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HenTpoOHHbIe 3BE3abI U
aKKpeLUOHHble OUCKM.

T,,~1.9-keV

ManomaccuBHble PEHTIeH ABOVHbIE C
HEMTPOHHbIMW 3BE30aMn:
e PeHTreHoBcKuMe nynbcapbl

T. ~0.7 keV

e MwunnucekyHgHble nynbcapb|
e bapcTepbl
. Z_type SourCeS . El‘\é‘l";)‘/. :6(')\/

Figure 1. Example of decomposition of a typical spectrum of

e  Atoll type sources
VICTOUHIK U3y 4EHIA — BKKPELOHHIA AVCK. _ e Ay g empd bk o e i

of the BL emission component. In Llu Ilrst ase (sh(mn ])\ bllu

Oqub TeCHblE CUCTEMDI C 06MeHOM MaCCOI‘/’I' curves), we took the BL component as a single temperature black

body with kTy,, = 2.6 keV. In the second case (shown by black

XapaKTelesyl'OTCﬂ BbICOKOWM CBETUMOCTbHO B curves), the BL component was approximated By a sum of two
black bodies with temperatures of 1.6 and 3.1 keV. The dashed
peHTreHOBCKOM IDIVIarIaBOHe' ) curves show the assumed contribution of the BL, and the dotted
curves are the contribution of the accretion disc (model DISKBB)

HaM MHTepeCHbI CUCTEMbI CO Cna6b|MM \v\llll the inner disc temperature k7, = 1.9 and 0.7 keV, for the

two cases, respectiv t can be seen than in spite of qllll( similar

MalrHUTHbIMIA NOJTAMIA ( < 108 G)- qus of fits (date l/lll()d(l ratios are within ~2%), the resulting

\putr 1l decomposition is drastically different.

(Revnivtsev, Suleimanov and Juri Poutanen, 2013) , 4/40



PacTekarowmucs cnou
HENTPOHHOMW 3Be3 bl

BO3HMKaET B HEMTPOHHBIX 38830aX C
OTHOCUTENBHO C1abbiM MarHUTHbIM MOSIEM.

KOHTaKT aKKPELIMOHHOIO ANCKA M MOBEPXHOCTU
HEUTPOHHOM 3Be3Mbl.

YpapHasa BoMHa B paguanbHOM HarnpasieHuy,
3aTeM pacTeKaHWe BeLLeCTBa Mo NOBEPXHOCTY
HENTPOHHOW 3B€3Abl.

Cnow o4eHb TOHKU.

J10NONHUTENbHbBIA UCTOYHMK YITIOBOrO MOMEHTA.

PacTekaHune He 0683aTeNbHO CUMMETPUYHOE.

Fig. 4. Spread of the rotating plasma from the disk D over
the neutron-star surface S. Here, I is the intermediate zone
near the disk neck, 0 < 8 < B« is the hot belt, and 8 > 0 is
the cold part of the spread layer. The rotation velocity v,
(filled circle) is directed along the normal to the plane of the
figure. The slowly circulating (in ¢ and 6) dense underlying
layers of matter beneath the spread layer are indicated by the
dashes.

(Inogamov and Sunyaev, 1999) 5/40



MprMep OTCYTCTBMSA COOCHOCTM AMCKa U 3BE3Abl.

Figure 6. [llustration of a possible accretion geometry in Cir X-1. (Left) Low accretion rate case, when there is a gap between the disk and the NS surface, and the full
SL is developed. (Right) High accretion rate case, where the disk touches the NS surface, and the BL is emitting (with a PA almost perpendicular to the symmetry axis
of the disk).

(Rankin et al., 2023)
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" MapannenbHble TPeKK
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. PaboTbl no TeMe
oTNMuYMe Hawero nogxopaa

OpaHomepHble mogenu: (Suleimanov and
Poutanen; 2006)

MorpaHn4YHbI cnon gucka B 24 6e3
pacTtekaHus (Philippov, Rafikov, Stone)
Coepuryeckas Moaenb pacTekaHus:
(Abolmasov, Nattila and Poutanen, 2020).
CneKTpanbHbIN Kof, CO ChHepryecKmm
rapMOHUKaMW. :

3Haummas npobrnema: NoToK BellecTBa Ha
NMOBEPXHOCTU i:BepxssyKOBon.

Mpw NCNoOIb30BaHUM CTaHAAPTHbIX CETOK
METO[a KOHEYHbIX O6BEMOB MPOBIEMbI Ha
nonkocax.

Hawa ngesa: MUSCL cxemMa 2-ro nopsiaka c
NPUBIVKEHHBIM PeLLEHEM 3a4aun
PrumaHa Ha 'npomssoanon ceTke.

Fig. 1. Illustration of the model geometry. The tilted blue arc near the
equator shows the source of mass and momentum. The spin axis of the
star, marked with €,, is inclined with respect to the disc axis (€y), by
an angle i.

(Abolmasov, Néttild and Poutanen, 2020)
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LIMcneHHbm aHFOpMTM

02

Bbl60p Cd)epI/ILIeCKOVI CeTKI/I 7 a,EI,aI'ITaLI,Mﬂ CXGMbI Ha Hee CI/ICTeMa »

ypaBHeHI/II/I 3aKoHbI coxpaHeva
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BO3MOXHble CeTKMU

The UV Sphere The Icosphere
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"MUSCL cxema ans npowssoanow CeTKU
'Ha NJI0CKOCTHU:

Ll,eﬂb: afanTnpoBaTb CXIGMy janabe |-|p0|/|3‘BOﬂbe|X CETOK C MNJIOCKOCTU Ha C(I)epy.
Oru(x,t) + VF(x,1) =0 -~ u(x,t=0) =up(x)

Pasgennm obnactb onpeneneHns Q Ha MHoroyroanMKM K; C NpOn3BOSIbHBIM YMCIIOM PEBEp.
MycTb v(i) ~MHOXECTBO COCEeAHWX NMEMEHTOB K AYeKe f, KOTOPbIE MPpaHnyYaT C Helt 06LLMM pebpomM.
[ycTb U —3HaYeHWe COXPaHSOLLENCS MepeMeHHON B MOMEHT ¢, B A4elke K; , Torga cXxeMy MOXHO,

3anncaTb Kak: S.. :
n+l _ rrn (2 n n
grtl = —Atzqu )
, v(i)
TyT S;; - BnvHa pebpa. ;- nnoLab Fll-IeI/IKI/I o~ I'Ip|/|6n|/|>|<eHHaﬂ OYHKUMA pelleHna 3agayum PUmaHa.
thlTepl'IOﬂI/IpOBaHHble 3HaueHus nepeMeHHom Ha pebpe.

(C.Le Touze, A: Murrone and Guillard, 2015)
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UHTepnonauus
Ha pe6bpo

Uij = pi;e(rij, Gij)| BiMi;|+U;

Ug. U,

— 1.7
Pis. = B
o Ui—U;Iij
Pij = |B:H,

o=t
Tj—pij/pz'j

GZJ_ reOMeTlequKVle rnapameTpbl. Figure 1: Forward and backward points H?L, and H;; in the 2D configuration.
@(rma G ) cDyHKLl,I/IFI OrpaHI/ILII/ITeﬂb
2 NOPSIOK OLLVGKY VHTEPMOMAPOBAHHBIX 3HAYEHII. (C. Le Touze, A. Murrone and Guillard, 2015)
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PYHKLMNA OrpaHUYUTE b

CFL-Superbee
3rd-order
Switch function

Onyb

Figure 4: Switch function, pivots limiters, and hybrid limiter.

(C. Le Touze, A. Murrone and Guillard, 2015)
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MpubnmxéHHoe pelneHne 3agaum Pumana

. F;, if0<8S;,
+: > i
HLLC+: HLLC conbBep ¢ nonpaskamu g5 — FIHUOY i 6 <0< Sy

YCTPaHEHNs HeYCTOMYMBOCTY Ha HUSKUX (9 Y2 T\ FRHLLCH §gn <0< Sp)
CKOPOCTSX U yOapHbIX HEYCTOMYMBOCTEN MpU Fp if0 > Sg,
6onblnx yncnax Maxa. * where Fy uses (A.3) and F3¢'C * is given by

F*{ll,l,() b _ SurLc(SkQk —Fk)+SkpurrcD
Sk—SHLLc
()

(f*—1DAU -n; + 5=
4 PLoR (f*—1)AU -ny +

PrR-PL

g (Au— AU - ny)
‘m (Al’*A(’ ”‘I)
(f*—1)AU -n, +~—S—h——q(Au — AU -n,)

Sk —SHLLC

(f*=1)AU - Surrc

51111(

(Chen et al., 2020)

IG. 1. Sketch of the Riemann wave structure of the HLLC approzimative Riemann solver [30].
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I'IpmmeHeHMe CXeMbl Ha cpepe

]

OCHOBHbIe OTINYMS: HOpMaJ'II/I ,EI,J'II/IHbI n rnjowaan a4eek.
HpHMble Ha NIOCKOCTU = SIOMaHble Mn Ayrn Ha cdepe.

16/40



YpaBHeHWNAa ra3oanHaMmnKu
ou(x,t) + VF(x,t) = S(x,t) -

rx1:m<(f-v) —'V\I‘]-Q) V:‘—r><1

m|r|?

2=/pdh

E= /p(r x v)dh

’U2
E:/(e+?p+¢p)dh

' ()
[sothermal: ©w = 1

Y(n-v)

Adiabatic: -

=)

( Y(n-v) )

F=1|ln-v)—(nxR)II

(X-e+II)(n-v)
N IT

=R T Tos
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TecTbl

Pe3yanaTb| YNCJTIEHHbIX SKCMNEPUMEHTOB.
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AQunabaTvueckoe peLleHue C NOCTOSAHHOMN 3HTponNnen

If globally P = Py (p/po)”,

ao’

where the index ‘0°¢ corresponds to the poles, and My = 28 g, = \/'YP—IZO.
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CoxpaHeHne aHanuTUuYecknx npopunen.

10 06opoTOB, CPEAHEE YMCIIO

Maxa = 2.5.

CeTKa rekcaroHanbHas: 10242
" rpaHw. .
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CoxpaHeHue aHannuTUuJYeCKux npodunen.

«10-5 Pressure profile

=== |nitial profile
® Final profile

10 06OpPOTOB, CPEAHEE YACIO ‘ _
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10 06opoTOB, CPEAHEE YMCIIO
Maxa = 2.5.

CeTKa nkocasgpasnbHas:
20480 rpaHen.

Pressure profile Profile deviation

=== |nitial profile
@ Final profile

-15 —-1.0 —-05 0.0 -15 —-1.0 —-05 0.0 0.5
6 6
Density profile Profile deviation

=== |nitial profile
® Final profile

-15 —-10 —-05 0.0
0 (4

—-15 —-1.0 —-05 00 0.5

1.0

1.0




.Elwd)q)epeHuMaanoe BpalleHue
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PacnpocTpaHeHne yaapHOW BOJIHbI
t= 0.0000
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AKKpeLMOHHble TeCTbl. UCTOUHUKM 6€3 TPEHUS.

,D,OI'IOJ'IHVITeJ'IbeIQ NCTOYHUNKW/CTOKMW:"
éKKpGLI,I/IFI, BblNMnageHne seLecrBa Ha
NOBEPXHOCTb, pagnauMOHHbIE MNOTEPN.

( E . Samcc T 2faulla
< l = i.':Lcc “t ifalla
kE — Ea.cc + Efall + Erad

iacc = Zancc (I‘ X Vorb)

: : E 1
Eace = Zace ((_) —|-—(V I‘b_v)2)
Y a > ; 5\Vo

ot = GM vi+ vi
R 2
B 12k (3 ¢ 14 5
(1-B)Y4(1—-B/2) 5 m (Z as—BgeffE) E
B 1-35 B < Bewiten
(- B)/A(T—B/2) { g B> fewiten

Yl = —CranX

lean = Ezfall

) ) v2 I' 1II
=Y _ -

Egan fall(2 +I‘—1E)

. C ff
Erad:_ g’: (1_6)
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[eoMeTpuna akkpeuuu
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AKKPELMOHHbIN TeCT
vy=4/3 : =

t= 0.7920s
'=2-1/y=5/4
R = 10km
Veq = 0.01c

Yo = 107g/cm?

topin = 0.025

cs =2-1073¢

dM/dt = 10~8 My /yr

0.002 0.004 0.006 0.008 0.010 0.012 0.014 0.016

Vorb — 0.46
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MonHasa cumynaums. MaaKum UCTOUHMK
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http://www.youtube.com/watch?v=9_TPXbtqDNY

Dynamic power spectrum, 6gps = 90° Dynamic power spectrum, Bgps = 45°
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~BonHbl Poccéu
3rnbbl BbICOTHBIX BETPOB

Normal polar jt stream

Cold

\ polar air

NN

Strong jet stream

Weak polar jet stream

Cold air
moves south

‘L

|

Weak jet stream

(Flis, 2020)



AKKpPELMOHHbIE TeCThlI. AKeru.ml C TpeHueM IS.

o 23, cc + 2fall,  [pyroe BbiNageHve + NoTepu Ha
T : ; TPEHVie aHanorMyHblE TakKoBbIM B
¢ 1= Lice + Lean + lisic, (Inogamov, Sunyaev, 1999)
\E = Facc + Efan + Eraqa + Espin—up
. | Ytal = —ap|Vv — vy
W, = —ap|v—vp|(V—V - R
v = ol (v =vo) || Brann = Xgan (£ +1II) /X
1fric =TI X W, . .
Egpin—up = —Wy - Vo = ap|v — Vo| (v-vo—v3) 1fa,ll — Zfa.lll/E
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. CUMYnNAaUUM C akKpeLumnen u TPeHUEM.

t=0.0010

33/40


https://docs.google.com/file/d/1ELP_pyISX_ZIdJemL9VWfyln7vKXmP7x/preview

“Yactb2,ct=4.0s

t=0.0001



https://docs.google.com/file/d/1vzpcHls1CFWLN1kc99uiW4FscK2QDVs4/preview

~Yactb 3,ct=6s

t=2.0502
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https://docs.google.com/file/d/1w4gulaqOAvwxK_1hum74jtT9QtFqUgO7/preview
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Dynamic power spectrum, 6,,s = 0° (North pole)
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3aknoyeHne

[TnaHbl 1 NoTeHLMan NpYMeHeHIs.
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‘3aknoueHne

YnyuLLeHnst GUsnkn 1 oJIMHHbIE CUMYNALAN

CpaBHeHVe pesynbTaToB

PenATyBMCTCKMe Nnonpaeku 1 ray tracing

YnyJweHve I'IpOI/I3BO,EI,I/ITeJ'IbHOCTI/I, napannehmsau,m;l (MPI vnn CUDA)
[pencTaeneHne pe3ynbTaToB ‘ '

3/ Bepcus anroputMa |

CTraTnyeckoe U afanTBHOE YTOUHEHME CETKY

[NepcnekTuBHbIE 3a4aun:
e MopenmpoBaHue atMocoep
e [loTeHUMarbHble OBbeEKTbI: NepeMeHHble 38€3/bl, 6enble KapnKu, 3K30MNaHeTbI.
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Cnacu60 3a

BHUMaHuUe

3anaBaviTe BONPOCHI

https://github.com/_TURBOLOSE/MUSCL—éCheme—on—Spherical—mesh—WIP

arXiv:2412.00867
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AHanuTu4yeckumn npodunb N30TepMHUUYECKOro
TBepAoTesibHOro BpalweHus




AHaNUTUYECKU Npod b N30TEPMUYECKOTO
TBEpAOTE/IbHOro BpalleHUs BOKpyr Apyrov ocu
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-AgomabaTtuyeckoe pelweHue ¢
NOCTOAHHOM MNNTIOTHOCTbIO

OpP = —Q?Rpsin 6 cos

- Q?R? :
= Ppoles + Tp Sin2 0
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Pressure

44/40



- OHTpOMNUUHbIE OABUXEHUSA
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