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Pedepar:

1. Iuceprauis nprucBa4YeHa KiIHEMaTUYHOMY aHasli3y IIPOCTOPOBOTO I10JIS BUIKOCTEN 3ipOK B 30PSIHUX CUCTEMAX,
LEHTPOIIN SIKUX, PO3TAlIOBaHi B raJIaKTUYHIN IIJIOMKHI. B KIHEMaTUYHUX JOCIIIPKEHHAX raJlaKTUKYA YymanbKun
[I1;151X BU3HAUYEHHS KOOPIMHAT BEPTEKCIB — TOUOK B IIPOCTOPIi, HABKOJIO SKMX BilOYBa€TbCs 0O€PTAaHHS 30PSIHUX
obsacTeil € BXXJIMBOIO 3a71a4elo. B cTaljioHapHiil ocecuMeTpUYHil rajJlakTyLi Taka TO4YKa 0yJia 6 CHiJIbHOIO [1J1s BCiX
30pSTHUX CUCTEM, 110 HAJIEXKaTh rajlakTulli, a ii koopauHaTtu 36iranucs 6 3 KOOpAMHATAMU rajJaKTUYHOro 1eHTpa. Ha
OCHOBi BUCOKOTOYHUX aCTPOMETPUYHUX JAHUX, 1[0 Hajae Katanor Gaia DR3, B naHiit po60Ti poOGUTHCSI BUCHOBOK,

110 Hama ['asakTrKa Mae BiIMiHHY BiJ OCeCUMETPUYHOI CTPYKTYpy. KiHemaTnyHuii aHasi3 15 MJIH 3ipoK 4epBOHUX



TiraHTiB Ta CyOriraHTis, 0 OyB IIPOBEAEHUI B MEXax AUCePTaLiiHOI pO60TH, IOKa3aB HASIBHICTb CKJIaJHOL
3aJI€’KHOCTI KIHEMaTUYHUX [1apaMeTPiB Bifl UUJIHIPUYHUX raJakKTOLEHTPUYHUX KOOPIUHAT R,0 Ta IPSIMOKYTHUX
FJIaKTUYHUX KOOpauHAT X,Y. 3 [IbOr0 BUILJIMBAE, IO KOKHA 3 PO3IJISIHYTUX 30PSIHUX CUCTEM ['aJlakTUKHY, Mae CBil
Beprekc. [IpoTe, ockinbku Yymanpkuii Lnsx 3anumaeTbcs JUHAMIYHO CTA0/IbHUM i IOMy BJIaCTUBUI 3HAYHUI
Op6iTasbHUII MOMEHT, Gi/IbIIICTh BEPTEKCIB 3HAXOASTHCS B 00J1ACTi 10613y IPUIHSTOrO rajJlakTUYHOro LieHTpa, mo
11 OyJI0 [10Ka3aHO B JaHill po6oTi. Takox OyJs10 OKa3aHo, 110 Py G6i/ibll JeTalbHOMY aHali3i Liei 061acTi, MOXKHA
BUJIIJINTU JI€KiJIbKA CKyIIY€Hb (BY3J1iB) BEPTEKCIB /171 Pi3HUX 30PSIHUX CUCTEM. B Mexkax fuceprauiiiHoi poboTH,
KyTOBi KOOpJIMHATU BEPTEKCiB BU3HAYAIOTHCS B JIOKAJIbHUX MPSIMOKYTHUX IaJlakKTUYHUX CUCTEMAax KOOPJAMUHAT Ha
OCHOBI aHasi3y TeH30pa mBUAKOCTel nedopMaliii 30psiHMX cucteM. [k HaBKOJIOCOHSYHOI OKOJINI, 110 B AaHi
po60Ti € onHi€el0 3 2940 PO3rIIHYTUX 30PSIHUX CUCTEM, OTPUMaHe 3HaueHHs KyTa l_V no6pe y3romxyerbcs 3
Pe3yJbTaTU iHMIKX NOCIiIXKEeHb. Y IEPIIOMY PO3LiJi NPEeACTaBIEHO OIJIs] JiTepaTypHUxX Ixepes. HaBogutbcs
HU3Ka aKTyaJbHUX POOIT 3 pe3yibTaTaMy BU3HAUEHHS FaJIaKTOLLEeHTPUYHOI BifcTaHi CoHLsg. ONUCyTbhCS
KiHEMaTU4HI TapamMeTpH 3ipOK, 10 AOCTYIIHI B CYy4aCHUX KaTasiorax. PO3risgaoTbCs OCHOBHI CUCTEMU KOOPUHAT,
1110 BUKOPUCTOBYIOTbCSI B MEXXaX JUCEPTaLlii, Ta ix 3B'130K MiXK c06010. OOGI'PYHTOBYETbCSI BUOIp AAHMX KOCMIUHOI
Micii Gaia B sikocTi BXigHux. HaBoASITbCS KilbKiCHI XapakTepucTUKU KaTtanory Gaia DR3. BucsitioeTbcs npobaema
BM3HAYEHHS TeJIOLEHTPUYHUX BifICTaHe! IO 3ipOK 3 BUKOPUCTAaHHSM NapanakciB Gaia. B KiHLi po31iny AeTanbHO
PO3IJISIAI0ThCS KiHEMAaTUYHI LOCIiIKEeHHS Hamoi ['alakTUKY 3a 3ipKaMy HaBKOJIOCOHSITYHOI OKOJIUILL.
Po3srasipaoTbcsl pobOTH MPUCBSYEHI KiHEMAaTUYHUM JIOCJIIIKEHHSIM, 30KPEMA BU3HAUEHHIO ITapaMeTpiB eJlincoina
3aJIMIIKOBYX MIBUIKOCTEN 3iPOK, Ta BU3HAYEHHIO NOCTIMHUX Oopra. JleTasnbHO aHasi3yeTbCs KiHeMaTu4Ha MOJIEJIb
OropopHikoBa-MisnHa, 110 OnMcye TPUBUMIpPHE I10J1e IBUKOCTEN OKpeMOi 06J1acTi 3ipoK. [JaeTbcs BU3HAUEHHS
TepMiHy KiHEMaTU4Hi IapaMeTpu Ta [I0Ka3yeThCA iX 3B'930K 3 NocTiiHuMU OopTa. OKpeMo, HaBOIATLCSI pOOOTH, B
SIKUX PO3TJIsaI0ThCs CIIOCOOU Ta PE3yJIbTaTy BU3HAYEHHS KyTOBUX KOOPAMHAT BEPTEKCA JI1 HABKOJIOCOHSYHOI
OKOJINL. Y ApyromMy po3ziji nucepTalii po3risianTbCs MaTeMaTU4Hi METOIH, IO 6y BUKOPUCTAHI B paMKax
mociigkeHHs. ONMUCYITHCS [IapaMeTPU AiICHOrO CUMETPUYHOIO TEH30Pa, MOro iHBapiaHTH Ta BJIACHI 3HAYEHH4.
HaBongTbCst METOAM BU3HAYEHHS KyTOBUX KOOPAUHAT BEPTEKCA 32 KOMIIOHEHTAaMU CUMETPUYHOTO TEH30Pa
WBUAKOCTI fedopmatiii M +. [IpefcTaBieHo 3anpOIIOHOBAHNI aBTOPOM OPUTiHAJIBHUI CIIOCIO BUBHAYEHHS
resTioLleHTPUYHOI BifICTaHi 10 CIiJIbHOTO JJ1s1 Pi3HUX 06J1aCcTel 3ipOK BepTeKca 3a JOTIOMOTOI0 ITPOMEHIB, 1110
CIIPSIMOBaHi Ha BEPTEKCU. Y TPETbOMY PO37iJli HAaBOASTHCS Pe3yIbTaT pobOTU. B mepiry uepry npencraBieHo
Pe3yJIbTaTu MOJEJIIOBaHHS OIS MIBUAKOCTEH 3ipOK Yy pasi CTallioHApHOTO0 0CECUMETPUYHOTO (OOPTiBChKOIO)
obepranHs ['anakTuky. OKpeMo IPUAINSIETHCS yBara criocody, skum Oysia CTBOpeHa BubipKa YepBOHMX IraHTIB i
CyOriraHriB, 10 MicTsaTbCs B KaTanosi Gaia DR3. [IpuBeeHo pe3ysibTaT OLiHOK KiHEMaTUYHUX NIapaMeTpiB 107
LIBUAKOCTEN B PO3IJIAHYTIM YaCTUHI raJlakTUYHOI 101 KHY. [ToKa3aHa ix oBeziHKa B 3aJI€XKHOCTI Bifl raJlaKTUYHUAX
KOOPAMHAT. AKIIEHTY€EThCS yBara Ha HasBHOCTI JIOKQJIbHUX OCOOJIMBOCTE y II0JTi IIBUIKOCTEMH, 10 BKa3ye Ha
HEOCECUMETPUYHUI XapaKTep pyxy 3ipok B ['anaktuii. Ha 0CHOBI BU3Ha4Y€HUX NTapaMeTPiB MOJIS IIBUIKOCTEN
KOJKHOI PO3IJISIHYTOI 30PSHOI CUCTEMHU, OLiHIOIOTHCSI KyTOBI KOOPAMHATH iX BEPTEKCIB. 3 BUKOPUCTAHHAM
3alPOIIOHOBAHOIO OPUTiHAJIBHOTO METO/Y, BUKOHYETHCS OLiHKA reJliOLeHTPUYHUX BilICTAaHEN [0 CIIJIBHUX
BEPTEKCIB OKpeMUX IpyI obsacTel 3ipok. [IopiBHIOIOTHCS OTpHMAaHi BifiCcTaHi 3 IpUITHATOO BifcTaHH!O Bif COHLIS 10
rajJlakTu4yHoro llenTpa. JJogaTkoBO B pO37iji MOKA3aHO, SIK HA KiHLIEBUAN PE3yJIbTaT 3HAXOKEHHS KOOPIUHAT
BEPTEKCiB BIJIMBA€ BUKOPUCTAHHS Pi3HMX HAOOPiB BifiCTaHE! [0 3ipOK: OTpUMaHMX 3 NapasakciB Gaia, abo Tux, 1o

OTPMMaHi 3 0JJaTKOBUM BUKOPUCTaHHSIM (POTOMETPUYHUX TOKA3HUKIB.

2. The thesis is devoted to the kinematic analysis of the spatial stellar velocity field in stellar systems whose
centroids are located in the Galactic plane. In kinematic studies of the Milky Way galaxy, determining the
coordinates of the vertices, i.e. points in space around which stellar regions rotate, is an important task. In a
stationary axisymmetric galaxy, such a point would be common to all stellar systems belonging to the Galaxy, and
its coordinates would coincide with those of the Galactic center. Based on the high-precision astrometric data
provided by the Gaia DR3 catalog, this work concludes that our Galaxy has a different than axisymmetric structure.
The kinematic analysis of 15 million red giants and subgiants carried out within the framework of the thesis has
shown the existence of a complex dependence of kinematic parameters on cylindrical Galactocentric coordinates



R, o and rectangular Galactic coordinates X, Y . It follows that each of the Galactic stellar systems under study has
its own vertex. However, since the Milky Way remains dynamically stable and has a significant orbital moment,
most of the vertices are located in the region nearby the generraly accepted Galactic Center, as has been shown in
this work. It has been also shown that with a more detailed analysis of this area, several clusters (nodes) of vertices
for different stellar systems can be identified. Within the framework of the thesis, the angular coordinates of the
vertices are determined in local rectangular Galactic coordinate systems based on the analysis of the deformation
velocity tensor of stellar systems. For the solar neighborhood, which is one of the 2940 star systems considered in
this paper, the obtained value of the angle 1V is in good agreement with the results of other studies. The first
chapter presents an overview of literature. A number of relevant works with the results of determining the
Galactocentric distance of the Sun are presented. The kinematic parameters of stars available in modern catalogs
are described. The coordinate systems used in the thesis and their relations with each other are considered. The
selection of the Gaia data as input is justified. Quantitative characteristics of the Gaia DR3 catalog are presented.
The problem of determining heliocentric distances to stars using Gaia parallaxes is highlighted. At the end of the
chapter, kinematic studies of our Galaxy based on the stars located in the solar neighborhood are considered in
detail. The considered works are devoted to kinematic studies, in particular, to the determination of the ellipsoid
parameters of the residual stellar velocities, and to the determination of Oort’s constants. The Ogorodnikov-Miln
kinematic model describing the three-dimensional velocity field of a different stellar regions is analyzed in detail.
The kinematic parameters are defined and their connection with Oort’s constants is shown. Separately, there are
works that consider the methods and results of determining the angular coordinates of the vertex for the solar
neighborhood. In the second chapter of the thesis, the mathematical methods used in the study are considered.
The parameters of the real symmetric tensor, its invariants and eigenvalues are described. The methods of
determining the angular coordinates of the vertex by the components of the symmetric deformation velocity
tensor M+ are presented. The original method proposed by the author for determining the heliocentric distance to
the vertex common to different stellar regions using rays directed at the vertices is presented. The third chapter
presents the results of the work. First of all, the results of modeling the stellar velocity field in the case of
stationary axisymmetric (Oort) rotation of the Galaxy are presented. Particular attention is paid to the way in
which the sample of red giants and subgiants contained in the Gaia DR3 catalog was created. The results of
estimations of the kinematic parameters of the velocity field in the considered part of the Galactic plane are
presented. Their behavior depending on the Galactic coordinates is shown. Attention is focused on the presence of
local features in the velocity field, which indicates the non-axisymmetric nature of the stellar motion in the Galaxy.
Based on the determined parameters of the velocity field of each stellar system under study, the angular
coordinates of their vertices are estimated. Using the proposed original method, the heliocentric distances to
common vertices of individual stellar groups are estimated. The obtained distances are compared with the
accepted distance from the Sun to the Galactic Center. In addition, the section shows how the use of different sets
of distances to stars through Gaia parallaxes, or with the additional use of Gaia photometric indicators, affects the
final result of deriving the coordinates of the vertices.
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