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PE®EPAT

HunuiomHas paborta: 54 crpanunsl, 17 puc., 1 tabmuua, 11 ncrounnkos
JUTEPATYPHL, | MpUoKEHUE.

[{enb pabOTHI: MPOrpaMMHUPOBAHUE TPACKTOPUH TTOJIETA HU3KOOPOUTATBHBIX
CIIyTHHKOB 3€MJIU.

Kmouessle cnosa: HU3KOOPEUTAJIBHBINM CITY THUK, YACJIEHHO-
AHAJIMTUYECKUE METO/bI, AHAJIMTUYECKHUE METO/bI, METO/
OBEPXAPTA, TPAEKTOPUA  IIOJIETA  CIIYTHHUKA, BEKTOP
COCTOSAHMA.

B nuniomHo#M paboTe n3y4eHbl MPUOIHKEHHBIE (YUUCIEHHO-aHATUTUYECKUE
METO/bl) M YHCIEHHBIE METOJblI, MPUMEHSIOIIMNECS Il pacueTa TPAeKTOPUU
cnyTHUKOB 3emiu. Paccmorpensl nmpubinxennbie Mmetoasl: Kemnepa, Lleinens,
Metoj npeoOpazoBanuii Jlu. IIpoBegeH 0030p OCHOBHBIX YMCIEHHBIX METOJIOB:
HymepoBa, Pynre-Kyrra, bymupma-Illtepa, Anamca-Mynsrona-Koyamra.
[Toka3aHbl UX HETOCTATKH U IPEUMYILECTBA.

[logpoOHO W3yyeH MHOTOIIArOBBIM HESBHBIM METOA  ODBepXapra,
MO3BOJISIIOIIMN MPOBOJUTH PACUETHl TPACKTOPUU MOJIE€TAa CIYTHUKOB 3E€MIIU C
3aIaHHOM TOYHOCTBIO. [JTaBHOM wMaeerd Meroja OBEPXApTa, IO3BOJISIOLIECH
3HAYUTEIBHO YBEJIMYUTHh TOYHOCTH PAacyeTa, SIBISETCS BBIOOp HE MOCTOSHHOIO
mara, a pazouenus: Pano, Jlexanapa unu JIo6aTTo B 3aBUCUMOCTH OT CTENEHU
TOYHOCTH.

B xomnmstope Free Pascal mposenena nporpaMmHas peaan3anus MeToia
DBepxapTta JIeBsATOro nopsjaka TouHoctu. C UCMONb30BaHUEM METO/1a DBepXxapTa
IPOBEJICH TECTOBBIM pacyeT KOOPAMHATHOTO (X, Y, Z, Vx, Vy, Vz) ¥ 9KBaTOPHAIBHOTO
(r, V, 6,1, Q, U) BEKTOPOB COCTOSIHUI )11 Oesopycckoro cnyTHrka beaKA-2 ¢
UCIIOJIb30BaHuEM JlaHHbIX [ LE-daiina.

PazpaboTtanHbie mporpamMmbl MOTYT OBITh HCIOJB30BaHBI JJIsl pacuera
TpaekTopuu 006X MC3 1 MO3BOISAIOT peniaTh 3a/1adyy HaXO0KJACHUS KOOPAUHATHI
U CKOPOCTH KOCMHUYECKOTO CITyTHHKA B JIFOOO MOMEHT BpPEMEHM Ha OCHOBE
KOOPJUHATHI U CKOPOCTH KOCMHYECKOTO CITyTHHKA B HAYAJIbHBIIT MOMEHT.



ABSTRACT

Diploma thesis contains 54 pages, 17 figures, 1 tables, 11 citations, 1
application.

The aim of the work: software implementation for calculating the trajectory
of Earth-orbiting satellites, 1 application.

Keywords: LEO SATELLITES, EVERHART METHOD, SATELLITE
FLIGHT PATH, ANALYTICAL METHODS, NUMERICAL-ANALYTICAL
METHOD.

The thesis explored the approximate (numerical-analytical methods) and
numerical methods used to calculate the paths of satellites. Considered approximate
methods: Kepler, Zeipel transformation method. A review of basic numerical
methods: Numerov, Runge-Kutta, Bulirsch-Stehr, Adam-Multona-Cowell. Showing
their weaknesses and strengths. Been studied in detail by multi-step implicit
Everhart method, allowing calculations of trajectory of Earth satellites with
precision. The main idea of Everhart's method, allowing to greatly increase the
accuracy of calculation, is not a permanent choice and split: Radau, Legendre or
Lobatto depending on the degree of precision.

Free Pascal compiler software implementation of Everhart's method was
conducted the ninth order accuracy. Using the method of coordinate calculation test
conducted Everhart (x, v, z, vx, Wy, V;) and equatorial (6, r, V, i, Q, u) state vectors for
belarusian satellite BKA-2 using a TLE data file.

Designed programs can be used to calculate the trajectory of any satellites and enable
you to solve the problem of finding coordinates and velocity space satellite at any
given time based on coordinates and velocity space satellite in the starting point.



