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Introduction

In this paper we propose some inequalities of
the distribution of supremum of some correlogram
form of the stochastic processes. These estimates
are applying for constructing the criterion of
hypothesis testing on covariance functions of these
processes.

1 Definitions and properties of some
elements from the Orlicz space

Definition 1. A function U(z), = € R is called
an Orlicz N-function if it is continuous, even,
convez and

1) U(0) =0, U(z) >0 npu x # 0,

U(z)

xT

2) limy_0 =0,

Ulz) _

3) limg oo ——~ = 0.

Let (T, p) be a compact metric space and let A
be a Borel c—algebra on (T, p). Let u(-) be a finite
measure on (T, A). Let X = {X(¢), t € T} be a
separable stochastic process such that the sample
path of X are measurable with respect to A and
X € Ly(R?), where U(x) -N-function.

Let there exist functions oy = {oy(h),h >
0},t € T such that:

1) ov(h) = 0; o4(h) increases as h > 0;
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2) o¢(h) — 0; o(h) is continuous from the ri-
ght;
3) sup, ¢ sy<n X () = X(s)[lu < au(h).
Note that these properties has the function
1 X(t) — X(s)llu,

oi(h) = sup

p(t,s)<h

if the process X (t) is continuous in the norm ||-||y.

Denote by 0(71)(1)) the generalized inverse to
ot(h), that is

at(_l)(v) =sup{h: oy(h) <v}.
Let
d(u,v) = [| X (u) = X(v)|lv
and let S be a set from A such that
(e x w){(u,v) € S xS, p(u,v) # 0} > 0.

Let ex(t) > 0, K = 1,2,... be a sequence such
that ex(t) > ept1(t),ex(t) — 0 as kb — oo, i
1(t) = sup,es p(t, ). Let

By(U) = {s: p(t,s) < u},
By = Bi(ex(1), mi(t) = px(t,S) = u(BF N'S).

Definition 2. N-function U(x) belongs the class
A? if there exists constants Q > 1 and yo = 0 such
that U?(x) < U(Qx), while > yo.
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Definition 3. A stochastic process X
{X(t),t € T} belongs the class A% if X € Ly (),
where U € A2, In this case we will write X € A2,

Lemma 1. [1] Let X {X(t),t € T} be a
separable stochastic process from the class A? and
~v(v) be an increasing function. Let the next condi-
tion be satisfied

sup
tes

01(t)
/0 U= ((uw) ™) du<oo, (1)

where

0 (t) = Z(QUt(Sup p(t, 5)))’

teS
ve(u) = p (B <t,0t(_1) (z(_l)(u)/2)) N S) .

Then for any 0 < p < 1 the next inequality holds
true with probability one
dp(u)

- X%

min{d1 (t)p,ro}
[Q/ P () ) dut
0

sup | X (t)
teS

X sup
teS
+Z(t)| =nap, (2)
where
. H (X (w) = X (0))y(d(u,v) [
d(uv U) U,;Lxu’

ro is a number such that (l/t(u))(*l) > Ul(rg), if
U < 105

Z(t) =0 if 61(t)p < ro and
51 (t)p
2= [ U (4(w))2) du,
min{d1(¢)p,ro}
if 01(t)p = 7o.

Consider now applications of this lemma for
processes from the space Ly (§2) with N-function
U(z) = exp{|z|} — || — 1. This N-function U(x)
belongs to class A? with Q =2, 39 = 0.

Theorem 1. Let all assumptions of Lemma 1 be
satisfied for the N-function U(x) = exp{|z|} —
|z| — 1. Then for all x > 4 the following inequality
holds true

X

7}’ @

P{n> 2} < 2eXp{ 1(1+A(18))A )
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where ;Y = SUPy ves W(d(uv U))v

nzH(XW)‘X(”))’V(d(“’”” o
d(u7v) U,uxp
as) = [ [ D) (o)),

Proof. Lets put d(pu(u)
see that

X u(v)) = du. It is easy to

P{n >z} <

{// exp ——1)du>1}
P{/S/S(exp{”

Since

exp {

< Ndw,v))

}—1>du>1}. (4)

o

(X (u) = X(v))

(X (u) = X (v))y(d(u, v))|

(o

then for all ¢ > 1 the next relations hold
P{n>uz}<

P{/S/Swd(g v))exp{ux 2
>1+A(S)}<E</S
(

J
o { 1K = X131}
S

—a <

)

= XA},
v(d(ﬁf,v))
S Y
( . )y u) (1+ A(S
( (j<)s>>qE//sWX
conp { K= X1
£_then for z > 4 we will obtain

A(S)

()

If we take ¢ =

(u) = X (v))|
d(u,v)

A(S)
1+A(S)

fo e {5
A(S)

<2<1+A<s>>

The Theorem 1 is proved.

X

P{n>x}<<

dp
A(S)

|

1

2|8

x

)=

3

= Qexp{—ln(
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2 How to test the hypothesis concerning Hypothesis that the covariance function of the

the form of covariance function of process X (t) is B() for 0 < 7 < T is accepted if

Gaussian stochastic process s
~ 1
B(r)~ Br(r) — 5 | Bludut
0

su
Assume that YV = {Y(¢),t € T} is a 0@25
separable real-valued stationary Gaussian process g
. . . . . 1 N
with EY (¢) = 0 and continuous correlation functi- +§ / Br(u)dul| < z,
on 0
B(t) =EY(t+ )Y (t). and is rejected otherwise.

Lets consider the sample correlation function Example 1. Let consider next function B(f
(correlogram) exp {—f2}. Let put Z7(f) = Br(f) — B(f),

0. Using the formula (6.1.3) from [2, p.168] we

~ 1 (T . .
Br(r) = /0 V(t+r)Y(H)dt, 0<T <oo Wil obtain

E (Zr(u) - Zr(v))® =
Theorem 2. The next inequality holds true for

-~ . . 2) T
correlogram Brp(T) of correlation function B(T) _ T/O <1 B ;) (B(t —u) — B(t —v)) -
S
P { sup |B(r) — Br(r) - 1/ B(u)du+ (Bt +u) — B(t+v)) +
0<r<S S Jo

RPN I S ,
+S/ Br(u)du| > m} < et put h =u —v = 0 and estimate
0 2B(t) — B(t +u—v) — B(t— (u—1v))| <

1 T
< —In(1+ —= )=
2exp{=In(l+ Zrgy)zr 1} 2/ exp {—12} — exp {—(t + 1)} |+

where x > 1. |eXP{_(t+h)2}_eXP{_(t_h)QH =
=2A+ B.

Proof. This theorem is a consequence of Lemma 1 +

and Theorem 1 for X(¢) = B(t) — Br(t), where A= exp{—t*}[1 —exp {t* — (t + h)*}| <

S = [0,5]. Here X(t) = B(t) — Br(t) is square < 2th + 2

Gaussian stochastic process and

B =exp{—(t—h)*}x
Inll < /- (Br2) wlexp {(t— )2 — (t+ h)?) — 1] < dth.

In2 ’
" IB(t — u) — B(t — )| < 2.
where Bt +u) — B(t +v)] = exp {~(t + )} x
C= ig)fl)r72| In(1—7r)] —r% x|exp {(t +v)* — (t +u)*} — 1| <
re(0,
< exp {—(t +v)2}(2th + 2Sh).
The Theorem 2 is proved. "
Let H be a hypothesis which for 0 < 7 < ‘1 - T‘ <1, tel0,T].

T lie down that correlation function of Gaussi-
an stochastic process is equals to B(7). We take
Brp(7) as an estimate of B(7). Let consider next
test.

So,
|E (Zr(u) - Zr(v))*| <

4 [T
= / exp {—(t + v)2}(2th + 2Sh)di+
Criterion 1. Let find x4 for fired a, 0 < a < 1 0

that 2 (T
¢ + / exp {—t*}(4th 4 2h* + 4th)dt <
f(xoc) = Q, T 0
. 12h  6hS\/T 124657
where f(x):2exp{—ln(1+ﬁ)w}. g?"‘ T\f:h T _

17
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Hence, let find x for fixed level o, 0 < v < 1,

12+ 657 C that
T
=+ hCgp, Cop=————. f(za) = a,
T In2
Then where
ny_ b’ 1
MY = —.
ot(h) Cosr f(x) =2exp {—ln(l + ﬁ):px

Functions 01(t) and vi(u) will be next:

51(t) = Z<2 tCST),

“)n ma)

. Let put y(y) = 1.

2

) = (B

"Cyr
Here we will obtain vy(u) > &—

) [10(14—19) <\/mpln <2+ 21T>+

+ Warctan@ﬁp))]l}.

Hypothesis that the covariance function of the

process X (t) is B(T) for 0 < 7 < T is accepted if

Then
wy) =y, 2V =y, =1 A®S)=5%
Hence
2vtCSTP
ap < sup 2 (2 +
) 0<t<sS

20”) )
U
2y/SCstp
(2 In (2 T QCST) > _

- p(14_p) <\/12+65ﬁpln <2+ 2{_,,)+

1
+2+16j5\/% arctan(Qx/Tp)) .

So, the next estimate holds true, while x > 1

1 S

PJ s B(r) - B
{ s, 1BO) = Br(r) — 5

1[5~
+/ Br(u)du| > 2} <
S Jo

1
< 2exp{—ln(1 + o

ot (arvasyam (24 )

+ 12465 arctan(Qﬁp))} 1} .

B(u)du+

JE

T

for separable square-Gaussian process X(t),t €
[0, T] when it is true that
1
sup (B(X(t) — X(s))?)2 vV hCsr
p(ts)<h

N

o(h) =

18

sup |B(r)— B

0TS

1 S
1[5
+S/0 Br(u)du

and is rejected otherwise.

3 Conclusions

In paper the criterion of hypothesis testing

on covariance functions of the stochastic processes
is obtained. As an example was considered conti-
nuous correlation function B(7) = exp{—72}.
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