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2. Models and methods of machine learning for dynamics analysis and control of spacecraft during space debris
removal using ion beam

Pedepar:

1. B net yac Ha HaBKOJIO3€EMHUX OPOiTaX HAKOIIMYUJIACs BEJIMKA KiJIbKICTh 00'€KTIB, 1110 HE BUKOHYIOTb KOPUCHUX
dyHKLi Ta OTPUMAaN Ha3By KOCMIYHOTO CMITTS. 3a JaHMMU BYEHUX, MOAJIbIIa HisJIbHICTD JIIOAVMHU HEMOXKJINBA
6e3 BIIPOBA/I)KEHHS METO/iB aKTUBHOTO BUIAJIEHHSI KOCMiYHOTO CMITTSI. OTHUM i3 3aITPOTTIOHOBAHUX METOJIIB €
METOJ, BUZAJIEHHS 32 JOIIOMOT0I0 iOHHOTO ITPOMEHS, SIKUM Ilepefiae iMITyJIbC CUIIX [0 06'eKTy KOCMIYHOTO CMITTS

JJIs1 Moro BUOAJIEHHA 3 Op6iTI/I. Ane Bi,ILOMO, 10 BIIPOBAIPKEHHSAI l'IO,lIi6HI/IX CUCTEM BUIAJIEHHA YCKIIAOHIOETBCA Y€PE3



BHICOKY BapTiCTb Ta TEPMiHM PO3POOKU. Y TOM Ke Yac, pO3BUTKY HaOyJIM anapaTHi Ta IPOrpaMHi METOLY MAIIMHHOTO
HaBYaHH$, 30KpeMa IMIMOMHHOTO HaBYaHHS Ta HaBYaHHS 3 MiKPIMJIEHHSM, Ki o0pe 3apeKOMEHIyBaju cebe y
3a/layax, [OB'SI3aHMX 3 KEPYBAaHHSM, HaBiralli€lo, a Tako>XX aHajli3oM 300pakeHb. JJoCiIKeHHsI IPUCBSIYEHO
NiABUILEHHIO €(PEKTUBHOCTI KJII0YOBUX 33/a4, SKi HEOOXiIHO BUPILIMTH [1JIs1 3aCTOCYBaHHS METOLY BUAAJIE€HHS
KOCMIYHOT'O CMITTS 3a JJOITIOMOTOI0 IOHHOTO IIPOMEHS, 38 PaXyHOK BUKOPUCTAaHHS Cy4YaCHUX MOJEJIEN Ta METOLIB
MAaIIMHHOTI'O HaBYaHHS. 3allpONIOHOBAaHi METOAY MTOPIBHSHO i3 TPAOULIITHUMU 32 ITIOKa3HMKAMU TOYHOCTI Ta
mwBKaKogii. [Iys 3aa4i BU3HAUEHHS CUJIY BIIJIMBY iOHHOI'O ITPOMEHS BU3HAYEHO, 110 3aIIPOIIOHOBAHI METOAU
IO3BOJISIIOTh BUBHAYMTY CUJTY IOHAMMEHIN y 2 Pa3y MWIBUJIIE 32 TPAOULIHNIN (QHAJIITUYHN) METO], 33 JOTIOMOT OO
LIEHTPaJIbHUX [TPOEKLill Ha TONOMDKHY MIoIKHYy. OTPUMaHO PiBHSIHHS 00YUCIIIOBAIbHOI CKIATHOCTI
HEMPOMEPEXKEBUX AJITOPUTMIB y ITOPiBHAHHI 3 aHANITUYHMM. [I7151 3a71a4i KepyBaHHS OpieHTalli€el0 KOCMIYHOTO
arapary, 3aCTOCOBAaHO METOJI0JIOTiI0 HaBYaHHS 3 MiAKPIIJIEHHSIM, 32 JOMOMOTOIO SIKOTO OTPMMAHO 3aKOH KepyBaHHS,
KUY MOXK€ YTOYHIOBATUCH Y Mipy B3aeMOJIii KOCMIYHOTIO anapary 3 cepenoBulleM. [l 3apadi KepyBaHHSA
BiJHOCHMM I10JIOKEHHSIM KOCMIYHOTO anapary, OTPMMaHO 3aKOH KePYBaHHS i3 ypaXyBaHHSIM BKJIIOYEHb [IBUTYHIB,
1110 [103BOJIsI€ 3MEHIIUTY BUTPATY [IaJIMBA ABUTYHHOIO YCTAHOBKOIO. OTpUMaHi METOIM KePyBaHHS 32 JOIIOMOIOI0

HaBYaHHA 3 MiJKPIINJIEHHAM MOPIBHAHO i3 TPAAULIMHUMU.

2. At this time, a large number of objects that do not perform useful functions and are called space debris have
accumulated in Earth orbits. According to scientists, further human activity is impossible without the introduction
of methods of active space debris removal. One of the proposed methods is the method of removal using an ion
beam, which transmits a force impulse to the space debris object to remove it from orbit. However, it is known
that the implementation of such removal systems is complicated due to the high cost and development time. At
the same time, hardware and software methods of machine learning, including deep learning and reinforcement
learning, have been developed and have proven themselves in tasks related to control, navigation, and image
analysis. The study is devoted to improving the efficiency of key tasks that need to be solved for the application of
the ion beam space debris removal method using modern models and machine learning methods. The proposed
methods are compared to traditional ones in terms of accuracy and speed. For the task of determining the force of
the ion beam impact, it is determined that the proposed methods allow determining the force at least 2 times
faster than the traditional (analytical) method using central projections on an auxiliary plane. The equations for the
computational complexity of neural network algorithms in comparison with the analytical one are obtained. For
the task of controlling the orientation of the spacecraft, the methodology of reinforcement learning is applied to
obtain a control law, which can be improved as the spacecraft interacts with the environment. For the task of
controlling the relative position of the spacecraft, a control law was obtained taking into account engine
activation, which allows reducing fuel consumption by the propulsion system. The obtained reinforcement
learning control methods are compared with the traditional ones.
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