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Pedepar:

1. Po3B’s13yBaHHs CyyaCHUX HayKOBUX i IPUKJIQIHUX 33714 reofesii, reodisuky, riaobaabHoOi reoJuHaMiKy TOLO
TiCHO NOB’s13aHe i3 MOZIE/IIOBAHHSM Pi3HUX NOJiB 3emyi i yaHeT. B Ham yac 37iICHIOETbCSI aKTUBHUI PO3BUTOK
HOBUX I'€0JI€3NYHUX Ta reoPi3nYHUX TeXHOJIOTIH, IiABULTYEThCS TOUHICTh BUMIPIOBAJIbHUX NIPUIaAiB. BinnosinHo
TEXHOJIOTIYHI BUKJIMKU Cy4YaCHOCTI IOTPeOYIOTh yIOCKOHAJIEHHSI METO/iB OOYI0OBU Mojieslel II106albHUX Ta
perioHasnbHUX NoJiB 3emili. B rmobaspHOMY MaciTadi napaMeTpusaliist oJiiB 3eMJyli 3 BAKOPUCTaHHSIM KyJIbOBUX
¢dyHKuUii JIexxaHpa BBAXKAETbCS CTaHAAPTHOIO, OCKIZIbKY BOHM MAlOTh QHAJIOTIUHi BIACTUBOCTI 3 JaHUMU TOJISIMU. B
perioHaspbHOMY MacuITabi 1151 BUpilIeHHs MOAIOHMX 3a71ad BUKOPHUCTOBYIOTH iHIII METOIH, sIKi 6a3yl0ThCS Ha
MOJeJIbBHOMY Ta oIepalifiHoMy nifxopax. Y nuceprauiiiHiil poboTi oNpalboBaHO 3arajbHi BiJlOMOCTI 3 Teopii

MOJEJIIOBAaHHSI BUKOPUCTOBYBAHUX B reofiesii perioHanbHux nosiB 3emii. [IpoBefeHo aHasli3 Cy4aCHUX METOMIB



MOJIEJIIOBAHHS, TIOKA3aHO iX TOYHICTb, HEJOJIIKU Ta IIEpPEBAry. 3allpONOHOBAHO HA OCHOBI cepryYHMX PYHKIIN 3
IiicHUMMU iHIeKkcamu cuctemy GyHKIiN Ha cepuynin Tpaneuii (STHA-dyHKIiT), oTprMaHO pO3paxyHKOBI
dopmynu STHA-GyHKIIiN yepe3s rinepreoMeTpUYHUN psifl, aHAMITUYHI GOPMYJIIN 171 3HAXO/’)KEHHSI [IOBHOI HOPMU
IAHUX (PYHKLiM, aJITOPUTM 3HAXOIKEHHS KijIbKOCTi Hys1iB STHA-QyHKUi# Ha cepudHiil Tpanewii B 3aJ1e5KHOCTI Bif,
ix mopsaKy Ta creneHs. 3nilicHeHo aganTanio KeagparypHux Gopmya [ayca no STHA-yHKuUilA. 3HaineHo
dopmyity 1151 06uKCIIeHHs po3pi3HIoBabHOI 3maTHOCTi STHA-Mozesni. O6IpyHTOBAHO IepeBary 3apollOHOBAHOTO
METO[ly IOPiBHSIHO i3 iHImKMU MeTogamu. OTpUMaHo GOpPMYJIU IJ1s1 PO3KIaAy TPaHCPOPMAHT reonoTeHIiany B psiy,
3a STHA-¢yHKUiIMU Ta aJaNTOBaHi 10 IPOrpamyBaHHs (OPMYJIU [1JIs1 OOUMCIIEHHS] MOJIeJli perioHaIbHOTO
rpasiraniriHoro noss 3emii STHA-MeTOmOM 32 3HaUEHHSIMU I'PaBiTalliiHUX aHOMaJil y BiIbLHOMY NOBITPi Ag 3
BHUKOPHUCTaHHSIM Ipolenypu «Bunyuyenns-O6uncieHHs-BigHoBneHHs». TakoxX OTpUMaHO POPMYJM po3KIany
KOMIIOHEHT MarHiTHoro noJist 3emii B psig 3a STHA-QynKLisMu Ta Gopmysy poskiany napamerpy ionocpepu VTEC
B pA] 32 JaHUMHU (QYHKLiIMU. 3arponoHoBaHo npuitmatu STHA-nosiHoMH siK 6a30BY cucTeMY QYHKLIHN 17151
IIpeJCTaBJIeHHs JIOKAJIbHOI aHaliTHYHOI KoBapiauiitHoi ¢yHkuii. I anpobaii gaHoro nigxony no6ynoBaHo Ta
IIOPIBHSIHO PsJi KOBapiallilHMX Ta KpOCKoBapialiliHuX QyHKIiN 3 BUKOPUCTaHHSM I0J1iHOMIB Jlexxangpa ta STHA-
MOJTIHOMIB. BCTaHOBJIEHO, 10 PO36IKHICTh MiXK MMM (YHKIIISIMU CTAHOBUTH He Gisbine 5%. Takuil migxin nactb
MOYKJIMBICTb CYTTEBO 3BMEHIINTH KiJbKiCTh KoedillieHTiB po3kyiany B psif, aHAIITUYHOI KoBapiauiitHoi QyHKIi.
BukoHaHO ampo6aiiito 3a1porOHOBAaHOI METOIUKY IIJIIXOM O04MCIeHHs1 BucokoToyHoi STHA-Mopens reoina Ha
tepuTopii BinHupKOi Ta OfecvKkoi obaacTte BinHocHO enincoiga GRS80 ta enincoina Kpacoscekoro as
3abesnevyeHHs oTped mepesxi «GeoTerrace». 3hilicCHEHO OLIIHKY TOYHOCTi OTPUMAaHOi MOJIEJTi reoifa BilHOCHO
naHux GNSS-HiBesoBaHHS Ha 485 nyHKTax BucoTHOI JI'M. CtaHzapTHe BinxuyeHHs ckiaino =2.1 cM. [TpakTuiHo
IiATBEPAKEHO, 10 IIPU MOJIEJII0BaHHI MarHiTHOro noJss 3emii KinbkicTb STHA-Koe@illieHTiB po3Kiany B psf,
KOMITOHEHT MarHiTHOTO I0JIs1 € 3HAYHO MEHIIOIO MOPiBHSHO i3 KinbKicTio SCHA-koedilieHTiB 6€3 BTpaTy TOYHOCTI.
TouHicTh 004MCIIEHHS KyTa MarHiTHoOro cxuieHHs 3a (SHA+STHA)-mopestio ckiana +5.5, Mo 03BOJIsE
BHMKOPHUCTOBYBATY JAaHUI KyT IIPU NIPOBEJI€HH] BifITIOBIIHNUX re01e3UYHUX POOIT. 3aCTOCOBAHO METOAMKY
nnpocTopoBo-yacoBoro STHA-mopenoBaHHs napamerpy ionochepu VIEC B perioHanpHOMY MaciiTabi. KoskeH
KoedilieHT po3KIaieHo B Psif, 32 CTEIIeHeBUMH IoJliHOMaMu. I1py 1bOMy cepenHs KBaJpaTH4Ha [10XM1OKa 3a
BHYTPIlIHBOI0 30DKHicTIO ckiana 0.21 TECu, a cepeHe KBaJjpaTU4He BiIX1JIEHHSI OTPUMAaHOi MO/ieJi OPiBHSIHO i3
mogesnmo GIM i3 IGS cknano 1.05 TECu. Pesyabratu guceprauiiHoi po60TH OTpUMaiIy BIIPOBAIKEHHS B paMKax
IepkKaBHOTO 3aMOBJIeHHS «P0306yn0Ba MepeXi akTUBHUX IEPMaHEHTHUX CTaHIIii r7106a1bHO1 HaBiramiitHoi
CYIyTHUKOBOI CUCTEMHU B MiBAEHHO-3aXiJHOMY TPAaHCKOPJOHHOMY CEKTOpi YKpaiHU 171 PO3MIMPEHHS TOCIYT
TOYHOro nosutionyBaHHs» (N2 I3 / 102 - 2021 Biz, 04 6epe3Hs 2021 p.), BAKOHAHOTO 3TiIHO PO3NOPSAKEHHS
Ka6inety minicTpis Ykpainu «IIpo 3aTBepyKeHHs NepeliKy HallBaKJIMBIINX HAyKOBO-TEXHIYHUX
(excrieprMeHTaIbHIX) PO3POOOK 32 NMPIOPUTETHUMH HAIlPSIMaMU PO3BUTKY HAYKU i TEXHIKM B paMKaxX BUKOHAHHS
Ilep>KaBHOTO 3aMOBJIEHHSI Ha HalBaKJIMBIllli HAYKOBO-TEXHiuHi (€KCIlepUMeHTasbHi) pO3pOOKU Ta HAYKOBO-TEXHIYHY
npogykiioo y 2021-2022 pokax» Bif, 18 ceprnst 2021 p. N2 950-p. Kito4oBi cj10Ba: MOJI€II0BaHHS, PEriOHaIbHUI
Macmrtab, GNSS-HiBesoBaHHS, rpasiTalliifiHe 1oje 3eMJli, reonoTeHIial, MOJeJb reoina, MarHiTHe nosue 3emii,

KOMIIOHEHTH MarHiTHoro 1oJis, napametp ionochepu VTEC.

2. Solving modern scientific and applied problems of geodesy, geophysics, global geodynamics etc. is closely
related to the modeling of various fields of the Earth and planets. Nowadays new geodetic and geophysical
technologies are developed actively and the accuracy of measuring devices increase. Accordingly the technological
challenges of modern times require the improvement of methods of creating models of the global and regional
fields of the Earth. Parameterization of the Earth's fields using spherical Legendre functions is considered standard
on a global scale since they have similar properties to these fields. On a regional scale other methods are used to
solve similar problems which based on model and operational approaches. The dissertation elaborates general
information on the theory of modeling of the regional fields of the Earth used in geodesy. An analysis of modern
modeling methods is carried out. Their accuracy, disadvantages and advantages are shown. We propose a system
of functions on a spherical trapezoid (STHA-functions) based on spherical functions with real indices, obtaine
calculation formulas of STHA-functions using hypergeometric series, analytical formulas for finding the full norm



of given functions, an algorithm for finding the number of zeros of STHA-functions on a spherical trapezoid
depending from their order and degree. Gaussian quadrature formulas have been adapted to STHA functions.
Formula for calculating the resolution of the STHA model has been found. The advantages of the proposed method
are substantiated compared to other methods. The formulas for the decomposition of geopotential functionals
into a series according to STHA-functions and formulas adapted to programming for calculating the model of the
regional gravity field of the Earth by the STHA-method were obtained based on the values of gravity anomalies in
free air Ag using the "Remove-Compute-Restore” procedure. The formulas for the decomposition of the
components of the Earth's magnetic field in a series according to the STHA-functions and the formula for the
decomposition of the ionosphere parameter VIEC in a series according to these functions were also obtained. It is
proposed to adopt STHA polynomials as the basic system of functions for representing the local analytical
covariance function. To test this approach, a number of covariance and cross-covariance functions were
constructed and compared using Legendre polynomials and STHA polynomials. It was established that the
discrepancy between these functions is no more than 5%. This approach will make it possible to significantly
reduce the number of expansion coefficients in the series of the analytical covariance function. Approbation of the
proposed methodology was carried out by calculating a high-precision STHA model of the geoid on the territory of
Vinnytsia and Odesa regions relative to the GRS80 ellipsoid and the Krasovsky ellipsoid to ensure the needs of the
"GeoTerrace" network. The accuracy of the obtained geoid model was evaluated in relation to the GNSS leveling
data at 485 points of the high-altitude SGN. The standard deviation is =2.1 cm. It is practically confirmed that when
modeling the Earth's magnetic field, the number of STHA coefficients of the decomposition of components of the
magnetic field is significantly smaller compared to the number of SCHA coefficients without loss of accuracy. The
accuracy of the calculation of the angle of magnetic inclination according to the (SHA+STHA) model was +5.5’,
which allows to use this angle when conducting relevant geodetic works. The method of spatio-temporal STHA
modeling of the VTEC ionosphere parameter on a regional scale is applied. Each coefficient is arranged in a series
of power polynomials. At the same time, the root mean square error of internal convergence was 0.21 TECu, and
the root mean square deviation of the obtained model compared to the GIM model from IGS was 1.05 TECu. The
results of the scientific work were implemented within the framework of the state order "Development of a
network of active permanent stations of the global navigation satellite system in the southwestern cross-border
sector of Ukraine for the expansion of accurate positioning services" (No. DZ /102 - 2021 dated March 4, 2021),
executed in accordance with the order of Cabinet of Ministers of Ukraine "On approval of the list of the most
important scientific and technical (experimental) developments according to the priority directions of the
development of science and technology within the framework of the implementation of the state order for the
most important scientific and technical (experimental) developments and scientific and technical products in
2021-2022" dated August 18, 2021 No. 950. Keywords: modeling, regional scale, GNSS leveling, Earth's gravity field,
geopotential, geoid model, Earth's magnetic field, magnetic field components, VTEC ionosphere parameter.
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ionocdepu g noTped KocMiyHOi roroau. Bubpani nutaHHs acTpoHOMii Ta acTpodisuky, JIbBiB, 2018, C. 1.

¢ xymaH b., IaKiB-BiTkoBchKa JI. [To6ynoBa perioHanbHOI Mofiesti mapameTpiB ioHocdepu. 17 ykpaiHchKa
KoHbepeHIlis 3 KOCMiYHUX Jocifikens, Opeca, 2017, C. 36

HayKOBa (HayKOBO-TeXHi‘{Ha) HpO,ILyKI.liSIZ TEXHOJIOTii; METOU, TEOPIi, rIoTe3u; IPOrpaMHi POLYKTH,

MIPOrpaMHO-TEXHOJIOTIYHA JOKyMEHTALlisl
ConiaJIbHO-eKOHOMi‘IHa Cl‘[pﬂMOBaHiCTb: i BUILIEHHS ITPOLYKTUBHOCTI IIpali

OxopoHHi gokymeHTH Ha OIIIB:

BrnpoBaaKeHHS pe3yJIbTaTiB AHCEPTalii: BuposamkeHo

3B'130K 3 HAYKOBHMH TEMaMH:

VI. BizomocCTi Ipo HayKOBOr0 KepiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Babnoupkuit Gexnip IMuTpoBUY

2. Fedir D. Zablotskyj

KBastidikanis: n. . u., npodecop, 05.24.01
InenTudikarop ORCHID ID: 0000-0003-4107-2994
JoparkoBa iHpopManist: 49261342300

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuil yHiBepcuTeT "JIbBIBCbKA OTIITEXHIKA"



Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHH: ByJ. CrenaHa banpepu, 6yz. 12, JIbBis, 79013, YkpaiHa
dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu
InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETCHKUI

VII. BizomocTi npo odiliiHuX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OTIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Ka6sak Harasisg IBaniBHa

2. Nataliya I. Kablak

KBasigikanis: n. . u., npodecop, 05.24.01
InenTudikarop ORCHID ID: 0000-0002-2907-931X
JoparkoBa iHdopManist: 55843522100

IloBHe HaliMEeHYBaHHS IOPHUAHUYHOI 0COOM: [lepkaBHUI1 BULIVII HABYAJIbHUI 3aKIa "YKIOPOZCHKHIA

HalliOHaJIbHUH YHiBEpCUTET"

Kopg 3a €IPIIOY: 02070832

Micue3HaxoaKeHHS: ByJL IligripHa, 6ya. 46, Yxropon, Yxropoacbskuil p-H., 88000, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH:. YHIBEPCUTETCHKUIL

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Oparok Muxano [BaHoBUY

2. Mikhailo I. Orliuk

KBasigikanis: n.reonn., c.u.c., 04.00.22
InenTudikarop ORCHID ID: He sactocoyerbcs
JoaparkoBa iHpopmanist: 56369250400

IToBHe HaiMeHYBaHHSI IOPHUAHUYHOI 0COOH: [ncTuTyT reodisuku im. C. I. Cy660Tina HarjionanbHoi akagemii

HayK YKpaiHu
Kopg, 3a € IPITIOY: 05417259
Micue3HaxoaKeHHS: npocriekT Akagemika [annazina, 6yz. 32, Kuis, 03680, Ykpaina

dopma ByacHOCTI: Jlepxasna



Cdepa ynpaBiriHHS: HaujonanbHa akazemis HayK YKpaiHu
InenTudikarop ROR:

CeKTop HayKH: AkafeMivHuit

Baacwue IlpizBume Im's Ilo-6aTbKOBI:
1. AunenkoB Axppiit Os1eKCaHIPOBUY

2. Andrij O. Annenkov

KBasigikanis: x. 1. u., mou., 05.24.01
Inentudikarop ORCHID ID: 0000-0002-3618-5399
JoparkoBa iHdpopmawuisi: 57190021687

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: KuiBCchKMii HaL[iOHAJILHUI YHiBEpCUTET Gy IiBHUIITBA i

apxiTekTypu

Kopg, 3a €IPIIOY: 02070909

Micue3HaxoaKeHHS: npocnekT [TosiTpodnorcekuit, 6ya. 31, Kuis, 03037, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBepCUTETChKUI

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Tpetsk KopHuniit PomaHoBu4

2. Kornylii R. Tretyak

KBasigikamis: x. 1. u., npodecop, 05.24.01

InenTudikarop ORCHID ID: 0000-0001-5231-3517

JoparkoBa iHdopmanist: 57164002600

TloBHe HaliMeHYBaHHS IOPHUIUYHOI 0COOM: HanjonanbHuii yHiBepcutet "JIbBiBChKA MOMTiTEXHIKA"
Koz 3a €JIPIIOY: 02071010

MicueSHaxo,T.pKeHHH: ByJ. CrenaHa Bangepy, 6yz. 12, JIbsis, 79013, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH:. YHIBEPCUTETCHKUI

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Iyt ITetpo JMutpoBuy



2. Petro D. Dvulit

KBasigikamis: x. . 1., npodecop, 05.24.01

ImenTudikarop ORCHID ID: 0000-0003-1803-5116

JoparkoBa iHdopmamist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuil yHiBepcuTeT "JIbBiBCbKA MOTTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

MicueSHaxo,vieHHﬂ: ByJ. Crenana Bangepw, 6yz. 12, JIbBis, 79013, Ykpaina

dopma BiracHOCTI: /lepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETCHKUI

Baacue IlpizBumie Im's Ilo-6aTbKOBI:

1. Ilepin Ceprii1 CepriftoBuy

2. Sergii S. Perii

KBasigikamis: 1. r. 1., gou,, 05.24.01

InenTudikarop ORCHID ID: He 3actocoyerscs

JoparkoBa indpopmamnist:

IloBHe HaﬁMeHYBaHHﬂ IOPUIUYHOL 0C00H: HanionanbHuii yHiBepcuteT "JIbBiBCbKa MOJiTEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3Haxoa KeHHS: By Crenana Banpepwu, 6y7. 12, JIbgis, 79013, Ykpaina
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBitiHHS: MinictrepcTBo ocBiTH i HayKu YKpainu
InenTudikarop ROR:

CeKTop HayKH: YHIBEpCUTETCHKUI

VIII. 3ak1104Hi BiZOMOCTI
Biiacue IlpisBume Im's ITo-6aThKOBI Tpersx Kopausiit Pomanosn

TOJIOBH pajgu

BaacHe IlpizBume Im's I10-6aTbKOBI Tpersx Kopuuiii PomaHoBuY

TOJIOBYIOYOTO Ha 3acCiiaHHi

BiamoBigabHUH 32 MiZTOTOBKY Corop Anzipiit PomaHOBUY

00JIIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZAIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

IisiIbHOCTI




