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Some non-stationary problems of celestial mechanics 
can be described in an inertial system of right-angled co­
ordinates Ox x xwith gravitational potential of the form: 

& (x;*>,*.,*) = £jr T.U fa **,x.) > (i) 
where Jit) is a sufficiently arbitrary function of time 
and f<> is the meaning of f(t) in the initial epoch t0 . Por 
example, in a two-body problem of variable mass JM(t) we have: 

We can also remember a generalized problem of two immovable 
centres with the variable gravitational constant G-(tJ9 when 

T,1* x,1 *xt *[xJ-t(i + D]1' , 
'£ = x,'-*xt-ixs-cfr-i))1 , 

where rn,H,C- some constants. It is of interest for analysis 
of effects of variable gravitation in an orbital motion of 
earth artificial satellites [I]. By a transformation of the 
time constant we can easily ascertain the following result: 
if the stationary problem with the potential £227^%,**} 
is integrated, then the following system of equations is 
also integrated: 
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When in the gravitational potential (I) the value Jit) is 
changed sufficiently slowly, the solution of this system 
can be considered as an unperturbed motion in a corresponding 
non-stationary problem. Specifically, for the gravitational 
potential (2) we have the aperiodic motion along a conic 
section, described by equation [2j 

(1= <,*,*). (5) 
With the purpose to use the well worked out canonical 

theory of perturbations we can try to construct Lagrangian 
of the non-conservative system (4)• Multiply both parts of 
equations (4) by some function H(xtJ

xz/^i/ft) : 

where the point above means a differentiation in time. 
Take ft 00 as the equalities to be identically fulfilled: 

where 

(7) 

Comparing in the expression (7) members, contaning the 
arbitraries of the same order, we shall receive: 

(8) 

(9) 

With due regard for expression (9) in the formula (6), we 
have the following system of equations: 

m dlXi _ m %U _oLrrt.doc: t (;.i23) (10) 

which is equivalent to the system (4) and has Lagrangian (8). 
Describe the Lagrangian, which we have found, in 

a spherical coordinates: 
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L=m[$(<it + *zr*+*A&W)-lL] (II) 
Turn to Hamilton's function: 

H-hkft'Kfr + fth'ter+intu) > (12) 
where P* R Pj - are generalised impulses: 

p'-2L , P = U- , P = 2Ar . (I3) 

The corresponding Humilton-Jakoby's equation has the forta: 

For the case of the system of equations (5) variable 
values t t ^ A in equation (14) can be divided [3j. Suppose 

VxYM+VW+VLM+Ystt) , (15) 
we can find: 

y-C nitTTtZZTZ Jii > (I6) 

v---*<£.£&-«•Flt> ' 
where °t< 4* *s are constants of integration. The general 
solution'or the system of equations (5)> which have been 
received by this method, is anologous to the solution of 
classical two-body problem, but with one exclusion: instead 
of time t in the corresponding expression the function of 
time f(t) takes part. This circumstance permits us to write 
at once the analogy of different systems of canonical 
elements f3j. 
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DISCUSSION 

Szebehely: Is the unsteadiness always represented by the mass as a 
function of time? 

Omarov: The mass and/or the constant of gravity may be functions of 
the time. 
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