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 المستخلص

الأطروحةةةلحالحةلتةةةلحلىةةةاسحالةةةةحارايةةةلححيةةةاللحالةتحةةةلحالحاتةةةلحال ةةةةح لحواللةةة حل ةةةل ح ل تةةةت ح
الحةةةاارح ح رمةةةلححلمىةةة حالحوطةةة حزمةةةاحمةطلةةةت حو حةةة حالملةةةةةةح تمىحةةةةحوتط ةةة حز تىةةةةحزةةةةا ح

واللةةةةة حل ل ةةةةةرححةةةةة حديةةةةةاحالحيةةةةةةاةحمةةةةة حاتمةحت ةةةةةةحال طةةةةةة حم ةةةةةراححلامبررررررا الشررررراملةحيةةةةةاللح
 ةةةرةحرح ةةةلحال طةةةة حل ىةةةرحمحتةةة حدمةةةوا ح.للط تةةلىةةةةحال اتةةةا حمةةة ححمةةةةةحاللىةةةاتسحوالحةة  ةةةلح

محةةةةةهرحالىةةةةةرواححةةةةة ح و ةةةةةاحالرحتةةةةةةحوالو ةةةةةوةحالةةةةةةح(.اي تم ،ح ةمئ، ااةةةةةا )الحر ةةةةةلح
ح ةةةةلحالحلويةةةةطلحل رح ةةةةلحزةةةةةا حل ةةةةو حال و ةةةةاحالىةةةةاسحتلط ةةةةاححةةةةاارالح اااتةةةةلح تمحةةةةةحالحر

حةةة ح.ححةةةاارحاي تمةةة ح حيةةة حالحر  ويةةةاحت ةةةو حدتطةةةةححةةةاارح ااةةةا حدوحح ةةةةمئح حيةةة حالحر ةةة 
مةحتةةةلحد ةةةربحمةةةن ح  ةةةدحالأم حةةةلحالحاارتةةةلحتل تةةةرحمتىةةةةحالحةةةاارححةةة حمةةةو ح  ةةةرح ةةةرةحملةةةر ح

الأحةةةةرحالةةةةح حت ىةةةةرححةملمةةةةةح لةةةةةحايةةةةل اااح.ومتةةة  ححةةةة حالةةةة ح ح يةةةة احلةةةةاهترحالةةةةةو حالحة ةةةةةلح
وم ةةةةاح ةةةة ر ح(اي تم ،ح ةمئ، ااةةةةا )الطةيةةةلححةحهةةةترلحاالتةةةلحح ل  ةةةةلحل حر ةةةلحل لحةةةةاحز ةةةل

 مةةة حز ةةةححلةة حل ىةةرح.تحلةةو حز ةةةحل رزةةةلحتح مىةةةحد حلل تةةسححةة حاللحوتةةةححةة حمةةو ح  ةةر
حةملمةةةةحالةةةةح ةةةتةحلح ةةةةح لححلةةةةحل ةةةو ححيةةةاللحلحاتةةةاحالحةةةاارح ةلتةةةلححةةة حال ةةة و ةلحوحلةةةةح

لىةةةح حالأيةةة ةاحوم ةةةراح.و ةةةسح ةةةةحالحةةةةللحالححلح ةةةلت ةةةو حاللحهتةةةةحالةةةاال حالوحتةةةاح ةةةةل حل
الأطروحةةةلحالحةلتةةةلحل مةةةةح ارايةةةلححلأيحتةةةلحالحيةةةاللحالحاتةةةلحال ةةةةح لح حةةةةحيةةة  حوديةةة  مةحمةةةن 

ح.للحياللحالحاتلحم ح ت لىةحال ةح ا

للةةةةالسحالأطروحةةةةلححةةةة حمةةةة ات حالمةةةة  حالأوةححةةةة حالأطروحةةةةلحلةةةةاحمتةةةةلح ححةةةةاح حزةةةةردح
الحاارتةةةلححتةةةمحزةةةردححلمىةةة حاليةةةرزلحالطرمتةةةلح نحةةةااهتةلح ةةةوا ححيةةةاللحالةتحةةةلحالحاتةةةلح

ح ل  ةةةةلحوالحةةةةاارحالأيةةةةةحطةيةةةةلح  مة ةةةةر حالحاارتةةةةةلحالح ل  ةةةةلحهةةةةاحاملة مةةةةةحل حةةةةاارحالي تمةةةةة ح
الأيةيةةة حوزرطةةةمةحدتطةةةةحح ةةةةورحح ل  ةةةلحل ةةةةرحلرحالحةةةاارحولمةةةةارحال ةةةةر حالةةةةحد حمحتةةةة ح

وزةةةرو حز ةةةةححلةةة ح.حمىةةةةحال ةةةوا حالىمايةةةتلحا م ةةةلحالةةةح رحدرمةةةةلح  ةةةرايت حل  ةةةت تلحل ةةةرح
– ي تمتةةةةلح)مةةةةةاحلةةةةاحزةةةةردححيةةةةاللحلح ةةةةرلحمةةةة ح ةةةةرححةةةة حالةطةةةةو حالح روطتةةةةلحالح ل  ةةةةلح

ح.   ةحل  ت  حح وا ح ةل رايت حالرتةطتلحوحالريوحةلحالىمايتل(حح ةمالح- اااتل

المةةةةة  حالهةةةةةةم ححةةةةة حالأطروحةةةةةلحت ةةةةةل ح حةةةةةةححيةةةةةاللحلح ةةةةةرلحمةةةةة حح ل ةةةةةسحالةطةةةةةو ح
ح: نيل اااح رحح الح روطتلح

 "طرتةةةةلح(Gauss) ل حةةةاارالحالي تمتةةةلحححتةةةمحلةةةاحزةةةردحح ةةةةاللحالطرتةةةةلح"حح
1vحةةة حال ةةةرايت ححطةةةةمةحلىةةةةحال وار حتةةةلحالحيةةةة تلحلتمةةةةاحيتحةةةلحاليةةةرزلحال لاااتةةةلح

 .ححوالل ححمىةحتح  حل تت حالحاار



 "لححةةةةورحل حةةةةاارالحالي تمتةةةةلحححتةةةةمحلةةةةاح تمةةةةةاحيتحةةةةلحم ةةةةسحا"الطرتةةةةةلحالل رارتةةةةل
لتمةةةةاحيتحةةةلحاليةةةرزلحح"f", "g"الأز ةةةاحولحاتةةةاحيةةةتاح ةةةرححةةة حح ةةةةحرلحلمةةةرام ح

 .ال لاااتلح

ح حةحلحلحارايلح  دحالطر حالحيل احلحلحةححياللحلح رلحال ةح لحوح حطحمىةح

 " حلطةةةةةحملحالح ةةةةةةاللحالأيةيةةةةةتلحوال وار حتةةةةةلح"حطرتةةةةةةلحاليةةةةةرزلحالطرمتةةةةةلحالحةتةةةةةا
ح. تةةلحال ااتلالحية تلحال ة لح ىةحو  دحاللط

 "لحةةةةةةةححيةةةةةةاللحلح ةةةةةةرلحال ةةةةةةةح لحوالح ةةةةةةةاللحالأيةيةةةةةةتلحح"حال وار حتةةةةةةلحالحيةةةةةةة تل
ح.و  دحاللط تةةلحال ااتلحلىة

 "حلطةةةحملحالح ةةةةاللحالأيةيةةةتلحوال وار حتةةةلحالحيةةةة تلحلحةةةةحالحيةةةاللح"طرتةةةةلح ةةةةل ح
 ةالطةةةةةملحالةةةةةحايةةةةل ااحىةحمةةةة ححيةةةةةاحال ةةةةوا حالىمايةةةةتلححلحيةةةةاللحالةتحةةةةلحالحاتةةةةلح
الحاارتةةةةلالل حلةةةةةاحزرطةةةةةىةحمةةةةة حالمةةةةة  حالأوةححتةةةةمحلةةةةةاححايةةةةةل رةحيةةةةةح حال ةةةةةوا ح

حةةةةةاارححةةةةة حح41وزمةةةةةاحلط تةةةةة حيةةةةةح حال وار حتةةةةةلحز ةةةةةةح. ح تةةةةةةرحلايةةةةةلحالحيةةةةةة ةلح
ح.حاارالحال ل ةرحالح ل  لحلاحالح وةحز ةحملةا ححزةلتلحالايلح

 ح
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Abstract 

The present thesis aims at studying the universal boundary value problem, which is 

concerned with the determination of an orbit from two position vectors and the time 

of flight between them, it is usually called universal Lambert problem. This 

problem has very important applications in the areas of rendezvous, targeting, 

guidance, and interplanetary mission. 

During space mission  all types of the two body motion (elliptic, parabolic, or 

hyperbolic) appear. For examples the escape from the departure planet and the capture 

by the target planet involve hyperbolic orbits,while the intermediate stage of the 

mission  commonly  depicted as a heliocentric ellipse , may also be heliocentric 

parabola or hyperbola. In addition , in some systems, the type of an orbit is 

occasionally changed by perturbing forces during finite interval of time. Thus far we 

have been obliged to use different functional representations for motion depending 

upon the energy state (elliptic, parabolic, or hyperbolic) and a simulation code must 

then contain branching to handle a switch from one state to another .In cases where 

this switching is not smooth, branching can occur many times during a single 

integration time-step causing some numerical “chatter”. Consequently, universal 

formulations are desperately needed so that ,orbit predictions will be free of the 

troubles ,since a single functional representation  suffices to describe  all possible  

states.  

For these resons, and the importance of the boundary value problem ,as mentioned 

brifly in the above ,the present  thesis is devoted for the study of  the boundary value  

problem  in  its universal form.      

The present thesis comprise two parts: in the first part the properties of the orbital 

boundary value problem are presented including terminal velocity vectors with 

different coordinates and the minimum energy orbit with its various orbital elements. 

The fundamental ellipse is discussed, together with the various forms of its 

parameters. All of these properties are proved mathematically and illustrated 

geometrically.  

 The second part of the thesis is devoted to the solution of Lambert problem for   

different conic sections .In this respect we considered: 



 "Gauss Method": for elliptic orbits, the equations of the method together with 

the computational algorithm are presented.  

 "The iterative method" : for elliptic orbits ,by which the values of semi major 

axis and each Lagrange coefficients "f" and "g",  are computed so as to 

determine the initial velocity 1v . 

 

Also some methods for solving universal Lambert problem are discussed, including: 

 "Linear terminal velocity constrain": for which, the basic equations, 

computational algorithms and some numerical applications are given. 

 "Computational algorithms" to solve universal Lambert problem, and, the 

basic equations, some numerical applications are given. 

"Battin's method": for which the basic equations and computational 

algorithms are given in full details .In addition, we implement the method 

to compute the geometric characteristics of the boundary value problem 

(demonstrated in the first part). Finally we made use of these computed 

geometric characteristics as criteria for accuracy checks of the 

calculations. The algorithms is applied to 14 orbits of different 

eccentricity, the numerical results are extremely accurate.   ح

 


