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An unbalanced dynamically symmetrical gyroscope in gimbals with constructive imperfections is considered
in a central Newtonian field of forces. It is assumed that there is a moment of forces of viscous friction acting
on the axis of rotation of one of the rings of the suspension and an accelerating (electromagnetic) moment
applied to the axis of rotation of another ring. The equations of motion have a partial solution for which the
basic plane of the frame is perpendicular to the direction from the specified fixed point of the frame to the
centre of gravitation, the basic plane of the mantle is parallel to this direction and the rotor rotates with an
arbitrary constant angular velocity.

The equations of perturbed motions of the reduced system with two degrees of freedom are obtained to
within third-order terms at the corresponding position of equilibrium. In the domain of admissible values of
the parameters F, the characteristic equation of the system is considered and its coefficients are written
down. A domain in Fy is specified in which complex conjugate pairs of the eigenvalues have small moduli of
the real parts but the absolute values of the second- to fourth-order off-resonance mistuning between the
imaginary parts are not small. For an imperfect gyroscope in gimbals with dissipative and accelerating forces
the sufficient conditions of the local uniform boundedness of motions perturbed with respect to the specified
partial solution are obtained in this domain. The conditions found provide the local uniform boundedness of
solutions irrespective of the forms of higher than the third order in the equations of perturbed motions.
These conditions are obtained in the form of constraints for the coefficients of the normal form and, finally,
for the original parameters of the system and the real and imaginary parts of the eigenvalues. To provide a
clear interpretation of the results, special cases when all but two parameters are fixed are analysed. The
domains of local uniform boundedness are constructed in the two-dimensional domains F, using a personal
computer.

THE KINETIC energy, the force function and the equations of the angular momentum for a compound
three-dimensional pendulum moving in the uniform field of gravity forces have been obtained in [1].
A generalized gyroscope in gimbals [2], a gyroscope in gimbals with constructive imperfections and
a perfect gyroscope [3] are special cases of the compound three-dimensional pendulum. The local
boundedness motions of a perfect gyroscope in gimbals with dissipative and accelerating forces has
been examined in [4].

1. PARTIAL SOLUTION OF THE EQUATIONS OF MOTION.
STATEMENT OF THE PROBLEM

Let us consider a massive gyroscope in gimbals with constructive imperfections in a Newtonian
field of forces with the centre S. The outer ring S, (the frame) has the axis of rotation  fixed on a
stationary platform perpendicular to the direction 0,S. Here O, is a point on the I, axis whose
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position will be specified below. The /; axis of rotation of the inner ring S, (the mantle) is fixed in the
body S§,. The /,, axis, in general, is not the main or central one for the ring S,,. m =2, | The
gyroscope S (the rotor) rotates about the /, axis of dynamical symmetry. This axis contains the
centre of mass of the rotor and is fixed in the body S,. The set /, (n =2, 1, 0), in general, does not
contain any pair of orthogonal or intersecting axes. We assume that there is a moment of forces of
viscous friction acting on the axis of the outer (or the inner) ring and there is an electromagnetic
device on the axis of the inner (or the outer) ring which produces an accelerating moment acting in
the direction of rotation of the ring and proportional to the angular velocity of its rotation [3.
p- 182]. We will assume that there is no moment of friction forces about the axis of rotation of the
gyroscope or that it is balanced by an electromagnetic moment applied to the rotor {6, p. 85].

The plane passing through the /,, axis and parallel to the /., axis (m = 2, 1) will be referred to as
the basic plane of the ring §,,,, while the basic plane of the ring S, will correspond to any plane which
passes through the axis of symmetry /,. We will introduce into the consideration the following
orthogonal right-handed systems of coordinates. The system O, XYZ is attached to the stationary
platform, the O, X axis is directed to the centre of gravitation §, and O, Y is in the direction of the
stationary [, axis. The system O,,&, 1, {, is attached to the body §,, (n = 2, 1, 0), the 0, &, axis is in
the direction of /,,, and O, ,, is likewise in the basic plane of the body S,,. The point Oy is placed at
the centre of mass of the rotor. We specify the point O,, of the /,, axis in such a way that the point
0,,— is in the coordinate plane O, n,, ¢, (m = 1,2).

The angle between the O, X and O, &, axes is equal to #/2, and the constant angle between the
0,,¢,,and O,,_ &, axes is denoted by €, (m = 2, 1). Let X,. v, and z,, be the coordinates of the
centre of mass of the body S,, with respect to the system O, ,n,{, (n =2, 1,0}, and let X, Y, and
Z,, be the components of the vector O,,, 0,,,.., with respect to the system O,, &, n,,, &, (m = 2, 1). We
have xi =ys =zp = X5 = X{ = 0.

We will assume that the basic planes of the bodies in the initial positions are parallel to each other
and to the direction O, 5. The current position of the system under consideration will be specified by
the Cardan angles #, # and ¢. The angle ¢ of rotation of the frame §, specified in the plane
perpendicular to the /; axis is the angle between the stationary plane O, XY and the basic plane
0, &1, The angle 8 of rotation of the mantle §; (the angle ¢ of rotation of the gyroscope 5, itselt)
specified in the plane perpendicular to /;(/y) is the angle between the basic planes ;& 7> and
016 m (01§ and Ogéomo).

The equations of motion of the imperfect gyroscope in gimbals with dissipative and accelerating
forces acting in the axes of the suspension rings have the form

p'=-—0H/oq--FoH/3p. q =03H/op {111

Here H = H(-)is the Hamilton function, p = ()" are the generalized momenta corresponding to
the coordinates q = (¢, 6, )", F = diag(k,, . k. k,.) 1s the matrix of the Rayleigh function

F=Y%ky (3H/0py)* + Yike (0H/3p4)*

k,>0 (or ky>0) is the coefficient of viscous friction acting on the axis of the frame (or of the
mantle) and k<0 (or k,<<0), thus, |ky| (or |ky|) is the steepness of the characteristic of the
electromagnetic device which is located on the axis of the mantle (or of the frame) and produces an
accelerating moment with k, k, <0. For brevity, we will not write the Hamilton function H here.
noticing that its expression contains, apart from the magnitudes mentioned above, the following
quantities. B;and A; (i,j = 1, 2, 3,i<]) are the components of the tensor of inertia of the outer and
inner rings, respectively, A and B are the components of the diagonal tensor of inertia of the
gyroscope, Al = A +My(YP+Z?), AL =Ap+MZP, AL =Au+M Y, AL = A,
ATz = Az, A5y =Ap—MyY{Z{, M, is the mass of the body S, (n=2, 1, 0), M =M, +M,,
=M "Myx{, ni=M Y My +MyY{), {{ =M "(M,z]+MyZ]), g is the acceleration of the
gravity force at the point O;, and R is the distance between the points O, and §.

Since the Hamiltonian H does not contain the angle ¢ of rotation of the gyroscope explicitly and
the forces acting in the rotor axis are balanced, system (1.1) has the integral p, = const and a
reduced system with two degrees of freedom can be extracted from Eqs (1.1).
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Let the conditions
Mz)"z +MY, +M£'lsinez =0, {'; =0

B3 +A,sine; + (A~ B)sineycose sineg, =0, A3 =0

(1.2)

hold.
The equations of motion (1.1) of the imperfect gyroscope in gimbals then have the partial solution

py =Aw'cose;cose;, pg=Aw'cose,
Pp=Aw, ¥=0=1/2, p=w't+y, (1.3)

According to this solution, the basic plane of the frame is perpendicular to the O, § direction, and
the basic plane of the mantle is parallel to O,S and contains this direction if Y; = 0; the latter
condition, in general, is not assumed in advance. The gyroscope rotates with an arbitrary constant
angular velocity o’. The second condition in (1.2) means that the centre of mass of the
“mantle-rotor” system lies in the basic plane of the mantle. The set of the first two conditions in
(1.2) means that the centre of mass P of the system of three bodies S,, S; and S lies in the plane
which passes through the centre of gravitation § and the [, axis while the system executes steady
motions (1.3). The third and fourth conditions in (1.2) of the existence of solution (1.3) occur
because of the assumption that the Newtonian field is central.

We will examine the sufficient conditions for local uniform boundedness {7, 8] of the perturbed
motions of an imperfect gyroscope in gimbals with dissipative and accelerating forces acting in the
axes of the suspension rings with respect to the variables p,,, py, p,, , ¥ and 6 for steady motions (1.2)
when there are parametric perturbations of the constructive parameters of the system.

2. THE EQUATIONS OF PERTURBED MOTIONS OF THE REDUCED SYSTEM (1.1)

Let us find the equations of perturbed motions of the reduced system in the neighbourhood of the
position of equilibrium

py =Aw'coseycose;, pgp=Aw'cosey, Y=0=n/2, (2.1)

which corresponds to the steady motions (1.3) of original system (1.1). We set
Py = Aw'COS€;C08€, + P, pg = Aw' cose; +p5, Y = w2+ q}, 6 = m/2+ g5 and find the expansion of
the Hamilton function of the reduced system in the neighbourhood of equilibrium (2.1) to within
fourth-order terms with respect to the perturbations p,, and q,, (m = 1, 2). We introduce the new
dimensionless variables p,, and g,, (m = 1, 2), the time 7, the angular speed w, the coefficients k,,
and the parameters b;, a;, a5 (i,j=1,2,3,i<j), b, Y, 2Z,, Yy, Z,, &, m,m, 8, e by the formulae

0. =(8| Mazy + MZ; + Mn'y |/4)*%, pl, =A0.ppy,

Im =qm (m=1,2), t=03'7, W' =0.w, ky=Ao.k,

kg = Aok, b,-=—jl, a,-;=—1:i(423=0)

oAy - B, _(4)
aif=—71—(z,]=l,2,3,1<1), b=A—, Y2=(7) Y, (2.2)
VRY: VR VR

Zz=(7 Z,, Y1=(E) Yy, Z1=(E Z,y

, (4% , [ AN\ gMn)

El=(‘1‘7) £, “71=(;) M, m= 402
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The dimensionless parameters €, and e; remain the same. It turns out that there are 23
independent dimensionless parameters.

We obtain the expansion of the Hamilton function of the reduced system expressed in terms of
the dimensionless variables as

H=H2+H3+H4+...

{2.3
Hy = iv&z';«‘n kv; v, ysv‘piﬁp;’zq’l’aq;ﬁ (n=2,3,4,...), :
vi. ..., by are non-negative integers, |»| = v, +. ..+ vy. The non-zero coefficients Ay e, OF the
forms H,, Hy and H, are .
2hz000 =©0Do, hi100=~PoDo, ygoy = -TeBeDy, 2ho300 = ¥oDo,
horc1 = moPoDo, 2hooz0 =€+38hy0, hgoyy =mcose; + 38k, 2hgg02 =
=m500Dp + M+ 38hoy, 2hz001=~60¢Dy, hiyo1=—0Do + oDy, higor = MOl
2ho201 = W1 Do —V¥oDy, hoyoz2 =e(P1 Do — PoDy), hgozy = 38cos€rh,,
2hooy2 =38Ry, 2Ro003 = ~Me@eD:. 23002 =OgDy, hyjoz = —P2Do + 1D,
~®oD3, h1003 =Me©o(1/6Do —D3), 2hez02 = VDo — ¥y Dy + VoD, (2.4
g103 = Mol(—Ys o +20,)Dg + 270 (~®1 Dy + DoDy), 2hooao = —1/12e —8hs s,
hoos1 = —Yegmecosey —28hyy, 2Rz = —¥m+38hy,, hogys = —Yemeose; —
~28(hy 1 +%4a,35ine)
2hg004 = M3Og(="/3Dg + Dy) — 1/12m — 8 g,
Here
hyo=by—bstaysin®e; —a,;+a;3c08% €, —ay3sin2e, + (b - 1)(sin’e, — sin’e, cos’ e, )
hy1=(~ay, +a33)cos€; —a,3sine, + (b— 1)cose,sin?e;
hoy= @32 tazs+(b— 1)sin’ey, hy,=sine(—a;, + (b~ 1)cose; sine;)
hy2 = (@22 —a3s — (b~ 1)sin®e; )(1 + cos’e;) + ay 3sin 2e,
mo = wsineysine;, O, =af, + bsin’e, (2.9

W, = by +ajjcos’e; +a33sin’e, +ayasine, + b(1 —cos’eycosie; )+ Y2 + 27 +
+2Y,E sine; +22Z,m,

®o=ay 6056, +a)35i0€e, +beose,sine; + Zyn cosey, Ag=OgWo - B3, Do = Ag’
¥, =a,8in2e, + 245 3sin’ e, — Y% bsin2e,sine; —2Y,m,c0s8€,

®, =qa;ysine;, —Bbsine,sinle, - Yon,

A =0 ¥ —23,®;, Dy =447

W, = (a7, —a33)sin’ €, — Yhajssin2e, — bsin’e; sin®e; —Zny,

&, = —H(aiasine +Z,7,005¢6,), Ay =0uW, — B —20,0,, D, =(A—AgA;)AL}

The equations of perturbed motions of the reduced system in the neighbourhood of equilibrium
(2.1) for the dimensionless variables defined by (2.2) have the form

dp,ldr = —0H|3q,, — ky, 0H/3Ppy,, dqpldT=03H[dp, (m=1,2) (2.6)

Remarks. 2.1. When considering the approximate investigation of the central Newtonian field it is assumed
that the distance R should be much greater than the dimensions of the gyroscope in gimbals. For this reason,
the dimensionless parameter & is small. The limiting case 8 = 0 corresponds to the uniform field of gravity
forces.
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2.2. If the centre of mass P of the system of three bodies S,, S; and S, and the centre of gravitation § are
located on one side (or on different sides) of the basic plane of the frame S, when steady motions (1.3) are
occurring, we obtain e = 1 (or e = —1).

3. THE CHARACTERISTIC EQUATION. ASSUMPTIONS ON THE PROPERTIES OF THE
EIGENVALUES

Consider the domain of admissible values of the parameters

F0=;C:(w,kl,kg,bl,bz,bg,ﬂl1,512,&13,022,1133,15,62,fl, YZ)Z2’Y1=ZISEIJT)1,
m,8): ki >0,k <O (0r ky<0,k;>0),by+by> by, by+by>by, by+by > by,
@1t a3, > 33,0254 833> 051,833 851> 822,811822 — d1g > 0,81 1822833 -

—@y20}3 - 3381, >0, b>%, € €[0,m),¢ €[0,m), nym>0,40 >0,
8 is a small positive quantity}, and e = x1.

The characteristic equation of system (2.6) has the form
NP+ P+ Q)N +PA+ 0, =0 (3.1

If we calculate the coefficients of system (3.1) as in [9], we obtain

Py=(k1©p +k3Wo)Do, P =kikyDy

0, = (@3 + Qple+38h,y9) —2Pg(mcose, + 38k, )+ Wo(m +38hyy)) Dy,

Py =(ky(m+36hp,)+ka(e+38hy4)) Dy, (3.2)
Qs =({(e+38hy0)(m +38hgy)— (ncose, + 35}1“)2 YD,

The substitution of formulae (2.5) into (3.2) yields the final expression for the coefficients of the
characteristic polynomial in terms of the parameters cE Fy, e = 1.

Suppose that Eq. (3.1) has two pairs of complex-conjugate roots. From the Vieta formulae it
follows that, under the assumption made above, the condition ;>0 is necessary. This condition is
satisfied, according to Remark 2.1, when [m|=<1. Using the restrictions having the form of strict
inequalities on the coefficients of the characteristic polynomial, the decomposition of the domain Fy
into the parts N;, I = 0, 4, 2, has been constructed so that the / roots of Eq. (3.1) are located in the
half-plane ReA >0 and 4 -/ roots are located in the half-plane ReA <0 if cEN;.

If ¢€E Ny, the uniform rotations (1.3) of the imperfect gyroscope in gimbals are asymptotically
stable [10] with respect to the variables py,, pq, p,, ¥ and 8 under parametric perturbations of the
constructive parameters. If ¢ & N,UN,, the steady motions (1.3) are unstable [10]. But in reality,
the initial perturbations, generally speaking, cannot be taken from a neighbourhood of the
unperturbed motion as small as desired specified in advance. Then, the existence of roots of the
defining equation with only negative real parts is not a criterion of stability, while the existence of
roots with positive real parts is not an indication of instability regardless of the non-linear terms in
the equations of perturbed motions [11]. The problem of the qualitative behaviour of the solutions
of Egs (2.6) of perturbed motions as a function of the non-linear terms remains unsolved.

In order to examine the local uniform boundedness of solutions of system (2.6) with respect to the
origin of coordinates we will introduce additional assumptions on the properties of the eigenvalues.t

Assumption 1. All the roots of the characteristic equations (3.1), (3.2) have real parts of small
magnitude.

T The definition of local uniform boundedness used in [7, 8] for the solutions of an autonomous system of the form (2.6)
was stated in: BELIKOV S. A., Local boundedness of solutions of a fourth-order autonomous system with small positive real
parts of the eigenvalues, Leningrad, 1987. Unpublished paper. Deposited in VINITI 26.03.87, 2206-B87.
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Denote the roots of Eqs (3.1) and (3.2) by pa,, £ iB,, (m = 1, 2) where >0 is a small parameter.,
a,, = O(1), and B,,>0. We will assume, to fix our ideas, that 8,>8,.
Consider the hypersurface of codimensions 2

Py={c:cE€EF,y, Py(c)=0, P3(c)=0}, e=+1
and the domain
G=lc:c€F,y, P(c)+Q2(c)>2(Qu(c)?], e=+1

We notice that for ¢ € PN G all the eigenvalues are pure imaginary (¢ = 0). For Assumption | to
be satisfied the inclusion c€ P} is necessary and c€ PSN G is sufficient. Here PY is a small
neighbourhood of the surface P, such that for any ¢ € P the values of | P, (c)| and | P;(c)| are small
and p = O(| P, |, | P2 ).

Let us find the (N + 1)th-order values of the off-resonance mistuning €, x = 8; — NB; between the
imaginary parts B8; and 3, of the eigenvalues, N =1, 2, 3.

Assumption 2. The absolute values of the second- to fourth-order off-resonance mistuning
between the imaginary parts of the roots of characteristic Eqs (3.1) and (3.2) are not small.
Consider the hypersurfaces of codimensions 1

Ry ={cic€F,, P2(e)+02(c)=2(Qa(c))"*}
Ry =lc:ic€Fy, P(e)* Q2(0) = (Qa(c)")
R4 ={c:c€Fy, Py(c)+Qa(c)=10/3(Qu(c)®}, =121
Note that R, is the boundary of the domain G while R;C G and R,CG. If the inclusion
cE P)N R, holds, the absolute values of the off-resonance mistuning €; y(¢) (N = 1, 2, 3) is small.

Because of Assumption 2, we exclude from consideration a small neighbourhood R, of the
surface Ry, 1, such that (¢€ PN G\RY, 1) |1 n(€)| >V, N=1,2, 3.

4. NORMALIZATION OF THE EQUATIONS OF PERTURBED MOTIONS AND THE
SUFFICIENT CONDITIONS OF THE LOCAL BOUNDEDNESS

Let the inclusion ¢ € PYN G\RY hold. The linear change of the variables z = Sx, z = (py, p2, ¢ .
q2)", 8 = |Isillt =1, detS#0, x = (x;, x2, X3, x4)" transforms the matrix B of linearized system (2.6)
into the real Jordan form. We shall write down the elements of the matrix §. If we put

r1=ky(uay®o + mo) t Pole+38hy0) — Wo(meosey + 38Ry ), iy =k f1Po,

ry = ((nay)? —BF) A0 + ud; (k10p — Moo ) + Og (e + 38h,0) —Po(mcose; + 38hy,) (4.1)
i = 200,81 80 + B1 (k100 —mo®o), 73 = ((uay)® —B] )P0 +uaym,,

i3 = B1Quay®o + o), ra = ((ay)® —BF)Wo + kypay, iy =B (Qua,¥o+ky),

glay, By) =\ oy (ryiz — iyrs — ralg +iarg) —By(ryrs tiyiz — rara — izia) —

— (uayiy +Byr ) (mcose; +38hy 1)+ (nayiy + Byry+ Mois)(e + 38h,4) |7

we have

$11 = (—mpayry +Byiy —mo(e + 38h30))8 (@1, By)

21 = (—payr; +Byi2)8(e, B1), s31=(r3+mcose; + 38k, ,)g(@;,By), (4.2)
Sq1= —(rste+38hy0)8(0y,By), s13=(nayiy+Bry)g(es,By)

S35 = (mayip + Byra)g(ay,By), s33= —i38(0s,B1), Sa3 =iag(y,B1)
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The formulae for s;, and sz (k=1, ..., 4) are obtained from the expressions for si; and 5,3
(k=1, ..., 4), respectively, by making the changes a;—a, and B;—f, in (4.1) and (4.2).
Substitution of (4.1) and (2.5) into (4.2) yields the final expressions for the elements of the matrix S
in terms of the original dimensionless parameters c€EPJNG\R? and the quantities «,, and B,
(m=1,2).

Suppose the inclusion

c€EP¢NG\(RJURURY) 4.3)

holds.

As a result of the normalizing transformation constructed by the Deprit-Hori~-Kamel method, the
system of ordinary differential equations x obtained from (2.6) by the change of variables z = Sx can
be reduced to the normal form which is continuous at the point x = 0 with respect to the parameter
w to within third-order terms with respect to the variables transformed (see the paper mentioned in
the previous footnote and [4]). We denote the coefficients of the continuous normal form by ¢, 19
and ¢, o; (m=1,2) [4]. The expressions for these coefficients in terms of h,, ., (2.4), (2.5),
|v|=3,4, kpn, O, Bm (m = 1,2) and the elements of the matrices S and S™* have been found using
the analytic results of [9] and of the paper mentioned in the previous footnote. For brevity the
expressions for the coefficients ¢, 10 and ¢, o1 (m = 1, 2) obtained are not written here.

The following theorem on local boundedness holds.

Theorem. Suppose the parameters ¢ satisfy inclusion (4.3), and e = +1. Let the coefficients ¢,, 19
and ¢,, 01 (m =1, 2) of the continuous normal form, with the set ¢ fixed and e = £1, satisfy the
following conditions:

1. @1,10<0 and ¢ 0; <O if @1,1092,01 <0 01 ¢; o1 <0 and ¢, 19=<0;

2. 01,01<0, 92,10<0 and @1 102,01 > 1,01 92,10 if ¢1,01>0and ¢, 16>0.

Then the solutions of Eqs (2.6) of perturbed motions are locally uniformly bounded with respect
to the origin of coordinates p,, = q,, = 0 (m = 1, 2) irrespective of the forms of the order higher than
three.

Remarks. 4.1. The zero solution of Eqs (2.6) of perturbed motions describes the position of equilibrium (2.1)
of the reduced system.

4.2. The assumptions of the theorem contain restrictions in the form of inequalities for the coefficients ¢,, 1
and ¢, 01 (m = 1, 2) of the continuous normal form. Note that, taking account of formulae (3.2), (4.2), (4.1)
and (2.5), quantities a,, and B,, (m = 1, 2) and the elements of the matrices S and S™* are expressed in terms of
the parameters ¢ (4.3), e = +1 by the use of well-known algebraic relations. If we use the expressions
mentioned above, which give the coefficients of the normal form, we can interpret the sufficient conditions for
the local uniform boundedness obtained in the theorem as the conditions imposed on the original construction
parameters of the imperfect gyroscope in gimbals.

The theorem on the continuous dependence of the solutions of system (1.1) on the parameters
and the assumptions of the theorem stated above imply the following result. The perturbed motions
of the imperfect gyroscope in gimbals with dissipative and accelerating forces acting on the axes of
the suspension rings are locally uniformly bounded in p,, , py, p,,, ¥ and 6 with respect to the steady
motions (1.3) under parametric disturbances of the construction parameters of the system.

5. INTERPRETATION OF THE CONDITIONS FOR LOCAL BOUNDEDNESS
IN THE SPECIAL CASE

The above model of the imperfect gyroscope in gimbals contains many construction parameters. To provide
an illustrative interpretation of the sufficient conditions for local uniform boundedness as the restrictions on the
dimensionless parameters ¢E F,, consider the sets {¢}CPYCF,, e= %1 in which values of all but two
parameters, for instance, b and w, are fixed. A FORTRAN program was written and debugged. It can interpret
the conditions for local uniform boundedness for any such a set and compute an initial estimate q and a current
estimate p of the local boundedness of solutions of the normal form.
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The interpretation of results computed for k) = 15/8, ky = =¥z, by = V4, by =2, b3 = %, ay, -
a3 = V38, ap="Y2,an=Ys, = =a3 Y= ~Va, Zy=Va, Y =2, Z, =0, & = V34 5 = Vo, m= 4%,
8=107% e=+1 is shown in Fig. 1. The analysis was carried out at the intersection of the rectangle
{bel2;10]} x {w€[2; 10]} and the domain G located above the curve R,. The domain of local uniform
boundedness is the domain A located at the lower left of the curve L, and the upper left of the curve L,. Some
small neighbourhoods of the curves Ry, Ry and R, are excluded from the domain A.

Calculations were also carried out for many other sets of the parameters mentioned above. We will merely
outline the results obtained. For k; >0, k;<0, e = * 1, the domain A in which the sufficient conditions of local
uniform boundedness are satisfied, was found in all the cases examined. When ¢ = —1 the domain A was found
rather seldom and for quite large values of w. For instance, the case k= —158, ko =32 by =2, by =1,
bi=%, an =%, ap=—". a3 =V32, an=2. an=1, & =¢ =3, Y,=V32, Z,=1, Y, =V22,
Z,=0,&=—1312, = -1, m= —%,8=10"".¢ = —1 is characterized similarly.
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