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 المستخلص

 ذقُٛاخ ذحهٛهٛح ٔحساتٛح نهًسأنح الاسرٓلانٛح نهفهك انذُٚايٛكٙ اسرحذازذى تفعم يٍ الله 

 . انًرعايذجالإحذاثٛاخ انًُحُٛح ٔرنك تاسرخذاو فٙ ْزِ الأطشٔحح تصفح عايح  (يشج لأٔل)

الإحذاثٛاخ  رٍٛ ًْاساسٛأ خلال صٛغرٍٛيٍ الاسرٓلانٛح  ح انقًٛحسأني ذى يعانجحٔنقذ 

 .ٔانعُاصش انًذاسٚح

يُحُٗ يرعايذ  إحذاثٙنًعادلاخ انحشكح ٔانعُاصش انًذاسٚح لأ٘  سيضٚح ذعاتٛش ذى ذشٛٛذ

 :ًْٔا خٕاسصيٛراٌأيا نهركُٕٚاخ انحساتٛح فقذ ذى ذشٛذ  ،انرحهٛهٛحنهركُٕٚاخ 

حساتٛح نهًسأنح الاسرٓلانٛح نحشكح الأقًاس انصُاعٛح ذحد ذأثٛش انجزب  خٕاسصيٛح -1

 .انًرعايذجالإحذاثٛاخ انًُحُٛح نلأسض ٔرنك تاسرخذاو  J2انرفهطحٗ 

نحشكح الأقًاس انصُاعٛح ذحد ذأثٛش  نهعُاصش انًذاسٚح انكلاسٛكٛححساتٛح  خٕاسصيٛح -2

حانح  ٔذعرثش ،انًرعايذجالإحذاثٛاخ انًُحُٛح نلأسض ٔرنك تاسرخذاو  J2انجزب انرفهطحٗ 

 .حصح نهحشكح انكثهشٚح انًطهقخا

نثعط انًذاساخ يخرهفح الإْهٛجٛح ٔرنك نذساسح يسأنح انرُثؤ  خطثقد ْزِ انخٕاسصيٛا

انرقاء يشكثاخ انفعاء ٔكزنك فٙ انثحٕز ٔ ٓذٚفانُٓائٙ راخ الأًْٛح انقصٕٖ فٙ انر

نرُثؤ انحانح انُٓائٛح نهحشكح انًقهقح  جذا ٔيلائًحذدٚحَ دقٛقح انع انُرائجٔنقذ كاَد  .انعهًٛح

 .حًطهقنلأسض ٔأٚعاً نهحشكح انكثهشٚح ان J2ذحد ذأثٛش انجزب انرفهطحٗ 

انحساتٛح انًسرحذثح فٙ الأطشٔحح ذٕصهُا إنٗ  خرطٕٚع انخٕاسصيٛات ،نٗ رنكإ تالإظافح

انرٙ ذسرخذو نهحصٕل  انخطٕاخعذد  يٍ (عهٗ الأكثش) %70 تاسرخذاو انذقح انًطهٕتح

 الأخطاء ذقهٛم دٖ إنٗيًا أحجى انخطٕج أكثش اصثح َٔرٛجح نزنك .عهٗ انحهٕل انًشجعٛح

 .انحساتٛحَ

كايم فٙ انر سائعح خاصٛح ظٕٓس إنٗأدٖ  انًرعايذ إٌ اسرعًال الإحذاثٛاخ انًُحُٛحٔاخٛشا 

)u,u,u(أٌ انًرغٛشاخ انًحٕنح  ْٔٗ انعذد٘ نهًعادلاخ انرفاظهٛح ذرغٛش ذغٛشا طفٛف  321

م  انركايم انعذد٘ أكثش ، يًا ٚجع )z,y,x( حيا قٕسَد تانرغٛش فٙ الإحذاثٛاخ انذٚكاسذٛ إرا

 .اسرقشاسا



 

  حَانًسرقه اخانًرغٛش ذرغٛشانًرعايذج الإحذاثٛاخ انًُحُٛح  سرعًالإٌ تئ اٚعاً يًا ٚجة ركشِ

ِٙ انثلاثٙ الأتعادذ ُرجذفقط ٔعهّٛ  ثلاثٙ آخش عاء فإنٗ  حٕٚلاخ يٍ انفعاء انذٚكاسذ

 .الأتعاد

 لإٚجاد انذُٚايٛكا انُجًٛح  فٙ انًرعايذجالإحذاثٛاخ انًُحُٛح  ذطثٛقذى  ٔأخٛشا كًُرج ثإَ٘ 

قذ ادسجد فٙ انًهحق ٔتٕنرضياٌ فٗ حانح عذو انرصادو نًعادنح  ٚحانشيض يحانعا اخانرعثٛش

A حيٍ الأطشٔح. 
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Abstract 

 
In this thesis initial value problem for dynamical astronomy was established              

(to the first time) analytically and computationally using orthogonal curvilinear 

coordinates.  

The initial value problem was treated with its two basic formations: coordinates and 

orbital elements.                                                                                                                  

For the analytical developments, expressions for the equations of motion, and the 

orbital elements were established symbolically for any orthogonal curvilinear 

coordinates. While for the computational developments, two algorithms were also 

established, which are: 

1- Algorithm for the initial value problem of 2J  gravity perturbed trajectories             

of the space dynamics in terms of orthogonal curvilinear coordinates.                                        

2- Algorithm for the classical orbital elements for  2J  gravity perturbed        

trajectories in terms of orthogonal curvilinear coordinates.                                                                      

The spatial case of the pure Kepler motion is also considered  

Applications of the algorithms for the problem of final state prediction which is 

important in targeting, rendezvous maneuvers as well for scientific researches, were 

illustrated by numerical examples of some test orbits of different eccentricities. 

The numerical results are extremely accurate and efficient in predicting final state for 

2J  gravity perturbed trajectories as well as for the pure Kepler motion. Moreover, an 

additional efficiency of the algorithms is that, one can reach the desired accuracy using 

at most 70% of the number of steps that used for obtaining the reference final state 

solution. By this reduction, the step size becomes larger, hence minimizing the 

computational errors. Finally, the usage of the orthogonal curvilinear coordinates leads 

to a wonderful   property which is, the variations of the transformed variables



 

)u,u,u( 321  during the orbit are very small in comparison to the corresponding   

variations of rectangular variables )z,y,x( , a property which produces more stable 

numerical integration procedure.         

It should be mentioned that, by using orthogonal curvilinear coordinates the 

independent variables are only, changed which in turn  produce transformations from 

three dimensional Cartesian  space to another three dimensional  space.                           

Finally, as a byproduct, general symbolic expressions for the collisionless Boltzmann 

equation of the stellar dynamics were also established and listed in Appendix A.  
 


