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Abstract
Full Text

E. I. KHARLAMOVA, P. V. KHARLAMOV

A NEW CASE OF INTEGRABILITY OF THE EQUA-
TIONS OF MOTION OF A HEAVY RIGID BODY HAV-
ING A FIXED POINT

(Presented by Academician P. Ya. Kochina on 28 II 1969)

The Euler-Poisson equations for the problem of the motion of a heavy rigid
body in the case when the center of gravity lies on the first principal axis, and
the gyrostatic moment is orthogonal to the third axis, have the form

Adp/dt = (B — C)qr + Ay,
Bdq/dt = (C — A)rp — A\yr + Tvy,
Cdr/dt = (A— B)pg+ Aq— Agp + I'vy,
dvy /dt = 1vy — qug,  dvy/dt = pvg — pvy, dvsg/dt = qu; — pu,.

(1)

Here vy, vy, v5 are the components of the unit vector in the direction of the force
of gravity; I' is the product of the weight of the body and the distance from
the fixed point to the center of gravity; A\;, Ay, 0 are the gyrostatic moment; the
remaining notation is standard.

The known integrals of these equations are:

Ap? + Bg? + Cr? — 2T'v, = 2F,
(Ap 4+ A)vy + (Bg+ Ay)vy + Crog = k/T,

v% + v% + vg =1.
Let us subject the moments of inertia to the condition
A=18C(B—(C)/(10B—9C),
and, instead of A;, A,, introduce the parameters v and ¢, putting

u 25B% — 54BC + 27C? cose. A u (B—C)?
u n __uwB—v)r
9  B2C(10B—90) T2 3 B2(C?

A =

nsine.
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Equations (1) then have, in this case, a solution in which the principal variables
D,q,7,v1,Vy, Vs, expressed as functions of the new variable o, are as follows:

B—C(l 5B —3C

p=—u 1BC ncosa+2cosa>,

B10B —9C
_wu (B—C e 9si )
q= 73BC 7BC nsine smo |,

u . . 1/2
r=g (ro + 1 coso + 7] sino + ry cos 20 + r5 cos 30 + 14 sin 30) / ,

2 _
v, = _w2B-30 (Xo + X1 coso + X} sino + x cos20 + x5 cos 30 + x5 sin 30)
' 36BC?

)

2 _
vy = _w2B-3C (Xo + X1 coso + x}sino + x5 sin 20 + x5 cos 30 + x5sin3o),
I' 36BC?

v vl —B;Chcosa—&-wcosa (ro + 7y coso +rsino+
T risc| B2 BC ot !
;. 1/2
+ryco820 +rycos30 + 15sin3o) 7,
where
2B-3C, )
ro =2B. — oms o (16B° + 13BC — 18C%)+
1 (B—C)* (5B—3C)(35B—33C)
18 - 2 cos?
leepce c 108 —9C eesTe
_ 1 (B-O)B0B-210)
T B3C? 1eose,
, 1 (B=C)(10B+9C)
ry = 36 BiC? nsine,
1(2B—3C)(11B —6C) , 4(2B—-3C)(4B—-3C)B?
Ty = —— n® =z
2 9 B2C? ’ 3 (B—0C)2 ’

1 (B-C)(2B—30)

"sT 12 B3C?

N COSE,
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1 (B-0)(2B-30)
12 B3(C?

/o
ry =

nsine,

L _310B-9C _(B—3C)(5B-3C) ,
0T 37 BC 9B3C(2B — 3C) ©

, _3B-C
L7 9 B2¢

", nsine,

_ L (5B+3C 10B% —15BC + 9C?
- 3B%C 2 2B —3C

) N COSE, %

_ 6(2B-C) 3(B—C) . 3(B-0)

%2— BC s %3=WTLCOSE, %3:Wnsin5,

Xo = _2AB—O)(B—3C) n?cosesine
0 B3C (2B —3C) ’

__9B-C
X1 =75 g0

nsine,

’

X1

_ L (_3B+3C 10B% — 15BC + 9C?
- 3BC 2 2B —3C

Y

Ql e

) nCcose, X5 =

3(B—0C)
Y= Tom0

3(B—C)
2B°C

/

nsine, X3 = N CoSE,

4 (B—2C)(4B —30) 1 [(3—3(})2103—70 5B —3C

Jo—
«= 57 BC3 518482 |° B2Cz 2B —3C 7 BCR

6B —7C B-3C (B=C)*(8B—90)] ,
Xm_2(343_510>(5B_30)23—3C_36 03 n”cos” e

The dependence between ¢ and t is established by inverting the integral

3(B—C

[od
t—t, = B )/ (ro + 7y coso + 1] sino + ry cos 20+
0

+r4 cos 30 + 74 sin 30)71/2 do

The parameters B, C, T, ¢ in this solution are independent.
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