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1. Incepraliist npucBsYeHa BUBYEHHIO AMHAMIYHOI eBostoLii BUOpaHUX rpym Manux Tin COHSYHOI CUCTEMHU 32
IOTIOMOTOI0 YUCEJIbHUX MOZEJII0BaHb. [JOCiI)KEHHS CIIPSIMOBAHi Ha BUBYEHHS OpPOITaJIbHOTO PyXy acTepoifiB
T'onoBHOTO NOsICY, aCTEPOiiB, O HAOIMKAIOTHCS 4O 3€MJli, Ta METEOPOIiB 3 METOIO aHai3y iX eBOJIoLii Ta
IOLIYKY TiJI 31 CIIIJILHUM MOXOIKEHHAM. PyX IJMX TiJl BUBYA€TLCA 3 YpaxyBaHHAM IrpasiTaliiiHoro BrnuBy COHLA i
IIJIaHeT Ta HerpaBiTaliiiHuX cuJ, Takux sK epekT SIpkoBcbkoro ta SIOPII-edexT, 1m0 fae 3MOry 3HaxOgUTH acolliaii
IMHAMIYHO ITOB’SI3aHUX aCTEPOifliB i BUBHAUaTU JKepesa ix MOXOKEeHHS, a TAKOK HaZliHO BUSIBJIATU ITOTEHIIHO
HeOe3Ie4Hi Tisla A4J1s OLiHKY CTYIEHs iXHbOI 3arpo3u 1151 3eMJli Ta pO3pOOKU METOZIB 3an00iraHHs TaKiil Hebe3mnell.
YucesnbHE MOZEJIIOBAHHS € OQHUM i3 FTOJIOBHUX iHCTPYMEHTIB 7151 aHaJi3y TPAEKTOPIN Ta MPOTHO3yBaHHS
IOBrOTpUBasoi eBosoLii Manux Tis COHsIYHOI cucTeMU. BUKOpUCTaHHS YMCeJIbHUX METOIB [103BOJIsSIE PO3B'A3yBaTU
PIBHSIHHSI pyXy LIUX O0’€KTIB, SKi, 3 OIJISIAy HAa HEJIiHIMHMAN XapaKTep B3aeMOZil Ta MOXKJIUBY YYTJIUBICTb 1O
[IOYaTKOBUX YMOB, Ba’KKO 260 HEMOXKJINBO JOCHITUTH aHATITUYHUMU METOJaMU, 110 POOUTH YMCEJIbHI METOOH

OCHOBHUM {HCTPYMEHTOM JOCJII)KeHHs Y AaHiil poooTi. Xin aucepraniiiHoi poO0TH BUCBITIIOETHCS B 4 po3inax. ¥



[IEPLIOMY PO3AiJi PELCTABIEHO OIJISLH, JITEPATYPHUX IKepesl. Onucano nomnyssiiii Manux Tist COHSIYHOI CUCTeEMY,
(di3nyHi XapaKTepUCTUKY acTepoiniB, rpaBiTaLliliHi Ta HerpasiTauiiiHi epeKTy, 1o AiI0Th Ha Madi Tina. Po3riasHyTo
METOMM 1 HasiBHI Pe3yJIbTaTH IIOUIYKY acoLialliil MiX TiJIaMu: IPOAHAII30BaHO METOJ, TOCIIIIKEHHS aCTEPOiTHNX
nap, 30Kpema KpuTepii Bifbopy KaHAUIATiB, METOM BU3HAUYEHHS BiKy Ta MeXaHi3MU (POPMyBaHHS aCTEPOigHUX 1ap;
HaBe[IeHO CII0CO0U Ta pe3yJIbTaTy AOCiIPKeHHS acolialiil MeTeopoifiB i3 MOXJINBUMU 6ATbKiBCbKUMU TijlaMU. Y
IpYyromMy po3fiijii fucepralii IpeCTaBIeHO Pe3yJIbTaTy BIACHOTO MOIIYKY HOBUX aCTEPOIIHUX Map y BHYTPIlIHIN
yacTtuHi ['os10BHOrO noscy. OnmcaHo MeTOAMKY IOLIYKY Iap, sIKa BKJIIOYae€ Bi0ip KaHOMIATIB 3a iXHIMU
Op6iTabHUMU €JIEMEHTaMU, CTATUCTUYHY OLIIHKY IXHbOI 3HAUYIIOCTi Ta YUCesIbHE iHTerpyBaHHs OpOIT acTepoifis 3
ypaxyBaHHSM MOJKJIMBUX [TOXMOOK B OpOiTabHUX ejleMeHTaX. BepudikoBaHo MeTOAMKY Ha BUOIpPIi Map i3 BitoMUM
BikoM ¢popmysanHsl. [Ipencrasieno 50 Briepiie BUSIBJIEHUX aCTEPOiJHUX [Iap Ta IPOaHasi30BaHo iXHi AMHaMIiuHI Ta
(isn4Hi XapakTepuCTUKU. [IpoeMOHCTPOBAHO BILIUB IPaBiTaLliHOI B3a€MOJii Ha AUHAMI4YHY €BOJIIOLII0 OKPEMOi
acTepoifHoi napu. 3HaiIeHO HOBUM aCTEPOIIHUNI KJIaCTeP Ta [IPOAHaIi30BaHO MOro XapakKTEPUCTUKU. Y TPETLOMY
PO31ini aucepraliii HaBeeHO pe3yJbTaTh pOoOOTH 3 BUSHAUEHHS! IKepeJl IIOXOIKeHHSI OKpEMUX MeTeOopOiliB.
[IpencraBneHo METOY 11 pe3yJIbTaTH BUKOPUCTAaHHS iHCTPYMEHTAJIbHUX CIIOCTEPEXKEHD SIBUINA 60J1iaa 1J1s1
BU3HA4YEHHS TPAEKTOPIi pyXy MeTeopoiza B aTmocdepi, a Bifrak - i ioro goarmocdepHoi opbitu. Opbity
MEeTeopoifia MPOMOEeJIbOBAHO B MUHYJIE IJIsl TIOLTYKY HMOBIPHUX JAKepeJl HOTO IMOXOKEeHHS, TICHUX 30JIMKeHb 3
MJIaHeTaMU i1 MOSKJIMBOI CIIOPiAHEHOCTi 3 BUbpaHMMU acTepoifgamMu. Binbip acTepoizniB npoBeneHo 3a KpUTepisimMu
6JIM3bKOCTI 0 OPOITH METEOPOoifa 3a BiICTAHHIO y IPOCTOPi OPOiTaJIbHUX €JIEMEHTIB Ta 3a napameTrpoM Ticcepana.
ITigxin BUKOPUCTAHO IJ1s1 IBOX METEOPOifiB: 6aThKiBChKOrO Tijla MeTeopuTa AznaneH (07.11.2020) ta Tina, mo
CIIPUYMHUIIO TaK 3BaHUH KuiBcbKuii 60s1ix (19.04.2023). HaBeneHo cTaTUCTUYHI OLiHKY HMOBIPHOTO IKepesia
IIOXOJI)KEHHSI MeTeopoifiB y ['o10BHOMY nosici acTepoifis. [IpoBeieHO OPiBHSIHHS BU3HAUYE€HUX OpPOIiT METEeOpOiniB
i3 momnyssLiel0 HaBKOJIO3EMHUX aCTEPOifiB Ta 3 BiTOMUMHU OPOiTaMU iHIIMX METEOPOIAIB, [0 IPU3BEJN JO NaAiHHS
METEOPUTIB. Y 4€TBEPTOMY PO3[Iijli IucepTalii NpeICTaBIe€HO PE3YyJIbTaT! JOCIiIPKEHHS TNHAMIYHOI €BOJIIOL]
okpemux Manux Tin CoHsiuHOI cucteMu. [l71s1 MOTeHLiHO HebesnevyHoro actepoiaa (153201) 2000 WO107
PO3paxoBaHO MIMOBIPHOCTI 1OT0 TiCHUX 30JIMDKEHD i3 3eMJIel0 Ta iHIMMY [IJIaHeTaMU B MUHYJIOMY Ta MallOyTHbOMY,
D711 YOTO BUKOPHUCTAHO MOJiesb e(peKTy SIpKOBCHKOTO 3 ypaxyBaHHSAM (OPMU 11 ITyCTHUHU acTepoina, mo 6yin
YTOYHEHI 32 pe3yJsibTaTaM!U BJIACHOTO aHasi3y KpUBUX OJMcKy. [IpoBesieHo yrcesibHe MOZIeI0BaHHS OpOiTalbHOI
eBoJIoLlii HaBKos03eMHUX acTepoifis (3200) Phaethon ta 2005 UD, 3a skuMu niATBEpIKEHO CIIOPiTHEHICTh IXHIiX
op06iT, 110 BKa3ye Ha MOKJIMBUM €BOJIIOLIMHNI 3B'SI30K MK [UMU acTepoifgamu. JJoCiIKeHo 3a1a4y BigxuieHHs
MOTEHL{iHO Hebe3eYHOro acTepoia Ta 3Hal1eHO ONTUMAJIbPHUI HAIPSIM i MiHiMa/IbHY BeINYMHY 30YPEHHSI B

3aJI€KHOCTI Bif 4acCy 10 3iTKHEHHSI.

2. The thesis is devoted to the investigation of the dynamical evolution of selected groups of small bodies of the
Solar System using numerical simulations. The research focuses on the orbital evolution of Main Belt asteroids,
near-Earth asteroids, and meteoroids to analyze their dynamical history and identify bodies of common origin. The
motion of these objects is studied under the combined influence of solar and planetary gravity, as well as non-
gravitational forces such as the Yarkovsky and YORP effects. These mechanisms enable the identification of
dynamically associated asteroid pairs and clusters and the determination of their potential source regions. In the
context of the global problem of asteroid hazard, the research also contributes to the reliable identification of
potentially hazardous objects, which is essential for risk assessment and the development of mitigation strategies.
Numerical modeling is one of the primary tools for analyzing trajectories and forecasting the long-term evolution
of small Solar System bodies. The application of numerical integration methods allows one to solve the equations
of motion of these bodies, whose complex and often chaotic dynamics are difficult or impossible to treat
analytically due to nonlinearities and sensitivity to initial conditions. For this reason, numerical methods are the
main methodological approach employed in this dissertation. The progress of the dissertation work is covered in
four sections. In the first chapter, a review of the literature is provided. It presents an overview of the populations
of small bodies in the Solar System, their orbital and physical characteristics, as well as the gravitational and non-
gravitational effects influencing their dynamical evolution. The chapter also examines the methods and studies
dedicated to identifying associations among these bodies. Particular attention is given to the investigation of



asteroid pairs, including the criteria for candidate selection, age determination techniques, and the mechanisms
responsible for pair formation. Additionally, it outlines the approaches and findings related to the identification of
associations between meteoroids and their potential parent bodies. The second chapter of the dissertation
presents the results of the study of asteroid pairs in the inner part of the Main Belt. The methodology includes the
selection of candidate pairs based on their orbital elements, a statistical assessment of their significance, and
numerical orbit integration that accounts for uncertainties in the orbital parameters. The approach was validated
using a test sample of known asteroid pairs with previously determined formation ages. A total of 50 newly
identified asteroid pairs are presented, along with an analysis of their dynamical and physical properties. The
influence of mutual gravitational interactions on the dynamical evolution of an individual asteroid pair is
demonstrated. Additionally, a new asteroid cluster has been discovered, and its properties are examined in detail.
The third chapter of the dissertation presents the results of the work on identifying the source regions of
individual meteoroids. It describes the methods and outcomes of utilizing instrumental observations of fireballs to
reconstruct their atmospheric trajectories and their pre-atmospheric heliocentric orbits. The orbits were
numerically integrated backward in time to search for potential source regions, close planetary encounters, and
possible dynamical associations with selected asteroids. Candidate asteroids were selected based on proximity in
orbital element space and similarity in Tisserand parameters. This approach was applied to the Adalen meteorite
event (07 November 2020) and the Kyiv fireball (19 April 2023). Statistical estimates of the likely origin of these
meteoroids in the Main Asteroid Belt are presented. The derived meteoroid orbits are compared with the
population of near-Earth asteroids and with other known meteoroid orbits associated with meteorite falls. In the
fourth chapter of the dissertation, the results of the investigation into the dynamical evolution of selected small
bodies of the Solar System are presented. For the potentially hazardous asteroid (153201) 2000 WO107, the
probabilities of close encounters with Earth and other planets, both in the past and future, were computed using a
Yarkovsky effect model that incorporates the asteroid’s shape and density, refined through the analysis of light
curves. Numerical simulations confirmed the orbital association between the near-Earth asteroids (3200)
Phaethon and 2005 UD, suggesting a possible evolutionary relationship between these objects. Additionally, the
problem of deflecting a potentially hazardous asteroid was examined, and the optimal deflection direction and
minimum required perturbation were determined as functions of the time remaining before a possible impact.
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