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AHHOTADUSA

Hunpomnas paboma, 62 cmpanuy, 14 wuinrocmpayui, 29 Gopmyn, 12
UCMOYHUKOS.

Knouesvie cnosa: TPABUTAIIMOHHBIE MAHEBPHI, JIETATEJIBHBIN
AIIIIAPAT, 3AHAYA JIAMBEPTA, MEXIUIAHETHBIE JIIEPEJIETBI,
OIITUMM3ALIVA TPAEKTOPUI, KOCMHUYECKWUE MUCCHH,

Obvexkmom uccredosanus seasgemcsi TPOOJIEMAa HAXOXKIEHUS TPACKTOPUU
KOCMUYECKHX alnapatoB IPU BBIMOJHEHUU TPABUTALMOHHBIX MAaHEBPOB B
IrPABUTALMOHHBIX NOJAX MIaHeT COJTHEYHOU CUCTEMBI.

lIpeomemom uccneoosanus A61410mcss METOABl U AATOPUTMBI MOJAEIIMPOBAHUS
TUNEePOOINMUECKUX TPACKTOPUM M ONTHMHU3ALMKM MEKIUIAHETHBIX IIEpEJIeTOB Ha
ocHOBe 3a/1auu Jlambepra.

Llenvio pabomwr  aensemca pa3paboTKa W peanus3als MPOrPaMMHOIO
WHCTPYMEHTA JUII MOJEIMPOBAHUS MEKIUIAHETHBIX MEPENETOB C MCIOJIb30BAHUEM
TPABUTAMOHHBIX MAHEBPOB.

Memoodamu uccnedosanusi A6nA0OMCs AHATUTUUECKOE PpEUICHHE YpaBHEHUMN
NBWKEHUA B paMKax 3aJayd JBYX Tel, 4ucieHHble Meroabl Pynre-Kyrra wu
aNrOpUTMBbI pelieHus 3aaaun Jlambepra, B yactHocTn Metof M330.

Ionyuennvie  pezynemamsl 4 uUx  HOBU3HA.  YCIEUIHO  pa3paboTaHa
MaTeMaTU4yecKas: MOJIeNlb, ONMUCHIBAIOIIAsl BJIMSIHUE T'PABUTAIIMOHHBIX MaHEBPOB Ha
TPAaCKTOPUID W CKOPOCTh JIETATEJIBHOIO  alapara, CO34aHO IPOrpPaMMHOE
oOecrieyeHue JUisl BU3YaJu3allMM TPACKTOPUM M aHaiu3a W3MEHEHW CKOPOCTH,
MPOBEICHA MMUTAIMS MAaHEBPOB YCKOPEHUSI U TOPMOKEHHUS, TMOBTOPEHBI IMOJIETHI
KocMuueckux anmapatoB «HoBble TOpU30HTHY U «Bosmxep-2», a Takke HaileH
BO3MO>KHBI MOJIET, TOBTOPSIOINN ITyTh «Bosimkepa-2».

Hocmoeepnocms ~ mamepuanos u  pe3yiomamos  OUNJIOMHOU — pabomul.
UCIIOJIb30BaHHBIE MaTepuanbl M Pe3yJabTaThl JAUIMJIOMHON pabOThl  SBISIOTCS
JIOCTOBEpHBIMU. PaboTa BHITIOJIHEHA CAMOCTOSITENBHO.

Obaacmuio B03MOINCHO20 NpaKmu4ecKo2o NpUMEHEeHUs1 ABIAemCcsl

IMPOCKTUPOBAHUEC MCKIIJIAHCTHBIX MHUCCHUM U OIITUMMH3aAIUA TpaeKTOpHﬁ.
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AHATALBIA

Hvinnomnas npaya, 62 cmaponxi, 14 intocmpaysiii, 29 ¢hopmyn, 12 kpuiniy.

Knrouaswis cnoeswt. FPABITAHbIﬁHbIH MAHEYVYPGL, JIITAJIbHBI ATIAPAT,
3AJJAYA JIAMBEPTA, MDKIUJIAHETHBIS TIEPAJIETHI, AIITBIMI3ALIBIS
TPAEKTOPBIN, KACMIYHBIS MICII.

Ab'exmam Oacneoasanns 3'synseyya npadlieMa 3HAXOKAHHS TPACKTOPHII
KaCMIYHBIX amaparay Ipbl BbIKAHAHHI TPaBITALBIMHBIX MaHEYpay y rpaBiTalbIHHBIX
naisx miaHeT CoHeyHail CiCTIMBL.

Ilpaomemam Oacneoasanns 3'ayigioyya METaabl 1 alrapbITMbl MaJdJISIBAHHS
rinepOaMIYHbBIX TPACKTOPBIM 1 anThIMi3albll MIKIUIAHETHBIX Iepanéray Ha acHOBE
3anaunl JlamOepra.

Mbmaii Odacneosanns 3'aynseyya pacrpanoyka 1 pdiaiizaipls IparpamHara
IHCTpYMEHTa Il MAJDJISIBAHHS MDKIUIAHETHBIX TMepai€ray 3 BBIKAPbICTAHHEM
rpaBiTaIBIMHBIX MaHEYpay.

Memaoami oacnedasanns 3'siynsaioyya aHATITEIYHAC PAIIPHHE PAYHAHHSY PYXY ¥
paMKax 3aJladbl JABYX TOJI, JIiKaBbisi MeTaabl PyHre-KyrTra 1 anrapbITMbI pamnmHHS
3amaubl JlamOepTa, y npeiBatHacii metaj M330.

Ampuivanvisi euiniki | 1x Haelsna. MacmsaxoBa pacrpaliaBaHa MaTdIMaTbluHas
MaJIdJib, SIKas armicBae YIUIbIY TPaBITAIBIMHBIX MaHEYpay Ha TPACKTOPBIIO 1 XyTKACIh
JsTalbHAra amnapara, CTBOpaHa IIparpaMmHae 3a0ecrlsiudHHE I Bi3yasizailbli
TPAeKTOPHIA 1 aHajizy 3MSHEHHSY XyTKacili, NpaBeA3eHa IMITaIpisi MaHeypay
MacKapdHHA 1 TapMaXdHHS, MayTOpaHbl ManéThl KAaCMIYHBIX amapaTtay «HOBBIS
rapbI3oHTh 1 «Bosmxip-2», a Takcama 3HOWJ3€Hbl MardbIMbl MajET, MayTapasbl
nusix «Bosimxapa-2».

Jlacmasepuacyv mamapwvianay i 6bIHIKA) ObINJIOMHAU NPAybl. BBIKAPHICTAHBISA
MaTAPBISIIBI 1 BBIHIKI JIBITUIOMHAN TIparibl 3'1yIIsitoniia nakiaaabiMi. [Ipama Beikanana
caMacTOMHA.

Bobnacyvio macuvimaza npakmsiunaza npuiMAHEHHS 3's)y1sAeyya TpacKTaBaHHE

MDKIIJIAHETHBIX MICIH 1 alIThIMI3aIIbIsl TPACKTOPHIH.



ANNOTATION
Diploma work, 62 pages, 14 illustrations, 29 formulas, 12 sources.

Keywords: GRAVITY ASSISTS, SPACECRAFT, LAMBERT'S PROBLEM,
INTERPLANETARY FLIGHTS, TRAJECTORY OPTIMIZATION, SPACE
MISSIONS.

The object of the research is the problem of finding the trajectory of spacecraft
when performing gravitational maneuvers in the gravitational fields of the planets of
the Solar system.

The subject of the research is methods and algorithms for modeling hyperbolic
trajectories and optimizing interplanetary flights based on the Lambert problem.

The purpose of the research is to develop and implement a software tool for
modeling interplanetary flights using gravitational maneuvers.

Methods of research are the analytical solution of the equations of motion within
the framework of the two-body problem, numerical Runge-Kutta methods and
algorithms for solving the Lambert problem, in particular the 1zzo method.

The results of the work and their novelty: a mathematical model describing the
effect of gravitational maneuvers on the trajectory and speed of an aircraft has been
successfully developed, software for visualizing trajectories and analyzing speed
changes has been created, acceleration and deceleration maneuvers have been
simulated, flights of the New Horizons and VVoyager 2 spacecraft have been repeated,
and a possible flight has been found., repeating the path of VVoyager 2.

Authenticity of the materials and results of the diploma work: the materials used
and the results of the diploma work are authentic. The work has been put through
independently.

Recommendations on the usage. The results of the work can be used in the

design of interplanetary flights and trajectory optimization.



