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Pedepar:

1.V 3B'913Ky 3i CTPIMKMM 3POCTAHHSM KiJIbKOCTi IITYYHUX CYNyTHUKIB, PAKETHUX 3aIyCKiB Ta BUMNAKiB (parMeHTalLii
KOCMIiYHUX 00'€KTIB, IIpo6eMa KOCMIYHOTO CMITTs HabyBae KpUTUYHOT'O 3HAYEHHSI [IJIs1 CBITOBOi KOCMIYHOI 6€3IeKU.
JecsaTku TMCSY HePYHKIIOHANBHUX 006'€KTiB, CKOHLIEHTPOBAaHMX HA HU3bKUX HaBKOJI03eMHUX opbiTax (LEO),
CTaHOBJISITh 3HAUHY 3arpo3y [Jisl Ail04MX KOCMIUHUX anapariB Ta MibKHapo#HOi iHppacTpykTypu. OnHUM i3
HaWIepCHeKTUBHIINX [TiTX0AiB IO 3MEHIIeHHs 00CAry KOCMIUHUX BiTXOZiB € KepOBaHe BiJBeJleHHS! KOCMIUHUX
00'eKTiB 3 Op6iTU 3 HACTYITHUM rapaHTOBAaHMM 3ropsiHHSIM B aTMocdepi 3emii. [171s1 mocsrHeHHs: e(peKTUBHOCTI Ta

6e3MeKu LbOro MPoLeCy BKpall BaXKJIMBA ONTUMI3allis TPAEKTOPIi CITyCKy, IO Ma€ 3a0€3M1eUYNUTH IIOBHY TEPMiUHY



IeCTPyKIilo 06'eKTa Ta MiHIMi3yBaTy PU3UK IOCATHEHHS yJaMKaMuy oBepxHi 3emJii. Came B IbOMY KOHTEKCTi
BUHMKAE 3a7]a4ya ONTUMI3allil TpaeKTOPil BiiBeJeHHSI KOCMIYHUX 00'€KTIB, sIKa Iepeidayae MaKCUMI3allito
TEIJIOBOTO HAaBAaHTA)KEHHS B KPUTUYHUX JiISTHKaX KOHCTPYKLii Ta BU3HAYEHHS ONITUMAJIbHOTO KyTa BXOY [1J1s
3a0e31e4eHHs [TIOBHOTO 3HUIIEHHS 6€3 CTBOPEHHSI HOBUX 3arpo3. Po3B's3aHHs Liiei 3ana4i MOKe OyTH peasi3oBaHo 3
BUKOPUCTAaHHSAM Cy4aCHUX METOZIB MaTEMATUYHOI ONTUMI3allii Ta TEXHOJIOTi ITYYHOTO iIHTEJIEKTY. 3aCTOCYBAaHHS
Mozesel aepoAHaMIYHOIO HarpiBy, METOIiB ONITUMAaJIbHOT'O KePyBaHHS, MALIMHHOTO HaBYaHHS Ta TEHETUYHUX
aJITOPUTMIB JI03BOJISIE CTBOPUTU BUCOKOE(DEKTUBHUI KOMIUIEKCHUI MifXis AJ15 MPOEKTYBaHHS Cy4YaCHUX aKTUBHUX i
KOMOIHOBAHUX TE€XHOJIOTIH BiJIB€JJ€HHSI KOCMIYHOTO CMITTS. BpoBaiK€HHS IUX METOAMK CIIPUSTHME BUPILIEHHIO
Ipo6seMu eKOJIOTIYHOI 6e3TeK KOCMIYHOTO [TPOCTOPY Ta BiZIIOBiZla€ CTpAaTEeTiuYHNM 3aBIAHHSM KOCMIYHUX AEP>KaB,
30KpeMa YKpainu. MeTor poboTH € po3pobKa iHTerpoBaHOi METOAUKY POrHO3YBAHHS MaKCHMaJIbHUX TEIJIOBUX
HaBaHTAKEHb Ta BUOOPY TPAEKTOPHUX NapaMeTpiB pyXy KOCMiYHUX 00'€KTiB B aTMocdepi 3eMii Ha OCHOBI
[IOENHAHHS METOJiB MAIIMHHOTO HAaBYaHHS i TeHEeTUYHOI onTuMizanii. O6'eKTOM NOCIIiIKeHHS € Mpolec
KEPOBAHOTO BilBEJIEHHSI KOCMIYHOTO CMITTS 3 OpOiTH LIISIXOM BXoAy B aTMocdepy 3emii. [IpegMeToM JOCTiIKeHHS
€ MaTeMaTUYHi MOJieJli Ta aJITOPUTMU ONTUMI3allil TPAEKTOPil 3HMKEHHS KOCMIYHUX 00'€KTIB 3 ypaxyBaHHSIM
TEIJIOBOTO HAaBAaHTAXXEHHSI, 30KPEMa Ha OCHOBI MAlIMHHOTO HABYaHHS Ta TeHETUYHUX aJITOPUTMIB. HaykoBa HOBU3HA
OJlep>KaHUX pe3yJIbTaTiB [0JIsirae y HaCTYyIIHOMY: Brniepie po3po6seHo Moiesib MallMHHOTO HaBYaHHS JJ1s1 OLiHKU
TEIJIOBMX HaBaHTa)K€Hb Ha 00’eKT, 1J0 PyXaeTbCsl B aTMocdepi 3emi, sika 3abe3nevye KOMIJIEKCHUH aHali3 BIJIMBY
TPAEeKTOPHUX NapaMeTpiB Ha (GOPMyBaHHS TEIJIOBUX ITOTOKIB B aTMOChEPHUX JiJISIHKax TPaeKTopiil. Briepiue
3aMpoBa/IKEHO riOpUIHY METOLMKY, IO MOEAHYE aJITOPUTMUA MAIIMHHOTO HAaBYaHHS /1J11 BUCOKOTOYHHUX IIPOTHO3iB
XapaKTePUCTHUK TEIJIOBOrO TOTOKY 3 FTeHeTUYHUM aJITOPUTMOM [1J1s1 ONTUMIi3allii mapameTpiB BXOIKeHHs 00'€KTa B
armocdepy. [IpakTriHe 3HAYEHHS AAHOTO JOCJiI)KEHHS [10J1sIrae y po3po0bLii METOOJIOTI] po3paxyHKy Ta
onTUMizalii TpaeKTOpPill CXOIKEHHSI KOCMIYHUX 06'€KTIB 3 HABKOJIO3€MHOI OpOiTH 3 ypaxyBaHHSM TEIJIOBOTO
YUHHUKA. 3alIpOIIOHOBAaHA METOAMKA MOKe OYTH 3aCTOCOBaHa I1if] Yac ITPOEKTYBAaHHS MiCiil aKTUBHOT'O BUAJIEHHSI
KOCMIYHUX BiIXO[IiB /1J151 OOIPYHTOBAHOI'O BUOOPY NIapaMeTpiB BXOIKEHHS B aTMOC(epy, 1110 3a0e311eUyi0oTh TIOBHE
3ropaHHs 00’eKTa 6€3 yTBOpPEeHHs Hebe3neyHux pparmeHTiB. OTpuMaHi pe3ybTaTu CTAaHOBJISITh OCHOBY [1JIs1
CTBOPEHHSI aBTOMATU30BaHMX [IPOTrPAMHUX KOMILJIEKCIB, SIKi [IOE€IHYIOTh aJITOPUTMU ONTUMI3aLlii, METOIU
MAaIIMHHOTrO HaBYAHHS Ta MOJEJIi TEIJIOBOI NECTPYKIUl 171 MifTPUMKU IPUNHATTS PillleHb Y PEXXUMi peasIbHOTO
Jacy Mif; 4ac KepyBaHHs CXO/KEHHSIM KOCMiuHuX Tis1. Kpim Toro, po3po6eHa MeToauKka Moxe 6yTh BUKOPUCTaHa B
OCBITHbOMY MPOLIEC] Ta NiAroTOBI (PaxiBliB 4K IPUKJIAJ MKIUCLMIIIIHAPHOI 3a7ayi.

2. Due to the rapid growth in the number of artificial satellites, rocket launches, and cases of space object
fragmentation, the problem of space debris is becoming critical for global space security. Tens of thousands of
non-functional objects concentrated in low Earth orbits (LEO) pose a significant threat to operational spacecraft
and international infrastructure. One of the most promising approaches to reducing space debris is the controlled
removal of space objects from orbit, followed by guaranteed combustion in the Earth's atmosphere. To achieve the
efficiency and safety of this process, it is extremely important to optimize the descent trajectory to ensure
complete thermal destruction of the object and minimize the risk of debris reaching the Earth's surface. It is in this
context that the task of optimizing the trajectories of space objects arises, which involves maximizing the thermal
load in critical areas of the structure and determining the optimal entry angle to ensure complete destruction
without creating new threats. This task can be solved using modern methods of mathematical optimization and
artificial intelligence technologies. The use of aerodynamic heating models, optimal control methods, machine
learning, and genetic algorithms allows for the creation of a highly effective comprehensive approach to the design
of modern active and combined technologies for the removal of space debris. The implementation of these
techniques will contribute to solving the problem of environmental safety in space and meets the strategic
objectives of space-faring nations, including Ukraine. The aim of the work is to develop an integrated methodology
for predicting maximum thermal loads and selecting trajectory parameters for the movement of space objects in
the Earth's atmosphere based on a combination of machine learning and genetic optimization methods. The object
of the study is the process of controlled removal of space debris from orbit by entering the Earth's atmosphere.
The subject of the study is mathematical models and algorithms for optimizing the trajectories of space objects'



descent, taking into account thermal loads, in particular based on machine learning and genetic algorithms. The
scientific novelty of the results obtained is as follows: For the first time, a machine learning model has been
developed to estimate thermal loads on an object moving in the Earth's atmosphere, which provides a
comprehensive analysis of the influence of trajectory parameters on the formation of heat flows in atmospheric
sections of trajectories. For the first time, a hybrid method has been introduced that combines machine learning
algorithms for high-precision forecasts of heat flow characteristics with a genetic algorithm for optimizing the
parameters of an object's entry into the atmosphere. The practical significance of this study lies in the
development of a methodology for calculating and optimizing the trajectories of space objects descending from
near-Earth orbit, taking into account the thermal factor. The proposed methodology can be applied during the
design of active space debris removal missions for a reasonable selection of atmospheric entry parameters that
ensure complete combustion of the object without the formation of dangerous fragments. The results obtained
form the basis for the creation of automated software complexes that combine optimization algorithms, machine
learning methods, and thermal destruction models to support real-time decision-making during the control of the
descent of space objects. In addition, the developed methodology can be used in the educational process and
training of specialists as an example of an interdisciplinary task.

Jep>kaBHHH peecTpaniiiHuil Homep [iP:

IIpiopuTeTHHI HanpsSIM PO3BUTKY HayKH i TEXHIKH: OyHnamMeHTasbHi HAYKOBI TOCIIIPKEHHS 3 HANGIIbII
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CYCIIiJIbCTBA i Aep>kaBy
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