O6J1ikoBa kKapTka HIJIKP
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1. ETaniy BUKOHAHHS

Homep etany: 2

Hassa erany: JloCi)KeHHsI CTPYKTYPU MojieJiell GyHKLIOHYBaHHSI KOCMIYHUX CUCTEM JIMCTAHIiIHOTO 30HyBaHHS 3eMJli,
CHCTEM CEPBiCHOTO Op6iTaIbHOrO 0OCIYrOBYBaHHS, KOCMIYHMX TPOMUCIIOBUX KOMILJIEKCIB, METOJiB MAIIMHHOTO HABYAHHS B
3a7jla4ax KEPyBaHHS Ta MOJIEJIIOBAHHS AMHAMIKY KOCMIYHUX alapartiB i CTATUCTAUYHUX METOLiB MaTEMAaTUYHOTO MO EJIIOBAHHS

PYXY 00'eKTiB KOCMI4YHOTO CMITTSI
ITouaToxk eramy: 01-2022
3akiHueHHs eTany: 12-2022

Bup 3BiTHOro mOKyMeHTa: [[pOMDKHUII 3BiT

2. BukoHnaseupb

HaszBa oprasnisanii: [HCTUTYT TexHiYHOI MexaHiku HanjjoHanpHOI akagemii Hayk Ykpainu i JlepskaBHOro KOCMi9YHOTO areHTCTBa
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3. BnacHuk peayabstartiB HIJKP (mpoaykiiii)

HasBa oprasnisanii: [HCTUTYT TexHiYHOI MexaHiku HanjioHanpHOI akafemii Hayk Ykpainu i JlepskaBHOro KOCMi9YHOTO areHTCTBa
YKpainu

Kog, €IPIIOY /ITIH: 05539962
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4. JI>)kepesia Ta HanpsiMu piHaHCYBaHHA



IlizcraBa a1 npoBeAeHHs PooiT: 34 - HOroBip (3aMOBJIEHHS) 3 LIEHTPAJIbHUM OPTaHOM BMKOHABYO] BIai1, aKaZileMi€ro HayK

(roJ1I0BHMMU PO3MOPSAHUKAMU OI0IKETHUX KOIITIB Ha TpoBeaeHHs HIIKP)
KIIKBK: 6541030

Hanpsm ¢inancysanss: 2.1 - pyHIameHTasbHi JOCIiIKEeHHS

J>kepesia piHaHCYBaHHS

I>kepeJio gpiHaHCyBaHHS: 7713 - KOWITHU IEePXKOIOIKETY

dakTuynmii 06csr pinaHCcyBaHHS 3a 3BiTHMIH eTam: 7547.769 TuC. IpH.
5. HaykoBo-TexHi4Ha podoTa

HasBa po6oTHu (YKp)

Po3pobka Ta BIOCKOHAJIEHHSI METOMiB CUCTEMHOIO aHaJli3y, KepyBaHHS Ta AOCIiIXEHHS IUHAMIKH, CIIPSIMOBAaHUX Ha CTBOPEHHS

00'eKTiB KOCMIYHOI TEXHIKU

Ha3zBa po6oTu (aHrJI)

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

Pedepar (yxp)

O6'eKTH [OCHIIPKEHHS — CBiTOBAa KOCMiYHA MisJIbHICTb, KOCMIUHI CHCTeMM AMCTaHLiHOro 30HAYBaHHS 3emii ([133), cucremu
opbitansHoro cepgicy (OC), kocmiuHi npomucsosi kommiekcu (KIIK), erekrpoguHamiyHa KOCMiYHA TPOCOBAa CHUCTEMA, METOIHU
MAaIIMHHOTO HaBYaHHS, CTATUCTUYHI METOIOY MaTeMaTUYHOrO MOZENOBAHHS PyXy O0'eKTiB KOCMiuHOro cmirrs. Mera po6oTu -
JOCJIIPKEHHSI CTPYKTYPH Mojesiell pyHKIIOHYBaHHS KOCMiuHUX cucteM JI33, cucteM cepBiCHOro opbiTasbHOro 06CIyroBYBaHHS,
KOCMIYHMX IIPOMUCJIOBUX KOMIUIEKCIB, METOHIB MAalIMHHOIO HaBYaHHSA B 3ajjayaX KEPyBaHHA Ta MOJEJIOBAHHSA JUHAMIKU
KocMiuHux amapatiB (KA) i cTaTUCTUYHMX METOMIB MAaTEMAaTUYHOTO MOZEJIOBAHHS PyXy 00'eKTiB KocMmiuHOro cmirtg (OKC).
Metogu pociimkeHHs - iH(OpMalifHO-aHANITUYHUNA, TEOPETUYHOI MEeXaHiKM, MEXaHiKd KOCMIYHOTO TMOJIbOTY, ONTMMI3allii,
KOMII'IOTEPHOTO Ta MAaT€MAaTUYHOTO MOJEJIOBAHHS, IMIMO0KOrO MAUIMHHOTO HAaBYaHHS, CTAaTUCTUYHI METOOU MaT€MaTUYHOTO
MOJeoBaHHsl. OTPUMaHO HACTYIHI pe3ysbTaTu. [106y0BaHO aHaNiTUYHY MOJEJb BIUIMUBY 30HAJbHUX FAPMOHIK reONnoTeHIiamy
Ha pyx KA no maibke KpyroBum op6iram. BusHaueHo 3akoHOMipHOCTI pyxy KA Ha HM3bKMX HABKOJIO3€EMHUX OpOiTax. BusHaueHo
mpo6sieMU JyuHAMiKU KOCMIYHUAX TPOCOBUX CUCTEM. JIOCTiIKEHO CTPYKTypHU O6aliCTUYHUX MOJeJel Miciil IIJIaHOBOTO i EKCTPEHOro
OC. Po3pobsieHo HelipomepeskeBi Mofesli BIIMBY dakesy eseKTpopeakTuBHoro aABuryHa Ha OKC. BusBieHo TeHIeHIlii pO3BUTKY
METO/IiB OLiHIOBaHHS BiIHOCHOTO NOJIOXKEeHHsI 06'ekTa OC. PO3p0O6/I€HO CTPYKTYpy MaTeMaTU4YHOi mojesi (PyHKLiOHyBaHHS Ta
3aMpoINoHOBaHO Mizxiz fo ontumiszanii napamerpis KIIK. Po3po6s1€HO CTPYKTYpy MaTeMaTU4YHOI MoJieli 6alicTMKO-HaBiraliliHoro
3abesnevyeHHs KIIK ns 3aa4i 3aTeMHEHHS MOBEPxHi 3emili. JlociiiKeHO MOXKIIMBOCTI MOZEII0OBaHHS Op6iTasbHOrO pyxy KA 3a
JOIIOMOTOI0 ITYYHMX HEMPOHHMX MEPEXK Ta 3aCTOCYBaHHS METOJIB MAlIMHHOTO HaB4YaHHA. JlOCIIPKEHO CTPYKTYypy MOJeEJen
(dyHKIiOHyBaHHA aBTOHOMHUX KOCMIiYHMX CHCTEM i3 3aCTOCYBaHHSAM IITYYHOTO iHTEJEKTy. PO3BMHYTO METOJ, MapamMeTpUyHOi

inentudikauii B 3agaydi mogemosanHs pyxy OKC. BusiBjieHO CTaH PO3BUTKY CBiTOBOi KOCMIYHOI JisI/IbHOCTI.
Pedepar (aHrI)

Objects of the research are the following: global space activity, space systems of Earth's remote sensing (ERS), orbital servicing
(OS) systems, space industrial complexes (SIC), electrodynamic space tether system, machine learning methods, statistical
methods of mathematical simulation of the space debris motion. The purpose of the work is the research of model structure of
the Earth's remote sensing systems functioning, systems of orbital servicing systems, space industrial complexes, the machine
learning methods in control and simulation of spacecraft (SC) dynamics and statistical methods of mathematical simulation of
the space debris motion. Research methods are the following: information-analytical, theoretical mechanics, mechanics of space
flight, optimization theory, mathematical simulation, deep learning. The following results have been obtained. The analytical
model of the impact of zonal harmonics of the geopotential on the spacecraft motion in almost circular orbits has been
constructed. The behaviors of the SC's motion in low Earth orbits have been determined. The problems of the space tether



systems dynamics have been specified. The structures of ballistic models of scheduled and emergency OS missions have been
researched. Neural network models of the impact of an electric propulsion plume on the space debris object (SDO) have been
developed. The approach for optimizing the SIC parameters has been proposed. The structure of the mathematical simulation
for ballistic and navigation tasks of the SIC for the case eclipsing the Earth's surface has been developed. The possibilities of
simulating the orbital motion of SC using artificial neural networks have been researched. The model structure of autonomous
space systems functioning using artificial intelligence has been studied. The parametric identification method has been
developed for the problem of a SDO motion simulation. The current state of global space activity has been revealed.

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

Kozau tremaruunux pyopuk HTI: 55.49
6. HaykoBo-TexHiyHa npoaykuis (HTII)

HTII 1

Hassa npoaykuii (ykp): HT3 "JlocikeHHs CTPYKTYPU MofieJieil (PYHKIiOHYBaHHS! KOCMIYHUAX CUCTEM JIUCTAHIiIIHOTO
30HZyBaHHS 3€MJIi, CUCTEM CEPBiCHOTO OPOiTaIbHOTO 0OCTYrOBYBaHHS, KOCMiYHMX IPOMUCJIOBUX KOMILJIEKCIB, METO/IIB
MAaIIMHHOTO HaBYaHHS B 33/1a4axX KEPYBaHHS Ta MOJEJIIOBAaHHS JMHAMIKU KOCMIYHUX anapartiB i CTATUCTUYHUX METOTIB

MaTEMaTUYHOTO MOJIEJIIOBAHHSI PyXy 00'€KTiB KOCMiYHOTO CMITTS"

Hassa npoaykuii (anrJi): Scientific technical report "Research of the model structure of space systems functioning for remote
sensing of the Earth, orbital service systems, space industrial complexes, methods of machine learning for the tasks of control
and simulation of the spacecraft dynamics and statistical methods for mathematical simulation of space debris motion".

OuiKyBaHi pe3yJIbTaTH: AHAJIITUYHI MaTepiaan
TFanysp 3acTocyBaHHS: PakeTHO-KOCMIiYHa TEXHIKa

Onuc npozykuii (ykp): Matepianu HTII onucyioTs: - pesysbTaT LOCITiPKeHHs CTPYKTYPU Mojiesieil GyHKLIOHYBaHHS KOCMIYHUX
cucrteM /133, cucteM cepBiCHOTO Op6iTaJbHOrO 06CIyTOBYBaHHSI, KOCMIYHUX IIPOMUCIIOBAX KOMIIJIEKCIB, METOMiB MATTHHOTO
HaBYaHHS B 33/1a4axX KePyBaHHS Ta MOJIEJIIOBAHHS IMHAMIKM KOCMIYHMX anapariB i CTATUCTUYHMAX METO/IiB MaTEeMaTUIHOTO

MO/IEJIIOBAHHS PyXy 06'€KTiB KOCMIYHOTO CMITTSI, TeHJIEHIIii CBITOBOI KOCMIYHOI isI7IBHOCTI.

ConianbHO-eKOHOMIYHA cripsimoBaHicTe HTII: [TosinieHHs CTaHy HaBKOJIMITHLOTO cepeioBua, EkoHOMist eHepropecypcis
Cragis 3aBepmenocri HTII: 3git o HIJKP

Bnposazyxkennsa HTII: He BipoBamkeHO

CTpoKH BIIPOBaZI >KEHHS!

Bupo6nuk npoaykuii: ITM HAHY i IKAY

Cro>KuBayi NpOAyKIii:

IlepcneKTHUBHI pUHKH:

IpaBa iHTeJIEKTYa/IbHOI BJIACHOCTI: 32 J0OTOBOpamMU

®dopmu Ta ymoBH nepepaui npogykuii: CriiibHi HIJIKP

HTII 2

Ha3zBa npoaykuii (yKp): AHa/liTUYHA MOJieJIb BIIJIMBY 30HaJIbHUX TaDMOHIK reoloTeHllialy Ha pyX CylyTHUKA 10 MaiiKe KPyrOBUM

opb6itam

Hassa npoaykii (anrui): An analytical model of the impact of geopotential zonal harmonics on the motion of a satellite in

almost circular orbits.
OuikyBaHi pe3yabraTti: Metonu, Teopii
Tanyss 3acTocyBaHHS: PakeTHO-KOCMiYHa TEXHiKa

Onuc npogykuii (ykp): Po3po6sieHa Mojiesib Ma€ BUCOKY TOYHICTb, BU3HAYA€E 3MIHU CepeIHIX eJIEMEHTIB Op6iTH IPOCTUMU

aHamiTHYHUMU HOPMYJIaMH, 3pyYHa JIJIsl aHaJIi3y BIaCTUBOCTEH OpOiT i JO3BOJIsIE 3AiICHUTY BUGIP CTIMKOI (¢3aMOPOKEHOI»)



OpOiTH CYIMyTHUKIB

ConianpHO-eKOHOMIYHa cnpsimoBaHicTe HTII: EkoHOMIsl eHepropecypcis
Cragis 3aBepmenocti HTII: 3it o HIJIKP

Bnposazykennsa HTII: He BnpoBamkeHO

CTpoKH BIIPOBaZI>KEHHS!

Bupo6nuk npoaykuii: ITM HAHY i IKAY

CnosKkuBayi IpOAyKIi:

IepcrneKTHBHI pUHKH:

IIpaBa iHTe/IeKTyasIbHOI BJIACHOCTI: 3a OTOBOpaMU

dopmu Ta ymoBu nepepavi npogykuii: Criizbai HIIKP

HTII 3

Hassa npoaykii (ykp): HelipomepeskeBi mozesi BIVIMBY dakesy eJeKTPOPEaKTUBHOIO IBUI'YHA Ha 06'€KT KOCMIYHOTO CMITTSI
Hassa npoaykii (arru): Neural network models of the impact of an electric propulsion plume on a space debris object.
OuikyBaHi pe3yabraTti: Metonu, Teopii

Tanyss 3acTocyBaHHS: PaKkeTHO-KOCMiYHa TEXHiKa

Onuc npoaykuii (yKp): Po3po6iieHi HelipomepeskeBi MOJieli BU3HAYEHHSI BIUIMBY (aKesly eJIeKTPOPeakKTUBHOIO IBUTyHA Ha
006’€KT KOCMIYHOTO CMITTS JO3BOJISIIOTh B 2 3 Pa3y NPUIIBUAMINTY OTPUMAHHS pe3yJIbTaTy y IIOPiBHSHHI i3 BUKOPUCTOBYBaHUMU
METO/IaMU, IO POOUTH iX MEPCIIEKTUBHUMU [1J11 BUKOPUACTAHHS I0JI0 KOCMIUHUMX alapaTiB i 7151 MaTeMaTU4HOTO MOJEIOBAHHS

MiCil1 3 BUZIaJI€HHSI KOCMIYHOTO CMITTS

ConianbHO-eKOHOMIYHa cipsimoBaHicTh HTII: [TosinmmeHHs CTaHy HaBKOJIAIIHBOTO C€PEJOBUIIA
Cragisa 3aBepmenocti HTII: 3git o HIJIKP

Bnposazykennsa HTII: He BinpoBamkeHO

CTpoKH BIPOBAaZ>KEHHS!

Bupo6Huk npoaykuii: ITM HAHY i IKAY

CnoskuBayi NpogyKuii:

IlepcneKTHBHI pUHKH:

IIpaBa iHTe/IEKTyasIbHOI BJIACHOCTI: 3a JOrOBOpaMU

dopmu Ta ymoBu nepepavi npogykuii: Criizibai HIIKP
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