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TO THE INVERSE PROBLEM OF COMET DYNAMICS

Аbstract. In this work, we develop further consideration of the inverse problem of Celestial Mechanics - 
the problem of reconstruction of a non-stationary space symmetrical regular planar potential of the gravitating 
system generating a family of evolving types of orbits. 

As an application of the inverse problem to the dynamic evolution of real gravitating systems, we show 
that this equation can be applied to the determination of non-gravitational forces in comet dynamics in context 
of observing dependences of osculating elements of comet orbits on time.  

We must note, comets are among the most important objects of study in modern celestial mechanics. A 
significant difference between comets and other celestial bodies, for example, asteroids, is that there are a 
number of features in their movement that do not have a gravitational nature. In this regard, they are called 
non-gravitational effects associated with the loss of matter from the surface of a comet, or with the interaction 
of the nucleus and interstellar matter, as a result of which friction forces arise, or with the accretion of matter 
by the comet nucleus.

This study of non-gravitational effects provides better understanding of comet dynamics and helping to 
explain an existing discrepancy between the calculated and observed orbits of comets.

Кey words: Celestial mechanics – Inverse Problem – Comet Dynamics.  

Г.Т. Омарова ⃰, Ж.Т. Омарова

В.Г. Фесенков атындағы Астрофизика институты, Алматы, Қазақстан.
Е-mail  gulnara.omarova@gmail.com 

КОМЕТАЛАР ДИНАМИКАСЫНЫҢ КЕРI ЕСЕБІ

Аннотация. Бұл жұмыста біз аспан механикасының кері мәселесін - орбиталардың дамып келе 
жатқан түрлерінің тобын құратын гравитациялық жүйенің стационарлық емес кеңістіктік-симметриялы 
тұрақты жазықтық потенциалын қалпына келтіру мәселесін қарастырамыз. Кері есепті нақты 
гравитациялық жүйелердің динамикалық эволюциясына қолдана отырып, комета динамикасындағы 
гравитациялық емес күштерді анықтауға, комета орбиталарының тербелмелі элементтерінің уақытқа 
тәуелділігін бақылау тұрғысынан қолдануға болатындығын көрсетеміз.

Кометалар қазіргі аспан механикасындағы маңызды зерттеу нысандарының бірі екенін атап өткен 
жөн. Кометалар мен басқа аспан денелерінің, мысалы астероидтардың арасында қозғалысында 
гравитациялық сипаты жоқ бірқатар маңызды айырмашылықтар бар. Осыған байланысты комета 
бетінен заттың жоғалуына немесе үйкеліс күштерін тудыратын ядро мен жұлдызаралық материяның 
өзара әрекеттесуіне немесе комета ядросының заттың аккрециясына байланысты гравитациясыз 
әсерлер деп атайды.

Бұл гравитациялық емес әсерлерді зерттеу кометалардың динамикасын жақсы түсінуге мүмкіндік 
береді және есептелген және бақыланатын кометалардың орбиталары арасындағы айырмашылықты 
түсіндіруге көмектеседі.

Түйін сөздер: аспан механикасы – керi есеп – кометалардың динамикасы.
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К ОБРАТНОЙ ЗАДЕЧЕ ДИНАМИКИ КОМЕТ

Аннотация.  В данной  работе авторы развивают дальнейшее рассмотрение обратной задачи 
небес ной механики – задачи восстановления нестационарного пространственного симметричного 
регулярного планарного потенциала гравитирующей системы, порождающего семейство 
эволюционирующих типов орбит.

В качестве приложения обратной задачи к динамической эволюции реальных гравитирующих 
систем мы показываем, что это уравнение может быть применено для определения негравитационных 
сил в динамике комет в контексте наблюдения зависимостей оскулирующих элементов орбит комет 
от времени.

Следует отметить, что кометы являются одними из важнейших объектов изучения современной 
небесной механики. Существенная разница между кометами и другими небесными телами, напрмер, 
астероидами, состоит в том, что в их движении есть ряд особенностей, не имеющих гравитационной 
природы. В связи с этим их называют негравитационными эффектами, связанными с потерей вещества 
с поверхности кометы, либо с взаимодействием ядра и межзвездного вещества, в результате которого 
возникают силы трения, либо с аккрецией вещества ядром кометы.

Это исследование негравитационных эффектов обеспечивает лучшее понимание динамики комет 
и помогает объяснить существующее расхождение между рассчитанными и наблюдаемыми орбитами 
комет.

Ключевые слова: небесная механика – обратная задача – динамика комет.

Introduction. The inverse problem of dynamics is the finding of potentials and force fields generating 
given families of orbits. Szebehely’s equation [9] is a first order partial differential equation with a given 
family of orbits  traced by a unit mass material point, the total energy , and 
the unknown potential  which produces the family. Earlier [6,7] we studied the problem of the 
reconstruction of a non-stationary space symmetrical regular planar potential of the gravitating system on a 
family of evolving types of orbits. We introduced the general form of the evolving orbit which we use when 
writing out the differential equations for non-stationary potential. In the above-mentioned studies, we made 
an additional transformation of the basic equation of the problem and demonstrated an appropriate example 
of the construction of a non-stationary potential of a gravitating system. An application of such an inverse 
problem to the dynamical evolution of stellar systems with variable masses was given.

The aim of the research. In this paper we are considering the inverse problem to the comet dynamics, 
reconstructing a non-stationary space symmetrical regular planar potential of the gravitating system on a 
family of evolving types of orbits. 

An application of such an inverse problem can be extended to the comet dynamics according to observing 
dependences of osculating elements of comet orbits on time [1, 7]. 

Also, we take into account the fact, that three or more appearances short-period comets require consideration 
of non-gravitational effects [4, 5]. in their motion related to interaction between comet core and interstellar 
matter, resulting in friction forces, as well as accretion of matter by core or loss of matter from comet surface 
may occur, and such studies are important due to available discrepancy between estimated and observing 
orbits of comets  [2,8]. 

Research method. The research method is generalized non-stationary inverse problem with additional 
friction force. In the inverse problem of the reconstruction of a non-stationary potential on a family of 
evolving type of orbits the following must be noted. Evolution of orbits may be connected not only to the non-
stationary potential force field, but to the existence of dissipative factors of friction - like forces. In this case, 
we can write down the equations of motion with additional friction force and then put the inverse problem of 
reconstruction the potential force field as part of the force field of the problem. 

Here we consider a generalized non-stationary potential with additional friction force, described by 
equations in the form
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,                                                          (1)

where   is a non-stationary potential,  is a magnitude generally depending on time 
and characterizing the action of additional forces of friction nature.  

Let us take a monoparametric family of evolving type of planar orbits

 ,                                                                                          (2)

Assuming the motion of a material point of a unit mass on given family of orbits (2), according to equations 
(1), consider the problem of reconstruction of  non-stationary potential , generating the given 
monoparametric family  of evolving in time planar orbits. 

The system (1) possesses the integral of the form
                                     

                                                                                               (3)
where the following notation is used:

                                                                                                (4)

where  - is some initial epoch.
With the help of the non-stationary inverse problem method [7] we derive the following equation:

            (5)

where in addition to notation (4) we introduce the another one

                                                       (6)

Equation (5) is the first order partial differential equation with respect to the non-stationary potential  
 and containing other non-stationary factors, that can play essential role in dynamic evolution 

of real gravitating systems through the magnitude . This equation stands for the generalized non-stationary 
analogue of Szebehely equation.      

The solution of the Eq. (5) is equivalent to solution of the system of ordinary differential equations 

,                                                                           (7)

where the following notation is introduced

                  (8)
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In the most general case, the solution of Eq. (10) is an arbitrary function of the independent integrals of 
the Eq. (11).

Let us now assume that we study a motion, performed by the system of equations of the form

 ,         (9)

where  and - is the given function of time.  
Let     is the potential of the central force :

,    .                                                             (10)

The system of Eq.(1) has the integral                                                          

,                                                  (11

where  - is some initial epoch.
In polar coordinates  and  Eq. (5) takes the form:

      (12)

Research results and discussion. The astrometric observations available up to this point did not provide 
meaningful constraints on the cometary non-gravitational perturbations, which lead to different orbit solutions 
[5].

Assuming that the potential  is spherically symmetrical and contains a stationary Newtonian 
term that is inversely proportional to , we can write it in the form

,                                                                       (13)

where  is positive constant,   is a non-stationary term of the potential.
The general form of the evolving comet orbit which we use when writing out the differential equations 

for non-stationary potential may also be interpreted as an osculating orbit of the perturbed Keplerian motion.
In this case, solution of the Eq. we can describe with the help of the perturbed Keplerian motion on 

osculating orbit  with radius  defined by the conic equation 

,                                                                   (14) 

where equation for semi-latus rectum   [2]    

.                                                                              (15)    

Then, the family of evolving comet orbits (2) we can write in the form [8]:

,                                           (16)
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where the osculating elements   and   are considered as known functions of time. 
On the ground of Eq. (16), considering with (17) and (20), we obtain the following extended form of the 

non-stationary potential:

,                  (17)

or, with accuracy up to the arbitrary explicit function of time we have

.                                (18)

In other words, as a result, we get the non-stationary potential , generating a given family of quasiconic 
orbits . It determines in the system of Eq.  the central force of the form

.                      19)
 

As we see, the above considered inverse problem acquires a common dynamical interest, particularly, for 
comet dynamics problems, when it is required to determine analytical forms of non-gravitational forces in 
equations of motion on observable dependences of osculating elements of comet orbits on time.

Conclusions. We have considered the inverse problem of the reconstruction of a non-stationary space 
symmetrical regular planar potential of the gravitating system generating a family of evolving types of 
orbits.  We showed that this problem can be applied to the determination of non-gravitational forces in comet 
dynamics according to observing dependences of osculating elements of comet orbits on time [1, 8]. 
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