbIE MOAEM, YUUTbIBAKOLLME IBOMIOLMIO NONA B SAPE,
TopouAaanbHoe nose B Kope, a TakKe MybTUMNOSbHbIe COCTABMAOLME MNONOMAANBHOMO NONS. 3a NOCNeHNE HECKOMbKO NneT
661710 06HAPYKEHO HECKOBKO aKKpeLIMPYOLWMX MOMOABIX HEWTPOHHbIX 3BE3/, B IBOMHbIX CUCTEMAX, Yel BO3PACT MOXHO
onpenenuTb No 0CTaTKy CBepXHOBOW. C Apyrow CTOPOHBI, C 60/1bLION BepOSTHOCTLIO 0630p BCcero Heba C MOMOLLbIO Teleckona
eROSITA no3BonnT 06HapyXUTb O4EHb CTapble OAMHOYHbIE aKKPeLMPYOLME HEMTPOHHbIe 3Be3abl. CBOMCTBA M TeX, U ApYrnxX
TMNOB OOBEKTOB CYLLECTBEHHO 3aBUCST OT NAapaMeTPOB OKPYXKatoLLen cpebl. AKTyanbHbIMU 33a4aMu SBISIOTCS Kak OnucaHue
BO3MO>XHOW 3BOJOLMM OTAENbHbBIX MONIOAbIX HEMTPOHHbIX 3BE3/, B ABOMHbIX CUCTEMAX C BbICTPbIM BbIXOLOM Ha CTaAuMIo
aKKpeLun (4TO MOXET ObITb CBA3aHO C CUbHbIMU BapMaLMSIMM NIOTHOCTU OKPYXKAIOLLEro BeLleCTBa) U 3BOMIOLMM OAMHOYHbIX
HEMTPOHHbIX 3Be3[, TAKXKE BbIXOASLMX HA aKKPELMOHHbIM PEXUM (34eCh BaXXHbBIM MOXET ObiTb NpebblBaHWE KOMMAKTHbIX
006beKTOB B 06/1aCTAX NOBbILEHHOM NIOTHOCTM BELECTBA - HaNpUMEP, NAOTHbIX MONEKYNSPHbIX 061aKax), Tak 1
dopMurpoBaHue obLLel KapTUHbI, rae NoBefeHNe HEMTPOHHbIX 3Be3/ pa3HblX TUMNOB U BO3PACTOB HaXOAMUT 0ObSCHEHME C
TOYKM 3pEHUS eAMHBIX NOAXO0A0B K hU3MKe IBOJIOLMM MAarHUTHOTO MOAS U B3aMMOLENCTBUS MONS U OKPYXXAIOLEero BeLlecTBa.
KoMnnekcHbIV NOAX0[, K U3YUYEeHUIO 3BOJIOLMU HEUTPOHHbBIX 3BE34 B CBETE HOBbIX HAbNAEHUI LOMKEH NO3BONUTL NyYLue
ONMCcaTb OTAE/NbHbIE 31eMEHTbI TEOPETUYECKOW KapTUHbI M MPOTECTUPOBATL UX MO AAHHBIM O KOHKPETHbIX UCTOYHMKAX.
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AKKpeLmMpyowme peHTreHOBCKME UCTOYHMKM, SBNSSCh HaMbonee spkuMmn obbekTamm Ha Hebe, [atoT 60/bLIOe KOMYeCTBO
HabntoaaTeNbHbIX AaHHbIX U NPeACTaBASIOT CO60M UCKIIOUYUTENbHO YA0OHYI0 NabopaTopuio AN usydeHns GrUsnkm u
aKKpPELMOHHbIX AMCKOB U KOMNAKTHbIX 0OBEKTOB, C BO3MOXHOCTbIO MPOBEPKM Pa3HbIX TEOPETUYECKMX CLieHapueB. Kaxabli
rof BCMbIXxmMBaeT 0kono 10 peHTreHOBCKMX TpaH3neHToB B 6inxkHelt BceneHHol (Soderberg et al. 2009 arXiv:0902.3674
Astro2010 SSE panel White Paper). He octaHaBnnBaeTcs Takxke NpoeKTMpoBaHMe ByayLwmx peHTreHOBCKMX MUCCUIA, KOTOPbIEe
Npou3BeAyT OrpOMHbIM MacCKB CMEKTPANbHbIX U BpEMEHHbIX AaHHbIX BbICOKOro paspelueHus (ot XRISM, Athena, Colibri go
STROBE-Xu Lynx), Hecywmx nHGOpMaLMIo O CTPYKTYpe ANCKA U AMCKOBOTO BeTpa. [psayLwmii BBOA, B CTPOM HOBOFO
OMNTUYECKOro MHCTPYMEHTA C 60NbLLOM COBMpatoLWe NOLWAALI0 U LWMPOKUM NoneMm 3peHud - LSST, - nomoxeT MaccoBo
OCYLLUECTBASTb UX ONTUYECKOE COMPOBOXAEHME, A TAKXKE NPOBOAMTbL UCC/IEA0BaHMS B MepUoabl CokoncTeus. Camble
COBpEMEHHbIE KOMMbIOTEPHbIE PECYPChbl U METOABI HANPABASIOTCS HAa MOAEMPOBaHUe GU3UKM B3aMMOAENCTBMS BELLECTBA
AMCKa M MarHMTHbIX nonen. byaywme nonspumeTpuueckune peHtreHosckune muccum (POLIX, IXPE, XPP, REDSoX, eXTP, PolariS)
LOJDKHbI MPONNTL CBET Ha CTPYKTYPY MarHUTHOO MOS M MPOLLECChl paccesHus B cnuctemMax be3 chepuyeckor CUMMETpUm, 4To
BK/IOYAET U aKKpELMOHHble AnckU. [lpu 3TOM cpaBHEHME HOBbIX HabMtoAaTeNbHbIX AAHHbIX aKKPELMPYIOWMX TPAaH3UEHTOB
LLOJDKHO OMMPaThCs Ha XOPOLO pa3paboTaHHbI GyHAAMEHT - HU3MYeck 060CHOBAHHYIO MOAEb HECTALMOHAPHOrO
aKKPEeLMOHHOr0 AMCKa, @ B C/ly4ae LeHTPanbHOM HEATPOHHOWM 3BE3Abl, - Y4 UTbIBAIOLLYI0 0COBEHHOCTM aKKpeLMU B CUTYaLUM
MarHuTocdepHoro obpesaHus aAucka.

Bonbluyto ponib B acTpodu3MKe UrpatoT OTAE/bHbIE 0OBEKTBI, 411 KOTOPbIX C OAHOM CTOPOHbI HakomnieH 60bLIoV 06beM
DaHHbIX, @ C APYror - Y HUX HabNAAETCA MHTEPECHbIN KoMMNeKe peHoMeHOB. B acTpodusmke akkpeLmnpyowmx HeMTPOHHbIX
3Be34 K TaKUM BblAeNEHHBIM UCTOYHMKAM oTHOCcKTCS Her X-1. PeHTreHoBCcKuMit nynbcap Her X-1, NOCTOSIHHO M3nyyalowmii B
pe3ynbTarte MOLLHOro NepeTekaHns BeLLeCTBA Ha HEMTPOHHYIO 3Be3Y CO 3Be3/lbl-KOMMNaHbOHA, MPeACTaBNSET OrPOMHbI
MHTEpec, TaK KaK B 3TOW 3aTMEHHON CUCTEME eCTb BO3MOXHOCTb AeTaNbHO U3Y4YUTb AMHAMUKY U reOMeTpUYeCcKMe napaMeTpsl
pauncka. OkasbiBaeTCs, ANCK UMEET U3rMBHYI0 CTPYKTYPY M MpeLeccupyerT, 1 onpeaensioLLyto posb B 3TON KapTMHe uMeeT
LieHTpanbHas HEMTPOHHas 3Be34a. TakMM 06pasoMm, cernyac OCyLeCTBASETCS BO3MOXHOCTb CPaBHUTL AMHAMUKY U3TMOBHOMO
DMCKA B pa3HbIX acTPOdMU3NYECKMX UCTOUHUKAX: MONOAbIe 3BE3/bl, 3Be3/bl U KOMMAKTHbIe 06beKTbl. BaXKHO moayYepKHyTb, 4TO
nsyvyeHune GU3NKMU U3rnMbHbIX AMCKOB aKTyalbHO HE TOJbKO K KOHTEKCTE TECHbIX ABOMHbIX CUCTEM. TaK, HanpuMep, B
nocneaHee BpeMs B CBA3M C NOSIBNEHNEM HOBbIX HabnoaeHWn ocoboe BHUMaHWE NPUBIEKAIOT HECTALMOHAPHbIE U3rMBHbIe
DMCKK, KOTOpble 00pasytoTcs B pe3ynbTate NpUAMBHOMO paspylueHns 3BE3[, B6M3M CBEPXMACCUBHBIX YEPHBIX Ablp. T.0.,
peann3auus Hallero NpoekTa No3BOAMT NPO/UTL CBET U HA HEKOTOpble 0COBEHHOCTM NoBeAeHUSs 3TUX 0bbeKkToB. TeM Honee,
yTo 6naropaps 063opam Heba ¢ nomolpto ART-XC n eROSITA 6yneT o6Hapy>xeHO 60/bLLOe KOIMYECTBO ClTy4aeB NPUAMBHOIO
pa3pblBa 3Be34 YePHbIMU AblPaMU.

Ha aH2NULICKOM S13bIKe
Thanks to a significant number of new observations (including surveys) and the launching of advanced facilities (radio
telescopes, X-ray detectors, etc.), sources with previously unobserved features are being discovered, and phenomena that
require deeper analysis to describe them are discovered. This also applies to completely new phenomena and objects - such
as fast radio bursts, superluminous and millisecond X-ray pulsars - and to long explored classes of objects - for example,
binary X-ray systems.

Observational manifestations of neutron stars essentially depend on their magnetic fields and the properties of the
surrounding matter. In recent years, methods for the theoretical description of the magnetic fields of neutron stars have been
actively developed, and new approaches to determining the field parameters from observational data have appeared. Thus,
extensive models exist now that take into account the evolution of the field in the core, the toroidal field in the crust, and the
multipole components of the poloidal field. Over the past few years, several accreting young neutron stars have been
discovered in binary systems whose ages can be determined from supernova remnants. On the other hand, the eROSITA all-
sky survey is likely to reveal very old single accreting neutron stars. The properties of the both types of objects depend
significantly on the parameters of the environment. Scientific topics in this context include the description of the possible
evolution of individual young neutron stars in binary systems with a rapid onset of accretion and the evolution of isolated
neutron stars also entering the accretion stage (in regions of increased density, for example, in dense molecular clouds) and
the formation of a general picture, where the behavior of neutron stars of different types and ages is explained in terms of a
unified approach to the physics of the evolution of the magnetic field and the interaction of the field and surrounding matter.
In the light of new observations, an integrated approach to the evolution of neutron stars should make it possible to better

3asaBka Ne 21-12-00141 CtpaHuua 26 3 48



describe individual elements of the theoretical picture and test them using data on specific sources.

Accreting X-ray sources, being the brightest objects in the sky, provide a large amount of observational data and represent an
extremely convenient laboratory for studying physics of both accretion disks and compact objects, when various theoretical
scenarios may be tested. About 10 X-ray transients in the nearby Universe burst up every year (Soderberg et al. 2009 arXiv:
0902.3674 Astro2010 SSE panel White Paper). Future X-ray missions (from XRISM, Athena, Colibri to STROBE-X and Lynx) will
produce a huge amount of high-resolution spectral and timing data and yield new information about the structure of disks.
The upcoming new optical instrument with a large collecting area and a wide field of view - LSST - will help to carry out
optical follow-up as well as conduct research during quiescent periods. The most modern computer resources and methods
are directed towards modeling the physics of the interaction of disk matter and magnetic fields. Future polarimetric X-ray
missions (POLIX, IXPE, XPP, REDSoX, eXTP, PolariS) should shed light on the magnetic field structure and scattering processes
in systems without spherical symmetry, accretion disks as well. Evidently, the comparison of new observational data of
accreting transients should be based on a well-developed foundation - a physically substantiated model of a non-stationary
accretion disk, which experiences a magnetospheric cutoff, when the compact objects isa magnetized neutron star.

Individual objects play an important role in astrophysic when,on the one hand, a large amount of data has been accumulated
and, on the other hand, they have an interesting complex of phenomena. In astrophysics of accreting neutron stars, Her X-1 is
one of such distinguished sources. The X-ray pulsar Her X-1, constantly emitting due to a strong matter transfer onto a
neutron star from a companion star, is of great interest, since in this eclipsing system it is possible to study in detail the
dynamics and geometric parameters of the disk. It turns out that the disk has a warped shape and precesses, while the central
neutron star plays a decisive role in this picture. It is now possible to compare the dynamics of warped disks in different
astrophysical sources: young stars, stars, and compact objects. It is important to emphasize that the study of warped disks is
relevant not only in the context of close binary systems. For example, recently, in connection with the emergence of new
observations, special attention has been attracted to non-stationary warped disks formed as a result of tidal destruction of
stars near supermassive black holes. Thus, the implementation of our project will shed light on some of the behavior of these
objects. Moreover, thanks to the sky surveys using ART-XC and eROSITA, a large number of tidal disruption events near
supermassive black holes will be detected.

4.3. KoHKpeTHas 3apaua (3apaum) B paMKax npobneMbl, Ha peLueHue KOTOpOi HanpaBneH NPOoeKT, ee MacwTab u
KOMMJIEKCHOCTb

HQa pycckoM A3bike
| MopenvpoBaHue MarHMTO-BpaLLATEIbHOM 3BOMIOLMM HEMTPOHHbIX 3BE3[, C Y4E€TOM U3MEHEHWS MAarHUTHOTO NOAS U
XapaKTepUCTUK OKPYXKAIOLLETro BELLEeCTBa.

Mbl NIaHUPYEM pacCMOTPETL 3BOIHOLMIO PA3IMYHbBIX TUMOB HEMTPOHHbIX 3BE3[, B TOM YMC/E C NPUSIOXKEHUEM K KOHKPETHbIM
HabnooaeMbIM UCTOYHMKAM. B nepByto ouepenb ByaeT pacCMOTPeHa 3BOIOLMS MOSIOAbIX HEMTPOHHbIX 3BE3[, B ABOMHbIX
CUCTEMAX, BbIXOALMX Ha CTaAMIO akKpeLumm 3a Bpems $\lesssim 10 000$ neT. KOHKpeTHbIM NPMMEPOM TakMX 06LEKTOB
asnsetca cuctema XMMU J051342.6-672412 (Ho et al. 2020, MNRAS 494, 44), cBa3aHHas C OCTaTKOM CBEPXHOBOM C BO3PacTOM
okosnio 4000 net. ng n3yyeHus noBegeHNs MONOAbIX HEMTPOHHbIX 3BE3[, BXXEH Y4eT OTHOCUTESIbHO HbICTPOM 3BOOLMM
MarHMTHOrO MoNs B 3TOT Nepuog. Mbl NnaHMpyeM NPOAOIKUTL HALWM UCCeA0BAHUS MU3MEHEHMS MAarHUTHbIX NOJMEN NyNbCapoB,
MarHMTapoB W APYruX TUNOB MOJIOAbIX HEMTPOHHbIX 3Be3[. 3T paboTbl MOMOryT 6onee KOMNIEKCHO NOAONMTH K Npobneme
OMMCAHWUS MAarHUTO-BpaLLATEIbHOM 3BOMIIOLMN.

MUccnepoBaHns MonoabiX 06bEKTOB AOMKHbI OblTb [OMONHEHBI U3Y4EHMEM CBOMCTB CTapblX 06bEKTOB. 34€Cb OCHOBHbIE
HafeX bl BO3/1AraloTCcs HaMK Ha pe3ynbTatbl 0630pa eROSITA. CoenaHHble paHee OLEeHKM (B TOM YMCE M B HaWMX paboTax -
Boldin Popov 2010, MNRAS 407, 1090; Popov, Postnov, Shakura 2015, MNRAS 447, 2817) noka3blBatoT, 4TO 0O6HapyxeHue
OOMHOYHbIX aKKpELMPYIOLLMX HEMTPOHHbBIX 3Be34 B 0630pe Heba c nomoLbto cnyTHuKa CnekTp-PI BecbMa BeposTHO. Mbl
NAaHMpyeM YTOUHUTb KpUTEPUM NOUCKA OAMHOYUYHBIX aKKPeLMpPYHOLWMX HEMTPOHHbIX 3Be34 B AaHHbIX eROSITA Ha ocHoBe
6onee peTanbHbIX MOAENEN UX 3BOJIOLMM.

HakoHew, B Y1CNO 33434 BXOAUT U3yYeHUE NapaMeTpoB ObICTPbIX PafMOBCMIECKOB B paMKax MarHuTapHoi mogenm. B 2020 .
BrepBble Obl/IM 04HOBPEMEHHO 3apErnCTPUMPOBAHbI PAAMO M FaMMa BCMIECKU OT OAHOIO M3 raflakTMyeCKMX MarHUMTapoB. 310
SIBNSETCS CEPbe3HbIM apryMeHTOM B N0Jb3y MarHUTapHoM Moaenu, npeanoxeHHow B 2007 r. (Popov, Postnov 2007
arXiv:0710.2006). Poct 06beMa HabnoaaTenbHbIX AaHHBIX AOMKEH MO3BOAMTL MPOBOAUTL Bonee feTanbHoe NonynsuMoHHOE
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MOJENMPOBaHUE UCTOYHMKOB ObICTPbIX PAfMO BCMAECKOB. HaMu NiaHUpyeTCs MCMO/b30BaTh HOBbIE Pe3y/bTaThbl MO 3BOIOLLMUM
MarHUTHbIX NOJEN MOJIOAbIX HEUTPOHHbIX 3BE3[, A/ UCTOYHMKOB ObICTPbIX PALMOBCNIECKOB METOLOM MOMYIALMOHHOTO
CUHTe3a.

TakuM 06pa3oM, B NpessaraeMoii NporpaMMe UCCNef0BaHUI BYAeT OXBAaYEH LUMPOKMIA Kpyr aCTPOHOMUYECKUX UCTOUYHUKOB U
ABNEHMI B paMKax OMMCaHMs, OCHOBAHHOIO Ha €4MHOM NMOAXOAE K MarHUTO-BpallaTe/IbHOM 3BOJIIOLMM HEUTPOHHbIX 3BE34,.

[l MonenvpoBaHue KpuBbIX Bnecka BCMbllLEK pEHTTEHOBCKUX TPAH3UEHTOB C 3aMarHU4YeHHbIMU HEUTPOHHbIMK 3BE3/1aMV B
PEHTTEHOBCKOM U OMTUYECKMUX AMANa30oHaXx.

MapameTpbl KOMMNAKTHOrO 06bEKTa, PU3NYECKME YCIOBUS B ABOMHOM CUCTEME, NEPEN3/yYEHME LEHTPANbHOIO pEHTreHa
DOMCKOM U 3B€3J,0/-KOMMNaHbOHOM OMpefenstoT BUA, KpMBbIX 61ecka peHTreHOBCKMX TpPaH3MEHTOB BO BpeMs BCMblluek. B
nepBeyto oyepeap, He0bX0aAMMO Kak MOXHO Bonee ncyepnbiBaloLllee NOHUMaHUE MEXAHWU3MOB, NPUBOASLLMX K 63A30BbIM
(NpocTbiM) TMMAM KpuBbIX Bnecka. ITo PyHAAMEHT AN NOHWMaHMs Boniee CNOXHbIX NpoLeccoB. Hamu yxe pazpaboTaH Kop,
AJ19 pacyeTa 3BOJIOLMMU U MOLENMPOBaHMIO KpUBbIX Bl1€CKa B pEHTTEHOBCKMX HOBbIX C YepPHbIMM AblpaMu. B pamkax npoekTa
Mbl Npeaiaraem CyLleCTBEHHO PaCLUMPUTL AAHHbIM KOA AN BKIIOYEHUS Cy4as aKKpeLumm Ha HEMTPOHHbIEe 3Be3bl U PeLMTb
PS4, KOHKPETHbIX 33434 C MCMNOb30BaHWEM MOLYNEN 3TOr0 KOAQ, B YaCTHOCTH, C MPUBNEYEeHWEM HabnoaaTeNbHbIX AaHHbIX.
Kop 6yaeT Bkntouath B cebg camMocornacoBaHHOE MOAEAMPOBaHUE rno6anbHOM 3BOMOLMKM aKKPELMOHHOIO AMCKA, YYUTbIBas
BCE MPUHLUMNUA/bHbIE NPOLLECCHI, BIUSIOWME HA U3MEHEHWE TEMNMA aKKPe LK BO BpEMS BCMbILWKM U HA GOpMMUpOBaHMe
CneKTpa TennoBoro usnydyeHuns aucka. OHn BKOYAIOT B ce65: NOCTAaHOBKY CNeLyanbHblX FPaHUYHbIX YCI0BUIA AN ONUCAHMUS
Moaenen B3aMMoAeNCTBUSI MAarHUTHOrO MO HEMTPOHHOM 3Be3 bl M BELIEeCTBa ANCKA, PAacHeT BePTUKAIbHOM CTPYKTYpPbI AMCKA
Ans obecneyvyeHns HEOH6X0AMMON CBA3M MeXAY NapaMeTpaMu AUCKA NPU peLleHMU YpaBHEHWUS BA3KOM 3BOOLMM,
HbOTOHOBCKOE M NOCT-HBIOTOHOBCKOE NpUBAMKEHME ANs pacyeTa NoToKa U3JTydeHuUs C NOBEPXHOCTU BPaLLaKoLLencs
HEeWTPOHHOW 3Be3Abl, 061yYeHMe AMCKa U 3Be34bl-KOMMAHbOHA MOTOKOM OT LEHTPanbHOM €ro 4acTu U C NOBEPXHOCTH
HeMTpoHHOW 3Be3abl. KpoMe pa3paboTku camMoro KoAa, OTKpPbITOrO A5t UCMO/Ib30BaHUS HAyYHbIM COODLLECTBOM, YTO SBASETCS
cammM no cebe BaXHbIM pe3ynbTaToM, NOCTABAEHbI CIeAyOWMe Lenu:

--- OnpepenuTb, Kak BbI6Op MOAENM B3aMMOAEMCTBUS MarHUTOChEpPbI M BELLECTBA AMCKA, a TaKKe HaKNOHEHMEe MarHUTHOW OCK
HEeMWTPOHHOW 3Be3Abl K NI0CKOCTU AUCKA BIMSET Ha BUL, KPMBbIX Brecka.

--- Mcnonb3ys HabnoaatebHble AaHHbIE N0 BCMbILWKAM B aKKpeLMpPYOLLMX UCTOYHMKAX, 0OHAPYXUTb Te, B KOTOPbIX
NPOSIBNAIOTCS KA4eCTBEHHbIE U3MEHEHUS BHYTPEHHEN CTPYKTYpPbl ANCKA MPU pacluMpeHun MarHutocdepsl 40 paguyca
KopoTaumu (3 dekT "nponennepa”).

--- Pa3paboTatb 3apheKkT1BHbIN METOA pacyeTa nepexsaTa 1 nepepaboTkun peHTreHa AUCKOM, 3Be340M-KOMMNAHbOHOM U
LPYrMMM BO3MOXHbIMW KOMMNOHEHTaMM A BOMHOM CUCTEMBI M ONpeaeNnTb KONMYEeCTBEHHbIE XapaKTepUCTUKKM 3TOro 3ddekTa Bo
BPeMS$ BCMblLleK B KOHKPETHbIX COObITUSAX.

Il JeTanbHoe BOCCTaHOBAEHWE DU3MYECKMX XapaKTEPUCTMK ANCKA M HEMTPOHHOM 3Be3/bl B 0CO60 MHTEpPECHOM
peHTreHOBCKOM ABOMHOM cucTeme Her X-1 ¢ MICNONb30BaHMEM COBPEMEHHbIX HaboaaTeNbHbIX AaHHbIX.

--- MogenupoBaHue rnaBHbIX MUHMMYMOB ONTUYECKUX KPMBbIX Bnecka peHTreHOBCKOM ABoMHOM cuctembl HZ Her/Her X-1.
['NaBHbIM MUHMMYM ONTUYECKOW KpMBOW Bnecka cucteMbl 06YCNOBAEH 3aTMEHMEM aKKPELIMOHHOMO ANCKA U PEHTTeHOBCKOro
MCTOYHMKA 3BE310/-A0HOPOM. BO BpeMs 3aTMeHMS NporpeTas peHTreHOBCKMM U3/Ty4eHWEM YacTb 3Be34bl TakxkKe
NMOBOpaYMBaeTCs B CTOPOHY OT Habnoaatens, Takum 06pa3om, B cepenHe 3aTMEHMS BUHA TOMIbKO OTHOCUTE/IbHO XOJI0AHAs
HenporpeTas 4acTb 3Be34bl. Hanbonblumin MHTEpec 4ns uccnefoBaHus NpeacTaBasioT Gasbl 3aKpbITUS ANCKA U €r0 OTKPbITHS,
MOCKO/bKY 3Be3a-A0HOP NOCTENEeHHO 3aKpbIBAET Pa3Hble YacTu AMUCKA C Pa3HOM TeMNepaTypoi, YTO NPOSIBASIETCS HA KPUBOM
6necka. MogenMpoBaHue HUCXOAALEN M BOCXOASLE N BETBU KPMBOM Bnecka Bo3fie MMHMMYMa NO3BOJISIKOT BOCCTaHOBUTb
pacnpepeneHune Temnepatypbl N0 NOBEPXHOCTM aKKPELIMOHHOIO Ancka 1 ero popmy. OTAEeNbHO HYXXHO yKa3aTb, YTO AMCK B
cucteme HZ Her/Her X-1 HaknoHEéH Kk opbuTanbHow nnockoctv nof yrnom 10-15 rpagycos v npeueccupyeT € NepuoaoM OKOJo
35 oHel. OTo NO3BOJNISET, UCMOMb3YS HAbNAEHUS MMHUMYMOB B pa3Hble Ga3sbl 35 AHEBHOMO LMKNA, BOCCTAHOBUTb OpMY U
pacnpepeneHune Temnepatypbl N0 NOBEPXHOCTU ANCKA ANS PA3/IMUHBIX €0 NONOXKEHUIA OTHOCUTENbHO HabnoaaTens. Ha
pa3sHbix dasax 35-AHeBHOro UuMkia pacnpeaeneHue TeMneparypbl N0 NOBEPXHOCTU AUCKA AOMKHO ObITb Pa3HbIM, MOCKObKY
BO-MePBbIX, MEHAETCS HAK/IOH BHYTPEHHENO AMCKA OTHOCUTENbHO BHELLHErO, TO €CTb MEHSeTCS pa3Mep 06/1acTu 3aTeHEHUS
BHELLUHWMX YacTel AMCKa OT PeHTTeHOBCKOr0 MCTOYHMKA, BO-BTOPbIX, MEHSIETCS NMOMOXKEHUE ropsyero NaTHa ot
B3aMMOAENCTBUSA C aKKPELIMOHHOW CTPYEN.
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--- AHanu3 1 MoaeNMpoBaHMe MexaHW3Ma CUHXPOHM3aLMK Neproaa CBOGOAHOM NpeLeCcCcMn HEUTPOHHOM 3Be3 bl U
npeLeccuMmn akkpeumoHHoro amcka B HZ Her/Her X-1. C koHua 70-x rogos 20 Beka M3BeCTHO O CyLLeCTBOBAaHUM PeTPOrpasHOM
npeLeccMn HaKNoOHHOrO akkpeLMoHHOro aucka. B pabote Truemper et al. 1986, ApJL 300, L63 aHan13 HabnoLeHUI Ha
peHTreHoBckoM cnyTHuke EXOSAT nokasan nepuoanyeckoe nsmeHeHme Gopmbl Npoduaen peHTreHOBCKUX MMMYbCOB.
MNepuon M3MeHeHUs 0Ka3ancs Takke paBeH 35 aHaM. B 310l e paboTe 6bin1 npeanoxeH MexaHM3M CBOOOAHOM NpeLeccum
HEeWTPOHHOM 3Be34bl Kak BO3MOXHOe 06bsicHeHMe 3BontoLMM dhopMbl npoduneii. EWE no3xe, aeTanbHble HabnaeHUS
pPeHTreHOBCKMX MMMNYNbCOB Ha cnyTHMKe RXTE no3BOMAM BOCCTAHOBUTL PAacnoNOXeHWe ropsaumx geTanem nsayyarowmx
peHTreH Ha NOBEPXHOCTU HEWTPOHHOM 3BE3 bl B paMKax Moaenun ceoboaHom npeueccuu (Postnov et al. 2013 MNRAS 435,
1147). PaBeHcTBO NepuopoB cBOOOAHOM NpeLeccum HeMTPOHHOM 3Be3bl U NpeLeCcCun akKpeLMOHHOIO AUCKA LOMKHO OblTb
06YyCNoBNEHO MEXAaHM3MOM CUHXPOHM3ALMM, Ka4yeCTBEHHOE 06CyKaeHUe KOTOporo 6bino caenaHo B pabote Kolesnikov et al.
2020 MNRAS 499, 1747, ofHaKo ero AeTanmn oCTarTCa HeEMCCNeL0BaHHbIMU. Mbl Npeanaraem pa3paboTaTb MOAENb, B KOTOPO#M
CMHXPOHM3aLMS MPOUCXOAUT Hepe3 aKKPELMOHHbIE CTPYM, BbIXOASLLME U3 OpOUTANbHOM NAOCKOCTM 1 B3aMMOAENCTBYIOWME C
LMCKOM NOJA, YI/IOM K ero BEPXHEN U HWXKHEN NOBEPXHOCTAM. BeKTop HayanbHOM CKOPOCTU CTPYM ONpeaenseTcs rpagueHToM
[aBneHus B6n3um Touku JlarpaHka, KOTopbli, B CBOK O4Yepeapb, OnpeaensieTcs peHTreHOBCKMM MPOrpeBOM M MONOXKEHUEM
PEHTreHOBCKOM TEHM OT aKKpeLMOHHOro aucka. OT Toukm JlarpaHxka Ao AMCKa CTPyM ABUXKYTCS NO BanaMCTMy eCckum
TPaeKTopmsM.

--- AHanu3 1 MoaenMpoBaHMe BapuaLMm Nepuoaa peHTreHoBCKMX uMnynbcoB Her X-1. Moaenb cBoboaHoM npeueccum
HeWTPOHHOM 3Be3abl B cucTeMe Her X-1 npepnonaraet CcyliecTBOBaHWE BapuaLMmK nepuoaa nyabcaumi ¢ gasom
npeLeccMoHHoro umkna. Ha dase 35-aHeBHOro LMKNa C MakcuMarbHbIM HabloAaeEMbIM PEHTFEHOBCKMM MOTOKOM, T.H. “main-
on”, BapMaumm Nepmoaa BpalleHMs HEMTPOHHOM 3Be3e CBA3aHHOM Co CBOOOAHOM NpeLeccueit COCTaBNSIOT NopsaKa
MMKPOCEKYHAbI. 3Ha4YeHMe nepuoaa Nyibcapa Ha COBpeMEHHbIX NpUbopax onpeaenseTcs C TOMHOCTbI NOPSAKa AONeN
MWUKPOCEKYH/bI. Ha nnaBHble M3MEHEeHUS Nepuoaa, CBA3aHHble CO CBOOOAHOM NpeLeccuelt HEMTPOHHOM 3Be3 /bl
HaK/1aablBAKOTCS ClyYarHble N3MeHeHMs, CBA3aHHble C HeCTaLMOHAPHOCTbIO AUCKOBOM akKpeLmMM 1 NOTPeCKMBAHWEM KOpbI
HEeMWTPOHHOW 3Be3Aabl. Mbl NpeanaraeM pa3paboTtatb Moaenb CBOOOAHO-NPeLecCcUMpyoLe it HEMTPOHHOM 3Be3 /bl C y4eTOM
CNOXHOro Habopa U3NyvatoLMX peHTreH-AeTanel Ha ee NoBePXHOCTU A1 MOAENMPOBAHUA BapuaLmii Npuxoaa
PEeHTreHOBCKMX MMMY/IbCOB C TOYHOCTbO NOPAAKA [OJIEM MUKPOCEKYHDbI.

Ha aH2IUTCKOM A3biKe
| Modeling the magnetic-rotational evolution of neutron stars addressing the variations of the magnetic field and
characteristics of the surrounding matter.

We plan to consider the evolution of various types of neutron stars and applications to specific observed sources. First of all,
the evolution of young neutron stars in binary systems entering the accretion stage during $ \ lesssim 10,000 $ years will be
considered. A specific example of such objects is the XMMU J051342.6-672412 system (Ho et al. 2020, MNRAS 494, 44),
associated with a supernova remnant with an age of about 4000 years. To study the behavior of young neutron stars, it is
important to take into account the relatively rapid evolution of the magnetic field during this period. We plan to continue our
research on the evolution of magnetic fields of pulsars, magnetars, and other types of young neutron stars - this will enable a
more integrative and comprehensive approach to describing the magneto-rotational evolution.

Research on young objects should be supplemented by studying the properties of old objects. Here, we pin our hopes on the
results of the eROSITA survey. Previous estimates (including those made in our works - Boldin Popov 2010, MNRAS 407,
1090; Popov, Postnov, Shakura 2015, MNRAS 447, 2817) show that detection of isolated accreting neutron stars in the survey
performed by the Spektr-RG is very likely. We plan to refine the search criteria for isolated accreting neutron stars in the
eROSITA data using more detailed models of their evolution.

Finally, one of the tasks is to study the parameters of fast radio bursts within the framework of the magnetar model. In 2020,
for the first time, radio and gamma-ray bursts from one of the galactic magnetars were simultaneously recorded. This is a
strong argument in favor of the magnetar model proposed in 2007 (Popov, Postnov 2007 arXiv: 0710.2006). The growth in
the amount of observational data should allow more detailed population synthesis of the sources of fast radio bursts. We plan
to use new results on the evolution of magnetic fields of young neutron stars in a study of sources of fast radio bursts by the
population synthesis method.

Thus, the proposed research program will cover a wide range of astronomical sources and phenomena within the framework
of a description based on a unified approach to the magneto-rotational evolution of neutron stars.
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[l Simulation of light curves of X-ray transient outbursts with magnetized neutron stars in the X-ray and optical ranges.

The parameters of a compact object, physical conditions in the binary system, reprocessing of the central X-rays by the disk
and the companion star determine the light curves of X-ray transients during outbursts. First of all, it is necessary to have the
most comprehensive understanding of the mechanisms leading to the basic (simple) types of light curves. This is the
foundation for understanding more complex processes. We have already developed a code to calculate the evolution and
simulate light curves in X-ray novae with black holes. Within the framework of the project, we propose to significantly
expand the code to include the case of accretion onto neutron stars and to solve a number of specific problems using the
modules of this code and observational data. The code will include self-consistent modeling of the global evolution of the
accretion disk, taking into account all the fundamental processes that affect the change in the accretion rate during an
outburst and the formation of the thermal emission spectrum of the disk. They include: setting special boundary conditions to
describe interaction between the magnetic field of a neutron star and disk matter, calculating the vertical structure of the disk
to provide the necessary connection between the disk parameters when solving the viscous evolution equation, Newtonian
and post-Newtonian approximations for calculating the radiation flux from the surface a rotating neutron star, irradiation of
the disk and companion star by a flux from the disk central part and from the surface of the neutron star. In addition to
developing the code itself, which will be opened for use by the scientific community (an important result in itself), the
following goals have been set:

--- Determine how the choice of a model for the interaction of the magnetosphere and disk matter, as well as the inclination
of the magnetic axis of the neutron star to the plane of the disk, affects the shape of the light curves.

--- Using observational data on outbursts in accreting sources, find those in which qualitative changes in the internal structure
of the disk are manifested as the magnetosphere expands to the corotation radius (the "propeller” effect).

--- Develop an effective method for calculating the interception and processing of X-rays by a disk, a companion star, and
other possible components of the binary system and determine the quantitative characteristics of this effect during outbursts
using observational data.

[l Detailed reconstruction of the physical characteristics of the disk and neutron star in a particularly interesting X-ray binary
system Her X-1 using modern observational data.

--- Modeling the main minima of the optical light curves of the X-ray binary system HZ Her / Her X-1. The main minimum of
the optical light curve of the system is due to the eclipse of the accretion disk and X-ray source by the donor star. During an
eclipse, the part of the star heated by X-ray radiation also turns away from the observer, thus, in the middle of the eclipse,
only arelatively cold, unheated part of the star is visible. The phases of disk closure and opening are of the greatest interest
for research, since the donor star gradually closes different parts of the disk with different temperatures, which is manifested
in the light curve. Modeling the descending and ascending branches of the light curve near the minimum allows one to
reconstruct the temperature distribution over the surface of the accretion disk and its shape. Separately, it should be noted
that the disk in the HZ Her / Her X-1 system is inclined to the orbital plane at an angle of 10-15 degrees and precesses with a
period of about 35 days. This makes it possible, using observations of minima in different phases of the 35-day cycle, to
reconstruct the shape and temperature distribution over the disk surface for its various positions relative to the observer. At
different phases of the 35-day cycle, the temperature distribution over the disk surface should be different because, firstly,
the inclination of the inner disk relative to the outer disk changes, that is, the size of the region of the disk, which is shaded
from the X-rays, changes, and secondly, the hot spot, formed due to interaction with an accretion stream, shifts.

--- Study of synchronization mechanism of the period of free precession of a neutron star and the precession of the accretion
disk in HZ Her / Her X-1. Since the late 70s of the 20th century, the existence of a retrograde precession of an oblique
accretion disk has been known. Truemper et al. (1986, ApJL 300, L63) analysed observations by the EXOSAT X-ray satellite
and found periodic changes in the shape of the X-ray pulse profiles. The change period was also 35 days. In the same work,
the mechanism of free precession of a neutron star was proposed as a possible explanation for the evolution of the profile
shape. Later, detailed observations of X-ray pulses with the RXTE led to reconstruction of the location of hot features
emitting X-rays on the surface of a neutron star within the framework of the free precession model (Postnov et al. 2013
MNRAS 435, 1147). The equality of the periods of the free precession of the neutron star and the precession of the accretion
disk should be due to the synchronization mechanism, as discussed in the work of Kolesnikov et al. (2020 MNRAS 499, 1747),
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however its details remain unexplored. We propose to develop a model in which the synchronization occurs because of
accretion streams moving from the orbital plane and interacting with the disk at some angle to its upper and lower surfaces.
The vector of the initial stream velocity is determined by the pressure gradient near the 1st Lagrange point, which, in turn, is
determined by the X-ray heating and the position of the X-ray shadow from the accretion disk. From the Lagrange point to the
disk, the streams move along ballistic trajectories.

--- Study of variations in the period of X-ray pulses of Her X-1. The model of free precession of a neutron star in the Her X-1
assumes the existence of a variation of the pulsation period with the phase of the precessional cycle. At the phase of the 35-
day cycle with the maximum X-ray flux, so-called “Main-on”, variations in the rotation period of a neutron star associated with
free precession are on the order of a microsecond. Currently, the value of the pulsar period can be determined with an
accuracy of the order of a fraction of a microsecond. The gradual changes in the period associated with free precession of the
neutron star are superimposed by random changes associated with the non-stationarity of disk accretion and the crackling of
the neutron star crust. We propose to develop a model of a free-precessing neutron star taking into account a complex set of
emitting X-ray details on its surface to simulate variations in the arrival of X-ray pulses with an accuracy of the order of a
fraction of a microsecond.

4.4. HayyHas HOBU3Ha UCCNIeA0BaHKIA, 060CHOBaHME AOCTUXXKUMOCTHU peLueHUsl MOCTaBIeHHOM 3aaaum (3aAau4) M BO3SMOXKHOCTH
nony4yeHus npeanonaraeMbix pesynbTatoB

Ha pyCccKkoM si3biKe
| Mpepnaraemble 3aaa4m N0 U3y4EHMUIO MArHMTO-BPALLATEIbHOM 3BOOLMM HEWTPOHHbIX 3BE3[, UM NPeanoNarakoT aHaAu3
3BOJIOLMM HEAABHO OTKPbITbIX MCTOYHMKOB (PEHTFEHOBCKME ABOVIHbIE B OCTaTKaX CBEPXHOBbIX, UCTOYHUKM ObICTPbIX
PafLMOBCMIECKOB) B paMKax elue He 06CyXAaBLLMXCA A1 HUX NOAXOA0B, UM XKe OCHOBaHbl Ha NMPMMEHEHMM HOBbLIX MOAENEN
(HanpuMep, 3BOMOLLMM MArHUTHOTO MONS), KOTOpPbIe elle He Bblav B AOCTAaTOHHOM CTeNEeHU UCMOb30BaHbl A4S ONUCaHUS
3BOJIOLMM TEX WU/IU UHBIX KNTACCOB 0OBEKTOB MM OTAENbHbIX MCTOYHMKOB. T.0., BCE NpeanosiaraeMble UCCef0BaHMS ABNSHOTCS
HOBbIMM.
OnbIT y4aCTHMKOB NpOeKTa B 06/1aCTM NONYASLUMOHHOIO CUHTE3a U MOAENMPOBAHMM MarHUTO-BPALLATEIbHOW 3BOJIHOLLUMM
HEMTPOHHbIX 3BE3[, a TAKKE B U3Y4YEHUM ObICTPbIX PafMOBCMIECKOB, CBUAETENLCTBYET O TOM, YTO NpeasiaraeMble B paMKax
NpoeKTa 3a4a4m SBASKOTCA OCYLLECTBUMbIMU. B NPOEKT He 3aKnafbiBaeTcs HE0OX0AMMOCTb NOJYY EHMS MPUHUMMIMANBHO HOBbIX
pe3ynbTaToB TPETbMMU IMLLAMU. Mbl MCXOAUM M3 CYLLECTBYIOLWMX TEOPETUUYECKMX PE3YNbTaToB (Hanpumep, Moaenei
MarHMTHbIX NONEN U UX 3BOSIOLMM), €C/IU NPEANONAraeM ux NpUMeHeHMe B paMKax HaLMX HOBbIX MOAENEN, U Mbl
dhopMynMpyeM 3aaa4m Ha OCHOBE YKe NoyvaeMblX AaHHbIX (HabnoaeHUs BbICTPbIX PafMOBCMIECKOB, PEHTTEHOBCKUX
[BOMHbIX, MAYLWMIA 0630p Heba Ha cnyTHKKke CnekTp-Pr).

[l HoBM3Ha 3a8a4u pacyeTa BCMblLUEK B AMCKAX BOKPYT 3aMarHUY eHHbIX HEMTPOHHbIX 3B€3[, COCTOMT B UCMOJb30BaHMM
OPWIrMHaNbHOMO KOAa pacyeTa 3BOJIOLMM BA3KOMO ANCKA, KOTOPbIM ByAeT BKOYaTb HE0OX0AMMbIE KOMMOHEHTbI A1 ONMUCAHMS
B3aMMOAENCTBMA AMCKA C LEHTPaNbHOM 3aMarHM4yeHHOM 38e340M. [Ing unnocTpaumm Toro, YTo, eC/IM y4YUTbIBaTb BCE
HeobXxoauMble aKTOpbl 3BOJOLMM, TO MOXHO MOJIYYMUTb HABNOAAE MBI XapaKTe pHbIM BUL KPUBbIX 611€CKa, Mbl paccyuTanm
KpvBble Bnecka, OXXnaaemble 0T UCTOYHMKA C HOMUHAMbHBIMK NapaMeTpaMm, B KOTOPOM NMPOUCXOAMUT NOCTENEHHOE
npekpalleHMe BXoAa aKKkpeLMOHHOro NoToka B MarHutocdepy (cMm. MNyHkT 4.13, dain plato.pdf). Takow pesynbtat nonyyeH
BrepBsble B MMpe. byaywas peannsaums Koaa 0OCHOBaHA Ha NpeablAyLuelt ero Bepcum, npeaHasHauyeHHOM A1s pacyeTa KpMBbIX
6necka npu akkpeLumn Ha YepHble Ablpbl, KOTOPAst OT/JIAXKEHA M HAXOAMTCS B CBOOOAHOM A0CTYNe A/ UCMOb30BaHMS HAyYHbIM
coobuwecteoM (ManaHueB 1 JiunyHosa 2016, Astrophysics Source Code Library, record ascl:1610.01; J/iunyHoBa u ManaHuyeB
2017, MNRAS 468, 4735). B ocHOBe KoAa Ne€XMUT YMCNIEHHOE pelleHne YpaBHEHMS 3BOJIOLMM aKKPELMOHHOMO AMCKa,
ONMCbIBaKOLLEE AMHAMMKY AMCKA Ha BA3KMX BpeMeHax. Ko BkoyaeT B ce65 BO3MOXHOCTb y4eTa camMoobydyeHuns gucka,
YMeHbLUEHUS pa3Mepa 30Hbl NMOSIHOW MOHU3ALMK, UCTEYEHUS BETPA C MOBEPXHOCTU ANCKA. Peannsaums HoBoro moayns (ans
HEMTPOHHbIX 3Be34) 6yAeT OCHOBaHA HA MCMNOb30BAHMM LUMPOKO NPU3HAHHBIX TEOPETUYECKUX pe3ynbTatax paboT apyrmx
rpynn. 3Tv paboTbl NepeyuncneHsl B nyHkTe 4.6 HacToswer 3asBku (MpeanaraemMbie MeToabl). Takum o6pa3om 6yayT BbIOPaHbI
cneumanbHble rpaHUYHbIE YCI0BUS HA BHYTPEHHEN TpaHuLe AMCKa, ByaeT NpoM3BeAeH yYeT U3y4eHuUst C NOBEPXHOCTH
HEWTPOHHOW 3Be3Abl. B rpynne ecTb OnbIT 1 pe3ynbTaThl N0 YYETY CAMOODBAYYEHUS AMCKA C LLEHTPa/IbHBIM PEHTTEHOBCKUM
UCTOYHMKOM (Hanpumep, paboTa B coaBTopcTe Meluepsikos, LLakypa, CyneviMaHoB, 2011, Mucbma B AX, 37, 311). Moaynb
pacyeTa NoToKa 061ly4eHHOM ONTUYEeCKOW 3BE3/bl-KOMMAHbOHA ONMUPAETCA HA pe3y/bTaTbl, NOly4EHHbIE B pAMKaX HACTOALLE W
rpynnbl 3aseuteneii (Kolesnikov et al. 2020 MNRAS, 499, 1747).
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[l ByneT pelueH psg HOBbIX 33Zia4, PACKPbIBAKLLMX PU3MKY NPOLLECCOB, MPOUCXOAAIMX B PEHTTEHOBCKOM ABOMHOM Her X-1.
--- MogenupoBaHue onTMYeckmnx Kpuebix 6necka Her X-1 86113u rnaBHOro MMHMMyMa NO3BOSMT BriepBble BOCCTaHOBUTb
pacnpegfeneHue TeMneparypbl N0 NOBEPXHOCTH B MOAENM U3TMOHOI0 aKKpeLLMOHHOMO ANCKA C 0B1y4YEHMEM U FOPSAYUMU
ngaTHamMu. Ha AaHHbI MOMEHT HakonieHo 60/bLIOe KONMYECTBO HeMNPePbIBHbIX BbICOKOTOYHbIX M3MepeHuii bnecka BOnm3un
rNaBHOro MMHMMYMa Ha pas3finyHbix asax 35-gHeBHOro umkna. PaspaboTaHa M oTnaxeHa nporpamMMa CMHTE3a KpuBbIX 6riecka
(Kolesnikov et al. 2020 MNRAS 499, 1747), c 3anoxeHHo# rubkoi moaenbto aucka. Mpumep pacyeTa apdHeKTUBHOM
Temnepartypbl B ABOMHOM cucteme Her X-1 npueneH B nyHkTe 4.14 (dbann HerX-1.pdf). OTnaxeHa MeToamka ontMMusaumnm
napamMeTpoB Npu MOAENMPOBAHUM HAbNHOAAEMbIX AaHHbIX. BbicOKas ckopocTb paboTbl NporpaMmbl NO3BONISIET UCCEA0BATL
LUMPOKMI AMana3oH napaMeTpoB Ha paboyeii CTaHL MM aAeKBAaTHOM MOLLHOCTM 3@ pa3yMHOE BpeMsi.

--- HabnogaeMas cMHXpoHM3aUmMs nepmnoaoB CBO6OAHOM NpeLeCcCcMn HEMTPOHHOWM 3BE3bl U NMPeLeCcCcMn akKpeLMOHHOro
aucka B Her X-1 no cux nop He uMmeeT aeTanbHOM Moaenu. Mel npeanaraem paspabotartb MoAeb, KOTOpas He npeanonaraet
NpUBAEYeHNs CNOXHBIX TMAPOAMHAMUY ECKUX PACYETOB, YTO 3HAYUTENbHO YMPOLLIAET ee OCYLIeCTBNEHNE U aHau3.
---MccnepoBaHug Bapuaumm Npuxoaa peHTreHOBCKMX MMMYNbCOB U HOPMbl UMNYNLCOB CTanM 0COBEHHO aKTyanbHbIMK Nocne
Hayana paboTbl kocMuyeckux obcepsatopuii Fermi/GBM, RXTE/PCA, NICER. JaHHble, nofy4yeHHble 3TUMM 06CepBaTOpuUsaMH,
NO3BOSIMAM BOCCTAHOBUTb PACMONIOXEHME U3NTYYAIOWMX B PEHTFEHE ropsyYMX NSITEH HA MOBEPXHOCTU HEMTPOHHOM 3Be3abl (CM.,
Hanp., Postnov et al. 2013 NMRAS 435, 1147;Riley et al. ApJL 2019, 887, L21). B pe3ynbTate MOXHO ONpeaensTs napameTpsl
HEMTPOHHbIX 3BE3/, He0BX0AMMbIE A9 BbISCHEHUS UX BHYTPEHHEN CTPYKTYpbl. M3yuyeHue dopmbl npodunen u Bapuaumm
NpuxoAa peHTreHOBCKMX UMMY/bCOB CBOBOAHO-NPELEeCCUPYIOLMX HEUTPOHHbIX 3BE34 ABASETCS IOrMYHbBIM NPOAOIKEHUEM
Takux uccnefoBaHui. [laHHble 0 Bapuaumm NpUXoaa PEHTTEHOBCKMX UMMYNIbCOB HAXOASTCS B OTKPbITOM JOCTYNe, @ MOAe b
cBO60OAHOM NpeLeccum MoxeT BbITb MONHOCTbIO AHANUTUY €CKOM, YTO AeNaeT BO3MOXKHbBIM KOMIMIEKCHOE UCCNeoBaHue eé
napamMeTpoB.

MNepeyncneHHbie Bbie apryMeHTbl MPUBOAST HAC K BbIBOAY O PeaMCTUYHOCTU CHOPMYIMPOBAHHOM NPOrPaMMbl
nccnenoBaHMMI.

Ha aH2UTiCKOM 53biKe
| The project tasks for studying the magnetic-rotational evolution of neutron stars are new. They either involve the analysis of
the evolution of recently discovered sources (X-ray binaries in supernova remnants, sources of fast radio bursts) using
approaches that have not yet been applied for them, or are based on the use of new models (for example, evolution of the
magnetic field), which have not yet been sufficiently used to describe the evolution of certain classes of objects or individual
sources. The distinct experience of project participants in the field of population synthesis and modeling of the magnetic-
rotational evolution of neutron stars, as well as in the study of fast radio bursts, indicates that the tasks proposed in the project
are feasible. The tasks do not include the need for third parties to obtain new results. We proceed from existing theoretical
results (for example, models of magnetic fields and their evolution) in developing our new models, and we formulate
problems based on the data already obtained or in progress (observations of fast radio bursts, X-ray binaries, the ongoing sky
survey on the Spectrum-RG satellite).

[l The novelty of the task of calculating outbursts in disks around magnetized neutron stars consists in the use of an original
code for simulating the evolution of a viscous disk, which will include the necessary components to describe interaction of
the disk with a central magnetized star. The future implementation of the code is based on its previous version, designed to
calculate light curves for accretion onto black holes, which is freely available for use by the scientific community (Malanchev
and Lipunova 2016, Astrophysics Source Code Library, record ascl: 1610.01; Lipunova and Malanchev 2017, MNRAS 468,
4735). The code is based on the numerical solution of the equation of evolution of the accretion disk, which describes the
dynamics of the disk on viscous times. The code includes the possibility to take into account the self-irradiation of the disk,
reduce the size of the zone of full ionization using a physical condition, and launch the outflow of wind from the disk surface.
The implementation of the new module (for neutron stars) will be based on widely recognized theoretical results. These
works are listed in paragraph 4.6 of this application (Proposed methods). Thus, special boundary conditions will be chosen at
the inner boundary of the disk, and radiation from the surface of the neutron star will be taken into account. The participants
of the project have deep understanding and experience with self-irradiation of a disk by a central X-ray source
(Meshcheryakov, Shakura, Suleimanov, 2011, Astronomy Letters, 37, 311). The module for calculating the flux of an
illuminated optical companion is based on the results obtained by the applicants (Kolesnikov et al. 2020 MNRAS, 499, 1747).

To show feasibility of our approach, we have calculated preliminary light curves expected from a source with nominal
parameters assuming that the penetration of the accretion flow into the magnetosphere eventually stops (see section 4.13,
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file plato.pdf). The light curves show an essential drop - which is not assumed but obtained as a solution. Such a result is
obtained for the first time.

[l Anumber of new problems of the physics of X-ray binary Her X-1 will be solved:

--- Modeling the optical light curves of Her X-1 near the main minimum will allow for the first time to reconstruct the
temperature distribution over the disk surface in the model of a warped accretion disk with irradiation and hot spots. At the
moment, a large number of continuous high-precision measurements of brightness near the main minimum have been
accumulated at various phases of the 35-day cycle. A computer program for the synthesis of light curves was developed and
debugged (Kolesnikov et al. 2020 MNRAS 499, 1747), with a flexible disk model. An example of calculating the effective
temperature in the Her X-1 binary system is given in Section 4.14 (file HerX-1.pdf). The technique of optimizing the model
parameters to fit the observed data has been developed. The high speed of the program allows us to explore a wide range of
parameters.

--- The observed synchronization of the periods of the free precession of the neutron star and the precession of the accretion
disk in Her X-1 still does not have a detailed model. We propose to develop a model that does not involve complex
hydrodynamic calculations. This will greatly simplify its implementation and analysis.

--- Investigation of the variation in the arrival of X-ray pulses and the shape of the pulses became especially relevant after the
launch of the space observatories Fermi/ GBM, RXTE / PCA, NICER. The data obtained by these observatories made it possible
to reconstruct the location of X-ray emitting hot spots on the surface of a neutron star (see, for example, Postnov et al. 2013
NMRAS 435, 1147; Riley et al. ApJL 2019, 887, L21). As a result, it is possible to determine the parameters of neutron stars
directly related to details of their internal structure.The study of the shape of the profiles and variations in the arrival of X-ray
pulses of free-precessing neutron stars is a logical continuation of such studies. Data on the variations in the arrival of X-ray
pulses are publicly available, and the free precession model can be fully analytical, which makes it possible to
comprehensively study its parameters.

The above arguments lead us to the conclusion that the formulated research program is realistic.

4.5. CoBpeMeHHOe COCTOSIHME UCCNeA0BaHUI NO AaHHOI NpobaeMe, 0CHOBHbIE HanNpaBNEHUS UCCNIeA0BaHUI1 B MUPOBOM
HayKe U Hay4Hble KOHKYPEHTbI

Ha pyCcCKOM 5i3biKe
I
--- C 04HOW CTOPOHBI, MHOTME COBPEMEHHbIE NOAXOAbl K ONUCAHWMI0 MAarHWTO-BPALIATE IbHOM 3BOHOLUMM HEWTPOHHBIX 3BE3[,
OCHOBbIBAKOTCS Ha Knaccuyeckux pabotax 1970-80x rr. C apyroi CTOpOHbl, 06HapyXeHWe UCTOYHUKOB HOBbLIX TUMOB TpebyeT
MOAMPUKALMK CLLEHApWEB 3BOJIIOLMM MM BbIBOPA HECTaHAAPTHbIX Ha4aNnbHbIX MapaMeTpoB. Tak, Ans ONUMCaHMS UCTOYHMKA
SXP1062 npepnaranuce cueHapum ¢ bbicTpbiM 3atyxaHmem nons (Popov, Turolla 2012, MNRAS 421, L127), a Takxke cLueHapum
¢ 60nblUMM HavanbHbIM Nepronom BpaleHus (Haberl et al. 2012, A&A 537, L1). OTkpbITMe 3TOM CUCTEMBI BbI3BaNO BObLLOH
MHTEpeC K peHTreHOBCKMM [,BOVMHbIM C ObICTPbIM BbIXOAOM Ha CTaaMio akkpeuun. HeaasHo Obina o6HapyxeHa elle ogHa
peHTreHoBCcKas ABoviHasa (XMMU J051342.6-672412), cea3aHHas ¢ ewe 6onee MonoabiM 0CTaTkoM cBepxHoBor - MCSNR
J0513-672 (Maitra et al. 2019, MNRAS 490, 5494), uTo Takxe Bbi3Bano UHTepec TeopeTnkoBs (Ho et al. 2020, MNRAS 494, 44).
Mbl oxxnpaem, 4To pa3paboTka Moaenei 3BOIOLUMN U aKKpeLMU 419 OLMHOYHBIX HEATPOHHBIX 3BE3[, Bbi30BET B BamxKaiillem
6yayLieM 60nbLLIOW MHTEPEC, TaK KaK B pe3ynbTate paboTbl CnekTp-PIr NoSBMTCS HOBBIM KaTanor cnabbix MCTOYHMKOB, FOpPasfo
6onee rnybokuit, yeM y ROSAT, uTo HensbexxHO npuBeAeT K HOBbIM paboTaM Mo MOUCKY KaHAMAATOB B OAMHOYHbIE
aKKpeLuuMpylLe HEATPOHHbIe 3Be3/bl.JTO AeNlaeT npejJiaraemble 3aa4u 0cobeHHO akTyanbHbIMU. KpoMe Toro, akTMBHO
pa3pabaTbiBaOTCA MOAENM AaKKPELMM HA OAMHOYHbIX YePHbIe AblPbl 3B€3[AHbIX MAacC U3 MEX3Be34HOM Cpelbl, HanpuMep B
NPUNOXeHMM K NpoekTy MunammeTpoH (cMm., Hanpumep, Ivanov et al. 2019, MNRAS 489, 2038 u ccbinku B 3ToM paboTe), 4To
TaKKe CBA3aHO C TEMATUKOM NPOeKTa, U BO3MOXHO B3anMHOe 0boralleHne AByX HanpaBneHWi ucceLoBaHUiA npu
MHTEHCUPUKALMM PacYETOB AN OLMHOUYHbIX HEMTPOHHBIX 3BE3A,
--- MiccneioBaHue 3BOMIOLMM MAarHWTHBIX NONIEM HEWTPOHHBIX 3BE3[, NepexuBaeT nepuos 6ypHoro pas3sutus. B pasHbix
CTpaHax paboTaeT HeCKONbKO rpynm, pa3pabarbiBalOWMX AeTanu npoLecca usMeHeHUs KOHhUIrypaumm nonem u nx
HanpsbkeHHOCTU. Ocob0 cTouT BblaemMTb paboTbl B DTU um. Modde no yueTy 3B0HOLMM NONS B SAPAX HEMTPOHHBIX 3Be34, (CM.
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Gusakov et al. 2020, MNRAS accepted u ccbiiku Tam). COOTBETCTBEHHO, Pa3BMBAKOTCS MOAXOAbI MO MOUCKY HABMHOAATENBbHbIX
NpOSIBNEHMI pa3IMYHbIX acMeKTOB 3BoAOUMK nonen. Tak B paboTte De Grandis et al. (2020, ApJ accepted) pazsuBaeTcs
noaxon, NpeasioXeHHbll B ctatbe Popov et al. (2017, MNRAS 464, 4390) no MCNonb30BaHWUIO AaHHBIX O TEMIOBOM U3/Ty4EHUU
HEeMTPOHHbIX 3BE34 A8 MOUCKA NPOSBAEHUI CTaAMM XONIOBCKOrO aTTpakTopa.

--- HakoHeL, 6bICTPble paaMOoBCNIECKM OCTAKTCS OLHOM U3 CaMblX ropsyux obnactei acTpodumnku. beicTpble paauoBcnnecku
— 3TO KOPOTKME (OT HECKOMbKMX MUSITMCEKYHT, 10 fe CATKOB MUIIIMCEKYHA) SipKMe (MOTOKM B MakcMMyMe 6biBatoT Bbiwe ~100
S1H) pagmoBcnbiwkmM (cM. 0630p B [Monos, MNMoctHos, Mwupkos 2018 YPH 188, 1063). MNepeoe cobbiTne 6b110 NpecTaBneHo B
2007 r. B pabote Lorimer et al. (2007, Science 318, 777). Ctex nop o6HapyxeHo 6onee cTa BCNAECKOB (HE CYUTasi NOBTOPHbIE
C06bITUS OT OAHOIO M TOTO XXe UCTOYHMKA), BKIKOUYEHHbIX B OHMAMH-KaTanor http;//www.frbcat.org. bonblias mepa gucnepcuu,
a TaKKe pag Apyrux coobpaKeHuit, roBOPUT O BHEraNakTUYeCKOM NPOUCXOXAEHWUM 3TOro sBneHus. bonee yem ons pecatka
UCTOYHWMKOB M3MEpEHA NIMHEMHAs U/UNK KPYroBas nonspusaums. B peakux cnyyasx yaaeTcs Takke U3MepuTb Mepy BpalLeHUs.
[lo HepaBHero BpeMeHwu HagexHas uaeHTMdbukaums boina caenaHa nmb AN e JMHCTBEHHOIO Ha TOT MOMEHT MCTOYHMKA
NMOBTOPHbIX 6bICTPbIX pagnoBcnneckoB — FRB 121102. MCTOYHMK HaXOAMTCS B KAPIMKOBOM ranakTuke C aKTUBHbIM
3Be3000pa3oBaHMeEM Ha KpacHOM cMelleHun z=0.193 (poTomeTpuueckoe pacctosHue 972 Mnk). Ceivac ans ewe
HeCKOMbKMX UCTOYHMKOB (MpUYEM, He TONIbKO NOBTOPSIOLLMXCS) OTOXAECTBNEHbI MaTePUHCKME ranakTUKM PasHbIX TUMOB.
Bbino npeanoxeHo orpoMHoOe KoMUY eCTBO Moaenel, obbacHaowmx npupoay FRB (cMm. "katanor mogeneit” B o63ope Platts et
al. 2018, arXiv:1810.05836). 270 oTpaxKaeT LWMPOKMIA AMana3oH HeonpeaeneHHOCTe B ONMCaHMU NPUPOAbl 3TUX 06bEKTOB.
Hanbonee nepcnekTBHbIe MOLENM CBA3aHbI CO BCMbILWEYHbIM U3/Tly4EHUEM MAarHUTapOB — HEMTPOHHbIX 3BE3/, Ybs
AKTMBHOCTb CBA3aHa C AMCCMNaLmMen SHePrm X MarHUTHbIX nonen. BaxHbIM NoATBE pXXAEHMEM 3TOM MOLENM CTana
perucTpaums 6bICTPOro pafMoBCh/Iecka OT rafakTMyeckoro Mariutapa (Bochenek et al., 2020, Nature, 587, 59, CHIME
collaboration 2020, Nature 587, 54), conpoBoXAaBLIasAcs peHTreHOBCKOM BCMbILWKOWM (CM., Hanpumep, pesynbTtatel KoHyc-Wind
B Ridnaia et al. 2020 Nature Astronomy, accepted). HaumHatoT nosenstecs n paboTbl MO NONYASLMOHHOMY CUHTE3Y BCM/IECKOB
(cMm., Hanpumep, Wadiasingh et al. 2019, ApJ 891, 82 u cCbIikK B Hel).

[l CoBpeMeHHble aCTPOHOMMYECKME MHCTPYMEHTbI Aat0T BCe Honee feTanbHyt MHOOPMALLMIO O CNeKTpaNbHbIX U BpeMeHHbIx
XapaKTepucTMKax, HabnoLaeMblx BO BpeMs BCMbILWEK TPAH3UEHTHbIX MCTOYHUMKOB C akkpeuumeir. Kpome Toro, naet paspabotka
NpoeKToB ByayLIMX MUCCUI, O KOTOPbIX YNOMUHANOCh B NyHKTe 4.2. TeopeTMyeckue uccneoBaHUs 3TUX UCTOHUHMKOB TAKKe
MAYT BO MHOTMX HanpaeneHusx. [Nepeuncnum Te, KoTopble Hanbonee 6M3KM K TeMe Hallel 3a4auu:

--- YucneHHoe aByMepHoe MOAEeIMPOBaHUE HECTALMOHAPHbIX aKKPELMOHHBIX AUCKOB BOKPYTr KOMMNAKTHbIX 06BEKTOB, B
OCHOBHOM BeAyLueecs rpynmnoy aBTOpoB Ha OCHOBE 3aKPpbITOro koaa (cM., Hanpumep, Dubus et al 1999, MNRAS, 303, 139;
Dubus etal. 2001, A&A, 373, 251; Lasota 2001, New Astronomy Rev., 45, 449 Hameury 2020, Advances in Space Research
66, 1004). NMoaxop 3ToM rpynnbl 3aK1K0YAETCS B OAHOBPEMEHHOM pacyeTe paauanbHON U BePTUKANbHOM CTPYKTYPbI, YTO,
€CTeCTBEHHO, NO3BONISIET MOAENMPOBATL AO/TOBPEMEHHYIO 3BOHOLMIO TPAH3UEHTOB B BbICOKOM M CMIOKOMHOM COCTOSIHUSX, HO U
TpebyeT 60/bLUMX pacyeTHbIX pecypcoB. Hapo 3aMeTuTb, YTO AaHHbIM MOAXO[ TaKKe NoApasyMeBaeT onpenefieHHYH
napamMeTpu13aLmIo, OCHOBAHHYHO Ha 3MMUPUYECKOM OLEHUBAHMM 3aK/1a[blBaEMbIX NapaMeTPOB.

--- YncneHHoe TpexmMepHoOe MoLEeNMPOBaHME B3aMMOAe MCTBUS aKKpeLIMPYHOLLEro BelecTsa U MarHuTocdepsl - Hanpumep, B
pabotax Romanova et al. (2012, MNRAS 421, 63), Ustyugova et al. (2006, ApJ, 646, 304); Zanni & Ferreira (2013 A&A, 550,
A99); Parfrey et al. (2017 MNRAS, 469, 3656). T4 paboTbl NO3BONAKOT NPUOBAN3UTLCA K MPELCTABNEHMIO O CNIOXKHbIX 3ddeKkTax
3a npepenamMu 0lHOMEpPHOro aHa/IMTUYECKOr0 aHaNM3a U K OLLeHKEe X BAMSHUS Ha rNo6anbHYy0 BA3KYH 3BOJIOLMIO AMCKA.
NokasaHo, B 4aCTHOCTU, YTO XapaKTep aKKpPeLMOHHOIO NOTOKA CTAHOBUTCS CYLLUECTBEHHO HEYCTOMYMBbLIM NPU NPpUBAMKEHUM
BHYTPEHHEro paamyca AMcKa K paauycy kopoTtauun. Ecam pagunyc amcka 6onblue paguyca KopoTaumm, AET HAKONAEHUe
BELLEeCTBa , KOTOPOE 3aKaH4YMBaeTCs BbIOpOCOM M aKKpeLue BellecTsa Npy 0JHOBPEMEHHOM Mepe3aMblKaHUU CUOBbIX
JMHUIA MarHUTHOTO NONS. AKKPELMOHHbIE CTPYU UMEHOT HECUMMETPUYHYIO CTPYKTYPY U MO BEPTUKANBHOM KOOPAMHATE U NO
asmmyTy. Hanpumep, Romanova et al. (2018) nonyyatot, 4T0 BHYTPEHHWUI pagnyC AUCKa BapbUMPYeTCs Ha BpeMEHHbIX
Macwrabax nopsaka 0.1 ¢, ecm MacwTabrpoBaTth K NapamMeTpaM akKpeLMPYHLLMX MUIUCEKYHHbIX NYybCapoB. JPPeKTUBHOE
yCpeAHEeHWe KapTUHbI, MOTyYatoWencs B pacyeTax, MO3BOMT HaM NOCTaBUTb aAEKBATHOE YC/IOBUE Ha BHYTPEHHEN rpaHuLe
DMCKa.

--- KoHuenTtyansHoe pa3BuTMe Moaenel B3aMMOAENCTBUS BELLECTBA ANCKA U MarHUTocdepbl HEMTPOHHOM 3Be34bl HAa OCHOBE
HOBbIX HabMHOAEHMI U AHANUTUY ECKMX UCCNIef0BaHMI. Pa3BUTHE naen orpaHuyeHus NpMToKa BeLeCcTBa B MarHuTochepy npu
HU3KMX TeMMNax akkpeumu (3 dekT “nponennepa” unm “mMepTBoro aMcka”) - Hanpumep, B pabotax D’Angelo & Spruit (2010,
MNRAS 406, 1208; 2012, MNRAS 420, 416); Matsuoka & Asai (2013 PAS)J, 65, 26); Gungoretal. (2017, Ap) 848,13), Furst
(2017 A&A 606, A89); Campana et al (2018, A&A 610, A46), Tsygankov et al. (2019, A&A 621, id.A134). B paboTtax Tsygankov
etal. (2016 A&A, 593, id.A16), Lutovinov etal. (2017, ApJ, 834, 209) nokasaHo HanMumne KOpPenauum Mexay
HanpsKeHHOCTb0 MAarHUTHOTO NOAS U KOMBMHALMEN NapamMeTPOB (BKIOYatoLen KpUTUYEeCKYH0 CBETUMOCTb, aCCOLMMPOBAHHYHO
C HaYanoM pexwuMa nponesnnepa, U Nepuos BpalleHWs HEMTPOHHOM 3Be3/bl), KOTOPas yKa3blBaeT Ha paboTy nponennepHoro
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MeXaHW3Ma U ero YHMBePCasbHblii XapakTep Cpean peHTreHOBCKMX ABOMHbIX C MarHUTHbIMU NOMSIMK B AMANa30He
HanpsKeHHOCTEW NOMEN, 0XBATbIBAIOLLEM LLECTb NOPSAKOB.

--- YucneHHoe TpexmMepHoe MoAeNMpOBaHNE MAarHUTOrMAPOANMHAMUY eCKOM TypOYyNeHTHOCTM ans 06bSICHEHUS BA3KOCTM B
amckax (Hanpumep, Davis et al. 2010, Ap) 713,52; Shi et al. 2010, MNRAS 456, 2273; Guan & Gammie 2011, ApJ, 728, 130;
Hawley et al. 2011, ApJ 738, 84; Simon et al. 2012, MNRAS 422, 2685; Sorathia et al. 2012, Ap) 749, 189; Hirose et al. 2014,
Ap) 787,1; Coleman et al. 2018, Ap) 857, 52). Kpome npoumnx pe3ynbTatos, B 3TUX paboTax OLEeHWBAETCS OCHOBHOM NapameTp
CTaQHAAPTHOW MOAEM aKKPEeLMM - MapameTp TypbyneHTHOCTU anbda. CpaBHEHME 3TUX OLLEHOK CO 3HAYEHMUAMM, CeayoWnX U3
MOAENMPOBaHMA AMHAMMKM AMCKOB Ha rNobanbHbiX BA3KMX BpeMeHax (Hanpumep, Suleimanov et al. (2008 A&A, 491, 267),
Kotko & Lasota (2012, A&A 545, A115), Lipunova & Malanchev (2017 MNRAS 468, p.4735), Tetarenko et al. (2018 Nature
554, 69)) no3BonsieT caenatb BbIBOA O TOM, HACKO/IbKO HAAEXHO Halle MOHMMaHWe 0 MexaHM3Max 0TBOAA YrI0BOr0 MOMEHTA
npv AUCKOBOM akKpeLuu.

[l PeHTreHoBckas aBoviHasa cuctema HZ Her/Her X-1 HabniofaeTcs npakTMyecku HenpepbiBHO € Hadana 1970-x. HabntopeHus
NpOBOASTCS KaK B ONTUYECKOM, TaK U B pEHTTEHOBCKOM AManasoHe. HakonneH 1 npofo/mKaeT HakanaMBaTbCs 60/bLLoi 06beM
HabntoaaTeNbHbIX AaHHbIX. [ns Toro, YTo6bl 06BICHUTL 3TU AaHHbIE, TpeByeTCS 3HaYUTeIbHOE YCOBEpLUEHCTBOBaHME
CYLLeCTBYIOLWMX Moaenel 1 paspaboTka HOBbIX.

--- K HacTosiLe My MOMEHTY pasHbiMM rpynnamMu npoeeaeHa 60bwas paboTa no aHanUTUYECKOMY U YUCTEHHOMY
MCCNIeLOBaHMI0 CTPYKTYPbl M3rMOHbIX AMCKOB B PEHTFEHOBCKMX ABOMHbIX CMcTeMax (CM. Hanp., Pringle 1992 MNRAS 258, 811;
Papaloizou and Lin 1995 Ap) 438, 841; Pringle 1996 MNRAS 281, 357; Larwood et al. 1996 MNRAS 282, 597; Maloney et al.
1996 ApJ 472, 582; Wijers and Pringle 1999 MNRAS 308, 207; Ogilvie and Dubus 2001 MNRAS 320, 485; Lodato and Price
2010 MNRAS 405, 1212). B camoe nocnefHee BpeMs, B CBSI3M C pa3BUTMEM ONTUYECKOW- U PaAMo- MHTepdepomMeTpuum,
no3BoNAoLLE 1 HabNAATb C BbICOYANLLMM YI/I0BbIM pa3peLleHneM, yAaNnoch Hanpamyto HabnaaTb U3rubHble NPOTONIAHETHbIE
M 0KON03BE3AHbIe AMCKM (CM. Hanp. Muro-Arena et al. 2019 A&A 635 A121; Kraus et al. 2020 Science 369, 1233).
AKKpELIMOHHbIE AUCKM B PEHTTEHOBCKMX ABOMHbBIX CUCTEMAX BPSLA I MOXHO ByaeT NpoHabnoaatb HanpsMyto, MOCKOJbKY MX
pa3Mep HAMHOr0 MeHbLLEe pa3Mepa NPOTOM/IAHETHbIX U OKOM03BE3AHbIX ANCKOB, OfHaKo B cucTeMe Her X-1 ecTb BO3MOXHOCTb
«MPOCKaHMpPOBaTb» CTPYKTYPY AMCKA B XO[€e 3aTMeHMI. Takoe uccneoBaHMe NO3BOMUT MPUMEHUTb HAKOMNEHHbIE
TeopeTMyYecKne pesynbTaThbl K peanbHOMy akKpeLMOHHOMY AMUCKY.

--- B HacTofiLee BpeMS aHaNUTUY eCKM XOPOLLO UCCNELO0BAHO BAUSHME HA AMHAMUKY aKKPELMOHHOr0 AUCKA MarHUTHOTO Mons
HeWTPOHHOM 3Be3abl (CM. Hanp. Lipunov and Shakura 1976 Pis'ma v Astronomicheskii Zhurnal 2, 343; Lipunov et al. 1981 AZh
58, 765; Murray et al. 2002 MNRAS 335, 247), auckoBoro BeTpa (cM Hanp Schandl and Meyer 1994 A&A 289, 149),
paguaumMoHHoro gasnexus (cMm. Hanp. Pringle 1996 MNRAS 281, 357). BsaumopencTeue CTpyi 1 AUCKa MCCNeaoBanochb U
NpOAO/KAET UCCNEeA0BATLCS B YUCEHHbIX MAarHUTO-rMAPOAUHAMUY ECKMX IKCNepuMeHTax (cM Hanp Lukin et al. 2017 MNRAS
467,2934). B paboTtax aBTopoB (Postnov et al. 2013 MNRAS 435, 1147) nna 06bCHeHUS 60/bLUMHCTBA Hab0AAEMbIX SBNEHWUIA
B ABOMHOM cucteme HZ Her/Her X-1 npuBnekaeTcs Kak BbIHYXXAEHHas NpeLeCccus BHELWHUX YacTen akkpeLMOHHOMo AMCKa, TaK
1 cBoboAHas NpeLeccus HEUTPOHHOWM 3Be3abl. [py HanMumMn cB06OAHONM NpeLLeccun HEMTPOHHOM 3Be3abl ¢ pas3ol npeueccun
MEeHSITCS MOMEHTbI MarHUTHbIX CUJT, AEMCTBYIOLIMX HA BHYTPEHHWIA Kpai akkpeLIMOHHOT0 AMCKA, YTO MPUBOAMT K BapuaLmm
yI/a HaKoHAa BHYTPEHHET0 Kpas Aucka. [Npu Hebonbluoit pasHuLe nepuoaa cBO60LHOM NpeLeCccum U BblHYXAEHHOM
npeueccuMn gucka MMeeT MeCcTo UX CUHXPOHM3aums. OaHaKo BbIBaOT NPOMEXYTKM BPEMEHMU, B TEHEHUE KOTOPbIX Nepuos,
BbIHY)XX,€HHOM NpeLeCccun BHELHUX YacTel AMCKA YBEMYMBAETCS HACTONBbKO, YTO CUHXPOHM3aLIMs NPONafaeT U BHELIHWE
YacTu ANCKA YKIAAbIBAOTCSA B OpOUTANbHYI0 NNOCKOCTb, @ BHYTPEHHME YaCTW AMCKA OCTAOTCS HAKNIOHHbIMU. B Takon cutyaumu
no-npexHeMy MMeeT MeCTO HECMMMETPUYHOE 06/1y4eHne 3Be3bl-A0HOPA, YTO MOXKET Bbl3BaTb BbIX0A, aKKPELIMOHHbIX CTPY#H
13 opBUTanbHOW NNOCKOCTU M BO3BPAT BHELUHUX YacTel AMCKa B HAKNIOHHOE MOJOXEHME.

---[loCTynHbl AMHHbIE paabl HabnoaeHu cnyTHka Fermi/GBM ¢ BbICOKOTOYHBIMU U3MEPEHUAMU NEPUOAA PEHTTEHOBCKMX
umnynbcoB Her X-1, cMm. https;//gammaray.msfc.nasa.gov/gbm/science/pulsars/lightcurves/herx1.html. Ha macwrabax
nopsaKa 04HOro AHA TOYHOCTb M3MePEHUs NepPUoAa A0CTUIAET JONEN MUKPOCEKYHAbI. B TedeHue “main-on” MoXHO
HabnoaaTb BapuaLmMmu neproaa, CBs3aHHble CO CBOOOAHOW Npeueccueit HeMTPOHHOM 3Be3abl. OHKM ByAyT CNONb30BaHbI 415
NoATBEpPXAeHWUS Moaenu cBO6OHOM NpeLeCccun HEWTPOHHOM 3Be3Abl M HAXOXAEeHUS ee NapamMeTpoB.

HQa aH2/IULCKOM Si3biKe
I
--- On the one hand, many modern approaches to the description of the magneto-rotational evolution of neutron stars are
based on the classical works of the 1970-80s. On the other hand, the discovery of new types of sources requires modification
of evolution scenarios or selection of non-standard initial parameters. For example, scenarios with fast field decay (Popov,
Turolla 2012, MNRAS 421, L127), as well as scenarios with a large initial rotation period (Haberl et al. 2012, A&A 537, L1)
were proposed to describe the source SXP1062. The discovery of this system aroused great interest in X-ray binaries with a

3asaBka Ne 21-12-00141 Ctpanuua 35 n3 48



rapid onset of the accretion stage. Another X-ray binary (XMMU J051342.6-672412) associated with an even younger
supernova remnant, MCSNRJ0513-672, was recently discovered (Maitra et al. 2019, MNRAS 490, 5494), which also aroused
the interest of theorists (Ho et al . 2020, MNRAS 494, 44). We expect that models of evolution and accretion for isolated
neutron stars will flourish in the near future, since, as a result of the Spectr-RG work, a new catalog of faint sources will
appear, much deeper than that of ROSAT, which will inevitably lead to new searches for candidates for isolated accreting
neutron stars. This makes the proposed tasks especially relevant. Moreover, models of accretion onto isolated stellar-mass
black holes from the interstellar medium are being actively developed, for example, in the application to the Millimetron
project (see, for example, Ivanov et al. 2019, MNRAS 489, 2038 and references therein), which is also associated with the
subject of our project.

--- Research of the neutron stars’ magnetic fields evolution is undergoing a period of rapid development. Several groups are
working in different countries, doing in-depth study of the process of changing the magnetic field configuration and strength.
It is especially worth highlighting the work at the P.1. loffe on accounting for field evolution in neutron star cores (see Gusakov
etal. 2020, MNRAS accepted and references there). Accordingly, approaches are being developed to search for observational
manifestations of various aspects of field evolution. So De Grandis et al. (2020, ApJ accepted) elaborate the approach
suggested by Popov et al. (2017, MNRAS 464, 4390) on using data on thermal radiation from neutron stars to search for
manifestations of the Hall attractor stage.

--- Finally, fast radio bursts remain one of the hottest areas in astrophysics. Fast radio bursts are short (from several
milliseconds to tens of milliseconds) bright (maximum fluxes are above ~ 100 Jy) radio flares (see the review in Popoy,
Postnov, Pshirkov 2018 UFN 188, 1063). The first event was reported in 2007 by Lorimer et al. (2007, Science 318, 777).
Since then, more than one hundred bursts have been detected (not counting repeated events from the same source),
included in the online catalog http://www.frbcat.org. The large measure of dispersion, as well as a number of other
considerations, favor the extragalactic origin of this phenomenon. Linear and/or circular polarization was measured for almost
adozen sources. In rare cases, it is also possible to measure the measure of rotation. Until recently, reliable identification was
made only for the only source of repeated fast radio bursts at that time - FRB 121102. The source is located in a dwarf galaxy
with active star formation at redshift z = 0.193 (photometric distance 972 Mpc). Now for several more sources (and not only
repeating ones), host galaxies of different types have been identified.

A huge number of models have been proposed to explain the nature of FRB (see the "'model catalog” review by Platts et al.
2018, arXiv: 1810.05836). This reflects a wide range of uncertainties in describing the nature of these objects. The most
promising models are associated with the bursting radiation of magnetars - neutron stars, whose activity is associated with the
dissipation of the energy of their magnetic fields. An important confirmation of this model was the registration of a fast radio
burst from a galactic magnetar (Bochenek et al 2020., Nature 587, 59, CHIME collaboration 2020, 587, 54), accompanied by
an X-ray burst (see, for example, the results of the Cone-Wind in Ridnaia et al. 2020 Nature Astronomy, accepted). Works on
population synthesis of bursts are also beginning to appear (see, for example, Wadiasingh et al. 2019, ApJ 891, 82 and
references therein).

[l Modern astronomical instruments provide increasingly detailed information on the spectral and timing characteristics
observed during outbursts of accreting transient sources. In addition, projects for future missions are being developed as
mentioned in section 4.2. Theoretical studies of these sources continue in many directions. Let's list those that are closest to
the topic of our problem:

--- Numerical two-dimensional modeling of non-stationary accretion disks around compact objects, mainly conducted by a
group of authors based on a closed code (see, for example, Dubus et al 1999, MNRAS, 303, 139; Dubus et al. 2001, A&A, 373
, 251; Lasota 2001, New Astronomy Rev., 45, 449 Hameury 2020, Advances in Space Research 66, 1004). The approach of this
group consists in the simultaneous calculation of the radial and vertical structure, which makes it possible to simulate the
long-term evolution of transients in high and quiescent periods, but also requires large computational resources. It should be
noted that this approach also implies a certain parameterization based on empirical estimation of the parameters.

--- Numerical three-dimensional modeling of the interaction of accreting matter and magnetosphere - for example, in the
works of Romanova et al. (2012, MNRAS 421, 63), Ustyugova et al. (2006, ApJ, 646, 304); Zanni & Ferreira (2013 A&A, 550,
A99); Parfrey et al. (2017 MNRAS, 469, 3656). These works show complex effects beyond the limits of one-dimensional
analytical analysis and allow us to assess their influence on the global viscous evolution of the disk. It is shown, in particular,
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that the character of the accretion flow becomes significantly unstable as the inner disk radius approaches the corotation
radius. If the radius of the disk is greater than the corotation radius, an accumulation of matter occurs, which ends with the
ejection and accretion of matter with the simultaneous reconnection of the magnetic field lines. Magnetospheric streams
have an asymmetric structure in both the vertical coordinate and azimuth. For example, Romanova et al. (2018) find that the
inner radius of the disk varies on time scales of the order of 0.1 s when scaled to the parameters of accreting millisecond
pulsars. Effective averaging of the picture obtained in the calculations will allow us to set adequate conditions at the inner
boundary of the disk.

--- Development of concepts of the interaction of the disk matter and magnetosphere of a neutron star based on new
observations and analytical studies. Elaboration of the idea of an accretion flow hindering by the magnetosphere at low
accretion rates (related to a "propeller’ effect) - for example, in the works of D'Angelo & Spruit (2010, MNRAS 406, 1208;
2012, MNRAS 420, 416); Matsuoka & Asai (2013 PAS], 65, 26); Gungor et al. (2017, Ap) 848.13), Furst (2017 A&A 606, A89);
Campanaetal (2018, A&A 610, A46), Tsygankov et al. (2019, A&A 621, id A134). Tsygankov et al. (2016 A&A, 593, id A16),
Lutovinov et al. (2017, ApJ, 834, 209) showed a correlation between the magnetic field strength and a combination of
parameters (including the critical luminosity associated with the onset of the propeller regime and the rotation period of the
neutron star), which indicates the operation of the propeller mechanism and its universal nature among X-ray binaries with
magnetic fields in a range of field strengths covering six orders of magnitude.

--- Numerical 3D modeling of magnetohydrodynamic turbulence to explain viscosity in discs (e.g. Davis et al. 2010, Ap)
713.52; Shietal. 2010, MNRAS 456, 2273; Guan & Gammie 2011, ApJ, 728, 130; Hawley et al. 2011, Ap) 738, 84; Simon et al.
2012, MNRAS 422, 2685; Sorathia et al. 2012, ApJ 749, 189; Hirose et al. 2014, Ap) 787.1; Coleman et al. 2018, ApJ 857, 52).
Among other results, these works estimate the main parameter of the standard accretion model - the turbulence parameter
alpha. Comparison of these estimates with values resulting from simulations of disk dynamics at global viscous times (e.g.,
Suleimanov et al. (2008 A&A, 491, 267), Kotko & Lasota (2012, A&A 545, A115), Lipunova & Malanchev (2017 MNRAS 468 ,
p. 4735), Tetarenko et al. (2018 Nature 554, 69)) allows us to conclude how reliable our understanding of the mechanisms of
angular momentum removal during disk accretion is.

[l The binary system HZ Her/ Her X-1 X-ray has been observed almost continuously since the early 1970s. Observations are
carried out both in the optical and X-ray ranges. A large amount of observational data has been accumulated and continues to
accumulate. Explaining these data requires significant improvements to existing models and the development of new ones.

--- To date, various groups have carried out a lot of work on the analytical and numerical study of the structure of warped
disks in X-ray binaries (for example, Pringle 1992 MNRAS 258, 811; Papaloizou and Lin 1995 ApJ 438, 841; Pringle 1996
MNRAS 281, 357; Larwood et al. 1996 MNRAS 282, 597; Maloney et al. 1996 ApJ 472, 582; Wijers and Pringle 1999 MNRAS
308, 207; Ogilvie and Dubus 2001 MNRAS 320, 485; Lodato and Price 2010 MNRAS 405, 1212). Most recently, in connection
with the development of optical and radio interferometry, which allows observation with the highest angular resolution, it
has become possible to directly observe warped protoplanetary and circumstellar disks (see, e.g., Muro-Arena et al. 2019
A&A 635 A121; Kraus et al. 2020 Science 369, 1233). Accretion disks in X-ray binaries can hardly be observed directly, since
their size is much smaller than the size of protoplanetary and circumstellar disks, but in the Her X-1 system it is possible to
“scan” the disk structure during eclipses. Such a study will enable application of the accumulated theoretical results to a real
accretion disk.

--- Different effects on the dynamics of the accretion disk have been analytically studied. For example, the influence of the
neutron star magnetic field (Lipunov and Shakura 1976 Pis'ma v Astronomicheskii Zhurnal 2, 343; Lipunov et al. 1981 AZh 58,
765; Murray et al 2002 MNRAS 335, 247), disk wind (see, e.g., Schandl and Meyer 1994 A&A 289, 149), radiation pressure
(see, e.g., Pringle 1996 MNRAS 281, 357). The jet-disk interaction has been and continues to be studied in numerical
magnetohydrodynamic experiments (see, for example, Lukin et al. 2017 MNRAS 467, 2934). In the works of the team
members (Postnov et al. 2013 MNRAS 435, 1147), both the forced precession of the outer parts of the accretion disk and the
free precession of a neutron star are used to explain most of the observed phenomena in the binary system HZ Her / Her X-1.
In the presence of a free precession of a neutron star, the moments of magnetic forces acting on the inner edge of the
accretion disk change with a precession phase, which leads to a variation in the inclination angle of the inner edge of the disk.
With a small difference between the periods of the free precession and forced precession of the disk, they are synchronized.
However, there are time intervals during which the period of the forced precession of the outer parts of the disk increases so
much that the synchronization disappears and the outer parts of the disk fit into the orbital plane, while the inner parts of the
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disk remain inclined. In such a situation, asymmetric irradiation of the donor star still takes place, which can cause the
accretion streams to leave the orbital plane, and the outer disk parts to return into an inclined position.

--- Long series of observations of the Fermi/ GBM satellite are available, providing high-precision measurements of the X-ray
pulse period of Her X-1, see https://gammaray.msfc.nasa.gov/gbm/science/pulsars/lightcurves/herx1.html. On scales of the
order of one day, the accuracy of measuring the period reaches fractions of a microsecond. During ‘'main-on’, period variations
associated with the free precession of the neutron star can be observed. They will be used to confirm the model of free
precession of a neutron star and to find its parameters.

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)

HQ pYCCKOM 5i3biKe
MeToAbl U NOAXOAbI:

MopenmMpoBaHMe MarHWUTO-BpaLLaTeIbHOM 3BOMOLMU HEMTPOHHBIX 3BE3[, C TEXHUYECKOM TOUKU 3PEHUS CBOLUTCS K
YTOYHEHUIO CBOMCTB MOAENEN U YUCIEHHOMY MHTETPUPOBAHUIO COOTBETCTBYHOLMX YPABHEHMM, @ TAKXKE NOCNeAYIOLLEMY
CPaBHEHMIO C AAaHHBIMU HABNHOAEHUIA.

M3yuyeHune HabnopaTeNbHbIX NPOSBAEHMI PA3IMYHbBIX BAPUAHTOB 3aTyXaHWS MAarHUTHOrO MONS COCTOWT, BO-MEPBbIX, B
aHanu3e NonynsuMOHHbBIX CBOWCTB Pa3IMUHbIX 0ObEKTOB (HanpuMep, paanonynbCapoB), @ BO-BTOPbIX, B MOLEMPOBAHNM U
aHasmM3e TenaoBbIX KapT MOJIOAbIX OCTbIBAOLLMX HEMTPOHHbIX 3Be3/ (No4Xo4 npeanoxeH B pabote Popov, Taverna, Turolla
2017, MNRAS 464, 4390).

[lns MooenMpoBaHMS UCTOYHMKOB BbICTPbIX PAAMOBCMIECKOB Mbl MJAHMPYEM UCNO/b30BaTb METOL, MOMYNALMOHHOIO
cuHTe3a (cMm. Monos, Mpoxopos 2007, YOH 177, 1179). 3ToT MeToA NO3BONSET NPOBOAUTL TEOpPETUYECKME UCCNEL0BAHUS
H0bLIMX COBOKYMHOCTENM 06BEKTOB C Y4E€TOM UX 3BOJIIOLUM AN PA3/IMYHBIX MOAENbHbIX MPeAno/IOXKEeHUH, a 3aTEM NPOBOAUTD
3dbdeKTMBHOE CpaBHEHWE pe3y/bTaTOB PacyeToB C JaHHbIMU HabNoAeHWH, a TakKe AenaTb NpeAckasaHua ang byaylmx
HabnoaeHWN.

[na peanuzaumm 3pheKTMBHOIO KoAa pacyeTa 3BOIOLMM AUCKA PeLIEHME YNCIEHHOM 334341 O CTPYKTYpe AMUCKA AeNnUTCs
Ha [1Be 4aCTW: YUCNEHHOE peLleHUE BEPTUKANbHOW CTPYKTYPbl AMCKA 419 CTALMOHAPHbIX JIOKaNbHbIX NapaMeTpoB U YUCIEHHOE
pelleHne ypaBHEHWS 3BOMIOLMM PaAManbHOM CTPYKTYpbl AUCKA. [ns pelueHUs ypaBHEHMS 3BONIIOLMM aKKPELIMOHHOIO AUCKA
MCMOMb3YETCS YMCNIEHHAs CXEMA, HAaNMCAHHAs yYaCTHUKaMM NPOeKTa (CM. “AKKPeLIMOHHbIE MPOLEeCcChl B acTpodumsmke”, MockBa,
®usmarmt, 2016). Boibop BHYTPEHHUX FPAaHUYHbBIX YCI0BUIA OCHOBAH Ha cneaytowwmx pabotax: Spruit & Taam (1993, Ap) 402,
593); Kluzniak & Rappaport (2007, Ap) 671, 1990); Matt & Pudritz (2005, MNRAS 356, 167); D’Angelo & Spruit (2010, MNRAS
406, 1208; 2012, MNRAS 420, 416); Parfery et al. (2017 AplLetters, 851, L34), Romanova et al.(2018, NewA 62, 94), Bozzo et
al. (2018, A&A 617, A126).

[lna cpaBHeHMs C HabnaeHUaMKU ByneT NpoBeAEHO YMCIEHHOE MOAE/IMPOBAHUE TEMMOBOr0 U3/y4YEeHUS AUCKA,
HEeMTPOHHOW 3Be3/bl (B HBOTOHOBCKOM U NOCT-HbIOTOHOBCKOM NPUBAMMNKEHUM) U ONTUYECKOM 3BE3bI-KOMMNAHbOHA,
ucnonb3yowme pesynbtatel Thorne (1977 Ap) 212, 825); Syunyaev & Shakura (1986, Astronomy Letters 12, 286); Lewin et
al. (1993 Space Sci. Rev. 62, 223); Sibgatullin & Sunyaev (2000, Astronomy Letters 26, 699); Suleimanov n gp . (2008 A&A
491, 267); Mewepskos u ap. (2011, Mucbma B AX, 37, 311); Kolesnikov et al. (2020 MNRAS, 499, 1747).

MHTepnpeTaums HabnaaeMbix ONTUYECKUX U PEHTTEHOBCKMX KPUBbLIX Biecka ByaeT ocyLecTBASTbCS METOLOM CMHTE3a
TeopeTMYeCcKMX KpMBbIX Bnecka c nocneaytoLeit onTMMM3aLmMert napaMeTpoB MoOAEeNM CTaHAAPTHbIMU METOAAMU
MUHUMU3aUMKU. Hanbonee mM3ydeHHble MCTOYHUKM NPeacTaBNAT HaMOONbLLYIO LLEHHOCTb, TaK Kak A1 HUX U3BECTHbI MHOTUE
napameTpbl ABOMHbIX CUCTEM, YTO O3HAYaET MeHbLUEe YNCI0 CBOOOAHbBIX NapaMeTpoB NPU MOAENMPOBAHUM (HanpUMep, TaKoM
MHTEHCMBHO M3Yy4YaeMblii UCTOUYHUK, Kak Agl X-1 ¢ HabnoaeHMSIMU BCNbIWEK MOYTH KaXablM rof).

06paboTka HabNAEHUI PeHTFEHOBCKUX TPAH3MEHTOB OyAeT BKIOYaTb CNeKTpanbHOe MOAENNPOBaHME C
ucnonbzoeaHueM naketa HEASOFT/Xspec. [1ns 06paboTkM MCNONb3YHTCS CKPUMTbI, MO3BOSISIOLIME B MOJTyaBTOMATUYECKOM
pexxume NpoBOAUTbL MOLENMPOBAHMS AN Habopa HabMOAEHUIA NO LeNoi BCbILLKE.

[lna MopennpoBaHus onNTMYeCcKnx Kpuebix 6necka Her X-1 6yaeT cnonb3oBaHa NporpaMma CMHTe3a KpMBbIX Biecka ¢
napameTpu30BaHHOM Moaenbio ancka (Kolesnikov et al. 2020 MNRAS 499, 1747).

MocTpoeHne Moaenn CMHXPOHM3aLUMM NepUoa0B CBOOOLHOM NpeLeCcCcMn HEMTPOHHOWM 3BE3 bl U NpeLeccuu
aKKpeLMoHHoro amcka B Her X-1 n cobctBeHHO Moaenu cBOGOLHOM NpeLeccMn HeMTPOHHOM 3Be3abl 6yAeT NpOBOAUTLCS
aHa/MTUY e CKUMU MEeTOLAMU.

AHanu3 BpeMeHHbIX pspoB HabnoaeHUn Her X-1 6yneT npoBOAMTLCS C MOMOLLBIO CTaHAAPTHbIX MeToAoB. [1ns
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MOAENMPOBaHUA ByaYT UCMONb30BAHbI A/IMHHbIE PsAbl HABMHAEHMI C BbICOKOTOYHbIMU U3MEPEHUAMU NEPUOAA
peHTreHOBCKMX nMnynbcos Her X-1 cnytHuka Fermi/GBM (cM. ccoinky B nyHkTe 4.5). B npouecce aHanun3a byaeT yuTeHo, 4To
CYLLECTBYIOT CNly4YaiHble BapMaLum Neprnoaa, CBSI3aHHble C HECTALMOHAPHOCTbIO TEMNA akKpeLMn U pacTpeCKMBAaHUEM KOPbI
HEeWTPOHHOM 3Be34pbl.

Psan 3anay npoekTa TpebyeT KOMMbIOTEPHOr0 MOAENMPOBAHUS 3HAYUTENIbHOM pecypco3aTpaTHOCTU, NpuobpeTeHue
060pynoBaHKUS 4Ns KOTOPOro NpeayCcMOTPEHO B JAHHOM npoekTe (MyHKT 4.12).

06wwmit nnaH paboTbl U 0XKKAAEMble Pe3y/bTaThbl:
MepBbii rog (cooTBeTCcTBYET NYHKTaM 4.9, 4.11):

MNocTpoeHune Moae M MarHUTOBPaLLATEIbHOW IBOJIIOLMM MOMOALIX HEUTPOHHbIX 3BE3/, B ABOMHbIX CUCTEMAX C YHETOM
Bapuaumii TeMna akkpeumun. PazpaboTka cueHapums 3BoNoLmMm € 6bICTPbIM BbIXOAOM Ha CTagmio akkpeuuu. Mo pesynbTatam
paboTbl NnaHupyeTcs nybamMkaums. Takke 4acTb 3TOro UCCNeA0BaHUS BOWAET B AUMMNNOMHYIO paboTy A.[l. XOXpSaKOBOW.

PaspaboTka HOBbIX Moayner koga Freddi ong pacueTa kpusbix Baecka ang moaenMpoBaHus Benbllek Il Tuna
aKKpeLMpYOLWUX MUNECEKYHOHbIX MYy1bCapOB U PEHTFEHOBCKMX HOBbIX C HE3aMarHM4eHHbIMU HEUTPOHHbIMM 3Be3aamu. B
pe3ynbTate 6yaeT npoBefeHO MOAEIMPOBAHUE C HOMUHA/IbHBIMM MapaMeTpaMm M MONy4YeHbl KpMBble bnecka.

B pe3ynbTaTe UnCNEHHbIX pelleHWUiA ypaBHEHMI BEPTUKANbHOM CTPYKTYPbl AUCKA MONYYEHbl NapamMeTpbl Ans
ucnonb3oBaHus B koae Freddi, a Takke npu BOCCTaHOBNEHUM CTPYKTYPbl AMCKA B ABOMHOM cucteme Her X-1.

Takke OyaeT HauaT aHanM3 HabnaaTeNbHbIX AaHHbIX 419 0TOOpa BCMbIWEK, NOAXOAALWMX AN AanbHENLIero
MoAenupoBaHus. byneT Hauat aHanu3 CyLwecTBYOWMX MOAENEN B3aUMOAENCTBUS BELLECTBA AMUCKA M MarHUTocdepbl.

MogzenupoBaHMe MUHMMYMOB ONTUYECKMX KpuBbIX Bnecka HZ Her/Her X-1. BocctaHoBNEHME CTPYKTYpbI U
pacnpefeneHus TeMnepartypbl N0 NOBEPXHOCTU aKKPeLIMOHHOI0 AMCKa C Y4eTOM peLleHUs ypaBHEHUI BEPTUKANbHON
CTPYKTYpbl. [onyyeHne onTMManbHbIX NapaMeTpoB MOAENN AUCKA U TEOPETUYECKMX KPUBbIX Becka Ha pasHbix dasax 35-
[LHEBHOMO UMK, AHanM3 BapuaLmMm NpmMxoaa peHTreHoBCKMX umnynbcos Her X-1. CospaHue Moaenm BapuaLmn BpeMeHm
npuxoaa HabntoaaeMblX peHTFEHOBCKMUX MMMYbCOB HA OCHOBE MOAENM CBOOOAHO NpeLeccMpyoLle il HEMTPOHHOM 3Be3bl.

MNoproToBka pykonucei craTen.

BTtopo#i roa;:

PaspaboTka Mogenei 3aTyxaH1s MarHUTHOrO MOAS U aHANU3 ero NPOsSBAEHUS Y MONOAbIX HEMTPOHHBIX 3Be34. Ha ocHoBe
Noy4YeHHbIX MOLAENbHbIX AaHHbIX ByaeT NpoBeAeH aHanM3 AOCTYNHbIX AaHHbIX HAGMIOAEHUI (PaanonynbCaphl, OCTbIBAKOLLME
HeMTPOHHbIEe 3Be3Abl) M ByAyT CAenaHbl BbIBOLbI O HAMUY UK UM OTCYTCTBUM NPeACKa3aHHbIX CBOMCTB y HabnoaaeMblx
MCTOYHMKOB. MTOroBble pesynbTaTel 6yayT NnpeAcTaBneHsl B nybavkaumm.

CpaBHeHMe CyLeCTBYOLWMX MoaeNel B3aMMOAEMCTBUS BeLleCTBa AUCKA U MarHuTocdepbl - MyTeM peanusaumu B Koae
COOTBETCTBYIOLUMX FPaHUYHBIX YCNIOBUI Ha BHYTPEHHEN rpaHuLe Aucka. AHanu3 HabnoaaeMblX NPOsSBAEHUI pasHbIX Moaenen,
XapaKTe pUCTUK MONyYaloWwmxcs KpuBbiX bnecka. B paMkax MogenbHbIX pacyeToB byaeT nosyyeH OTBeT Ha BONPOC, Kak
MeHSeTCs BU, KPUBbIX 61eCKa Ans pa3HblX HAKIOHOB MarHUTHOW OCM HEATPOHHOW 3Be3Abl K NIOCKOCTU ANCKA.

AHanu3 MexaHM3MOB CUHXPOHM3aLMM NepPUOA0B CBOBOAHOM NpeLeccMn HEMTPOHHOM 3Be3 bl U aKKPELMOHHOr0 AMCKa.
Co3paHne Moaenu, BKIKUAKOLWE AMHAMUYeCKoe AeNCTBUE aKKPELMOHHBIX CTPYM Ha AUCK.

lMy6nmnkaums M NoAroToBKa pyKonucen cTaTei.

Tpetui ropa:

PacueTbl napamMeTpoB OAMHOYHbIX aKKPeLMPYHOLWMX HEUTPOHHbIX 3BE3/, B TOM YUCIE B NMPUNOXKEHMM K UX
naeHTndukaumm B gaHHbix eROSITA n ART-XC. B TeyeHue TpeTbero rofa peanvsaumuu npoekrta 6yaer 3aBeplueH 4-neTHui
0630p Heba Ha eROSITA, 1 pe3ynbTaTbl HAWWX pacyeToB U pa3paboTaHHble KpuTepuun ByayT NpeacTaBeHbl B pacnopsiKeHUn
paboymx rpynn poCCUMMCKOro KOHCOpLUMyMa.

[lns 0TOBpaHHbIX BCMbIWEK PEHTTEHOBCKMX TPAH3MEHTOB, YTO BaXKHO, C TOYKM 3PEHMS MOAENIMPOBAHMS FN0OaNbHOM
3BOJIOLMM AMCKA (TO €CTb MOCTPOEHMS ero CTPYKTYPbl Ha BCEX PaAMyCax M pacyeTa TEMOBOro CNeKTPa), 3aK/UeHne o
HanMuuu HabNAATENbHBIX NMOATBEPXKAEHUI NepeceyeHust BHYTPEHHEN rpaHULbl AMCKa LLeHTpobeXxHoro bapbepa B
MUCTOYHMKAX C aKKpeLMPYHOLMMU HEATPOHHBIMU 3BE34AMMU.

MonyyeHne onTMMasbHbIX NapaMeTPOB MOAEM CBOOOAHO-NPeLLEeCCUPYIOLLE HEMTPOHHOM 3Be3Abl N0 HabAAAEMbIM
BapuaLMaIM NPUX0Aa PEHTTEHOBCKMX UMMYNbCOB.

Mybnukaums crartein.
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Ha npoTskeHun Bcero npoekra:
MocTpoeHune NonynsaLMOHHbIX Mogenei 6bICTPbIX pafMOBCIIECKOB.

PaboTta no BkitoueHuto B kog, Freddi pononHuTenbHbIX MOAYNEN Ang pacyeTa nepexsaTta U nepepaboTkM peHTreHa
JLMCKOM, 3Be34,0/-KOMMAaHbOHOM U APYrMMK BO3MOXXHbIMU KOMMOHEHTaMM ABOMHOM CUCTEMbI, HANpUMep, ANCKOM BOKPYr
LBOVHOM cucTeMmbl. K 3aBepLueHMI0 NpoeKTa NaaHMpyeTcs Ny6amMKaLums HOBOW BepCMM KOAa M pa3MelleHre Ha He3aBUCUMOM

pecypce.
YuacTue B Hay4YHbIX KOHbEpPEHLMAX.

HQa aHe/IULCKOM Si3biKe
Methods and approaches:
Modeling the magnetic-rotational evolution of neutron stars involves the refinement of the properties of the models and the
numerical integration of the corresponding equations, as well as the subsequent comparison with observational data.

The study of observational manifestations of various variants of magnetic field decay implies, firstly, the analysis of the
population properties of various objects (for example, radio pulsars), and secondly, the modeling and analysis of heat maps
of young cooling neutron stars (the approach was proposed in the work by Popov, Taverna, Turolla 2017, MNRAS 464, 4390).

Modeling sources of fast radio bursts will be done by the method of population synthesis (see Popov, Prokhorov 2007, Physics
Uspekhi, 50, 1123). Using this method we can carry out theoretical studies of large populations of objects, taking into account
their evolution for various model assumptions, and then make an effective comparison of the calculation results with
observational data, as well as make predictions for future observations.

To implement an efficient code for calculating the evolution of the disk, the solution of the numerical problem on the disk
structure is divided into two parts: the numerical solution of the vertical disk structure for stationary local parameters and the
numerical solution of the equation for the evolution of the radial disk structure. To solve the equation of evolution of the
accretion disk, a numerical scheme written by the project participants is used (see “Accretion Flows in Astrophysics”, Springer,
ASSL, 2018 Ed. Shakura N.). The choice of the inner boundary conditions is based on the following works: Spruit & Taam
(1993, ApJ 402, 593); Kluzniak & Rappaport (2007, ApJ 671, 1990); Matt & Pudritz (2005, MNRAS 356, 167); D'Angelo & Spruit
(2010, MNRAS 406, 1208; 2012, MNRAS 420, 416); Parfery et al. (2017 AplLetters, 851, L34), Romanova et al. (2018, NewA 62,
94), Bozzo et al. (2018, A&A 617, A126).

For comparison with observations, numerical simulations of the thermal emission from the disk, neutron star (in Newtonian
and post-Newtonian approximations) and optical companion star will be carried out using the results of Thorne (1977 Ap)
212, 825); Syunyaev & Shakura (1986, Astronomy Letters 12, 286); Lewin et al. (1993 Space Sci. Rev. 62,223); Sibgatullin &
Sunyaev (2000, Astronomy Letters 26, 699); Suleimanov and others. (2008 A&A 491,267); Meshcheryakov et al. (2011, Letters
to AZ, 37, 311); Kolesnikov et al. (2020 MNRAS, 499, 1747).

The interpretation of the observed optical and X-ray light curves will be carried out by the method of synthesis of theoretical
light curves with subsequent optimization of the model parameters using standard minimization methods. The X-ray
outbursts for analysis will be selected among the most studied sources, since many parameters of binary systems are known
for them, which means fewer free parameters in modeling.

Processing of X-ray transient observations will include spectral modeling using the HEASOFT / Xspec package. For
processing, scripts are used that allow semi-automatic simulations for a set of observations of a whole outburst.

To simulate the optical light curves of Her X-1, we will use a light curve synthesis program with a parameterized disk model
(Kolesnikov et al. 2020 MNRAS 499, 1747).

The construction of a synchronization model for the periods of the free precession of a neutron star and the precession of the
accretion disk in Her X-1 and the actual model of free precession of the neutron star will be carried out by analytical methods.

Time series analysis of Her X-1 observations will be performed using standard methods.
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Long series of observations with high precision measurements of the Her X-1 X-ray pulse period of the Fermi/ GBM satellite
will be used (see reference in paragraph 4.5). During the analysis, it will be taken into account that there are random
variations in the period associated with the nonstationarity of the accretion rate and the cracking of the neutron star crust.

A number of project tasks require computer modeling of significant resource consumption, the purchase of equipment for
which is planned for in this project (see section 4.12).

Overall work plan and expected results:

First year (corresponds to sections 4.9, 4.11):

Construction of a model of the magnetorotational evolution of young neutron stars in binary systems taking into account
variations of the accretion rate. Development of an evolution scenario with a quick onset of the accretion stage. According to
the results of the work, publication is planned. Also part of this research will be included into the diploma thesis of A.D.
Khokhryakova.

Development of new modules of the Freddi code for calculating light curves for simulating Type Il flares of accreting
millisecond pulsars and X-ray novae with non-magnetized neutron stars. As a result, simulations with nominal parameters
will be performed and light curves obtained.

As a result of numerical solutions of the equations for the vertical structure of the disk, parameters are obtained for use in the
Freddi code, as well as in the reconstruction of the disk structure in the Her X-1 binary system.

An analysis of observational data will also begin to select flares suitable for further modeling. An analysis of the existing
models of the interaction of the matter of the disk and the magnetosphere will begin.

Simulation of the minima of the optical light curves of HZ Her / Her X-1. Reconstruction of the structure and temperature
distribution over the surface of the accretion disk taking into account the solution of the equations of the vertical structure.
Obtaining the optimal parameters of the disk model and theoretical light curves for different phases of the 35-day cycle.
Analysis of the variation in the arrival of Her X-1 X-ray pulses. Creation of a model for the variation in the arrival time of the
observed X-ray pulses based on the model of a freely precessing neutron star.

Preparation of manuscripts of articles.

Second year:

Development of models of magnetic field decay and analysis of its manifestation in young neutron stars. Based on the
obtained model data, an analysis of the available observational data (radio pulsars, cooling neutron stars) will be carried out
and conclusions will be drawn about the presence or absence of predicted properties of the observed sources. The final
results will be presented in the publication.

Comparison of the existing models of the interaction of the matter of the disk and the magnetosphere by implementing in
the code the corresponding boundary conditions on the inner boundary of the disk. Analysis of the observed manifestations of
different models, characteristics of the resulting light curves. In the framework of model calculations, we will find out how
the shape of the light curves changes for different inclinations of the magnetic axis of a neutron star to the plane of the disk.

Analysis of mechanisms of synchronization of periods of free precession of a neutron star and an accretion disk. Creation of a
model that includes the dynamic action of accretion streams on the disk.

Publication and preparation of manuscripts of articles.

Third year:

Calculations of the parameters of single accreting neutron stars, including those attached to their identification in the
eROSITA and ART-XC data. During the third year of the project, a 4-year sky survey on eROSITA will be completed, and the
results of our calculations and developed criteria will be presented to the working groups of the Russian consortium.

For the selected outbursts of X-ray transients, the conclusion will be obtained about the presence of observational evidence
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of the crossing of the inner boundary of the disk of the centrifugal barrier in sources with accreting neutron stars. It is
important that the result will be obtained in the framework of the global evolving disk model; that is, along with constructing
its structure and calculating the thermal spectrum.

Obtaining the optimal parameters of the model of a free-precessing neutron star from the observed variations in the arrival of
X-ray pulses.

Publication of articles.

Throughout the project:
Construction of population models of fast radio bursts.

Work on including additional modules into Freddi's code for calculating the interception and processing of X-rays by a disk, a
companion star, and other possible components of the binary system, for example, a disk around the binary system.

By the conclusion of the project, it is planned to publish a new version of the code and place it on an independent resource.

Participation in scientific conferences.

4.7. UMeloLumiica y Hay4HOrO KONEKTUBA HayuHbli1 3aAeN MO NPOEeKTY, HalMuue onbiTa COBMECTHOM peaiusaumu NPoeKToB
(yKa3biearomcs nosy4eHHole paHee pesysibmamel, paspabomaxHslie npozpammsl U Memoosi)
B ka40M 13 npeanaraeMbiX HanpasBAeHMid y y4acTHUKOB NPOeKTa eCTb 3HaYMMble pe3yNbTaTbl M 3HAYMTENbHbIE HAPAbOTKM.

MccnepoBaHMs MarHuTo-BpallarenbHor agontoumm B FAVLL MY nmetoT faBHIoW MCTOpMIO (CM. MoHorpadwmio JiunyHos 1987).
M3yueHne Monoapix PEHTTEHOBCKMX CUCTEM B OCTATKaX CBEPXHOBbIX MOYYMUIO HOBbIM UMMNY/LC C OTKPbITUEM CUCTEMbI SXP
1062 B Manom MarennaHoBoM obnake. OAuH 13 y4aCTHUKOB MPOEKTA BbIABUHYN MAEH POM 3aTyXaHWUs MarHUTHOMO Nons B
dopmurpoBaHuu 3Toi cnctemol (Popov, Turolla 2012, MNRAS 421, L127), a Takke y4acTBOBa/ B 3asiBKE HA HAbNMOAEHMS 3TOTO
06beKTa M NoCneayoLWeM TeOpeTUYeCKOM aHann3e NoslyyeHHbIX pe3ynbTatos (Gonzalez-Galan, Oskinova, Popov et al. 2018,
MNRAS 475, 2809).

JBONOLMS OAMHOYHBIX HEMTPOHHbIX 3Be3[, Ha 60/bLUMX MHTEPBaNax BpeMeHU Oblna NpeaMeToM UCCeL0BaHMS HaLle ! rpynmbl
B TeuyeHue paga net (J/lunyHos, NMonos 1995 AXK 72, 711; Popov et al. 2000, ApJ 530, 896). B wacTHocTH, 6611 CO34aH KOMMIEKC
nporpamM Asis NonynsiLMOHHOr0 CMHTEe3a OJMHOYHbIX HEMTPOHHbIX 3Be34. HoBble moaxoabl Obinn MCMoNb30BaHbI B paboTax
Boldin, Popov (2010, MNRAS 407, 1090) u Popov, Postnov, Shakura (2015, MNRAS 447, 2817).

M3yyeHune 3BONOLMM MarHUTHbIX NONIEN HEMTPOHHBIX 3Be3/ Oblo ocyLecTBAEHO B cepum paboT Igoshev, Popov (2014-2020).
Mpes ncnonb3oBath faHHbIe MO TEMIOBOMY MU3/ly4YEHUIO OCTbIBAOWMX HEWTPOHHBIX 3BE3[, 191 BblsSiBNEHWUS 06bEKTOB Ha CTaAMK
XONNOBCKOr0 aTTpakTopa 6bina npeanoxeHa B pabote Popov, Taverna, Turolla (2017, MNRAS 464, 4390) 1 npuMeHeHa K
MCTOYHUKY RXJ1856.

HakoHeL, MarHuTapHas Mogesnb 6bICTPbIX paanoBCnaeckoB Hbiia BblaBUMHYTA B paboTax Popov, Postnov (2007 arXiv:
0710.2006, 2013 arXlv:1307.4924), nony4mBLUMX B HACTOSLLEE BPEMS NPU3HAHUS B Ka4eCTBE NMOHEPCKUX (bonee COTHM
LUMTUPOBAHUM Kaxaas).

basoBas Bepcus yncneHHoro koaa Freddi (ans pacyeTa 3BOHOLMM aKKPELIMOHHOIO IMCKA BOKPYT YepHOM Ablpbl)
anpobupoBsaHa 1 onybankoeaHa (ManaHues v JiunyHosa 2016; Astrophysics Source Code Library, ascl:1610.014).
PaspaboTaHa npotLienypa nonyyeHus orpaHnyYeHuii Ha napaMeTpbl Moaenen no HabAeHUSIM B pEHTTEHOBCKOM [1Mana3oHe
(/IvnyHoBga, 2015 ApJ, 804, 87; JiunyHoBa u ManaHueB, 2017, MNRAS, 468, 4735). Ha aaHHbI i MOMeHT HayaTa paboTa no yyeTty
rPaHUYHbIX YCI0BMIM Ha MarHuTocdepe H3 1 nonyyeHo YncneHHoe peleHue ang ogHoro cueHapus (cM. MNMyHkT 4.13, dainn
propeller.pdf). Pean13oBaH yyeT 0651y4eHUs ONTUYECKOM 3BE3 bl KOMNAHbOHA A4N1s cTaumoHapHoro amcka (Kolesnikov et al.
2020 MNRAS, 499, 1747). PaspaboTtaH Moaynb pacyeTa 3BOMIIOLMM AMCKa C BETPOM, NpeAcTaBNeHHbIN B paboTe ABaksiHa,
ManaHuyeBa 1 JiunyHosoi (2019, DOI:10.26119/SA0.2019.1.35452). BanaHue BHYTPEHHUX FPAHUYHbIX YCII0BMI HA CTPYKTYPY
JMCKa UccnepoBanoch paHee B paboTtax B coaBTopcTae 3assuTeneit (Chashking, Lipunova et al. 2019, A&A 626, id.A18,
Mushtukov, Lipunova et al. 2019, MNRAS 486, 4061).

B paborte Ketsaris & Shakura (1998, A&AT, 15, 193) nonyyeHbl peLieHns ypaBHEHWI BE PTUKANIbHOW CTPYKTYpPbl CTaHAAPTHOIO
AMCKa B MPUBSIMKEHWMM YPABHEHUSI COCTOSIHUS MAEANbHOMO ra3a M CTeNeHHOM 3aBUCMMOCTU HEMPO3PAYHOCTM OT MIOTHOCTM U
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Temnepatypbl. X MOXHO MCMOMb30BaTb B KOLE 3BOMIIOLMM ANCKA B OFPaHMYEHHOM AnanasoHe Temnepatyp. B pabote
Malancheyv, Postnov, Shakura (2017, MNRAS, 464, 410) n TasneeBa, ManaHnyega u JiunyHosow (2019,
DO0I1:10.26119/SA0.2019.1.35553) 31 pelueHus 0606LweHbI 419 Cly4as CTENEHHOM 3aBUCMMOCTM 06bEMHOr0
3HeproBblAeneHns OT AABNEHUS U TEMMNEPATYpbl, @ pa3paboTaHHbIM NPOrpaMMHbI KOA Ans pacyeTa KoahduLMeHTOoB,
OMWCbIBAKOLWMX CTPYKTYPY AMCKA, AOCTyNeH nybamMuHo Ha https://github.com/hombit/convinstab. YuactHukamm npoekTa
pa3paboTaH NoAXoA K pacyeTy BepTMKanbHOM CTPYKTypbl ropsyero (6500-20000 K) akkpeUMOHHOro aucka B6amM3un YepHow
Ablpbl (Malancheyv, Shakura 2015, Astl, 41, 797), B KOTOPOM paccyMTaHa KOHBEKLMS B paMKaxX MOLEM C OJIMHHOM
nepemeLuMBaHKs, afanTMPOBaHHOM K anbda-Mo4enM AUCKOBOM akKpe Luu.

MmMeeTcs onbIT CNEKTPaibHOrO MOLAEIMPOBAHNS PEHTTEHOBCKMX MCTOYHUKOB B nakeTe HEASOFT/Xspec. B yactHoCTH, OHO
NpoBOAMNOCH B NpoLecce paboTbl HAA TakKMMK MyBAMKALMAMM YHacTHUKOB NpoekTa: JiunyHosa u ManaHues, 2017, MNRAS,
468, 4735; Topbosckoi, JiunyHosa u ap., 2012 MNRAS 421, 1874.

MNpu paboTe Hag MoaeNMpoBaHMEM HABMIOAAEMbIX ONTUYECKMX KPUBbLIX B1eCKa peHTreHOBCKOW ABOMHOM cucTtembl HZ Her/Her
X-1 6b11 pa3paboTaH KofA AN CMHTe3a TEOPeTUYeCKMX KPMBbIX Baecka U3nydeHust oT ABOMHOM CUCTEMbI C U3TMOHBIM AUCKOM.
HanHbih kog anpobuposaH B paboTe Kolesnikov et al. (2020 MNRAS 499, 1747). B Mmopensix, uCnonb3yeMbiX Ansg CMHTE3a
TeopeTnYecKmnx KpuBbIX 6iecka, McnonbayeTcs 60nblioe YMCI0 NapaMeTpoB, MO3TOMY OTAE/IbHO CTOWT C/IOXKHAs 33f3a4a
ONTUMM3ALLMM 3TUX NAPAMETPOB NPU MOAENMPOBaHUM HabAOAaeMbIX AaHHbIX. Hamu HaviaeH Hanbonee s deKTUBHbIN
anropvT™ A4J19 ONTMMU3ALLMKM U aBTOMATMYeCKOro noabopa napamMeTpos Moaenu. Moaenb U3rubHOro akkpeLMoOHHOro AUCKa A4S
y4éTa ero 061y4eHmst peHTTeHOBCKMM UCTOYHMKOM 3HaYMUTE/IbHO YCOBEPLUEHCTBOBAHA MO CPABHEHMIO C NOBLIMK ApYrUMM
KoZaMu Ans cMHTe3a KpmBbiX Bnecka. B HacToswee BpeMs B nporpaMmy fobaeneHa Moaesb ropsidei onTUYeCKM TOHKOM
KOPOHbI Ha, NOBEPXHOCTbI0 061y4eHHOM YacTW 3Be3/bl-A0HOPA U MOAENb PACCEAHUS PEHTTEHOBCKMX (POTOHOB B XONIO4HOM
ONTUYECKM TONCTOM poToCchepe Ans MOAENMPOBAHUS PEHTIEHOBCKMX KPMBbIX Bnecka. MporpaMma foCcTynHa Ha peno3nTopum
GitHub: https://github.com/eliseys/discostar. Kpome Toro, HakonneHo 601bLLIOe KOMMYECTBO M3MepeHUI bnecka B
doToMeTpuueckux punbtpax IxxoHcoHa cucteMbl HZ Her/Her X-1 (6onee 40000). MHoro cepwuii HabntoaeHui CaenaHo B OgHY
HOYb. Takme cepmn 0COBEHHO LIEHHbI, MOCKOJbKY IULLEHbI OWMBOK YCpeaHEHMSI KpUBbIX B/leCKa 3a pa3Hble 35-AHeBHble
umKnbl. HabntogeHna nponomkatoTcsa Ha 6ase KpbiMckoi acTpodusmnyeckon obcepeatopumm.

4.8. MNepeyeHb 060pyaoBaHUs, MaTepUaNoB, UHOPMALMOHHbBIX U APYrUX PeCypCcoB, UMEIOLLUXCS Y HAY4HOrO KONNeKTUBa
ANs BbINOMIHEHUS NPOEKTa (8 MOM YuUIe - onucbieaemcs Heo6xo0UMOCMb UX UCNO/b308AHUS 01 peanu3ayuu npoekma)
McnonHuTenu npoekTa UMeIoT AOCTYN K AaHHbIM HabnoaeHWIA: akTyanbHble HabnoaeHus SRG, apxmBHble 6a3bl AaHHbIX
obcepsatopuit RXTE, Swift, 1-M Teneckona Cumensckon o6cepeatopumn MHACAH KpbimMckoin acTpodumsmueckoin obcepsatopum,
Teneckonos Kaekazckori FopHon O6cepeatopumn MI'Y.

Konnekte uMeeT B pacnopsbkeHUU KOMMbHOTEPHbIE NPOrPaMMbl MOLENMPOBAHUS IBOIOLMM ABOMHbBIX U OAUHOYHbIN
HEMTPOHHbIX 3BE3/4, 3BOJIOLMM BA3KOr0 aKKpPeLIMOHHOT0 AMCKa, pacyeTa ONTUYeCKUX KPUBbIX Biecka oT ABOMHbIX CUCTEM,
aHanM3a BpeMEeHHbIX M CNeKTPanbHbIX XapaKTe PUCTUK KOCMUYECKUX MCTOYHUKOB.

Y KonnekT1ea nMeeTCs CTaHAapTHOe 0pUCHOe 060pya0BaHUE, HA KOTOPOM MOXHO MPOBOAUTL PacyeTbl MaIoON U CpefHew
pecypco3aTpaTHoCTy. [119 ocyluecTBneHWs Lenei npoekTa NaaHUpyeTcs NpuobpecTy 4ONOAHUTENbHbIE MOLLHOCTYU (CM. MYHKT
4.12).

Kpome n3paHuit M 633 faHHbIX, HAXOAAWMXCS B OTKPLITOM JOCTyNe, KO/EKTUB UMEET AOCTYN K HAYYHbIM POCCUMCKUM U
MeXAYHapOAHbIM U34aHMAM B paMKax nognucku MY um. M.B.JlomoHocoBa.

4.9. MnaH paboTbl Ha NepBbIi roA BbINOHEHUS NPOEKTA (8 MOM YUUIe yKA3b18aoMcs 3an/1aHUPO8AHHbIe KOMAHOUPOBKU
(3kcneduyuu))

Ha pYCCKOM 5i3blKe
MocTpoeHne Moaenu MarHUTOBPALLATENbHOW 3BOJIOLLMM MONIOABIX HEMTPOHHbIX 3BE3/, B ABOMHbIX CUCTEMAX C YYETOM
Bapuaumii TeMna akkpeummn. PazpaboTka cueHapums 3BonioLmm € 6bICTPbIM BbIXOAOM Ha CTaamio akkpeLuuu. Mo pesynbTatam
paboTbl NnaHMpyeTcs NybaMkaums. Takke 4acTb 3TOF0 MCCNeA0BaHUS BOMAET B AMNNOMHY0 paboTy A.l. Xoxpsikosoi. (IMonos,
XoxpsikoBa)

Pa3paboTka HoBbIX Moayner koga Freddi ong pacueTa Kpusbix 6necka 4nsg MoaenMpoBaHus BCrblwek Il Tna akkpeumpyowmx

MUnnecekyHaHbIX nNynbCapoB U PEHTTE€HOBCKUX HOBbIX C HE3aMarHM4YeHHbIMU HEVITpOHHbIMM 3ge3gamu. B pe3ynbtate 6yp,eT
npoeeneHo MogennposaHme C HOMMHaIbHbIMU MapaMeTpamMu U NoJsTly4YeHbl KpuBblie bnecka. (ﬂVII'IyHOBa, ManaHues, ABaKﬂH)
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B pe3synbTaTe UMCNEHHbIX peLleHNit YpaBHEHWIA BePTUKANIbHOM CTPYKTYPbI AMCKA NOMYYeHbl NapamMeTpbl A1 UCNOMb30BaHUS B
Kone Freddi, a Takxxe npy BOCCTAHOBNEHUM CTPYKTYpPbl AMUCKa B ABOMHOM cucTeMe Her X-1. (Taenees, LUakypa, ManaHues).
YacTb 3TOro nccnefoBaHus BOMAET B AuNIOMHYI0 paboty A.C.Taneesa.

Takke byneT HayaT aHanM3 HabaaTeNbHbIX AaHHbIX 415 0T6OPa BCMblLWeK, NOAXOAAWMX ANS AaNbHeNMLLero MoOAEeMPOBaHMS.
bynet Hauat aHanM3 CylweCcTBYOLWMX MoAeNei B3anMoaeMCTBUS BeLLeCTBa AMCcKa U MarHutTocdepsl. (JlunyHoBsa)

MognenupoBaHMe MMHUMYMOB ONTUYECKMX KpUBbIX Bnecka HZ Her/Her X-1. BocctaHoBneHue CTpYKTypbl M pacnpeneneHums
TeMnepaTypbl MO NOBEPXHOCTU aKKPELLMOHHOMO ANCKA C YH4E€TOM peLleHUs YypaBHEHWIA BE PTUKAIbHOW CTPYKTYpbI. [lonyyeHune
ONTUManbHbIX NapaMeTPOB MOAENM AUCKA U TEOPETUYECKMX KPUBbIX 6iecka Ha pasHbix dasax 35-aHeBHOro uukna. AHanus
BapuaLmu NpUXoaa peHTreHoBCKkMX uMmnynbcoB Her X-1. Co3paHune Moaeny Bapuauum BpeMeHU Npuxoaa HabnoaaeMbix
peHTreHOBCKMX MMMNYNIbCOB HAa OCHOBE MoAenu cBo6OAHO npeLeccupytowein HeMTpoHHOM 3Be3abl. (LLakypa, KonecHukos)

MNoaroToBka pykonucewn craTen.

Yuactue B KoHdepeHumuu IAU Symposium 363 Neutron Star Astrophysics at the Crossroads: Magnetars and the Multimessenger
Revolution (Mranus). https://astromeeting.gssi.it/the-symposium-has-been-postponed-to-june-13-18-2021/

Yuactue B KoHdepeHuun European Astronomical Society Annual Meeting EAS 2021 https://eas.unige.ch/EAS2021/index.jsp

Ha GHeNULICKOM 5i3biKe
Construction of a model of the magnetorotational evolution of young neutron stars in binary systems taking into account
variations of the accretion rate. Development of an evolution scenario with a quick onset of the accretion stage. According to
the results of the work, publication is planned. Also part of this research will be included into the diploma thesis by A.D.
Khokhryakova. (Popov, KhokduHaHcuposaHuehryakova)

Development of new modules of the Freddi code for calculating light curves for simulating Type |l flares of accreting
millisecond pulsars and X-ray novae with non-magnetized neutron stars. As a result, simulations with nominal parameters
will be performed and light curves obtained. (Lipunova, Malanchev, Avakyan)

As a result of numerical solutions of the equations for the vertical structure of the disk, parameters are obtained for use in the
Freddi code, as well as in the reconstruction of the disk structure in the Her X-1 binary system. (Tavleev, Shakura, Malanchev)
A part of this research will be included into the diploma thesis by A.S.Tavleev.

An analysis of observational data will also begin to select flares suitable for further modeling. An analysis of the existing
models of the interaction of the matter of the disk and the magnetosphere will begin. (Lipunova)

Simulation of the minima of the optical light curves of HZ Her / Her X-1. Reconstruction of the structure and temperature
distribution over the surface of the accretion disk taking into account the solution of the equations of the vertical structure.
Obtaining the optimal parameters of the disk model and theoretical light curves for different phases of the 35-day cycle.
Analysis of the variation in the arrival of Her X-1 X-ray pulses. Creation of a model for the variation in the arrival time of the
observed X-ray pulses based on the model of a freely precessing neutron star. (Shakura, Kolesnikov)

Preparation of manuscripts of articles.

Participation in the IAU Symposium 363 Neutron Star Astrophysics at the Crossroads: Magnetars and the Multimessenger
Revolution conference (Italy). https://astromeeting.gssi.it/the-symposium-has-been-postponed-to-june-13-18-2021/

Participation in the European Astronomical Society Annual Meeting EAS 2021 https://eas.unige.ch/EAS2021/index.jsp

4.10. MnaHupyemoe Ha nepBblii Fo4 coaepKaHe paboTbl KAKAOTO OCHOBHOIO UCNONAHUTENS NPOEKTa (8K/THOYAS
pyKosooumens npoekma)

Lakypa H.W.

PaspaboTka Mogenm M3rmnbHoro akKpeLmMoHHOro AMcKa C y4eTOM B3aMMOAENCTBUS C aKKPELIMOHHBIMU CTPYSIMU, 06Ty4EeHUEM U
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NporpeBoM pPeHTreHOBCKUM UCTOUYHUKOM. PazpaboTka Moaenu cBoO6OAHO-NpeLeCCUPYIOLLEN HEMTPOHHOM 3BE3/bl.
YyacTue B aHaM3e YUCIEHHbIX PeLIEHWH YpaBHEHWIA BEPTUKANBHOM CTPYKTYpPbI AMCKA.

Monoe C.b.

AHanun3 BO3MOXHOCTM MUCMO/b30BaHMA AAHHbIX HABMOAEHMIA MONOABIX OCTbIBAKOLLMX HEMTPOHHbIX 3BE31, (MCTOYHMKM
BenukonenHon cemepku) Ang Noay4yeHUs AaHHbIX O CTaLMOHAPHbBIX COCTOSIHUAX B paHHER 3BOMOLMM MarHUTHOMO NOs
(xonnoBckui aTTpakTop).

PykoBoacTeo paboToin cTyaeHTa-gunaomMHuka (A. . Xoxpsikosa) No MOAENMPOBAHUIO MarHUTO-BpaLIATENbHOM 3BOOLUM
MOI0AbIX HEATPOHHbIX 3BE3[ B ABOMHbIX CUCTEMAX. M3yyeHMe HOBbIX AaHHbIX MO OblICTPbIM paAMOBCIIECKaM U
pafLMOBCM/IECKAM MarHUTApOB B KA4YeCTBE NpeABapUTE/IbHOM paboThbl MO CO34aHMI0 MONYASLMOHHON MOAENN.

JlunyHosa I".B.

MpopaboTka KOHLENUMM M y4acTve B OTNALKE MOAYAS pacyeTa KpMBbIX 61ecka BCMblLUeK PpEHTTEHOBCKMX TPaH3UEHTOB C
HEeMTPOHHbIMM 3B€34aMU. AHaNM3 CYLLECTBYIOWUMX MOLEeNel B3aMMOAENCTBMS BELWECTBA ANCKA U MarHuTocdepsl. Yuactve B
aHanu3e Hab/oAaTeNbHbIX AAHHBIX A 0TOOPa BCMblLIEK, MOAXOAAWMX A5 AaNbHEMLIErO MOAENMPOBAHHS.

4.11. OxupaeMmble B KOHLE NEepPBOro roaa KOHKPETHbIE Hay4Hble pe3ynbTatbl (PopMa U310 eHUS 00IHHA 0aMb 803MOXCHOCMb
nposecmu 3Kcnepmusy pe3y/ibmamnoe U oueHums cmeneHs 8bINOJIHEHUS 3a518/1IEHHO20 6 NpoeKme nJaaHa pabomei)

Ha pYCCKOM 513blKe
JBOJIOLMOHHbIE CLLeHapuu A1 MONIOAbIX HEATPOHHbBIX 3B€3[, B PEHTTEHOBCKMX ABOMHbIX B OCTAaTKaX CBEPXHOBbIX C Y4ETOM
addekTa ructepesnca npu KPAaTKOBPEMEHHOM YBEIMYEHUM TEMNA akKpeLun. B pamkax 3Toro noaxona naaHUpyeTcs
NpoaHanM3npoBaTb CUTyaL MK, B KOTOPbIX HEMTPOHHbIE 3BE3Abl BbIXOAAT HA CTaAMIO aKKPELIMM 32 BpEMEHA MOPSAKA TbICAY NET,
W NOCTPOUTL KOIMYECTBEHHbIE MOAEN TaKOM 3BOHOLMM.

B pe3ynbTaTe UMCNEeHHbIX peLleHNit ypaBHEHWIA BePTUKaNbHOM CTPYKTYPbI AMCKA NOAYYeHbl NapamMeTpbl A1 UCNOMb30BaHUS B
koge Freddi, a Takke npu BOCCTaHOBNEHUM CTPYKTYpPbl AMCKA B ABOMHOM cucTeMe Her X-1.

Pa3paboTka HoBbIx Moayner koga Freddi ong pacueTa Kpusbix 6necka ong MoaenMpoBaHus BCrblwek Il Tna akkpeumpyowmx
MUANECEKYHOHbIX MYy/bCapPOB U PEHTIEHOBCKMX HOBbIX C HE3aMarHM4YeHHbIMWU HEUTPOHHbIMK 3Be3aamu. Kpusble bnecka
TPaH3MEHTOB C HEMTPOHHbBIMM 3BE34aMMU B PEHTTEHOBCKOM M ONTUYECKMX AMANa30HaX, PaCCUMTaHHbIE B paMKax
pacwmpeHHoro koga Freddi ¢ HOMMHaANbHBIMM MapaMeTpamu.

Takxke 6y/.1F_‘T Ha4aT aHaM3 HabAaATENbHbIX AAHHbIX 415 0T60pa BCMbIWEK PEHTITE€HOBCKUX TPaH3UEHTOB, COCTaBNEH
HayanbHbIM CNMCOK BCMblWEK MCTOYHUKOB, Bbl6paHHbIX ana nocneaywuwero MmooenmMpoBsaHua ¢ Kooom Freddi.

BynyT nonyyeHbl oNTMManbHble NapamMeTpbl MOAEM AMCKA C pacnpeneneHneM TeMrnepaTypbl N0 ero NoBePXHOCTU U
TeopeTnyeckue Kpusble bnecka ang MuHumymoB HZ Her ong pasHbix ¢as 35-gHeBHoro umkna. byayt paspaboraHa mogenb
M3MeHeHUs HabnLaemMoro nepmoaa peHTreHOBCKMX UMMYNIbCOB, MOyYEHbl ONTUMa/bHbIE NapaMeTpbl MOLENN MO
HabntofaeMbIM BapuaLmaMm.

ByayT NoAroToBneHbl pyKONMCK CTaTeil.

Ha aH2NUicKOM S13bIKe
Evolutionary scenarios for young neutron stars in X-ray binaries in supernova remnants, taking into account the hysteresis
effect with a short-term increase in the accretion rate. Within the framework of this approach, it is planned to analyze
situations in which neutron stars reach the accretion stage over time of the order of thousands of years, and to construct
quantitative models of such evolution.

As a result of numerical solutions of the equations for the vertical structure of the disk, parameters are obtained for use in the
Freddi code, as well as in the reconstruction of the disk structure in the Her X-1 binary system.

Development of new modules of the Freddi code for calculating light curves for simulating Type |l flares of accreting
millisecond pulsars and X-ray Novae with non-magnetized neutron stars. X-ray and optical light curves of transients with
neutron stars calculated using the extended Freddi code with nominal parameters.
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The analysis of observational data for the selection of outbursts of X-ray transients will also begin; an initial list of outbursts of
the sources selected for subsequent modeling with code Freddi will be compiled.

The optimal parameters of the disk model with the temperature distribution over its surface and the theoretical light curves
for the HZ Her minima for different phases of the 35-day cycle will be obtained. A model of changes in the observed period
of X-ray pulses will be developed, and the optimal parameters of the model based on the observed variations will be
obtained.

Manuscripts of articles will be prepared.

4.12. NepeyeHb N1aHMpYEeMbIX K NPUOGpETEHUIO 3a CUET FpaHTa 060pyA0BaHUS, MaTe pUaNoB, UH(OPMALMOHHBIX U APYTUX
pecypcoB Ans BbINOJHEHUS NPOEKTa (8 MOM YU C1e - onucbiedaencs Heo6xo0UMOCMe UX UCNO0/Ib308AHUSA 01 peanusauuu
npoekma)

BonbluMHCTBO 334a4 npoekTa TpebyeT KOMMNbIOTEPHOrO MOLENMPOBaHMS. PacueT BepTUKaNbHOM CTPYKTYPbl aKKpELLMOHHOIO
[AMCKa AN1S 3HAYMTENbHOMo MacCMBa MapaMeTpoB U C NPUBNEYEHUEM COBPEMEHHbIX AHHbIX O HEMPO3PaAYHOCTAX A1 Pa3HOro
XMMMYECKOTO COCTaBa TpebyeT 3HaYUTeNbHbIX pecypcoB. Takxke yyeT 3aTMeHMI Npu pacyeTe ONTUYECKUX KPUBbIX Biecka BO
BpeMs BCMblLLKM TpebyeT coBMeLweHns koaa Freddi u koga 06nydyeHns onTmyeckon 3Be34bl-KOMNaHbOHA C TPACCUPOBKOWM
Nyyen, YTo ABNAETCS peCypCHO-3aTpaTHOM BblYMCIUTE IbHOW 338a4el. [lpeanonaraeTca npoBeieHUe CneKTpPanbHOro
MOJeIMPOBaHUS BCMbILIEK PEHTTEHOBCKUX TPAH3UEHTOB, MPUYEM HE LUTYYHO, @ AN MHOTUX HabNAEHWI NS NoayYeHus
3BOJIOLMM CNEKTPA/IbHBIX NAapaMeTPOB HA MPOTSHXKEHWUM BCMblLLEK.

[lnsa npoBefeHUS MHOTOYMCIEHHbIX PACYeTOB MO NPOEKTY Heobx0AMMO NpuobpeTeHne MOBUNBbHBIX PaboYMX CTaHUMIA,
MOCTOSIHHO HaXOASLUMXCS MONHOCTBHO B PACMOPSHYKEHUM TPYNMbl.

XoTa KaxAapli U3 pacyeToB He TpebyeT CBepXMOLLUHbIX peCypCoB (TMna KNacTepoB, CyrnepKOMMbIOTEPOB U T.M.), OAHAKO UX
4YMCIO BE/IMKO, @ KPOME TOro BaXKHO MMETb BO3MOXHOCTb Kak OLHOBPEMEHHOIO NPOBEeAEHWUS PacyeToB pa3HbIMU YneHaMu
NpOEeKTa, TaK M BO3MOXHOCTb NMPOBOAWTb OT/IL04HbIE NPOrOHbI.

Takum o06pazom, ang nposefeHus paboT No NPoeKTy NiaHMpyeTCs NpuMobpecTy TpyM MOBUBHBIX Paboymnx CTaHLMKU C XOPOLLMM
YPOBHEM BblYMCMTENbHBIX pecypcoB (Tuna Lenovo Thinkpad X1).

4.13. ®aitn c pONONHUTENbHOI MH(pOopMaumei 1

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

CKayaTb...

Tekct B alinax ¢ [,0MONHUTENbHOM MHOPMaLMel [,0MKeH NPUBOAMUTLCS Ha PycckoM si3bike. MepeBOA, Ha aHMUMIACKUIA S3bIK TpebyeTcs B TOM Clyyae, eciu

PYKOBOAUTENb MPOEKTa OLEHNBAET AaHHYH MHDOPMALMIO CYLLECTBEHHOM 4NN IKCMepTa.
4.14. daitn c pononHuTenbHoM MHdopMaumeii 2 (eciu uHgopmayuu, npusedeHHoli 8 ¢aiine 1, okaxemcs HedocmamoyHo)

C rpadmkamu, otorpadmamm, pucyHKamm U MHoi MHGopmauueit o coaepxaHum npoekta. OauH ¢aitn B dopmare pdf, no 3 M6.
CKayarb...

Moanucb pykoBoauTena npoekra /H.A. Wakypa/
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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.)
BCEro 6000
BosHarpaxaeHue 41eHOB Hay4HOro KOIeKTUBA (C y4eTOM CTPaxoBbiX B3HOCOB BO 4500
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) 4500
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 600
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 0
nccnenoBaHMUs
MHble pacxonbl Ang uenen BbiNONHEHMS NPOeKTa 300
6 |HaknagHble pacxonbl opraHusaumm 600

5.2. PacwmdpoBKa n1aHUupyeMbiX pacxoaoB

HanpaeneHusi pacxoAoBaHMA CpeAcTB rpaHTa, pacwmdpoBKa

WToro Bo3HarpaxaeHue (C y4eToM CTPaxoBblX B3HOCOB BO BHeBOAXETHbIE HOHAbI)

(yKaBbIBaeTCfI 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)

MnaHupyeMasi cyMMa BO3HarpaxaeHus pyKOBOAWTENS, BK/IOUash CoLManbHble Bbinatel - 1000

MnaHmMpyemas cyMMa BO3HarpaXaeHus OCHOBHbIX UCMOMHUTENEN, BKIKOYAs COLManbHble Bbinaatel - 1500

MnaHnpyemas CyMMa BO3HarpaxaeHUs OCTa/IbHbIX UCTMOSHUTENEN, BKIKOYAs CoLmanbHble BbinaaTbl -2000

Onnata Hay4YHO-UCCNnenoBaTesibCKMX pa60T CTOPOHHUX opraHM3au,m71, HanpaBNE€HHbIX Ha BbIMOJIHEHNE HAYYHOIO

npoekTa

(I'IpMBO,D,MTCﬂ nepeYvyeHb NnaHMpyeMmbiX 0,0rosopos (C‘-IeTOB) CO CTOPOHHMMU OpraHu3aumuaMU C yKasaHeM npeameTa U CyMMbl KK, oro ,EI,OI'OBOpa)

0

Pacxopnbl Ha npnobpeTeHre 060pyA0BaHUS U MHOTO MMYLLECTBA, HEOOXOAMMBIX A5 NPOBELEHUS HAYYHOrO

nccnenoBaHna

(NpencTaBnseTcs nepeyeHb MNaHUpyeMblX K 3akynke oGopy/0BaHMs U MHOrO MMYLLECTBA, HEOOXOAMMBIX 151 MPOBEA,EHUS Hay4HOTO UCCIen,0BaHMs (B

cootBeTCcTBUM C . 4.12 dhopmbl 4))
MobunbHas pabouas ctaHumsa TMna Lenovo Thinkpad X1 (3 wr.) B cymme - 600

Pacxopbl Ha I'IPMO6DETGHVIE MaTtepuanoB M KOMNNEKTYOLWKUX ONd npoBegeHUAa Hayd4HOro nccneanoBaHus

(npencraBnsieTcs paclumdpOoBKa 3aM1aHMPOBaHHbBIX MaTepPUANOB M KOMMIEKTYHOLMX (B COOTBETCTBUM C M. 4.12 dopMbl 4))

0

WNHble pacxonbl ong Lenen BbINOSIHEHMUS npoeKTa
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(NpMBOAATCA WHble 3aTparTbl Ha LMW BbINOJHEHMS MPOEKTa, B TOM YMUIE HA KOMaHA MPOBKM, ON/Iary YaIyr CBSI3u, TPAHCMOPTHBIX YCTYT, PAacXOf bl HE

QaCLLIMQQOBbIBaIOTCﬂ
KoMaHanpoBouHble pacxogpl - 300

Moanucb pykoBoauTena npoekra /H.W. Wakypa/

Moanucb pyKkoBoauTena opraHMsauuu (yI'IOJ'IHOMO‘-IE‘HHOI'O npencraBuTens, ﬂemCTBy}OULEFO Ha OCHOBaHWM 0OBEPEHHOCTUN NN
pacnopsaaMTeIbHOro AOKYMEHTA), NeYaTb (Npy ee HaiMuMu) OpraHu3aLmm.
B cnyuae nognucaHust hopMbl YMNONHOMOYEHHBIM MPEA CTaBUTENEM OPraHM3aumm (B T.4. — PYKOBOAUTENEM GWUIMANE) K MEYaTHOMY 3K3EMMISPY 3a8BKM NpUNaraeTcs

KOnua pacnopaguTenbHOro 4 0KyMeHTa UK 4,0BEPEHHOCTH, 3aBEPEHHAA NEYarbd OpraHu3aumn.

M.M.
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