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Pedepar:

1. O6’eKT mocCimKeHHs — MPOolleC BU3HAYEHHSI TTOJI0KeHHS 00'€KTIB 32 306paskeHHSIMHU, [0 CETMEHTOBAaHI Ha
1udpoBUx Kagpax. Meta poboTH — MiTBUIIEHHS] TOUHOCTI OL[iHKU IOJIOXKEHHS 00'€KTIB B IIPOCTOPI 32 JaHUMU
M(PPOBUX 306paKEHD 32 PAXYHOK PO3POOKM HOBUX i BLOCKOHAJIEHHS BiJlOMUX OOUMCIIIOBAJIBHAX METOiB
cermeHTallii Ta OLiHKM KyTOBOTO MOJIOXKEHHSI 00'€KTIiB B TPOCTOPI, SKi BPaXOBYIOTbh YMOBU aCTPOHOMIYHMX
CIIOCTEpE’KeHb Ta 0COOIUBOCTI GOPMYyBaHHS UPOBUX KapiB. MeToau OCiI>KeHHs! OTPMMaHi Ha OCHOBI
BHMKOPHUCTaHHSI TEOpii YMCeNbHUX METOIiB, MOP(OJIOTiYHOI 0OpOOKM 300pakeHb, TeOpii MaTeMaTUYHOI CTaTUCTUKH,
NapamMeTpUYHOTrO OLiHIOBaHHS Ta TEOPii ONTHUMI3allii, 110 JO3BOJIUIN PO3POOUTU: OOUMCIIIOBAIbHI METOON
cermeHTallii 300pakeHb OAMHOYHMUX, SICKPABUX, TPOTSIKHUX i KOMIIAKTHUX IPYI 06'€KTiB Ha [U(POBUX
aCTPOHOMIUYHMX 300pa’KeHHSIX; OLiHKYU ITapaMeTpiB 306paskeHHst POHOBOI MiTKIAAKY Ha HUPPOBUX 300pasKeHHIX
IIPY HAasIBHOCTi aHOMAJIBHUX IiKCEJIiB; METOJ, OL[iHKM KyTOBOTO I1OJIOKEHHS 00'€KTIB B IIPOCTOPI ITPY NPSIMIH i
3BOPOTHIll KOOPAMHATHIN peayKLii AUCKPeTHUX 300pakeHb. HaykoBa HOBM3HA POOOTH MOJISITA€ B TAKOMY: BIIEPILIE

3aIMPOINIOHOBAHO OOYMCITIOBAJIBHUAM METO, CerMeHTallii 306pakeHb OJUHOYHUX 00'€KTIB HAa TUPPOBUX 300pAKEHHSIX



3 nonepeiHiM BUKOPUCTAHHSAM 3IJ1aJKyBalo4oro 1u¢ppoBoro QinbTpy HU3bKUX YaCTOT Ta BUPiBHIOBAHHSIM
SICKPaBOCTi LU POBOTO KaJipy; BIieplIe 3alIPOIIOHOBAHO OOUYNCIIOBATIbHUI METO/I, CeTMEHTallii IIPOTSKHUX
300pakeHb 00'€KTIB Ha IU(PPOBUX 300paKEHHSX, 1110 J03BOJISIE 3MiCHIOBATA CETMEHTALIiI0 BXiTHUX ITPOTSIKHUX
300paKeHb, € IPUCYTHI Pi3Hi TUIM 306pa>XEHb JIOKAJIBHUAX 00'€KTiB (OAMHOYHUX, KOMIIAKTHOI FPyNH, IPOTSIKHUX)
IIpU OOGYNCIIIOBAJIbHYX BUTpATax, 6IM3bKUX 10 MiHIMAIBHUX; YJOCKOHAJIEHO METOJ, OL[iHIOBAaHHS [TapaMeTpiB
donHoBOi migknanku HU@PppPOBOTO 300pasKeHHsI 06'€KTA MPU HASIBHOCTI aHOMAaJIbHUX MMiKCeJIiB, 110 TO3BOJISIE
BPaxXOBYBaTH YMOBU aCTPOHOMIUHUX CIIOCTEpPEsKEHb J17Is1 TOKPAI€HHS TOKa3HUKIB TOYHOCTI OLiHKY TIOJIO>KEHHS
00'eKTiB y IPOCTOPI; OTpUMAay NOJANbIINN PO3BUTOK OOYNCIOBAJIbHI METOIU OLIiHKM KYTOBOTO MTOJIO>KEHHS
00'€KTiB B IPOCTOPi 3 BUKOPUCTAHHSIM IIPSIMOI Ta 3BOPOTHOI KOOPIIMHATHOI peAyKIii JUCKPETHUX 300pakeHb, 110
IO3BOJIMJIO MOJIMIIUTHU SIKiCTb alnipokcumaliii abepatiii 1151 KOpOTKOPOKYCHUX Ta JOBrO(POKYCHUX ONTUYHUX CUCTEM
CIIOCTEPEKEHHS Ta MiIBULIUTY 3arajlbHy TOYHICTh BU3HAUYEHHS KOOPAUHAT 06'eKTiB. [IpakTUyHE 3HAaUEHHS
OZlep>KaHUX Pe3yJIbTaTiB MOJISIra€ y TOMY, 110 pO3po0JieH] 00YKCIIIOBAIbHI METOM anlpO6OBaHi Ha IPaKTuULy i
BIIPOBAKEHI B 6710111 BHYTPIlIHbOKAJPOBOi 0OPOOKY IIPOrPaMHOr0 KOMILJIEKCY aBTOMATU30BaHOT O BUSIBJIEHHS!
acrepoizis i komeT CoLiTec, ofHNM 3 pO3POOHUKIB SIKOTO € 37100yBay. Po3po6eHi 064nCiIi0BalbHI METOAU
cermeHTalii 306pakeHb O3BOJIUIIN 3MiICHIOBATH BUiJIEHHS BCIX TUIIB 06'€KTiB HAa U(PPOBUX ACTPOHOMIUHHUX
Kaipax 3 06YMCIIIOBAIbHUMU BUTPATaMHU, OJIM3bKUMU JIO MiHIMasIbHUX. 3aIPOMOHOBAHI B pOOOTi 06YMCITIOBATbHI
METOM MPSIMOI i 3BOPOTHOI KOOPIMHATHOI PEAYKLii JO3BOJINIIN 3HAYHO IiIBUIIUATH [TIOKa3HUKUA TOYHOCTI
BU3HA4YEHHS KYTOBUX I10JIOKE€Hb 00'eKTiB. Hanpukiag, oTpuMaHi 3Hau€HHS CepeJHbOKBAIPATUYHOTO BiIXUJIEHHS
€KBaTOPiaJIbHUX KOOPAUHAT ONOPHUX 3iPOK BillIOBiAAIOTh BUMOTraM LIeHTpy Majux IJIaHET 4,0 TOYHOCTI OLiHKU
KyTOBUX I10JI0’K€Hb aCTEPOifliB Ha IU(POBUX 300paskeHHsIX. Po3pobiieHi 064nCII0BaIbHI METOIU MOXKYTh OyTH
BUKOPUCTaHI B Pi3HUX NPOrpaMHUX KOMIIJIEKCAX 06POOKU LIM(PPOBUX 306pasKeHb [1JIsl CeTMeHTallil i BU3HauYeHHS
KyTOBUX I10JIOKEHb 00'€KTIiB 3 BUCOKOIO TOUHICTIO (30KPEMA, B IPOrPaMHUX KOMILJIEKCAX 1J1s1 30PsIHOI (POTOMETPIi,
aBTOMaTH30BaHOTO BUSIBJIEHHS acTepoifiB i komerT, [13 1151 KOHTPOJIIO KOCMIYHOTO IpoCTOpPY). Pesynbratu
IYicepTaLifHOro AOCiIpKeHHs 0y BUKOpUcTaHi B Ofechkill acTpoHOMIuHIN o6cepBaropii Odessa-Mayaki (c.
Masiku, Opecpka 061., YKpaiHa), B 1a60paTopii KOCMiYHUX OOCiIKEHDb IPU YKTOPOJCbKOMY HalliOHAJIbBHOMY
yHiBepcuTeTi, B 3aXiIHOYKPaiHCbKOMY LIEHTPI KOCMIYHUX JOCTiIKEHDb Jlep;KaBHOTO KOCMIYHOTO areHTCTBa YKpaiHu
(M. MykaueBo, Ykpaina).

2. The object of research is the process of determining the position of objects on images that are segmented in
digital frames. The purpose of the work is to increase the accuracy of estimating the position of objects in space
based on digital images by developing new and improving known computational methods of segmentation and
estimating the equatorial position of objects in space, which takes into account astronomical observations and
specific of digital frames. The research methods are based on the use of numerical methods theory, morphological
image processing, mathematical statistics theory, parametric estimation and optimization theory, which allowed to
develop: computational methods of image segmentation of single, bright, long and compact group of objects on
digital astronomical images; evaluation of the image parameters of the background substrate on digital images in
the presence of anomalous pixels; method of estimating the angular position of objects in space with direct and
inverse coordinate reduction of discrete images. The scientific novelty of the work is as follows: for the first time a
computational method for segmenting images of single objects on digital images with the prior use of a smoothing
digital low-pass filter and equalizing the brightness of the digital frame; for the first time a computational method
of segmentation of long images of objects on digital images is proposed, which allows segmentation of input long
images, where there are different types of images of local objects (single, compact group, long) at computational
costs close to minimum; improved the method of estimating the parameters of the background substrate of the
digital image of the object in the presence of anomalous pixels, which allows to take into account the conditions of
astronomical observations to improve the accuracy of estimating the position of objects in space; computational
methods for estimating the angular position of objects in space using direct and inverse coordinate reduction of
discrete images were further developed, which improved the quality of aberration approximation for short-focus
and long-focus optical observation systems and increased the overall accuracy of determining the coordinates of
objects. The practical significance of the obtained results is that the developed computational methods have been



tested in practice and implemented in the in-frame processing unit of the software complex for automated
detection of asteroids and comets CoLiTec, one of the developers of which is the applicant. Developed
computational methods of image segmentation have made it possible to select all types of objects on digital
astronomical frames with computational costs close to the minimum. The computational methods of direct and
inverse coordinate reduction proposed in the work allowed to significantly increase the accuracy of determining
the equatorial positions of objects. For example, the obtained values of the standard deviation of the equatorial
coordinates of the reference stars meet the requirements of the Center for Small Planets to accurately estimate
the equatorial positions of asteroids in digital images. The developed computational methods can be used in
various software systems for digital image processing for segmentation and equatorial positioning of objects with
high accuracy (in particular, in software systems for stellar photometry, automated detection of asteroids and
comets, space control software). The results of the dissertation research were used in the Odessa Astronomical
Observatory Odessa-Mayaki (Mayaki village, Odessa region, Ukraine), in the space research laboratory at Uzhgorod
National University, in the Western Ukrainian Center for Space Research of the State Space Agency of Ukraine
(Mukachevo, Ukraine).
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