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Pedepar:

1. luceprariis nmpucBs4YeHa MOCiIKEeHHIO rPaBiTallilHNX BJIACTUBOCTEM, CTAOLIbHOCTI, AMHAMIKM TOPOiTaTbHUX
CTPYKTYP CTOCOBHO TaKHX acCTpO(i3sNYHUX 00'€KTIB, SIK aKTUBHI s17jpa rajakTHK i KijbleBi rajlakTUky. Ha nigcrasi
OTPMMAaHOT'0 HOBOT'O BUPa3y [JIs IPaBiTalliMHOrO IIOTEHIialy TOpa I10Ka3aHo, 10 30BHILIHIN [IOTEHLial TOpa
NIPENCTABIISIETHCS ITOTEHLIAJIOM HECKIHUEHHO TOHKOTIO KJIbLIA Ti€l K Macy ax [0 [OBEPXHIi TOPA, a BiIMIHHOCTI
icHy10Tb I06JIM3Y MOr0 OCi cUMeTpii Ta 3aj1eXXaTh Bifi reoMeTpuYHOro napamerpa. [lokazaHo B mexxax 3aaui N Tij,
1110 CaMOTPaBiTyI0UMi1 TOBCTUI TOP B I10JIi LEHTPAJIbHOI MacH 3aJIMIIAE€ThCS CTabIbHUM, @ PIBHOBa)KHUI TEPETUH
Mae GpopMy OBaly 3 rayCCOBUM PO3MOJiIOM I'YCTUHU. BUsIBIEHO iCHYBaHHS 06J1aCTi HEKPYTOBUX OPOIT MK
OKPYXHiCTIO JlarpaHska Ta OCTaHHBOIO CTiMIKOIO KPYrOBOIO Op6iTOI0, IO 34ATHE IMOSICHUTY CIIOCTEPEKYBaHY IIiTNHY
B PO3IIOJijIi 30PSIHOI TYCTUHU B KiJIbLI€BUX IAJIAKTHKaX. BUSBIIEHO HOBI aClIEKTH POJIi LIEHTPAJILHOI Macu B
CTabiJIbHOCTI CaMOrpaBiTyI0uOro Topa Ta I0Ka3aHo, o Y NOTeHIiali TOpa IIPY HAasIBHOCTI LIEHTPAJIbHOI MaCKu
iCHYIOTb SIK PETyJIsipHi, TaK i 3aMKHeHi 0p6iTy HOBUX TuMiB. [ToKazaHa MOXJIMBICTb (POPMYBAHHS CTIIKOrO TOpa

Kennepa, sikuil € yaarajibHeHHSIM KeIJIePiBCbKOro gucka. [100y10BaHO IMHAMIYHY MOZIEJIb 3aTiHIOI0UOr0 TOPa B



aKTVUBHUX SIPax rajakTUK Ta [I0KA3aHO, 10 CIIOCTEPEXXYBaHy AUHAMIKY B siApi ceitdepTiBcbKoi ranaktuku NGC1068
MOYKHA IOSICHUTHU OCOOJIMBOCTSIMU PyXy XMap B TOpi 3a paxyHOK edekTiB camorpasitauii. [TokazaHo, 110 B
rpaBiTaliliHO-JIiH30Biil cUCTEeM] “LieHTpajibHa Maca Ta TOp” (POPMYETHCS OJIHO, 11Ba 200 TpH Kinbls EffHiITeliHA B
3aJI€KHOCTI Bifj IOBEPXHEBOI I'YCTUHY B AUCKY. BUBJI€Ha IPUHLNIIOBA Pi3HUL MK JVMHAMIKOIO KiJIbLIEBUX BUXOPIB
B pagiasibHoMy noToui B 2D Ta 3D Bunazgxax. [TokazaHo, o CcripasbHICTb IJ151 BUXOPY 3 3aKPYTKOIO (OpP6iTaJbHUM
PYXOM) Biipi3HsieTbCs Bif, Bitomoi popmynu Modddara 11 3avenseHux Buxopis. Ha nifcrasi orpuMaHoro
AQHAJIITUYHOTrO PilllEHHA 3374l JVHAMIKU KiJIbLIEBUX BUXOPIB B pafiasbHOMY noToLi y 2D ta 3D Bunaakax 1okasaHo,

110 BUXOPU IMPUCKOPIOIOTHCA aerI_LifIHI/IM IIOTOKOM Ta BUKUOAIOTHCA B IIPOTUJIEXKHUX HAIIpSIMKax.

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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