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EFFECT OF GAS ACCRETION DISC PROFILE ON ORBITAL
PARAMETERS OF THE ACCRETED STARS

Abstract. The results of studies of the effect of the gas disk and its profile on the dynamics of active galactic
nuclei are presented. The study was conducted with a numerical model of galactic nucleus based on
phiGRAPE+GPU comprising three subsystems — a central supermassive black hole, gaseous accretion disc, and
compact stellar cluster. The evolution of the compact stellar cluster is modeled with direct integration (N-body
simulation), while the black hole and gaseous disc are represented phenomenologically: the black hole is introduced
as an external potential (fixed in space but variable in time due to black hole mass growth), and the gascous disc is
introduced as spatial time-independent density distribution. We examined and compared with each other orbital
parameters of accreting stars for model of the galactic nucleus with gas disc of constant and variable thickness, as
well as without gas. It was found that in the presence of a gascous disk almost half of the accreted particles interact
strongly with the gas and are captured by the disc before accretion, while more than 85% of particles are affected to
some extent by the disc prior to accretion. This suggests that interaction of the stellar cluster with the gas disk in the
galactic nucleus might lead to the formation of stellar disk in the central part of the nucleus.

Key words: active galactic nuclei (AGN), supermassive black hole (SMBH), accretion gas disk(AGD),
computational astrophysics, N-body simulations
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BJIMAHUE IMPOPNJISA AKKPEIITMOHHOI'O I'A30BOI'O INCKA
HA OPBUTAJIBHBIE ITAPAMETPbI AKKPELHIMUPYEMBIX 3BE3/{

AnHoTtanmmsi. B paboTte mipescTaBIeHBI PE3yIbTaThl HCCICAOBAHMS BIMSHIS TA30BOTO JUCKA U €r0 MpoQuist Ha
JUHAMHKY AKTHBHBIX ACp TalakTHK. MCCIeIoBaHHEC MPOBOTIIOCH HA OCHOBC PCATH30BAHHON C MOMOINBEO KOAA
phiGRAPE+GPU umCICHHOW MOJCTH TAJAKTHUYCCKOTO SAAPA, COCTOSAIICH W3 TPEX MOACHCTEM — LCHTPATBHOH




Joxnaovr Hayuonanvroti axademuu Hayk Pecnyonuxu Kasaxcman

CBEPXMACCHBHOM YEPHOI ABIPHI, AKKPCIIHOHHOTO Ta30BOTO JHCKA M KOMIIAKTHOTO 3BE3THOTO KJIACTEPA. DBOJFOLI
3BC3MHOTO KjIacTepa HWHTCTpHpyerca mpsmbiM MeroaoM (N-body simulations), a depHas abIpa W TA30BBIH JHCK
330aHBl  (DCHOMCHOIIOTHYCCKH — UCPHAS JbIpa 3aJaHA B BHAC BHCIIHCTO MOTCHIMMANA (HCTOJBHXKHOTO B
MPOCTPAHCTBE, HO U3MEHACMOIO CO BPEMEHEM BCIEACTBHE POCTA MACCHI YEPHOM ABIPBI), a Fa30BBIA JUCK 33JaH B
BHJC TPOCTPAHCTBCHHOTO pPACHpPEACICHHS IUIOTHOCTH, HE 3aBHCSAINETO OT BpEeMeHH. PaccMaTpuBaanch H
CPaBHHBAJHCH MEXKIYy COOOH OpOHMTANBHBIC MApaMETPhl AKKPEHHPYIOIMNX 3BE3 UL MOJCICH sapa TaJakTHKU C
TA30BBIM AHUCKOM MOCTOSSHHOH H nepeMeHHoﬁ TOJINHHBI, 4 TAKXKC Oe3 JAHUCKA. BI)I}IBJ'IGHO, YTO B NPUCYTCTBHH
Ta30BOTO AMCKA IMOYTH IOJIOBHHA AKKPCHOHUPOBAHHBIX YaCTHI] TCCHO B32II/IM0£[GI\/IICTByeT C TA30M H 3aXBATHIBACTCS
JUCKOM TICpeH akkpemmeH, 0omee 85% vacTHI 10 AKKPCIHH MPCTCPIICBACT TO WM HHOC BIHSIHHC CO CTOPOHBI
JUCKA. JTO HABOJUT HA MBICb, YTO B3aMMOJCHCTBHE 3BE3IHOTO KIACTEPA C Ta30BBIM AWCKOM B TaJaKTHUCCKOM
STPE MOKET MPHBECTH K BOSHUKHOBCHHFO 3BC3THOTO AKKPCIHOHHOTO AUCKA B ICHTPATBHON YacTH SApA.

Krouernie ciioBa; akTuBHbIC aapa ramakTuk (ASID), ceepxmaccuBHad uepHasa Apipa (CMU/J]), akkpemOHHbIH
ra3oBbni quck (Al/]), BermcanTe IbHAS acTPO(DU3HKA, 3ama4a N TSI

Odusndeckas mpupoAa akTHBHBIX sxep ranakTik (ASl) u B HamM AHM Jajgeka OT MOJIHOTO
MOHUMAHUS, MOATOMY pasBuTHe Teopun ASl 10 CHX MOP OCTACTCSA OJHOW M3 AKTYATBHCHINNX MPOOIeM
actpodusuku. COrjaacHO COBPEMCHHBIM MPCACTABICHUSAM, AKTHBHOCTH SIACP TAIAKTHK OOBSICHICTCS
AKKPCIUCH BCIICCTBA HA CBEPXMACCHUBHBIC (0 HECKOJIBKUX TPULTHOHOB MacC CONHIA) YCPHBIC IBIPHI,
HAXOSIIUCCH, MO-BUANMOMY, B LCHTPaX BCeX ranaktuk [1]. BeicBoOokmacmast B X0A¢ STOHM aKKPELHH
IPABUTAI[HOHHASL 3HCPTUS U SBISCTCS TEM HCTOYHHKOM, KOTOPBIH JICKHUT B OCHOBE YPE3BBIUANHO
MOIIHOTO M3MyueHUs, HaOmogacmoro u3 AL

AKTHBHOC SIp0O TaJaKTHKH MOKHO pPAcCMATPUBATh KAaK COCTOSMINEE W3 TPEX MOACHUCTEM:
LCHTPANbHON cBepxMaccuBHOM uepHOM awipel (CMYJL), akkpermonHoro razosoro aucka (AL,
(OPMUPYIOIICTOCS H3-33 COXPAHCHHUS MOMCHTA MMITYJIbCA AKKPCLIMPYEMOTO BEHICCTBA, U KOMIIAKTHOTO
chepUICCKU-CUMMETPUIHOTO 3BE3AHOTO KiacTepa [2].

B npeapiaymux padotax [3-6] ¢ mOMOIIBIO YHCICHHOTO MOACTHPOBAHUS HAMH OBLIO HCCIICAOBAHO
B3aUMOJCHCTBUC 3BE3AHOTO KJIAcTEpPa ¢ AKKPCLMOHHBIM JHUCKOM U €r0 BIHSHHC HA JUHAMHKY H
3BONIIOLUI0 AKTUBHBIX SIACP TaNaKTUK. JICHCTBUTEIBHO, MUCCHIATHBHOC BO3ACHCTBHE CO CTOPOHBI
ras’oBOro JHCKAa NPUBOAMT K IMOTCPS OSHCPTHH 3BS3JAMH B ILCHTPATBHOW YaCTH KJIACTCpA U, MPH
OTIPSACICHHBIX YCIOBHUX, K AKKPCLIUHA HEKOTOPBIX 3BE3/ HA YCPHYIO JBIPY .

B 3tux uccaemoBaHUSIX MBI UCHOJIB30BAIN ABC (DCHOMEHOJOTHYSCCKUE MOJACIH Ta30BOrO AuCKa. B
MCPBOM Ta30BBIM JUCK MMEJ KEIJICPOBCKOS BPAIICHHE, MMOCTOSHHYIO BBICOTY M 33JaBAICS B BHIC
HCHU3MEHHOT'O BO BPEMCHH PACHPEACACHUS IOTHOCTH |

2-a M, R\" RY 2
p(R2)=—— 2L ) 2 ol g == | fexp| ———|. (1)
2727 hR\ R, i R, P KR
rac o =3/4 (cooTBeTCTBYCT BHEMIHEH rpaHune Aucka no moaemu Hosukosa-TopHa [6]), R =x" +)7,
2-«a

R, - pamnyc mucka, B, =|T'| 1+ (I'(x) - ramma-ynxims, s 66110 B3sITO paBHBIM 4, TOrAA

B, =0.70), M, - macca aucka, 4 ompegenset noaytonmuny aucka: /1, =hR, .
Bropas, Gonee peaaucTHUHAas MOJAETb Ta30BOrO AUCKA SBIAIACH MOAU(HUKALMENH NEPBOH MOJETH C
BBCACHUCM J'II/IHCI\/'IHOFO BOSpaCTaHI/IH HOHyTOHmHHbI AUCKA Ha BHyTpeHHeM y‘IaCTKe. 3Ta MO,Z[I/I(I)I/IKaHI/IH

Obla OCHOBAHA HA (PH3HYCCKHUX CBOMCTBAX BHYTPECHHETO aKKPEHHUOHHOTO JUCKA, KOTOPHIC OMMUCHIBAKOTCS
npubmwkeHueM laxypei-Cronsiesa [8].

h=hR,| = @

crit
Touxa nepexoaa or JIMHCHHOM OOJIYTOJIIIMUHBL K HOCTOSHHO onpcAcIdIaCch, IMPUPABHUBAAL
2
BBIPpAXKCHUA IJId CKOPOCTU 3BYKa B ClIydac CaMOTpaBUTALIUKU AUCKA, CS =47rGhzZ, U B Clydac €C

orcyreteust ¢, =2h’GM,, R . Torna R

crit

=0.0257314 B 6e3pazmeproii cucteme eaununn N-body [8],

KOTOPYIO MBI HCTIOIb3YEM BE3JE B JANTBHECHUILIEM.
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CpoiicTBa aKKpEIIMOHHOTO JAMCKAa OblIM  3a(MKCHPOBAaHBI TNPHUBEJEHHOM Maccod [, ¢
AHATUTUYCCKAM PACHPEACICHHCM IUIOTHOCTH COrJacHO ypasHeHHIO (1) co 3HAYCHUAMH MapaMeTpoB

a=3/4 u s=4 u h=10". ToapasymeBanoch KeIIEPOBCKOC BPAICHAC AUCKA B MOTCHIHAIC
CBEPXMACCHBHOH YCPHOH ABIPHI, MpeHEOperas rpaBUTALIMOHHBIM BO3JCHCTBHEM JHMCKA W TPaIUCHTAMU
nmasieHug BHyTpH aucka [3]. [loapoGHee 0 MoaensIx razoBoro aucka - B [S].

Uepnas aplpa Takke 3agaBanack ()CHOMCHONOTHYCCKH B BHIC HBIOTOHOBCKOTO ITOTCHIIMATA.
3BE3MHBIN KJIACTEP MOACIMPOBAJICS MPSAMBIM HHTCTPHPOBAHUECM B3aUMOACHCTBHS OTACIBHBIX 3BE3J APYT
¢ apyrom (N-body simulations), a Takke ¢ ra30BbIM JUCKOM U 4epHOH Asipoii. Eciau 3Be34a nmomagact B
001acTh ¢ paanycoM MeHee R, (paauyc akKpeUHH), TO OHA CUMTACTCS AKKPCIHMPOBABIICH — €€ Macca
J0GaBIAeTCS K Macce YSPHOH ABIPHL, & cama 3Be3Aa VAATICTCS U3 CUCTEMBI. B kauecTBe HCXOIHOTO KOJa
Ui 4ucneHHoro Moaenuposanus mpuMmeHsics kox phiGRAPE+GPU [10], kotopsiit mcmome3yeT
texHojoruu napaieapHoro BeraucieHus (CUDA u MPI). B stor xox Hamu Obim 100aBIICH MOAY /b,
ONUCHIBAIOIINN TUCCHIIATUBHOC B3aUMOACHCTBHE 3BE3J € Ta30M. JBONIOLMSA CHCTCMBI HAYMHACTCS C
cocTosHUA, 3agaBacMoro Moaensio [lnammepa. bonee moapoOHOe omucaHne YUCIICHHON MOACTH MOKET
ObITH HAMCHO B [3,4.6].

B [5] 6b1mo mpoBeacHO CpaBHEHUE PE3VIIBTATOB, MONYUCHHBIX NPU HUCIONB30BAHUU ABYX MOJACICH
ra3oBOro JUCKA, T.C. UCCICAOBATIOCH BIMAHHC MPOQHIA ACHKA HA MPOLECC aKKPELMU 3BE3] HA YCPHYIO
aeipy (cM. myHKTHUpHAs duHus Ha Puc. 2). PaccmarpuBaiucek 3BE3bl, KOTOPHIC AKKPSLUPYIOT Ogarogapst
BO3ACHUCTBHIO FA30BOTO JUCKA, TO €CTh 3BE3ABI C MATBIMU 3HAUYCHHAMH SKCLICHTPUCHUTETA (CUUTATIOCH, YTO
3BE3/IbI, AKKpeUUpyromue npu €~ 1, 1o ect Ha opOurax, OMU3KUX K TUMCPOOTUYCCKHM, MOTAJAIOT B
0o0acTh 3axBaTra YCPHOH JBIPHI B PE3YJIBTATE CAYUYAMHBIX MPOJCTOB). bbuTO HAHACHO, YTO B MEPBOWM
MOJCITH AKKPCUHPYIOINE MPH BPAIICHUHA B OJHY C JUCKOM CTOPOHY 3BE3AbI 00pa3vIOT Ha AHArpaMMme
“3KCLICHTPUCHTET - VIOJ HAKIOHA OPOHTHI K IIOCKOCTH AMCKA~ TECHYIO TPVIINY C MOYTH KPYTOBBIMHU
opbuTamy, JICKAIMUMH MPAKTHYCCKH B IUIOCKOCTH AWCKA, & MPOTHUBOBPALIAIOINUCCS 3BE3ABI 00MAAa0T
TrOOBIMU 3HAYCHISIMH YI71a HAKIOHA U SKCLCHTPHCHTETA B MOMEHT akkpeumu. B mozenn ke aucka c
MEPEMEHHON TOMIWHON CO- ¥ MPOTHBOBPALIAOIIUCCS 3BE3Abl AKKPEUHPYIOT NPH MHOOBIX VIIaX HAKIOHA
opOuThl, oaHako okoji0 70% Bcex 3axsaucHHbIXx CMYJ] 3Be31 B MOMCHT 3axBaTa ObLIM OYCHBb OJH3KU K
KPYTOBOH OpPOUTE M HAXOAMINCH B IJIOCKOCTH Ancka. Kpome Toro, Bo BTOpOH MoAemu AWCKA MOMCHT
HMITYIbCA NEPEIACTCS YCPHOU ABIPE B GONBIIEM KOIHYECTBE, YEM B MICPBOM.

B nacrosmei pabore mpeacTaBieHbl pe3yabTaThl AANBHEHINETO WUCCICAOBAHUS BIHSHUS FAa30BOTO
JUCKA HA MUHAMHKY AKTHBHBIX SCP TANaKTHK, 4 WUMEHHO, OOCYKIAIOTCA OpPOHUTANBHBIC MapaMeTphI
AKKPELUPYIONINX 3BE3/, KoTopbic Obutu 3axBaducuel CMYJl B TeucHUE ABY3 BPeMEH penakcauuu (1=21,,;),
HAYMHAS C HAYAIBHOTO MOMCHTA, JJIsI TPEX MoAeHcH: co "crapeiM" (C HOCTOSHHOUM TOJIIIMHOM) H ¢
"HOBBRIM" (C TICPECMCHHON TOJIIUHOMN) ra30BhIMU IUCKAMU, 4 Takke Oe3 aucka. Bo BCeX 3amyckax 4uciio
3BE3/ B CHCTEME COCTABIIO 32 THICSIYH, paanyc akkpennu npuHuMasncsa pasHeM (.0003R,.
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PI/IcyHOK 1- KyMyJ'ISITI/IBHOG pacIiipe€ieJICHUE YaCTHUI] 10 SKCHEHTPUCUTETAM UX Op61/IT B MOMEHT aKKpeluu JJid MOJCIIA 6e3
rasoBoro jucka (LHTpI/IXHyHKTI/IpHaSI J'II/IHI/ISI), MOJICIIH C AUCKOM TIOCTOSHHOW TOJIIIUHbI (CHJ’[OH_IHEUI J'[I/IHI/ISI) 1 MOJCIIH € JTUCKOM
nepeMeHHoﬁ TOJIIAHLI (HyHKTI/IpHaﬂ J'[I/IHI/ISI). IIo ocu OpJAUHAT OTIIOKEHO OTHOMIEHNE YNCTIa 3BE3]l, aKKPEIUPOBABIIIHUX C
OKCHECHTPUCUTETOM, MEHBITUM 3aJaHHOT'O, K YACITY BCEX aKKPCIIUPOBABIIINX 3BE3/]
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