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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

Po3po6bka Ta BIOCKOHaJIEHHSI METO/iB CUCTEMHOTO aHasli3y, KepyBaHHSI Ta JOCIIIKEHHS IMHAMIKK, CIIPSIMOBAaHUX

Ha CTBOPEHHS 06'€KTiB KOCMIUHOI TeXHIKH

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Development and improvement of methods for system analysis, control and research of dynamics, aimed at
creating objects of space technology

Pedepar yKpaiHCBKOIO:

O6'extu gocuimxkeHHs — KocMmiuHi cuctemu (KC) nuctanuiiinoro 3oHnyBaHHs 3emii (I33), cucteMu cepBiCHOTO
op6itanbHOro ob6cnyropysanss (COO), kocmivHi npomuciosi kommiekeu (KIIK), enekrpoguHamiyna Tpocosa KC,
METOJM MalIMHHOTO HAaBYaHHS B 337ja4aX KEPYBaHHS Ta MOJE/IOBAHHS AUHAMIKM KOCMIYHUX anaparis (KA),
CTaTUCTUYHI METOIM MaTeMATUYHOTO MOJIe/IIOBAHHS PyXy 00'eKTiB kocMmiuHoro cmitts (OKC), cBiToBa KOCMiyHa
IisipHiCTb. MeTa poboTH - po3pobka Mmozesneil pyHKLioHyBaHHS Ta epexktuBHocTi KC 1133, cuctem COO, KIIK.
JocmimKeHHs 3aCTOCOBHOCTI METOIiB MAallIMHHOTO HABYAHHS B 33/1a4aX KEPYBAHHS Ta MOJEJIIOBAHHS frHaMiky KA i
CTAaTUCTUYHUX METOZiB MaTeMaTUYHOTrO MogesoBaHHs pyxy OKC. MeTtonu mocnimkeHHs — iHpopmaniitHo-
aQHaJIITUYHUH, TEOPETUYHOI MEXaHiKU, MEXaHiK1 KOCMIYHOTO0 M0JIbOTY, (i3uKa IJ1a3MU, TTIMOMHHOTO HaBYaHHS,
ONTMMi3allii, MaTEMaTUYHOIO MOJEJIIOBAHHS, LITYYHOTO iHTesIeKTy. OTPUMAaHO HACTYIIHI pe3yibTaTy. [locTtaBieHo
NIPUKJIAHI 3aa4i anpo6allii Moesiell BU3HaAUYE€HHS BUMOT [I0 XapaKTepucTuk manux KA J133. Po3po6s1eHO anroputm
[IOTIEpeHbOTO BUOOPY iX op6iT. PO3p0o6sieHO aHAMITUYHI MOZEJTi 3MiHU OCKYJIIOI0YMX IIapaMeTpiB opoiTy.
Po3pobseHo monesi AuHaMiKy, 3MiHM TeMIlepaTypy es1eKTpoguHaMivyHoi TpocoBoi KC 3 TepMOeIeKTPOHHUM
IIOKPUTTSIM TPOCY. BUKOHAHO ONTHMI3allilo MapaMeTpiB MOZeJi Ha 6a3i 3rOpTKOBUX HEMPOHHUX MEPEX IS
BU3HA4YeHHS 30ypeHb Npu 6€3KOHTaKTHiN 1ii KA opb6itanbHoro cepsicy (OC) Ha OKC. Po3po6yeHO anroputm
BM3HAYEHHS IPOCTOPOBOTO I10J103keHHS! 06'ekTa OC. Po3pobsieno matemaTuyHi mozesi pyHkiionyBaHHs KC
iHIyCTpiasIbHOrO CEPBICHOrO OOCIYrOBYBaHHS, ONTMMI3alifiHI MOZIEi CUHTE3Y ii Op6iTaNbHOI CTPYKTYPH,
ONepaLiliHOTrO [IJIaHYBaHHSI 00CIIYrOBYBaHb. PO3p061€HO MOy i MaTeMaTU4YHOI Mogei pyHKUioHyBaHHS KIIK.
CdopmynboBaHo 3anauy ontumizanii mapamerpis KIIK. [JocmimkeHo 3aCTOCOBHICTh METOIiB MOZIEIIOBAHHS PYXY
OKC. Pozpobsieno inpopmatiiiHy Mozesnb GyHKIioHyBaHHS aBTOHOMHUX KC i3 3aCTOCYyBaHHSIM METOZiB IITyYHOTO

iHTeJIeKTy. BusBieHo cTaH PO3BUTKY CUCTEM KOCMIYHOTO 3B'H3Ky, TPaHCIIOPTHUX KC.

Pedepar aHIJIiHCBKOIO:

Objects of research - space systems (SS) of Earth’s remote sensing (ERS), orbital service systems (OSS), space
industrial complexes (SIC), electrodynamic tether SS, machine learning methods in the tasks of controlling and
simulating the dynamics of spacecraft (SC), global space activities. The purpose of the work is to develop models of
operating and efficiency of SS for ERS, OSS and SIC, and to study of the applicability of machine learning methods
in the tasks of controlling and simulating the dynamics of SC. Research methods: information-analytical,
theoretical mechanics, space flight mechanics, plasma physics, deep learning, optimisation, mathematical
simulation, artificial intelligence (AI). The following results were obtained. The applied tasks of testing models to
determine the requirements for the characteristics of small ERS satellites were set. An algorithm for preliminary
choice of their orbits has been developed. The analytical models of changes in the orbit's parameters were
developed. The dynamics models and temperature change models of the electrodynamic tether SS with a
thermoelectronic tether coating were developed. The parameters of a model based on convolutional neural
networks designed to determine disturbances during the noncontact effects of a servicer SC on space debris
object were optimised. An algorithm to determine the pose of an orbital service object was developed.
Mathematical models of the operating of the SS for industrial service maintenance, optimisation models for the
synthesis of its orbital structure, and operational planning of services were developed. Modules of a mathematical



model of the operating of the SIC have been developed. The problem of optimising the parameters of the SIC was
formulated. An information model of the functioning of autonomous SS using Al methods was developed. The state
of development of space communication systems and transport SS was revealed.

Inpexc YIK: 629.76 /.78; 629.78; 629.76, 629.78

Koau TemaTHYHHX PYOPHK: 55.49
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zga HTII ykpaiHCBKOIO: MaremaTidHa Moziesb QYHKIiOHYBAHHS KOCMIYHOTO POMUCIIOBOTO KOMILIEKCY

17151 BUPILIEHH 3a/1a4 IEPEPOOKU (PPAreHTiB KOCMIUHOTO CMITTSL.

Hazpa HTII aHrsi#icbKO0: A mathematical model of the operating of the space industrial complex for solving

the tasks of processing space debris fragments.

HTII, sixy nepen6a4asiocsi CTBOPUTH:
IIpuunnn, yepe3s aki HTII He Gysi0 cTBOpeHO:
OTpuMmaHi pe3yJIbTaTH: MeTtoay, Teopii

l'as1y3p 3aCTOCYBaHHS: PakeTHO-KOCMiYHA TEXHIKa.
PeecTpaiifiHuii HOMep KapTKH T€XHOJIOT1i:

Omnuc HTII: Marematryna moziesib GyHKI[IOHYBaHHS TPOMUCIOBOTO KOMIUIEKCY /ISl BUPIlIEHHS 33124
3aTEMHEHHS [IOBEPXHi 3eMJIi BKJII0Ya€e MaTEMATUYHUI ONUC: O6AJIICTUKY; pyXy KOCMIYHOrO anapara HaBKOJIO LIEHTpa
Mac; BiITHOCHOTO pyXy; IpoLeCcy eHepro3abesnedeHHs TeXHOJOTIYHUX MOIYJIiB KOMILTIEKCY. Mofiesb 103BoJIsIE
IIPOBOJIATH aHaJli3 0cob6auBOCTeN QYHKIIOHYBAaHHS MOAYJiB KOMILJIEKCY Ta 00MpaTy HOro NMPOEKTHI IIapaMeTpu Ha

cTafii IX KOHLENTYaJIbHOIO IIPOEKTYBAHHSL.

ConiannbHO-eKOHOMIYHA cripsimoBaHicTh HTII: Toninmenns crany HaBKOJIMIIHBOTO CEPEIOBUINA,

ExkoHoMmis Martepiais

Bnius HTII Ha moBKiJj1s:

BnpoBaaykennss HTII: He snposamxeno

ITpakTnyHa peasnisanis HTII
IToyaTok eramy:
3aKiHYeHHs eTamy:

Crnio>KuBavi NPOAYKILii:

IlepcneKTHBHI PHHKHU:

XapakTep cniBpOOIiTHHIITBA 3 iIHBECTOPOM
IToTpiOHUI 06CAT iHBECTHILLiH, THC. TPH.:
IIpagBa, 10 HaAAIOTHCS iIHBECTOPY MicJIsA 3aBEPIIEHHS POOGOTH:
HasaBHicTb Oi3Hec-IJIaHY:
TexHiKO-€eKOHOMiYHe OOrpyHTYBaHHS:
IToTeHUiaILHUM 00CAT IIPOJAAKY, THUC. TPH.:
OuiKkyBaHHI TepMiH OKYIHOCTi (POKiB):
HopaTrkoBa iHdopmamist:

Ha3zsa HTII yKpaiHCBKOIO: MaremaTiyHa MOZieJIb Ha 6a3i 3rOPTKOBUX HEMPOHHUX MEPEX 711 BUSHAYEHHS

30ypeHb IIpU 6€3KOHTAKTHIl B3aeMOJIil CylyTHUKIB OpOiTaJIbHOTO CEPBICY.

Hazpa HTII aHrsi#cbhKoOIO: A mathematical model based on convolutional neural networks for determining

disturbances in the contactless interaction of orbital service satellites.



HTII, sixy nepezn6ayasiocsi CTBOPUTH:
IIpuunnmn, yepe3s saki HTII He 6ysi0 cTBOpeHoO:
OTpuMmaHi pe3yJbTaTH: Meronu, Teopii

l'asy3p 3aCTOCYBaHHS: PakeTHO-KOCMiUHA TEXHIKa.
PeectpanifiHuii HOMep KapTKH TEXHOJIOTIi:

Omnuc HTII: Pospo6iena matematnyHa Mogiesib Ha 6a3i 3rOPTKOBUX HEMPOHHUX MEPEXK [1JI BUBHAYEHHS 36YPEHD
1Ipu 6€3KOHTAKTHIl B3aeMOJIil CylyTHUKIB OpOiTalbHOTO CepBicy He noTpebye indopMaliii [1po BifHOCHe
II0JIO>KEHHSI Ta Opi€HTallil0 06'eKTa 0OCIYrOBYBaHHS Ta J03BOJISIE OTPUMYBATH PE3yJIbTaTH CYTTEBO MIBUJIIE Y

MOPiBHAHI 3 IHIIMMU BilOMUMU METOJAMMU.
ConiannbHO-eKOHOMIYHA crpsimoBaHicTh HTII: Toninmenns crany HaBKOJMIIHBOTO CEPEIOBUIIA
Bnyins HTII Ha moBKiJjIs:
BnpoBaaskennst HTII: He snposamxeno
IIpakTuyHa peasnisanis HTII
IToyaToK eTamy:
3aKiHYeHHs eTamy:
Crno>kuBavi NPOAYKILii:
IlepcneKTHBHI PHHKHU:
XapakTep cniBpOOIiTHHIITBA 3 iIHBECTOPOM
IToTpiOHUI 06CAT iHBECTHILLiH, THC. TPH.:
IIpaBa, 0 HafAI0THCS iHBECTOPY MiCJIsA 3aBEPLIEHHsI POOOTH:
HasaBHicTb 0i3Hec-IJIaHY:
TexHiKO-€KOHOMiYHE OOrpyHTYBaHHSI.
IToTeH1iaIbHUH 0OCST IIPOJAIKY, THC. TPH..
OuikyBaHHI TePMiH OKYIHOCTi (POKiB):
JoaparkoBa iHdpopmauist:

Ha3zga HTII yKpaiHCBKOIO: AHasiTiuHi MOZesIi 3MiHM OCKYJIIOIOYMX TAPAMETPIB OP6IT CynyTHUKIB [133 miz

nieto rpasitanii Micsug ta CoHLS, Hif i€l0 COHIYHOTO TUCKY.

Hazpa HTII aHrsificbKOIO: Analytical models of changes in the oscillating parameters of remote sensing

satellites' orbits under the influence of the Moon and Sun gravity and solar pressure.
HTII, aKy nepenba4asiocs CTBOPHTH:

ITpuunnmn, yepe3s saki HTII He 6ysi0 cTBOpeHoO:

OTpuMaHi pe3yJIbTaTH: Mertozy, Teopii

l'asy3p 3aCTOCYBaHHS: PakeTHO-KOCMiUHa TEXHIKa.

PeecTpanifiHuii HOMeEpP KapTKH TEXHOJIOTIi:

Onuc HTII: Ananitiyni Mozesti 3MiHM OCKYJII0I04MX ITapaMeTpiB op6iT cynyTHUKIB [133 mif miero rpasiTaryii

Micsus ta CoHug, Iif fi€ro COHSIYHOrO TUCKY IOOY0BAaHO HA OCHOBI clienianbHOi Gopmu piBHSIHHSA pyxy KA Ha



Maiike KOJIOBUX Op6iTax y yliHiIHOMY HabOJVDKEHHI 32 MIMMU NTapaMeTpaMy. AHAJIITUYHI MOJieJli IOCTaTHbO 06pe
Y3TOJIKYIOTbCS 3 pe3yJIbTaTaMU YMCEIbHUX PO3PaxXyHKiB PiBHSIHb 0p6iTambHOrO pyxy KA. J103BOJISIIOTh BUSBUTU
ocobauBoCTi opbiTanbHOro pyxy KA Ha Hu3bpKuX opbiTax (250 KM-650 KM) 3 ypaxyBaHHSIM BIUIMBY Ha3BaHUX

(daxTopiB.
ConiannbHO-eKOHOMIYHA cripsimoBaHicTh HTII: Exonomis enepropecypcis
Brnyius HTII Ha moBKiJjs:
Bnposags>keHHs1 HTII: He snposamxkeHo
IIpakTnyHa peasnisanis HTII
IToyaTok eramy:
3aKiHYeHHS eTamy:
Crnio>KkuBavi NpOAYKILii:
IlepcneKTHBHI PUHKHU:
XapakTep criBpOOiTHHIITBA 3 iHBECTOPOM
IloTpiOHM# 00GCAT iHBECTHILiM, THC. TPH.:
IIpaBa, 10 HaAAIOThCS iIHBECTOPY MiCJIsA 3aBEPLIEHHS POOOTH:
HasaBHicTb Oi3Hec-IJIaHY:
TexHiKO-€eKOHOMiYHe OOrpyHTYBaHHSI:
IloTeH1iaILHUE 0OCAT IIPOJASKY, THC. TPH..
OuikyBaHHI TepMiH OKYIHOCTI (POKiB):
HoparkoBa iHdpopmauist:

Ha3zsa HTII ykpaiHCBKOIO: MaremarnyHi Moziesti QyHKLIIOHYBaHHS KOCMIYHOI CHCTEMU iHYCTPIaJbHOTO
CepBiCHOI'0 OOCIIYrOByBaHHS, OIITUMI3ALIiIHI MOZeJIi CUHTEe3Y ii OpOiTaNbHOI CTPYKTYPH Ta ONepaliliHOTro

I[JIaHYBaHHA O6CJIyI‘OBYBaHb Ha HM3bKMX HABKOJIO3EMHUX Op6iTaX 3 MaJIMM €EKCLUEHTPUCUTETOM.

Hazpa HTII aHrsificbKoI0: Mathematical models of functioning of the space system of industrial service
maintenance, optimisation models of synthesis of its orbital structure and operational planning of services in low
Earth orbits with low eccentricity.

HTII, sixy nepezn6a4asiocsi CTBOPUTH:
Ipuyunu, yepes siki HTII we 0yJi0 cTBOpeHo:
OTpuMaHi pe3yJIbTaTH: MeTtoay, Teopii

FaJIy3b 3aCTOCYBaHHSI: PakeTHO-KOCMiYyHa TEXHIKa.
PeecTpaiifiHuii HOMep KapTKH T€XHOJIOT1i:

Omnuc HTII: [Tpu pospo6ii maTeMaTnyHUX MOfesieil GpyHKLIOHYBAHHS iHAYCTPIaJbHOTO CEPBICHOTO OPGITaILHOTO
00CJIyrOByBaHHS C(POPMYJIbOBAHO Ta PO3B’I3aHO HU3KY 0a/liCTUYHUX i onTUMI3aliiHuX 3a7a4. Po3pobiieHi
MaTeMaTW4Hi Ta ONTHUMI3aLilHI MOZeJi MOXYTb OyTH BUKOPUCTAHI IIpX OOI'PYHTYBAHHI, IIJIaHYyBaHHI i IPOEKTYBaHHI
cucreM OopbiTaZbHOTO CEPBICHOTO OOCTYrOBYBaHHS HA HU3bKUX HAaBKOJIO3EMHUX OPOiTax 3 MajluM

€KCLIEHTPUCUTETOM.

ConjiasnibHO-eKOHOMIYHA cripsimoBaHicTh HTII: Moninmenns crany HaBKOMMITHBOTO CEPENOBUIIA,

EKoHOMIs eHepropecypcis



Brnius HTII Ha moBKiJjis:

Bnposags>keHHst HTII: He snposamxeHo

ITpakTnyHa peasnisanis HTII
IToyaTok eramy:
3akiH4YeHHs eTamy:

Crnio>KkuBavi NPOAYKILii:

IlepcneKTHBHI PUHKHU:

XapakTep criBpOOiTHHIITBA 3 iHBECTOPOM
IloTpiOHM 00GCAT iHBECTHILiM, THC. TPH.:
IIpaBa, 10 HaAAIOTHCS iIHBECTOPY MiCJIsA 3aBEPLIEHHS POOOTH:
HasaBHicTb Oi3Hec-IJIaHY:
TexHiKO-€eKOHOMiYHEe OOrpyHTYBaHHSI:
IloTeH1iaIbHUI 0OCAT IIPOJASKY, THC. TPH..
OuiKkyBaHHI TepMiH OKYIHOCTI (pPOKiB):

HoparkoBa iHdopmamist:
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