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SUMMARY. 

The new nonstationary model problem is considered. 
Its solution generalizes by form the known particular 
Mestschersky-Vinti solution in a two-body problem of va
riable mass. The equations of the corresponding perturbed 
motion are deduced. In the case of a two-body problem of 
variable mass (u. the perturbing force is proportional to 
second temporal derivative from the value ft'1 . It is pos
sible to describe with a good approximation such qualita
tive effects in this problem as a trapping and disintegra
tion on a basis of properties of the model problem. Let us 
consider the example of a trapping. 

INTRODUCTION. 

Let us consider the two-body problem of variable 

mass jU.(t) 

Well known is the Mestschersky-Vinti solution (Mest-
schersky 1893, Vinti 1974) for the following particular 
form of a mass function 

t1 
oc •+• fit 

(2) 

where <*. , 8 - constants. In polar coordinates 2. , v in 
this case we have: 

U (I+ £&**?) dt v ^ 
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where p , e. t to _ constants, accordingly 

?^ p r 
(3) 

eft (u* at VP VP 

where ef7 - single radius-vector, s„ _ transversal single 
vector. 

If we expand the inverse value of arbitrary mass 
(U-(t) into Tailor series by the time and restrict it 

by the linear part of this expansion, 

f4-
then we'll have the law (2) for fll . Let us generalize the 
solution (5) by form for the case of arbitrary mass (U(t) : 

Z = 

dt p At *• VP1 YF 

It is possible to expect that there will be a solution of 
the equation of the following appearance: 

where the vector-function j is proportional to second 
derivative of the value ru.'i . 

MODEL PROBLEM. 

Let us consider the equation: 

&=-r4 + ^A(-) (7) 

It is easy to find its integrals: 
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{VI 

A MI 
dt (i> J-?]- const — h 

£r*iftK&rT] — GO nst = 1 
Let us rewrite the equation (7) in the following way: 

I*J*L + -i-.Atl.As.T 
It1' r w* 

(9) 

(10) 

(11) 

In polar coordinates 2 , f equations (8) and (11) have 
the form: 

fi'j£=f* , 

lt"-f*W=- r 
Prom here the equation follows: 

dt at 2/u * At A t ^ 

+ 
1 

We can write the general solution of this equation: 

r i + e COS(£-LO) 

(12) 

(13) 

OH) 

(15) 

It is easy to determine the connection between constants 
of integration e. and uJ and values (9) and (10). In 
particular, for the constant e. we have: 

e = <? 1 e*~ i ~ h<j 
Let us introduce the designations : 

v = SLL fb£. v - t -^ 

(16) 

(17) 

Prom the equation of orbit (15) and integral (12) we find: 

^ / Vn^-tfrit+ete*) (18) 

Hence, the equation (7) possesses the general solution of 
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the form (5). 

PERTURBED MOTION. 

Let us consider now the perturbed motion 

dV _ ., T . ..r d' = -tu.JL + (UrJ-(±) + F (19) 
dt* ' i* ' dt1 V f* I 

where vector-function F in a general case depends on 1 , 
dt/dt and t . 

Changing constants in a solution of the form (5)» 
we have: 

dP. = ZP* p (20) 
dt ^(I + eCosfj " ' 

^ . = JlSi^Fl + f(c0s^±±^t-)Ft,1 (21) 

**=-&to^^lu^J^)F,-JlS!!±M-F. , (22) 

df = iL(i+£&*/+jf^O,jf^-^t^*-i^i_)Fn (23) 

-»-

where F% , Fn , F^ - projections of F in a mobile ortho
gonal trihedron et , e~„ , e£ = ezx e., . Let us add here 
equations describing the variation of an ascending node 
(-£"T-) and inclination (L) of orbit: 

= JR. Sin& F3 , (24) 
d t <" l+eCos$ 3 

cU _ _iZ &s & F, (25) 
dt p i + eCosf 

For the equation (1) of the two-body problem of va
riable mass the perturbing force has the appearance: 

?°°-rr •£(?•) <2« 
Accordingly, we have: 

4r = o , ( 2 7 ) 
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Vl ,i 

doO _ Cos* _P^ _£(JA 

4^ = JLU+LM1- 4£ . (30) 
dt P

VL *• ' d± 

ON THE TRAPPING IN A TWO-BODY PROBLEM OF VARIABLE MASS. 

There is known the following system of elements of 
osculating conic section in a two-body problem of variable 
mass (Hadjidemetriou, 1967): 

^ | = < £ + Q»?*>-?-4r' (32) 

dt -£ f* Jt 
f (33) 

Model problem here i s aper iodical motion along a conic sec-
t ion 

? - , Jr ~ K (35) 
I t e Cos -f 

f = GJT eS^fe? + (i+eCos?) TH 1 (36) 

which i s described by the equation of the form: 

dV « ^ ± d<" di , , „ . 
- ^ - = ^ 7 - - 7 7 "^ ^t" (57) 

https://doi.org/10.1017/S0252921100097244 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100097244


374 T. B. OMAROV AND M. J. MINGLIBAEV 

The corresponding perturbed force has the following struc
ture: 

r--_i_.i^ JL (38) 
h ~ 2V dt dt 

This interpretation of the two-body problem of variable 
mass has been made simultaneously and independently by Ha-
djidemetriou (1963) and̂ _Omarov (1963). 

The parameter P~ of osculating conic section chan
ges inverse proportionally to mass («- . As it is clear from 
the formula (27), the value P in the two-body problem of 
variable mass is constant . Besides that, values de/dt 
and cfco \dt in this problem have a higher order of small 
magnitude comparatively with ̂ velocities of variation of 
the osculating eccentricity e of the element <JO .In 
consequence.of that fact unperturbed motion (5) and its in
tegrals (8)-(10) can be considered as good approximate cor
relations of the two-body problem of variable mass when 
describing such qualitative effects, as trapping and 
disintegration. 

Let us consider examples of trapping for the case 
when in the solution (5) for the increasing mass the cons
tant value e = Q , and, accordingly, we have: 

h = - ~ , <z.= - j - , p =/!/.*. (39) 

form: 

p ' (4 

Let us rewrite the integral (9) in the following 

^_zJL = h^-2Jril--^rl
l (40) 

where the point designates a differentiation by time. For 
our case we have: 

Let,in a general initial moment of time t„, the 
energy of the corresponding binary system of increasing 
mass be a positive one 

V„2-2-£ > O . (42) 

With due regard for £ = O , simultaneously,the inequality 
must be carried out that 
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As it is clear from the formula (41), for the next trap
ping 

V2-2~^- < O (44) 

accomplishment of the following condition is necessary 

A(JL) < O • ( 45 ) 

If the mass (U- increases according to Eddington-Jean's 
law 

jU = o( (U y oc 7- o (46) 

then the necessary condition of a trapping (45) is fulfil
led for meaning n <- 3 . The following expression results 
from the law (46): 

i 

fU(t) = L(i-h)tt-u) + /«/"" J , «=M (47) 

and, hence, for the case r\ < ± , a trapping really 
takes place in the time interval 

When n = I , for the time of trapping we have: 

At - £ U {-£*) (49) 
Finally, the restriction (43), connected with the condi
tion e. — o , excluded a trapping for cases, when i^n<3. 
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