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The article considers the approach to solve the problem of determining the optimal thrust
vector control of propulsion system according to the criterion of maximization of the
payload mass in the orbital unit launch into an arbitrary target orbit, which is non-
coplanar to the original one. The problem is solved using Pontryagin’s maximum
principle, which reduces the problem of optimal control search to solve a boundary value
problem. The successful solution of the problem depends on the quality of the initial
approximation of its unknown parameters. In solving the problem the parameter
continuation method was applied. The technique of operational conversion of the
conjugate variable initial values using the symmetry properties of the target orbit
inclination with respect to the plane of the initial reference orbit was also applied._As a
part of the work numerical modeling of the orbital block motion in the central
gravitational field of the Earth with the optimal control, obtained on the basis of the
maximum principle, was carried out. The dependence of the optimal launch scenario on
the form (eccentricity) of the target orbit was analyzed. The behavior of conjugate
variables, determining the vector of optimal control, which delivers a maximum output
payload mass with set limits on the duration of transfer, was analyzed for a wide range of
target orbit’s inclination. The analysis revealed the symmetry properties of the behavior
of conjugate variables, the use of which improves the efficiency of finding the optimal
solution. The obtained results can be applied in the field of ballistic design calculations
related to the development of launch vehicles (boosters, space tugs) and spacecraft for
various purposes. They can also be applied for assessing the capacity of existing launch
vehicles and determining the first approximation in the development of transfer schemes.
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control, launch.

REFERENCES

[1] Serduk V.K. Proektirovanie sredstv vyvedeniya kosmicheskikh apparatov
[Designing Spacecraft Launch Vehicles]. Moscow, Mashinostroenie Publ.,
2009, 504 p.

[2] Zelentsov V.V., Kazakovtsev V.P. Osnovy ballisticheskogo proektirovaniya
iskusstvennykh sputnikov Zemli [Principles of Ballistic Design of Artificial Earth
Satellites]. Moscow, BMSTU Publ., 2012, 176 p.

[3] Ivashkin V.V., Krylov LV. Kompleksnyy metod optimizatsii kosmicheskikh
traektoriy s maloy tyagoy i ego primenenie k zadache pereleta ot Zemli k
asteroidu Apofis [Complex Method of Optimizing Space Trajectories with Low
Thrust and Its Application to the Trip From The Earth to the Asteroid Apophis].
Preprints of Keldysh Institute of Applied Mathematics, 2011, no. 56, pp. 1-32.

[4] Grigoryev K.G., Fedyna A.V. Tekhnicheskaya kibernetika — Engineering
Cybernetics, 1993, no. 3, pp. 116-126.




[5] Grigoryev LS., Danilina 1.A. Avtomatika i telemekhanika — Automation and
Remote Control, 2007, no. 8, pp. 86—105.

[6] Grigoryev K.G., Grigoryev 1.S., Zapletin M.P. Praktikum po chislennym
metodam v zadachakh optimalnogo upravleniya. Dopolnenie 1 [Workshop on
numerical methods in optimal control problems. Update 1]. Moscow, Center for
Applied Research at the Mechanics and Mathematics Faculty of Moscow State
University Publ., 2007, 184 p.

[7] Lysenko L.N. Navedenie i navigatsiya ballisticheskikh raket [Ballistic Missile
Guidance and Navigation]. Moscow, BMSTU Publ., 2007, 672 p.

[8] Volkov E.A. Chislennye metody. 5-¢ izd. [Numerical methods. 5™ ed.]. St.
Petersburg, Lan Publ., 2008, 256 p.

Kiriliuk E.V. (b. 1993) the 6th year student, Department of Dynamics and Flight Control
of Rockets and Spacecraft, Bauman Moscow State Technical University. Author of five
articles in the field of flight dynamics. e-mail: elena_vic_l@mail.ru

Stepanov ML.N. (b. 1963) graduated from Military Engineering Institute named after
A.F. Mozhaisky in 1985. Cand. Sci. (Eng.), Associate Professor, Department of
Dynamics and Flight Control of Rockets and Spacecraft, Bauman Moscow State
Technical University. Author of more than 30 scientific articles in a field of ballistic
navigation support and flight dynamic. e-mail: step_m n@mail.ru




	Постановка задачи. Рассмотрим задачу оптимального прост-ранственного выведения ОБ с НОО на некомпланарную ей целевую орбиту в ЦПТЗ. При этом выведение будем анализировать как переход с орбиты на орбиту: точки старта и окончания выведения заранее не фи...
	Формализация задачи с точки зрения принципа максимума. Задачей оптимального управления в принципе Понтрягина называют задачу, формализованный вид которой приведен в [6]. Ее решение сводится к решению краевой задачи для системы 2n обыкновенных дифферен...
	Результаты расчетов для различных значений эксцентри-ситета целевой орбиты. В качестве примера приведем решение задачи оптимального межорбитального перехода между круговой НОО с параметрами
	Результаты расчетов при различных углах некомпланарности орбит. В качестве примера решения задачи оптимального межорби-тального перехода для целевых орбит с различным наклонением рассмотрим переходы с круговой НОО (параметры  км, , ) на два семейства ...

	Заключение. В рамках работы было рассмотрено влияние эксцентриситета целевой орбиты на оптимальную схему перехода ОБ с фиксированной круговой НОО. Результаты численного решения показали, что оптимальные моменты включения ДУ для переходов на эллиптичес...
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