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KondepeHnusIHbIH MaKcaThl - TOKIpHOE amacy, FhUIBIMHBIH, TEXHUKA MEH OLJTIMHIH op TYpPJIi
cajlaylapblH/Ia €CeNTey JKOHE aKMapaTThIK TEXHOJIOTHUSJIApAbl KOJIJaHy CallaChIHAAFbl KETEKIi
MaMaHAapAbIH MACEeJIeNIepiH TalKbUIAY, Iprefi )KoHe KoJaaH0a bl MaTeMaTUKAIIBIK 3epTTeyIepIiH
KaHa HOTWXKEJEepIMEH TaHbBICY, COHJAN-aK XaJbIKapalblK FBUIBIMH JKOHE TEXHHUKAJIBIK
BIHTBIMAKTaCTBIKTHI KEHEHTY.

"Computational and Information Technologies in Science, Engineering and Education™
(CITech) xanbikapanbIK FEUIBIMH-TOXKIprOeniKk koH(pepeHusach Oail 1ocTypiepre ue xane 2002
KBUIIAH Oepi TYPaKTHI TYPAE OTKI3UIe .

Kondepenuust peceisiik >xoHE Ka3zaK FalbIMAAphl apachblHAA THIFBI3 BIHTHIMAKTACTHIKTA
YUBIMIACTBIPBUIIBI HKOHE HKAJIIBI TAIKBUIAY CAIACHI - €CENITEY TEXHOJIOTUSIIAPHI CaJlaChIH/IAFbl €H
03BIK keTicTikTep Oonabl. KoHdepenuus reorpaduscel KeiliHipek keHelin, enai oran Eypoma,
AKILL, Xamonwus, YHaictan xone TypKus eniepiHiH KeTeKIIi FalTbIMIapbl KaTbICA b

KondepenuusiuplH MakcaThl - KAaTbICYIIbLIAp apachblHAa >KaHa OUIIM MEH FBUIBIMU
KETiCTIKTep Il TapaTy 00JIbI TaObUTa b, by KOH(EPEHIMSHBIH epeKIIeNiTi )Kac FaTbIMIapabl €Ki
€JI/IIH JKETEKIN FhUIBIMU KBI3METKEPJICPIMEH ©3apa iC-KMMbBLI apKbLIbl FHUIBIMHU JKETICTIKTEPIH
Oaranayra Tapty Oomnbin TaObutaabl. CITech-ke kaTbicy Ka3ipri yakpITTa OCHI cajiajia MaHbI3IbI
3epTTeyJep OKYpri3ill JKaTKaH Kac FaJbIMIApIbIH KaybIMAACTBIFBIH  KaJBIITACThIPYFa
KOMEKTECE/I].

ClTech xondepenmusicel Anmarbiga (2002, 2004, 2008, 2015, 2020, 2022), ITaBnomapaa
(2006) xone Ockemenne (2003, 2013, 2018) etkizunai. ClITech koH(pepeHUMICHIH YHBIMAACTHIPY
KOHE OTKi3y VIIIH TYpPaKThl JOCTYpiepAl KaiublmracTbipyna HoBociOip FbUIBIMM MEKTEOiHIH
npodeccops 1. C. Cmarynos, H. T. Jlanaes, 0. U. [llokun, B. H. Monaxog, b. T. XKymaryios,
H. M. TemipOekoB >xoHe T. 0. FaJbIMIapiblH >KE€Ke JOCTBIK KapbIM-KaThIHACHI MaHBI3bI Pell
aTKapaipl.

ClTech-2022 xoHdepeHuunsCh Keneci Heri3ri OaFbITTap OOMBIHINA KYMBIC aTKap/Ibl:

e Ecenrey FpUIbIMIaPhI )KOHE KOFAphl OHIM/II €CENTeY;

Cananap OoifbIHIIIA aKTAPATTHIK )KOHE KOMMYHUKALUSIIBIK TEXHOJIOTHLIAP;
OyHKIUIIAP TEOPHCHI )KoHE (PYHKIIMOHAIBIK TaJaYy;
JuddepeHunaniplk TeHaEyIep KIHE 0acKapy TEOPUsICHI;

Anrebpa, MareMaTHKaJIbIK JIOTHKA 5KOHE T€OMETPUS;

AKTyapJIbIK MaTeMaTHKa *KoHE CTaTUCTHKA,

TeopusIbIK KoHE KOMTaHOATBI MEXaHUKA;

Fapbeimteik TeXHOMOTHSATIAp KOHE POOOTOTEXHUKAIIBIK KYHeEnep;

binim Gepyneri jkaHa aknapaTThIK TEXHOJIOTHUSLIIAP.
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LINEAR NON-AUTONOMOUS DIFFERENTIAL EQUATIONS, DETERMINING
SECULAR PERTURBATIONS OF EXOPLANETARY SYSTEMS WITH VARIABLE
MASSES

M.Zh. Minglibayev !, A.B. Kosherbayeva "

! al-Farabi Kazakh National University, 71 al-Farabi Ave., Almaty, Kazakhstan,
* kosherbaevaayken@gmail.com

Keywords: dynamical evolution, canonical perturbation theory, variable masses, Poincaré variables, secular
perturbations, evolutionary equation.

The study of dynamical evolution of exoplanetary systems is actual topic in astrodynamics and in celestial
mechanics. For today, more than 3,700 confirmed exoplanetary systems are known [1], and this list is growing rapidly.
Researching of dynamics of exoplanets in the non-stationary stage of its formation gives us the opportunity to
determine further evolutionary tracks. The influence of the variability of the masses of celestial bodies is explored on
the dynamic evolution of planetary systems, considering that the masses of bodies change isotropically with different
velocities.

The problem of many bodies is considered in a relative coordinate system, with assuming that the most massive
body - the parent star is located at the origin of this coordinate system. All n bodies in the system will interact with
each other according to Newton's law. Orbits of n planets around the parent star are quasi-elliptical and we believe
that they do not intersect. Bodies are considered spherically symmetrical with isotropically varying masses. We
consider the laws of the masses to be known and arbitrary functions of time. Differential equations of motion of n
bodies in the relative coordinate system are given in the works [2-3]. The methods of canonical perturbation theory
are used here, which developed on the basis of aperiodic motion over a quasi- canonical section [4] in analogues of
the second Poincaré system of variables. The obtained canonical equations of perturbed motion [5] are most
convenient for describing the dynamic evolution of planetary systems in the case when analogues of eccentricities
and analogues of inclinations of the orbital plane are small enough. The non-resonant case is researched. The Wolfram
Mathematica package is used in the expansion of perturbing functions into series. Since we are interested in the
evolution of orbital parameters over long periods of time, short-period perturbations associated with the orbital motion
of bodies should be eliminated by averaging the perturbation functions by mean longitudes. As a result, we get the
secular parts of perturbing functions. Secular perturbations of eccentric and oblique elements are defined as solutions
of a system of 4n linear differential equations.

As an example, we consider the two-planet exosystem HD 106315 (spectral type F5 V) [6] in the non-stationary
stage of its evolution. To find secular perturbations, it will be necessary to solve a system of 8 linear non-autonomous
differential equations. The obtained equations of secular perturbations are studied by the numerical method.
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