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Pedepar:

1. Y 3B'3Ky 3i CTPIMKMM 3POCTaHHSM KiJIbKOCTi IITYYHUX CYIIyTHUKIB, PAKETHUX 3aIyCKiB Ta BUNIAAKIB (PparMeHTalii
KOCMIYHHUX 00'€KTiB, Ipo61eMa KOCMIYHOTO CMITTSl HabyBae KPUTUYHOTO 3HAUYEHHSI 7151 CBITOBOI KOCMiYHOI 6€3I1eKU.
JecaTtku Thcs4 HePyHKIIOHANBHUX 00'€KTiB, CKOHLIEHTPOBAaHMX Ha HU3bKUX HaBKOJI03eMHUX opbiTax (LEO),
CTAHOBJISITh 3HAYHY 3arpo3y [ Ail0YMX KOCMIYHUX anapariB Ta MbKHAPOAHOI iHPppacTpyKTypu. OgHuM i3
HalMepCHeKTUBHIIINX MiIXO0iB 70 3MEHIIEHHS 00CATY KOCMIYHUX BifIXO[IiB € KEPOBaHe BiflBEIEHHS KOCMIYHUX
00'eKTiB 3 Op6ITU 3 HACTYITHUM TapaHTOBAaHMM 3ropsiHHAM B aTMocdepi 3emui. 17151 mocsrHeHHs e(peKTUBHOCTI Ta
6e3IeKu LbOro Mpoliecy BKpail BaXKJIMBa ONTUMI3allis TPaeEKTOPIi CIIycKy, 110 Mae 3a0e3M1eYnUTH IIOBHY TEPMiuHY
IeCTPYKIIil0 06'eKTa Ta MiHiMi3yBaTH PU3UK JOCATHEHHS yJlaMKaMU NOBEPXHi 3emii. Came B IbOMY KOHTEKCTI
BMHUKAE 3a7ja4a ONTUMIi3aLii TpaekTopill BiiBegeHHS KOCMIYHMX 06'€KTIB, Ka repenbdadae MakCUMi3aliio

TEIJIOBOTO HABAHTAXXE€HHS B KPUTUYHUX ,ILiIIHHKaX KOHCprK]_Lﬁ Ta BUSHAYEHH OIITUMAJIbHOT'O KyTa BXO4Y Jid



3a6e3reyeHHs IOBHOTO 3HUIEHHS 6€3 CTBOPEHHSI HOBUX 3arpo3. Po3B'si3aHHs 1iei 3aadi Moxe 6yTU peasi3oBaHo 3
BUKOPHMCTaHHSIM CY4aCHUX METOLIB MaTeMaTUYHOI ONTAMIi3allii Ta TEXHOJIOTiH MITYYHOTO iHTEJIEKTY. 3aCTOCYBaHHS
MoJiesIell aepOIMHAMIYHOr O HarpiBy, METO/IiB ONTMMAJIbHOTO KEPYBaHHS, MAIIMHHOTO HAaBYAaHHS Ta FEHETUYHUX
aJITOPUTMIB J103BOJIsIE CTBOPUTU BUCOKOE(DEKTUBHUI KOMIUIEKCHUI MifXif AJ1s MPOEKTYBaHHS Cy4YaCHUX aKTUBHUX i
KOMOIHOBaHMX TEXHOJIOTi BiZiBEJ€HHS KOCMIYHOTO CMITTS. BIpPOBaisKeHHS IMX METOIMK CIIPUSITUME BUPIIEHHIO
Ipo6JieMHy eKOJIOTiYHOI 6e3I1eK KOCMIYHOTO [TPOCTOPY Ta BiZIIOBiZla€ CTpAaTEeriuYHUM 3aBIAaHHSIM KOCMIYHUX JEP>KaB,
30Kpema YkpaiHnu. MeToio po60Tu € po3pobka iHTerpoBaHOI METOAMKY IIPOTHO3YBAaHHSI MAaKCHMAJIbHUX TEIJIOBUX
HaBaHTAKEHb Ta BUOOPY TPAEKTOPHUX MapaMeTpiB pyXy KOCMIYHUX 00'€KTiB B aTMocdepi 3eMii Ha OCHOBI
MOETHAHHS METO/IiB MAIIMHHOTO HAaBYaHHSI i TeHeTUYHOI orrtumizarii. O6'eKTOM IOCIiKEeHHS € TTPOIIeC
KEPOBAHOTIO BilBE€JI€HHSI KOCMIYHOTO CMITTS 3 OpOITH LJISIXOM 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>KaHMX Pe3yJIbTaTiB M0JIArae y HaCTyITHOMY: Briepie po3po61€eHO MOZesb MAaIIMHHOTO HaBYaHHS [J1 OLiHKU
TEIJIOBUX HaBaHTaKEHb Ha 00'€KT, 10 PyXaeTbCsl B aTMocdepi 3emiri, sika 3abe3rnedye KOMIUIEKCHUI aHali3 BIJIUBY
TPAEeKTOPHUX NapaMeTpiB Ha (GOPMyBaHHS TEIJIOBUX IIOTOKIB B aTMOC(HEPHUX AiNISIHKAaX TPAeKTopiil. Bnepiue
3aMpoBa/IKEHO riOpUIHY METOLMKY, IO MOEAHYE aJITOPUTMUA MAIIMHHOTO HABYAHHS J1J11 BUCOKOTOYHHUX IIPOTHO3iB
XapaKTEPUCTUK TEIJIOBOTO IIOTOKY 3 FTEHETUYHUM aJIFTOPUTMOM J1JI ONTUMi3allii 1apaMeTpiB BXOJKEHHS 00’€KTa B
armocdepy. [IpakTriHe 3HAYEHHS AAHOTO JOCJiIKEHHS [0JIsIrae y po3po0bLi METOOJIOTI pO3paxyHKy Ta
ONTHMIi3allii TPAEKTOPIl CXOIPKEHHSI KOCMIYHMX 00’€KTiB 3 HABKOJIO3€MHOI OP6iTH 3 ypaxyBaHHSIM TEIJIOBOTO
YYHHMKA. 3alIpOIIOHOBaHAa METOAMKA MOXKe OyTH 3aCTOCOBAHA IIiJ] YaC MPOEKTYBAHHS MiCili aKTUBHOTO BUAJIEHHS
KOCMIYHUX BiIXOZiB 1J1s1 OGI PYHTOBAHOTO BUOGOPY NapaMeTpiB BXOAKEHHs B aTMocdepy, 110 3a6e3Me4yioTh [I0BHE
3ropaHHs 00’eKTa 6€3 yTBOPEeHHsI Hebe3neuyHux ¢pparmeHTiB. OTpuMaHi pe3ysIbTaTu CTAaHOBJISITh OCHOBY [1JIs1
CTBOPEHHS aBTOMATU30BAHUX IIPOTrPAMHUX KOMIJIEKCIB, SIKi TOENHYIOTh aJITOPUTMHU ONTHUMi3allii, METOAYN
MAaIIVHHOIO HaBYaHHA Ta MOJIEJIi TEIJIOBOI AeCTPYKLUii 14 MiITPUMKHU IPUNHATTS PIilIEHb Y PEXKUMI PEAIbBHOTO
yacy Mifl 4ac KepyBaHHS CXO/KEHHSIM KOCMiuHuX Tis1. Kpim Toro, po3po6eHa MeToauka Moxe 6yTi BUKOPUCTaHA B
OCBITHbOMY IIPOLIECi Ta MigroToBLi (PaxiBLiB K MPUKIIAL MDKIUCIUILUTIHAPHOI 3a7a4i.

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.
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