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Abstract. The main objective of this article is to establish new generalizations of the reverse
Minkowski’s integral inequalities by introducing weighted functions and two integrability parameters.
Two new theorems will be proved using Jensen’s integral inequality and Holder’s two-parameter inequal-
ity, some reverse Minkowski type Integral inequalities are also obtained.
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Introduction

In recent years, many researchers have paid great attention to generalizations, extensions, and
variations of Minkowski’s inverse inequalities (see [1-7]). On the other hand, the convex func-
tions have a very useful structure in terms of properties and play an important role in inequality
theory, this class of functions has many applications in different branches of mathematics (func-
tional analysis, numerical computation, probability theory, etc.). Many inequalities and results
are obtained by the Jensen inequality, and many articles relating to different versions of this
inequality have been found in the literature.

In this work, we will establish two results on the reverse Minkowski type integral inequali-
ties, the first one involving Holder inequality with two parameters, Also, we will investigate a
second result via the Jensen integral inequality (convex function). Special cases will be given as
generalizations to some known results.

1. Model inequalities

The following inequality is well known in the literature as Minkowski’s inequality, it states
that, forp > 1, if

b b
0< / fP(xz)dr < oo and 0< / gP(z)dz < oo,
a a
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then

( / (@) +g<x))pd$>’l” < ( / b fp(w)dfﬂ>; ¥ ( / b gﬂ(x)dx> y

In this section, we give some recent results about the reverse Minkowski’s inequality.
Sulaiman [2] presented the following result related to the reverse Minkowski’s inequality: for
any f,g > 0,if p>1 and
flx

9

~

N

1<m< M

—~
~—

T

for all z € [a,b], then

b b % b P
T ( / (f(x)g(x))pdfr> < ( / fp(x)dm) +< / gP(x)d:c>

Ll : 0
;ﬂ( / (f(w)—g(w))pdfv> .

Banyat Sroysang in [3] proved a significant extension of the above inequality as follows: for any
f,9>0,if p>1and

=

N

f@

O<c<m< =M

g()

~

for all z € [a,b], then

%ti(/ab(f(x)—cg(x))pdx>; < (/ p(x)dm>;+</ab9p($)dx>p<

b

f

e ;@
o ( / (f(x)—cg(x))pdx> .

C

Benaissa in [1] gave a new result to the inverse Minkowski inequality according to the following

formula: For any f,g >0, a>0,ifp>1 and

0<c<m<

for all = € [a,b], then

b g b v b b
% (/ (af(x) — cg(ﬂ:))”dm) < (/ fp(x)da:> + (/ gp(x)da:>

i :
a(nf_)< / (af(r)cg(:r))pdfv> |

N

(3)

2.  Main results

Motivated by the above Theorems, we give a further improvement of the reverse Minkowski
Type inequality by introducing weight function and two parameters p,q > 0. Throughout this
section, the functions f, g are measurable and non-negative on interval (a, b), and w is weight
function (measurable and positive) on (a, b). In order to demonstrate our main results, we need

the following Lemma:
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Lemma 1. Let 0 < p < ¢ < oo and f, w be non-negative measurable functions on (a,b) and

b
suppose that 0 < [ f9(t)w(t)dt < oo, then

b b % b g
/ fp(t)w(t)dt<< / w(t)dt> ( / fq(t)w(t)dt) . )

The inequality (4) hold for —oo < ¢ < p < 0 and inverted for 0 < ¢ < p < oo.

Proof. Using Hélder inequality for using the parameter 4 > 1, we have
p
b b a—p p
[ rowna = [ (0% 0) (rowfo)d<

b T i
< (/ w(t)dt> (/ fq(t)w(t)dt>
Jensen’s integral inequality

Let f be an integrable function defined on (a,b) and let ¢ : (a,b) — R be a convex function. If

¢o f € L(a,b), then
b b
s (bi / f(t)dt> < ( / ¢(f(t))dt> , o)

the above inequality (5) is inverted if ¢ is a concave function.
Taking ¢(t) = t*, thus the formula (5) can be rewritten in the following forms.

/fA t)dt > (b—a)* (/f dt) , (6)
b b A
/ POt < (b—a)' = ( / f(t)dt) . M)

Let —0o < a < b < +oo, for p > 0 we suppose that

o If 1 < A, then

e if 0 < A <1, then

b
0</ fP@x)w(x)dr < oo and 0</gp(x)w(x)dx<oo,

and we denote by L’ (a,b) the space of all Lebesgue measurable functions f on (a,b) for which

1

b P
||fHL;”(a,b) = (/ fp(:c)w(l’)dzv>

Using the above lemmas, we give and prove the following theorems.
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Theorem 1. Let f, g >0, 0 <p<q, a>0, w be a weight function and

af(z)

O<c<m< —=—2<M foralzé€la,bl, (8)

g9(z)

then
M+« p—q b p »
W(w(x)) v < / (af(z) — cg(z)) w(rv)dx> <
i b a
(:r)da:) <

J
< ( / b fq(x)w(w)d:v> " ( | s

< (9)
m—+ « b q z
< s ( | at@ = egta) w(x)dx> .
Proof. From the hypothesi (8) we get
1 1 1 g(x) 1 1
O e T mSe ww S ™
then o f2)
M—c = af(z)—cglz)  m-—c’ (10)
let 0 < p < ¢, from the inequality (10) we have
M P »
T @@~ o) u) < P ela)
and .
Pilau(o) < | s (af (@) = ca(e))| i)
Integrating the above inequalities on [a, b], we get
b b b H
e ( [ s - cg(x))%(x)dx) < ( / fp(x)w(w)dx> S
and . .
b q m b . q
( | (x)w(a:)dx> < ( | ar@ = cqta) w(a:)dx> , (12)

from the inequalities (11) and (4), we get

-

b P
OJ_C)U (af (x)‘cg(Jf))”w(a:)dx) <

b K 7
< ( / w(t)dt) ( / fq(t)w(t)dt> ,
M b e g b :
Q(M_)< / w(t)dt> ( / (af(fc)—cg(fc))pw(w)dx) < ( / fq(x)w(:v)dx> )
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From the hypothesi (8), we deduce that

af(z) —cg(z)

0O<m—c< 9@ <M —c

th
" afe) —cale) _ ) _ afle) = cole)
M—_c X9 S m—c >

let 0 < p < ¢, from the inequality (14), we obtain

i (0f@) — cgle))] wle) < P,

and

gi(z)u(z) < [

m —¢C

integrating on [a, b], we get

and

T ( / (af(x)—cgu))pw(x)dx)p < ( / gP(sc)w(x)dx>p,

using the inequality (16) and (4), we get

b % b % )
Ml—c</ w(t)dt> (/ (af(ﬂf)—cg(x))pw(x)da:> < (/ gq(x)w(x)dx>

By the inequalities (12), (15) and (13), (17) we result the inequality (9).

Q

Now we present a new result involving Jensen integral inequality.
Theorem 2. Let f, g >0, a >0, w be a weight function and

af(z)

O0<ec<m<
g(z)

<M  forall z € la,b],

then, for1 <p<gq

N

< ( A fq(m)w(x)dwf " ( A g%w)w(m)czx> %

b q
< mre ( / (af() —cg(x))%(x)dx) ,

a(m —c)
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for0<g<p<1

b
M*%(/ (af(z) — () bw <x>dx>

c

(/ fi(a ) +< ngq<x>w<z>dx> <

1

s= A

m (6% 1-p b ¢
< IEC gy (/ (af(fv)cg(w))qw(x)dw> .

a(m —¢)

Proof. Firstly let 1 < p < g, from the inequality (10), we have
aq
P

M a
|:04(M — C) (Oéf(lﬂ) - Cg(l‘)):| w(x) < fp (x)w(x),
and q
flx)w(z) < [a@;n_c)(ozf(x) - cg(x))} w(x),

Integrating the above inequalities on [a, b], we get

(a(ﬂf)) / (@f() - cgle)) Pul)de < / ' fh @pule)ir,

and )

: s :
( |1 (x)w(w)dx> < ( | @t = cote) w(z)da:> ,

1
apply the Jensen inequality (7) for A = —, hence from the inequality (21), we get
p

(Cﬁ_c))g/ﬂaﬂ ) - cqle /f
- a) (/ fi(a

o) <[ o

Fle) < | (@r@) - cote))] wlo)

this give us

'!:’\-Q

M 1-p b
G0 (/ (0] (2) — cglx)

In another case, from the inequality (14) we result

and

aq
P

i (0f@) - cgle))| (o) < g @uta),
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integrating on [a, b], we get

and

T

b b
/ (af(2) - cg(x)) Puw(z)de < / o} (2w (2)de,

()

use Jensen integral inequality (7) and (25), we obtain

1—p b q % b ‘
)T ( / (af(w)—cg(x))pw(x)dx> < ( / gq<x>w<x>dx> .

By the inequalities (22), (24) and (23), (26) we result the inequality (19).

Secondly let 1 < p < ¢, from the inequality (10) we deduce that

M 1 q
=g @@ — cala)| wie) < @)

and
a
P

P < | (af@) - cafa))| ula)

a(m —c)

Integrating the above inequalities on [a, b], we get

=3 ( / (of ) cg(m))qfw(x)dx); </ ' folapuie)de,
and \ .
[ @< (o5) [ @f@ - o) tuts

1
apply the Jensen inequality (6) for A = —, hence from the inequality (27), we get
p

S

aq

(b—a) ([lbfq(x)w(x)dx> < /abfg(:c)w(x)dfc <
< (a(f_)) g (@f (@) — cale))ule)da,

this give us

b % m 1-p b ¢
( |1 (x)w(x)dx> <=0 ( / (af(w)—cg(x))Pw(x)dx>

In another case, from the inequality (14), we deduce that

P
q

(@)~ egl)| o) < o)l
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and

and

T~
o
Q
1Y)
—~
&
S
—
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S~—
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—
~__
k1)
—
o
Q
\
—~
|
)
«
—
S~—
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Q
8
w
=

m—c

use the Jensen inequality (6) and (31), we obtain

b % 1 p b B
(/ gq(x)w(:v)dx> < ml—c(b_ a) @ (/ (af(x) —cg(m))rw(x)dx> . (32)

By the inequalities (28), (30) and (29), (32) we result the inequality (20). O

Qs

3. Application

We now give some new results of the above Theorems.

3.1. Reverse Minkowski weight type inequality
Put p = ¢ in the Theorem 1 and p = 1 in the Theorem 2, we get the following corollary.

Corollary 1. Let f, g >0, ¢ >0, o> 0, w be a weight function and

af(z)

<M for all x € |a,b],
9(x) .0

0<c<m<

then

1
q

M ( / (af(x)—cg(x))qw(w)dx> <

( / e ) ¥ ( / bg%a:)w(z)dx) "< ()

1

m+ b . q
< s (/ (0f(x) — cglx)) w(a:)dx> .

3.2. Reverse Minkowski type inequality

Using w = 1 in Theorem 1 and Theorem 2, we get the following corollaries.
Corollary 2. Let f, g>0, 0<p<gq, a>0 and

af(z)
g()

0<c<m< <M forall x € Ja,bl,
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then

S =

M+« p—g b ,
m(b_a) e (/a (af(x) —cg(z)) dx) <

< (/ab fq(x)dx>é + </ab gq(x)da:> ‘1 < (34)

m—+ o b . q
< ( |t = cata) dx) -

Corollary 3. Let f, g >0, a >0 and

<M forall x €la,b],

0<ec<m<

then, for1 <p<gq

1-p b a
e gt ( [ s cg(az))pdm> <

2

a(M —c)

< </ab fq(x)dx>; + </ab gq(:v)dx> q < (35)

m+ « b q i
< am—0 (/a (af(z) —cg(z)) dm)

for0<qg<p<1

RIS

N

1

b
i ( / <af<x)—cg<x>>5dx>

< (/b fq(x)dx>(11 + </abgq(x)dx> q < (36)

m « 1-p b ‘
< I ()T ( / (af(x)cg(x))qd:c> .

a(m —¢)

The inequalities (34), (35) and (36) are new generalizations of the revers Minkowski inequality
with two parameters.

Conclusion

By using Holder’s inequality, Jensen’s integral inequality and by introducing two parameters
of integrability, new generalizations of the inverse of Minkowski’s integral inequality have been
established and demonstrated. Two results are given in the application section, the reverse
Minkowski weight type inequality and we deduce a particular case the reverse Minkowski type
inequality, this is a new generalization of the classic reverse Minkowski inequality known in the

literature.
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anbHeiiniee 06001IeHe 0OpPaTHOTO HEPABEHCTBA THUIA
MuHKOBCKOTro ¢ moMoIiibio HepaBeHCTB l'esqbsiepa u Mencena

Byapker Benancca

Jlaboparopust ”HPOPMATUKA U MATEMATUKHI
DaKyIbTeT MATEPUAIOBEICHAS

Tuaperckuil yHUBEpCUTET

Axup, Amxup

Awnnoranusi. OCHOBHAsI 1I€JIb 9TOM CTATBU — YCTAHOBUTH HOBbIe 000DIIEHNSI OOPATHBIX MHTEIPAIbHBIX
HepaBeHCTB MUHKOBCKOTO ITyTeM BBEJEHUsI BECOBBIX (PYHKIMI W JIBYX MApaMETPOB WHTETPUPYEMOCTH.
BynyTt moka3anbl qBe HOBbIE TEOPEMBI C UCIOJIH30BAHNEM HHTETPAIHHOTO HEPABEHCTBA Mencena u gByxia-
paMeTpHYeCKOro HepaBeHCTBa ['esbiepa, a Tak»kKe IOJIydYeHbI HEKOTOPBIE OOpPAaTHbIE NHTETrPAJIbHbIE HEPa-
BEHCTBa THIAa MUHKOBCKOTO.

KuroyeBsbie ciioBa: BolyKJjast pyHKIMA, HEpaBEHCTBO [esbiepa, HepaBeHCTBO MUHKOBCKOI0, HEpaBEH-
crBo Vencena.
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