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SINGULAR FOLIATION GENERATED BY AN ORBIT OF FAMILY OF
VECTOR FIELDS

Xurshid Sharipov!, Bekmurod Boymatov, and Nematillo Abriyev

ABSTRACT. Geometry of orbit is a subject of many investigations because it
has important role in many branches of mathematics such as dynamical sys-
tems, control theory. In this paper it is studied geometry of orbits of conformal
vector fields. It is shown that orbits of conformal vector fields are integral sub-
manifolds of completely integrable distributions. Also for Euclidean space it is
proven that if all orbits have the same dimension they are closed subsets.

1. INTRODUCTION

In this paper, we study the geometry of the singular foliation generated by
the orbits of smooth vector fields. If the dimensions of the fibers of a foliation
with singularities are the same, then it is a regular foliation in the sense of the
definition given in [|5]. G. Sussman and P. Stefan showed that the decomposition
of a manifold into orbits is a singular foliation [2,7,[8]. Numerous studies have
been devoted to the study of the geometry of a singular foliation [1,2,/4-8]].
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2. PRELIMINARIES

Let M — be a smooth Riemannian manifold of dimension n with metric tensor
g, D -family of smooth vector fields defined on the manifold M. The D family
can contain a finite or an infinite number of smooth vector fields.

Definition 2.1. The orbit L(x) of the family D of vector fields passing through
the point x from M is defined as the set of points y from M for which there are
real numbers tq,ts,. .., t, and vector fields Xy, Xs, ..., X}, from D (where k is an
arbitrary natural number) such that

y =X (X0 (- (X (@) )

It is clear that an orbit is a smooth curve (one-dimensional manifold) if D
consists of one vector field.

Definition 2.2. Let G— be a transformation group acting on the manifold M. The
subset N C M is called G— invariant, and the group G is called the symmetry
group of the subset N if, forany x € Nand g € G, g-x € N.

Definition 2.3. Let G— be a transformation group acting on the manifold M. A
function F' : M — R is called an invariant function of a transformation group if
forallz € Mandallg € G, F (g-z) = F (x).

The following theorem is known [3,4].

Theorem 2.1. Let the group G— act on the manifold M and F : M — R— a
smooth function. Then F is an invariant function if and only if each level set
{r € M: F(x)=cce R} will be a G— invariant subset of the manifold M.

Let G— k -dimensional Lie group of transformations. Then it has k infinitesi-
mal generators (vector fields).
The following theorem is known [3,4].

Theorem 2.2. The function F (x) is an invariant of the group G if and only if it
satisfies the equation X (F') = 0 for each infinitesimal generator X of the group G.
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3. MAIN RESULTS

Now consider the family of vector fields D = {X, Y}, where, X = y 9 4l By,
Y = a:ax + yay + 2Zaz' Find the flow of the vector field X = yam + :Bay.

T=1y T=1y
y=x = y=x =y=y.

Let’s make a replacement y = e g = ket j = k2, k2eM = et =k? =
1=k ==l

From here we find the solution, y (t) = Cie'+Cy 7", z (t) = C1et = Cy 7%, 2 (t) =
(5. From the initial conditions y (0) = y, = (0) = z, 2 (0) = z, find

y(0)=C+Cy=y C, ==Y
ZL’(O):Cl—CQZ.%‘ = 02:%
2(0)=C3==2 C3 =z

Means,

x(t):%y@t_% _xet t—|—yﬁ x (t) = xcht + ysht
y(t) = Zlet 4 27 = t— = y (t) = xsht 4 ycht

2(t) =z z(t) ==z

The flow of vector field X =y +, generates the following one-parameter
transformation group

X" (z,y,2) = (zcht + ysht, xsht + ycht, z) .

Now we find the flow of the vector field Y = xa% + ya% + 22%.

=z %:x xz = Che®
. d

v=y = =Y = y = Cye?
2 =2z dz — 9, 2z = (e

From here we find the solution, z (s) = Cje®, y (s) = Cae’, 2 (s) = Coe®*. From
the initial conditions y (0) = y, x (0) = x, 2 (0) = z, find
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Means,

(s)
(s)
(t)

The flow of vector field Y = :c ~ Y5 3 + 22%, generates the following one-
parameter transformation group

Y (z,y,2) = (xes, ye’, 2’628) )

Now we find the invariant functions of the transformation group generated
by the flows of these vector fields. By theorem{2.2] the function I (z,y, z) is
invariant under the group of transformations generated by the flow of the vector
field X =y + a4, if and only if the equality X (1) = y5% + 25 = 0. From this
equality we obtain

xe
Z/
ze

N@H

From here we get

rdr = ydy, 2xdxr = 2ydy,

2 —y* =C, C = const.

Hence, the independent invariants of the transformation group generated by
the flow of the vector field X = y% + xa%, are functions I (z,y,z) = 2% —
v 1o (2,y,2) = 2.

Now we write the vector field Y = x ~tys a + 2z ~ through the functions
I (z,y,2) =2 —y* I (2,y,2) = 2. To do thlS find dh(;’y 2 dh(;f :2) , taking into
account

dx dy dz

_— = B _ 2
at  Car - ar T
dh (v,y,2)  d(z® —y®)  da*  dy? dx dy 2
it dt at  dar Cat - Ve Y b
dly(z,y,z) dz
o \2,Y,2) — 2, =2]
. at FT

So, the vector field Y takes the form Y = 27 18% + 2[2%. Find the invariant
function of the transformation group by the generated flow of this vector field.
By theorem{2.2] the function I (z,y, z) is invariant under the transformation
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group generated by the flow of the vector field Y = 21, - + 21,57, if and only
if the equality Y (1) = 2, & + 2L, %= = 0. From this equality we obtain

dly dly dI
2y 2L, 0
From here we get
dl, dl,
—=— Inl{=InlL+InC
oI, ~ 21, ni; =mnl+nC,
1
—lzC, C = const.
I

This means that the invariant functions of the transformation group generated
by streams of vector fields X = y3- + 24, Y = 2 +y4 + 22, is a function

T 2 .2
I(x,y,z)zj—;:x v,

z

Really,

I (X' (z,y,2)) = I (zcht + ysht, xsht + ycht, z)
~ (wcht + ysht)® — (zsht + ycht)?

z

B x2ch®t + 2xychtsht + y*sh®t — x?sh?t — 2zychtsht — y?ch?t
N z
2?2 — o2
p— = ]
Z (x7 y7 Z) )
s\2 s\2 2 .2
I (Y (x,y,2)) =1 (xes, ye’, ze2s) = (ze’) Q(ye ) _r 7Y _ I(z,y,2).
ze*s z

Theorem 3.1. Layers of the foliation F' generated by the family of vector fields

D ={X,Y}, where, X = yg- +x4.,Y = v +yg +2z £, are the following sets:

Zero dimension layer
Lo ={(0,0,0)},
One-dimensional layers
Lf ={(x,y,2) :y=2=0, 2 > 0},
L7 ={(z,y,2) :y=2=0, z < 0},
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T ={(z,y,2)y=z,2>0,y >0,2=0},
L ={(z,y,2):y=—x,2>0,y < 0,2 =0},
LiT={(v,y,2) :y=—z,2 <0,y >0,2=0},
Ly ={(z,y,2):y=2,2 <0,y <0,z =0},

L3 = {(x,y,2) : ly| <z, © >0, 2=0},

Ly ={(z,y,2) : ly| < —z, 2 <0, 2=0},

Lyt ={(x,y,2) : 2| <y, y >0, 2= 0},

Ly ={(z,y,2) s |2] < —y, y <0, 2 =0},
LZL;{):{(x,y,z):cz:mQ—yQ, x>0, z>0, c>0},
LC_;BZ{(:U,y,z):cz:ﬁ—yQ, x <0, 2>0, c>0},
Ly =A{(z,y,2) ez =2 —y? y>0, 2<0, ¢> 0},
Lo={(z,y,2) icz=2—y? y<0, 2<0, ¢>0},
L2y ={(z,y,2) icz=2a>—y* y>0, 2>0, ¢>0},
L ={(z,y,2) i cz=2>—y* y<0, 2>0, ¢c<0},
Lj<_0:{(x,y,z):cz:m2—y2, x>0, 2<0, c>0},
L o={(z,y,2) icz=a>—y* <0, 2<0, c<0}.

Proof. The origin of coordinates is a fixed point of the families of vector fields
D = {X,Y}. Therefore, the set L, = {(0,0,0)} is a singular layer.

In the Oz axis, vector fields have the form X =0,Y = 22%, therefore if from
any point the set L, (Ll’,) using streams of vector fields X, Y, you can get to
any other point of the same set, i.e. the set L}, ( Ly, ) is a layer of the foliation
F.

In the coordinate plane Oxy vector fields have the form X = ya% + :r;a%, Y =
2 +ya%. Inthe sets L, L7, Ly, Ly, vector fields will be collinear, therefore
the sets L+, LT, L ", L, are fibers of the foliation F. It can also be shown
that the sets L;°, L,°, Ly", L9~ are fibers of the foliation F.

The sets L, L2, Lo, oo, Ly, L2y, L2, Lo, are parts of the level sur-

2

faces of the invariant function [ (x,y,z) = %92 Therefore, if consider one of
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these sets, then from any point of this set, using the streams of vector fields
X,Y,, you can get to any other point of the same set, i.e. sets L'\, L,

Lo, Leos LI, L2, LiZ,, Lo, are fibers of the foliation F. The theorem is
proved. d
ACKNOWLEDGMENT

The authors is very grateful for the helpful suggestions of the referee.

REFERENCES

[1] P. MOLINO: Orbit-like foliations, Geometric Study of Foliations (World Scientific, Singa-
pore, (1994), 97-119.

[2] A.YA. NARMANOV, O. KASIMOV: Geometry of singular Riemannian foliations, Uzbek Math-
ematical Journal, 3 (2011), 129-135.

[3] G. ABDISHUKUROVA, A. NARMANOV, X. SHARIPOV: Differential invariants of One Para-
metrical Group of Transformations, Mathematics and Statistics, 8(3) (2020), 347-352.

[4] P. OLVER: Application of Lie Groups to Differential Equations, Second edition, Springer,
1993.

[5] H. SUSSMAN: Orbits of families of vector fields and integrability of distributions, Transactions
of the AMS. 180(6) (1973), 171-188.

[6] H. SUSSMAN, N. LEVITT: On controllability with two vector fields, SIAM J. Control 13,
13(6) (1973), 1271-1281.

[7]1 P. STEFAN: Accessibility and foliations with singularities, Bull. AMS, 80(6) (1974), 1142-
1145.

[8] I. TAMURA: Topology of foliation: an introduction, Translations of mathematical mono-
graphs. American Mathematical Soc., 2006.

DEPARTMENT OF MATHEMATICS, NATIONAL UNIVERSITY OF UZBEKISTAN, TASHKENT, 100174,
UZBEKISTAN.
Email address: sh_xurshid@yahoo.com

DEPARTMENT OF EXACT AND NATURAL SCIENCES, TASHKENT REGIONAL TERRITORIAL CENTER
FOR RETRAINING AND ADVANCED TRAINING OF EMPLOYEES OF PUBLIC EDUCATION, TASHKENT,
UZBEKISTAN.

Email address: bekshohruz2925@gmail . com

DEPARTMENT OF MATHEMATICS, SAMARKAND STATE UNIVERSITY, SAMARKAND, UZBEKISTAN.
Email address: nematilloabriyev@gmail.com



	1. Introduction
	2. Preliminaries
	3. Main results
	Acknowledgment
	References

