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AnHoTaums. PaccMoTpena Moziennb opMUPOBaHUS TaMMa-U3TyUeHHUsI B X0JI€ PEISITUBUCT-
CKOT'O BBIOpOCa U3 KOMIITOHOBCKOTO 00J1aka IIa3Mbl BOKPYT MarHUTOPOTALIMOHHOW CBEpX-
HOBOH. CMereHne SHepruu (JOTOHOB B 30HY BBICOKMX DHEPTUH IMpeIojaraercs Kak pe-
3yJbTaT paccesHus (OTOHOB, HCIYIIEHHBIX (oTochepoil 3Be3Abl, Ha PEIATUBUCTCKOM
MOTOKE BOJOPOJHON MOHH3UPOBAHHOM TuTa3mbl. [[is onucaHus mpoiiecca raMMa-BeIOpoca
HCIIOJIb3YETCsl TPEeXMEpHasi MOJENb PEISTUBUCTCKON paJualliOHHOW Ta30BOM JAMHAMHKHU
(PPT" 1), BKiIrouaroias mojHoe ypaBHeHue rnepenoca uziaydenus (YIIN) ¢ uarerpaiaom pac-
cestHus. [[71s1 MoienMpoBaHus miepepacipe/ielieHus] SHepTuid (POTOHOB TI0 CHIEKTPY HCIIOJIb-
3yeTcsi KOMIITOHOBCKOE AuddepeHiranbHoe ceueHue paccesiuust. J{isi 4ncieHHoro perie-
Hua cuctembl PP/ ucnonb3yercs sBHas cxema pacweruieHus. Y11 pemaercs merogom
KOPOTKHMX XapaKTEpHUCTHK, ra3oBas [uHaMuka MetoaoM ['oxyHoBa. [IpoBeneno moaenupo-
BAaHUE SBOJIIOLUU PEJISITUBUCTCKOIO JDKETA B MEK3BE3/IHOM Cpelie U CIEKTPAIBLHOTO Iepe-
pacnpeeneHusi YHEpruu (POTOHOB B pe3ysIbTaTe KOMITOHOBCKOTO PACCESHUSI HA PENISTH-
BHUCTCKOM yYCTaHOBUBILIEMCS TTOTOKE.

KirwueBble cjioBa: raMmma-BCINICCKH, paJuallMOHHAd PCIITUBHUCTCKAA ra3oBasd JUHAMMKA,
NEPCHOC U3ITYUYCHUA, KOMIITOHOBCKOC PACCCAHUC.

Beenenne. ®opMmupoBaHrne raMMa-BeIOpOCa SBISIETCSA 10 KOHIA HE H3yYCHHBIM
MPOIIECCOM, OOBEIUHSIONIUM B c€0€ MHOXKECTBO (PM3MYECKUX 3aKOHOB. JIIMHHBIC
raMMa-BCILUIECKH CBSI3LIBAIOT CO B3pBIBAMH CBEPXHOBBIX Kiacca Ic [1, 2], koTopsie
B pe3yJIbTaTe KOJUIACa OCTaBJISIOT KOMIIAKTHOE SIAPO, OKPYKEHHOE OO0JIaKOM
HArpeToro BEIIECTBA, B KOTOPOM B XOJ€ aKKpennu (hOpMHUPYETCsS KOJTHMHPOBAH-
HBIN KaHaJI, TJ€ pa3BUBAECTCS CTPYMHBIN BeIOpOC miasmel [3]. IIpeanosaraercs, 4To
MOSIBJICHHE JKECTKOTO CIIEKTpa B HAOIIOJEHUAX CBA3aHO C COOCTBEHHBIM H3ITyue-
HHEM KOMIITOHOBCKOT'O 00JIaKa M pacCesHUs MCIYIIEHHBIX sapoM (JOTOHOB Ha pe-
JTATUBUCTCKOM noToke [1].
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Ilenbto paboThl SIBISETCA MOJy4YEHHME CHEKTpa raMMa-BCIUIECKa JUIsl 4Yero
HE00XO0AMMO MOJIETUPOBATH MPOLIECC MEPEHOCA U3TYUEHHUS B PEISITUBUCTCKOM I10-
toke [4] u paccmarpuBaTh MoETH paccestHUs (OTOHOB HA YIBTPAPEISITUBHCTCKIX
SIIEKTpOHax [D].

Metoabl M1 MaTepuajibl; pe3yiabTarbl. MaTeMarndeckass MOJEIb BKIIFOYAET
HaOop ypaBHenuil PPI'J] u kBasucrauumonapuoe YIIW. [Ins 3agaun yckopeHus Be-
miectBa YIIN pemraercs B mpubamxeHUU cepoil MaTepuu ¢ TOMCOHOBCKOM WH/IU-
KaTpHCOoi paccestHus [5].

ITpu BBIUKMCIEHMM CIEKTPOB HCIIOJIB3YETCS MHOTOTPYIIIOBOE MPUOIMKEHHE
C KOMITOHOBCKHM CEYCHHEM paccestHusi [5], mosBossttomiee yuuthiBaTh 3ddext
TOHVKEHHSI/TTOBBIIICHHS YaCTOTHI TIPU B3aMMOJICHCTBHU C JICKTPOHAMH.

JIns nosydeHus CHEKTPOB CHadalla MOAEIUPYETCs paguallMOHHBINA Pa3sroH B
pacueTHOM 001acTH, UMeroIIeH popMy YCEUEHHOT0 KOHYyca, 3aTeM pemraercs Y ITU
B MHOTOTPYIIIOBOM MPUOJIMKEHUU. PacueTsl moka3anu, 4To JaBiI€HUE U3ITy4YEeHUS
CIIOCOOHO TIEPEBOJIUTh HAYAIBHBIM CYOPENSATUBUCTKUN MOTOK B PEISTUBUCTCKHIMA
pexxuM. B kanane oOpasyroTcs ABe ynapHble BOJIHBL. B CBsI3u ¢ HanpaBiIE€HHOCTHIO
KOMIITOHOBCKOW MHJMKATPUCHI pacCesHUs, TaMMa-BCIUIECK HaOMI0AaeTcsl Ipu Ma-
JIOM OTKJIOHEHUH TOJ0XKEHHs HaOII0AaTeNsl OT HAIpaBJIeHUs BbIOpoca.

3akirovenue. IIpencraBineHa opuUrMHaNIbHAs TPEXMEPHAsl PENSTUBHUCTCKAS
paguanMOHHAs ra30JMHAMUYECKask MOJECIIb YCKOPEHHUs CTPYU B CTAllMOHAPHOM Ka-
Haje BHYTpU oOJaka KOMITOHM3MPOBAHHOW IUIa3Mbl BOKPYI CBEpXHOBOM. Pac-
CMOTPEHO YCKOPEHHE IIJIa3Mbl B CTALIMOHAPHOM KOHHUYECKOM KaHAJIE MOJ BO3CH-
CTBHEM HU3ITyU€HUs B XOJle raMMa-BelOpoca. PaccunTanbl ClieKTphl Al pa3IudHbIX
TOYeK HabJro/aTess, MOoKa3aHa 3aBUCMMOCTh AHEPruu (POTOHOB OT HaIpaBICHUS
pacIpOCTpaHEHUs U3Ty4YCHHUS.
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Abstract. The model of gamma-ray burst (GRB) formation during a relativistic outflow
from a Compton plasma cloud surrounding a magnetorotational supernova. The shift of
photon energies into the high-energy range is interpret to the scattering of photons emitted
by the stellar photosphere on a relativistic flow of hydrogen-ionized plasma. A three-
dimensional model of radiative relativistic hydrodynamics (RadRHD) is used to describe
the GRB process, which includes a complete radiative transfer equation (RTE) with a scat-
tering integral. To modeling the redistribution of photon energies across the spectrum the
Compton differential scattering cross-section is used. To obtain numerical solution of Ra-
dRHD equations the explicit splitting method is used. For the radiative transfer equation
with scattering the short characteristics method is used, and for the relativistic hydrodynam-
ics the Godunov-type one. The evolution of a relativistic jet in the interstellar space and the
spectral redistribution of photon energy as a result of Compton scattering on a relativistic
flow are obtained.

Keywords: gamma-ray bursts, radiative relativistic hydrodynamics, radiative transfer,
Compton scattering

Introduction. The formation of a gamma-ray emission is an unexplored process
that combines many physical laws. The long GRBs is proposed to be associated
with supernovae of Ic type (collapsar model) [1, 2], where the progenitor star is
assumed to leave a central remnant surrounded by a cloud of heated matter. Accret-
ing process leads to formation of collimated channel is assumed where astrophysi-
cal jet evolves [3].

The appearance of a hard emission in the spectra observations is assumed con-
nect with the radiation of the Compton cloud and the scattering of photons emitted
by the photosphere by a relativistic stream [1].

This paper aim is to obtain spectra of a gamma-ray burst. This requires model-
ing the process of radiation transfer in a relativistic flow [4] and consider photon
scattering on ultra-relativistic electrons [5].

Methods and materials; results. The mathematical model includes the set of
radiation relativistic hydrodynamics equations (RadRHD) for ideal (inviscid) hy-
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drogen gas including the quasi-stationary radiation transfer equation. The problem
of matter acceleration is solved by the grey matter approximation with a Thomson
indicatrix scattering [5].

To compute spectra, a multi-group approximation with the Compton scattering
cross-section is used. This approach allows take into account the effect of lower-
ing/increasing the frequency when colliding with electrons.

To obtain the spectra, firstly, acceleration by radiation is modeled in the com-
putational domain which has form of a truncated cone, then the RTE with a mul-
tigroup approximation is solved.

The results of the gas-dynamic simulation showed that the radiation pressure
transforms the initial subrelativistic flow into a relativistic mode. Two shock waves
form in the channel. Due to the directionality of the Compton scattering indicatrix,
a gamma-ray burst is observed with a small deviation of the observer's position
from the flow direction.

Conclusion. The original three-dimensional radiative relativistic hydrodynam-
ic model of jet acceleration in a stationary channel inside the Compton cloud sur-
rounding a supernova is presented.

Plasma acceleration in a stationary conical channel, taking into account the ef-
fect of radiation during the gamma-ray burst is considered. The spectra for obser-
vator different points of view are calculated. The dependence of the photon energy
on the direction of radiation propagation is shown.
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