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1. TopoigaibHi CTPYKTYpHU B aCTPO(Di3UyHMX 06 €KTax

2. Toroidal structures in astrophysical objects

Pedepar:

1. lucepTaliis nmpucBsYeHa NOCiIKeHHIO rPaBiTallilHUX BJACTUBOCTEMN, CTA0IIbHOCTI, AMHAMIKM TOPOifaTbHUX
CTPYKTYP CTOCOBHO TaKUX aCTPO(Di3NYHUX 00'€KTIB, SIK aKTUBHI sipa rajlakTUK i KijibLieBi rajlakTuKy. Ha nifgcrasi
OTPUMAaHOTO HOBOTO BUPa3y AJIs IPaBiTalliiHOrO NOTEHIialy TOpa IIOKa3aHo, IO 30BHIIIHIN IOTEHLial Topa
MIPENCTABJISETHCS MTOTEHLiaJIOM HECKIHUEHHO TOHKOTO KiJIbIl Ti€l XK Macu ax [0 MOBEPXHi TOPa, a BiiMiHHOCTI
icHyIO0Th 106/IM3Y HIOTO OCi CUMETPIi Ta 3ajIe>KaTh BiJl reOMETPUYHOro napameTpa. [TokaszaHo B Mexax 3apgayi N Tii,
1I0 CAaMOTpPaBiTyl0YMi1 TOBCTUIA TOP B I10J1i LLEHTPAIbHOI MacH 3a/IMIIAE€THCS CTAOIIbHUM, 2 PIBHOBRXXHUII EPETUH
Mae popmy oBasly 3 rayCCOBUM PO3IIOiJIOM I'YCTUHU. BUSIBJIEHO iCHYBaHHS 006J1aCTi HEKPYTOBUX OPOIT MixK
OKPY>XHiCTIO JlarpaHska Ta OCTaHHBOIO CTiMKOIO KPYrOBOIO Op0iTOI0, 110 3[aTHE MOSICHUTY CIIOCTEPEXKYBAHY IIiTUHY

B PO3IOiJIi 30PSIHOI TYCTVHMU B KiJIbLIEBUX IaJIaKTUKaX. BUSBIIEHO HOBI aCIIEKTH POJIi LLIEHTPAJILHOI Macu B



CTabiJIbHOCTI CaMOTrPaBiTyIOuOro TOpa Ta MOKAa3aHo, 0 Y NOTeHIiali TOpa IIPYU HASIBHOCTI LEHTPAJIbHOI MACH
iCHYIOTb $IK peryJIsipHi, Tak i 3aMKHeHi op6iTH HOBUX TUIIB. [loka3aHa MOKJIMBICTh (OPMYBaHHS CTIMKOIO TOpa
Kennepa, sikuil € yaarajbHEeHHSIM KeIJIePiBCbKOrO gucKa. [1006y0BaHO IMHAMIYHY MOZIEJIb 3aTiHIOIOUOrO TOPa B
aKTUBHUX SIIpax rajakTUK Ta [1I0KA3aHO, 10 CIIOCTEPEXyBaHy AUHAMIKy B sipi ceiidepTiBcbKoi ranaktuku NGC1068
MO>KHA TIOSICHUTU OCOOJIMBOCTSIMU PyXy XMap B TOpi 3a paxyHOK e(eKTiB camorpasiTaiii. [loka3aHo, o B
rpasiTaliliHO-JIiH30Bii1 cuCcTeMi “LieHTpasibHa Maca Ta Top” POpMYyeThCS OLIHO, I1Ba 200 Tpu Kinbls EffHiITEHA B
3aJI€KHOCTI Bif] IOBEPXHEBOI I'YCTUHY B AUCKY. BUsBJI€Ha IPUHLNIIOBA Pi3HUL MK JVMHAMIKOIO KiJIbLIE€BUX BUXOPIB
B pagiaspHOMY noroui B 2D ta 3D Bunagkax. [TokasaHo, o CNipajibHICTh 1711 BUXOPY 3 3aKPYTKOIO (OpOiTaIbHUM
PYXOM) Bifpi3Hs€eTbC Bif, Bitomoi popmynu Moddara 115 3adensieHux Buxopis. Ha mizcrasi orpuMaHoro
AQHAJITUYHOTrO pillleHHd 337a4i JVHAMIKU KiJIbLIEBUX BUXOPIB B pafiasbHOMY noTowi y 2D ta 3D Bunaakax rokasaHo,

10 BUXOpU IMPUCKOPIOIOTHCA aerLliI?IHVIM ITIOTOKOM Ta BUKUJAIOTHCA B IIPOTUJIESKHUX HAIIPAMKAX.

2. The dissertation is devoted to an investigation of toroidal (ring) structures in astrophysical objects with the main
original results which are the following: 1. It is shown, on the basis of an exact integral expression for the potential
of a homogeneous circular torus, which is valid at any arbitrary point of space, that the outer potential of a torus
can be represented with high accuracy by the potential of an infinitely thin ring of the same mass up to the torus
surface. Approximate expressions for the torus potential in its outer and inner regions are obtained. It is shown
that the inner potential of the torus can be represented by the potential of a cylinder and the term containing the
Gaussian curvature of the torus surface ("potential of curvature"). 2. A dynamical model of obscuring tori in AGNs
is simulated within the framework of the N-body problem taking into account the gravitational interaction
between the clouds. It is shown that a self-gravitating thick torus in the field of the central mass remains stable,
and the equilibrium cross-section has an oval shape with Gaussian density distribution, which satisfies
observations. 3. It is shown that in a gravitational field of a central mass and a gravitating ring, closed circular
orbits exist only to a certain radius corresponding to the last stable circular orbit, which we call "the outermost
stable circular orbit" (OSCO) by analogy with the ISCO in the relativistic case. There is also a region of unstable
equilibrium - the "Lagrangian circle". The existence of region with non-circular orbits between the Lagrangian
circle and OSCO can explain the observed gap in the distribution of stellar density in ring galaxies. It is shown that
in such a system there are closed orbits of new types in the meridian plane of the ring. 4. An essential role of the
central mass in the stability of systems containing the gravitating torus is shown. Possible trajectories in the inner
potential of the torus in the presence of a central mass were investigated which showed that there are at least two
types of orbits in the co-moving system: halo and box orbits. It is shown that the quasi-closed halo-orbit exists in
such a system. It is shown that within the framework of the problem of unperturbed motions, it is possible to form
a torus, which we called "Keplerian torus", since it is a generalization of the Keplerian disk. 5. It is shown in the
framework of the N-body problem that the geometric thickness of the torus is larger if, in the initial conditions for
the particle orbits, we introduce a distribution of both inclination and eccentricity. It is shown that the equilibrium
distribution of clouds in the torus, achieved due to self-gravity, satisfies the conditions of obscuration of the
accretion disk in the AGNs. It is shown that the observed dynamics in NGC 1068 can be explained by the
peculiarities of the cloud motions in the torus due to the effects of self-gravity. Temperature of clouds as a result
of heating by radiation of the accretion disk are obtained, which satisfy the observational data in IR band. 6. The
effects of gravitational lensing on the system of a central mass and of a torus (in the approach of a thin disk with a
hole) have been investigated. It is shown that in this system the formation of three Einstein rings is possible. Two
Einstein rings arise in a wide range of parameters with significantly different brightness. One Einstein ring is also
formed, which can be identical to the case of lensing by a point mass, or, on the contrary, it may have a substantial
width and high brightness. 7. It is shown that there are both analogies and qualitative differences in the dynamics
of dipole toroidal vortexes in 3D from the behavior of vortex systems in the 2D case. In the convergent (accretion)
flow, rings as well as their flat analogues are accelerated. In the case of a dipole toroidal vortex, this result leads to
the component acceleration but the vortexes can collapse for some value of the flow power. It is shown that the
integral of helicity for a toroidal vortex with a twist and a maximum of the velocity on the vortex generatrix is
different from the known Moffat formula on the numerical coefficient. 8. It is shown that a problem of a pair of



vortexes in a radial flow (in 2D case) allows an exact solution. In the converging flow, the vortexes in the pair
approach each other with increasing speed. The dynamics of a dipole toroidal vortex in a radial flow in the
approximation of four flat vortexes is considered. It is shown that in this case, the pair components are ejected by
the convergent flow with exponentially increasing speed. It is shown that the main result associated with the
acceleration of the outflows is kept for a more complicated flow (source and dipole, quadrupole), since the main
influence has a monopole component of flow.
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