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1. INTRODUCTION AND PRELIMINARIES

We will start with a definition of mathematical analysis that has a high degree
precedence for the inequality theory.
A function f :1 C R — R is said to be convex if the inequality

JQu+(A=)v) <Af w)+1=2) f (v)

holds for all u,v € I and A € [0, 1].
This definition has been used in the celebrated Hermite-Hadamard inequality;
Let f:1 C R — R beaconvex function and a,b € I with a < b, then

b
f(”b)sﬁfa f(x)dxsw. (L.1)

2

In addition to giving upper and lower bounds for the mean value of a convex function,
this double inequality has many applications.

Convexity plays an important role in different fields of pure and applied sciences.
In recent years we have noticed that theory of convexity developed rapidly. Con-
sequently several new generalizations of convex functions have been proposed in the
literature. Recently Iscan [4] introduced the notion of harmonic convex function.
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Definition 1. Let / C R/{0} be a real interval. A function f : I — R is said to be
harmonically convex, if

Xy
f(m) <tf(M+A-0)f(x) (1.2)
forall x,y € I andt € [0,1].

The following theorem involve a different variant of Hadamard’s inequality for
harmonically convex functions.

Theorem 1 ([4]). Let I C R/{0} — R be a harmonically convex function and
a,b el witha <b. If f € Lla,b] then the following inequalities hold.

2ab f(x) fl@+ /)
f(a —i—b) = / 2

To prove our results, we will use the following concepts and definitions.
The Beta function [11, p.18]:

I'(a)I(b)
I(a+b)

where I (@) = [;° e 'u®*"'du is Gamma function.
The hypergeometric function [7]:

1
B(a,b) = :/ V1 -0bdr,  a.b>0,
0

1 1
»Fi(a,bic;z) = m/o P A=) A=zt ¢c>b >0, z < 1.

Lemma 1 ([10]). For0 <o <1 and 0 <a < b, we have
la* —b%| < (b—a)“.

Definition 2. Let f € L{[a,b]. The Riemann-Liouville integrals J f 4 fand/J bM— f
of order o > 0 are defined by

T () = ﬁ /ax(x—t)“_lf(t)dt, x>a
and
Ji f(x) = P )/ (t—x)*"Lf(@)dt, x<b
respectively where I'(1) = [;° e ~"ul"'du. Here J2, f(x) = J2_f(x) = f(x)

In the case of u = 1, the fractional integral reduces to classical integral.
The great impact of fractional calculus in pure and applied sciences can not be denied.
Resultantly many researchers used the techniques of fractional calculus intensively
to get the new refinements of the previously known results. For example, we refer the
reader to [1-3] and references cited therein. In [12], Sarikaya et. al. proved a new
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version of Hermite-Hadamard’s inequalities in Riemann-Liouville fractional integral
form as follows:

Theorem 2. Let f : [a,b] — R be a positive function with 0 <a < b and f €
Li[a,b]. If f is a convex function on [a,b], then the following inequalities for frac-
tional integrals holds:

a+b ra+1) o -
H(557) = 3 e 1)+ I f (@) <

@476

with a > 0.

For further results related to Hermite-Hadamard type inequalities involving frac-
tional integrals on can see [8,9, 12—19].
In [5], Iscan et al. gave a generalization of (1.3) for harmonically convex functions
as follows:

Theorem 3. Ler f : I C (0,00) — R be a function such that f € Lla,b], where
a,bel witha<b. If f isaharmonically convex function on [a,b], then the follow-
ing inequalities for fractional integrals hold:

b r b \¢
f (fib)f el (b“_a) {980 (f o) U/b)+ %, (fog)(1/a)}

_f@+ f(b)
- 2

(1.4)
where g(x) = 1/x.

Katugampola gave a new fractional integral that generalizes the Riemann-Liouville
and the Hadamard fractional integrals into a single form.

Definition 3 ([6]). Let [a,b] C R be a finite interval. Then, the left- and right-side
Katugampola fractional integrals of order (« > 0) of f € XZ (a,b) are defined:

25 00 = o | Gy /O

11—« X Zp—l

and

pl—(x b P11
Py = t)dt
R R = 240
witha < x < b and p > 0, if the integral exist.

Theorem 4 ([0]). Let o« > 0 and p > 0. Then for x > a,
1 limpy—y PI5, f(x) = J7, f(x),
2.limy_, o+ PIG, f(x) = HF, f(X).
Similar results also hold for right-sided operators.

The main purpose of this paper is to establish Hermite-Hadamard’s inequalities for
harmonically convex functions via Katugampola fractional integral. We also obtain
Hermite-Hadamard type inequalities of these classes functions.
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2. HERMITE-HADAMARD INEQUALITIES FOR HARMONICALLY CONVEXITY VIA
KATUGAMPOLA FRACTIONAL INTEGRALS

Consider the space X2 (a,b) (c € R, 1 < p < c0) consist of those complex-valued
Lebesque measurable functions ¢ on (a, ) for which [¢||x» < oo, with

b dx e
lellxr = ( / |x°’<p<x)|f’7) (1=p<o00)
a

and
lellxr = esssupxe(a,p)[x lo(x)]].

Hermite-Hadamard’s inequalities for harmonically convex functions can be repres-
ented in Katugampola fractional integral forms as follows:

Theorem 5. Let o > 0 and p> 0. Let f : I C (0,00) — R be a function such that
f e XP(aP, bP), where aP bP € I witha <b. If f is a harmonically convex function
on [a,b], then the following inequalities hold:

2aPbP
f(ap+bp)
“I(a+1 PhP \*
<D (5570 ) e (et st o1/ @D
_f@)+ 160
- 2

where g(x) = 1/x°.

Proof. Lett € [0, 1]. Consider x, y € [a,b], a > 0, choosing x? = m,
yP = %. Since f is harmonically convex function on [a,b], and from
definition, we can write

( 2xPyP ) _ SO+ £
xP4ypP )= 2

Then we have

ope opo
( 2aPbP ) - f(tpbp_ﬁ(lb_tp)ap) + f(tpap_ﬁ(lb_tp)bp) 2.2)

aP+br )~ 2

Multiplying both sides of (2.2) by tP*~!, then integrating the resulting inequality
with respect to ¢ over [0, 1], we obtain

2aPbP
! (ap + bp)
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1 ppo 1 [P

pa pa—1 a a—1 a~a
<= t dt tP dt
-2 {/0 f(thP+(1—tP)aP) +/0 f(thP+(1—tP)bP) }

pa [ aPbP \* /‘1/“ xP~1 1
=P S P
2 (bp—ap) 1/b (xp__)l =/ xP x

bo
1/b xpP—1 1
+/1/a (L —x )1_"‘f(x_”)dx§
o PHP N\
p (<2x+1) (bi—ap) {00800 )U/B)+ 208, (f o) (1/a)]

where g(x) = 1/x”. So the first inequality is proved.
For the proof of the second inequality in (2.1), we first note that that for a harmonic-
ally convex function f, we have

7 ( aPbP ) <P f(a”) + (1—1°)bP
tPbP + (1 —1tP)ar

and

f( arbr ) 2 F(b) + (1= 1P)a.
tPaP + (1—1P)bP

By adding these inequalities, we have

s arbr P bP 2.3
f(thP+(1—tp)ap)+f(tpap+(1 tp)bp) S @)+ f(b5). (2.3)

Then multiplying both sides of (2.3) by #°*~!, and integrating the resulting inequality
with respect to ¢ over [0, 1], we get

/1 f albP [pa—ldt +/1 f albP [pa—ldt
0 tPbP 4 (1 —tP)ar 0 tPaf 4+ (1 —tP)bP

1
<[f@)+ f®) /0 (P14

ie.
& PHo %
§ F(;{—i_l) (bj_ap) { 1/a (fog)(l/b)+ prﬂl/;H_(ng)(l/a)}
_ S@)+1®°)
= > .
The proof is completed. O

Remark 1. In Theorem 5, taking limit p — 1 we obtain inequality of (1.4).
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3. HERMITE-HADAMARD TYPE INEQUALITIES FOR KATUGAMPOLA
FRACTIONAL INTEGRALS

Let f: 1 C (0,00) — R be a differentiable function on I°, the interior of I,
throughout this section we will take

I(giea.b) = == e b

{098, (£ o) (1/b) + P95, (fog) (/@)

where a?,b? € I witha < b. g(x) = 1/x° and I' is Euler Gamma function.

f@)+b°  p*I'(a+1) ( afbP )“

Lemma 2. Let « >0 and p> 0. Let f:1 C (0,00) = R be a differentiable

function such that f € X (aP,bP), where a®,b? € I with a < b. Then the following
equality holds:

» py _ PEPDB —a?) [P — (1 —Pyep1 aPbP

o, a, =

A 2 o [PaP + (1—1p)br12 7 \1par + (1—1P)bP
3.1

Proof. Let Ay =tPa® + (1—tP)bP and B; = tPbP 4+ (1 —t”)a”. Tt suffices to note
that

paPbP(bP —aP) 1[ﬂ""‘—(l—t"’)"‘]t"’_1 , albP
Ir(g:a,a,b) =
2 o [tPaP + (1—1P)br)? tPaP 4+ (1 —tP)br
PHP(HP — 4P pagp—1 PHP
ab(b a)/tt f(ab)dt
Ay
pa"b"(b"’—a") (l—t")"‘t"’_1 ,(apbp)dt
2 0 A% A;
=11+ 1. (3.2)

By integrating by part, we get

1 e (a%p) Y L (ﬂ)
I 2_t f )|, pa/ot f A, dt
1] albP \® [l/a xP1 1
=3[ 70n-re (bp_ap) /1 i —(xp_b%)l_af(x—p)dx]
e =@ (22 vae (repam| 33
~2| P po—ar) ira-(f o8 ‘
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and similarly we get

e tfoens () e [0 ()]
t t
r 1
[ o ()
|
2

aPbP \* 1/b xP1 1
f(ap)_l)a(bp_ap) /;/a (Lp_xp)l—af(;)dx}

17 o " aPb? \%
=5_fw>—pzwa+n(bmﬂw) Iy (f 0 £)(1/a) (3.4)
Using (3.3) and (3.4) in (3.2), we get equality (3.1). O

Remark 2. In Lemma 2, taking limit p — 1 we obtain inequality Lemma 3 in [5].

Theorem 6. Let o > 0and p> 0. Let f : I C (0,00) — R be a differentiable func-
tion such that f € XF (a®,bP), where a,b? € I witha < b. If| f |4 is a harmonically
convex function on [a, b] for some fixed q > 1, then the following inequalities holds:

PHP (P —aP) .
pgia b)) < P70 f11a g )
3.5

’ ’ 1/q
(Az@a.B)lf ) + As(eza.b)| £ @)°)
where

=20

aP
A ; =—|-F1 (2 1; 2:1—
1(a;a,b) @) [2 1( o+ 1+ bP)

aP
+ 2 Fy (2’1’a+2’1_b_9)]

Ar(a;a,b) = b Fil2,04+2;0+ ar
. = 2 2: 1——
2ea.b) pla+2) |:2 1( ¥ bp)

aP
12F1(2 2,00+ 3; 1—b—p)]

5 b—2P 1 a®
Az(x;a,b) = Fi(2 1; 3;1—
3(ea,b) p(oc+2)|:oz—|—12 1( o+ Lo+ bP)

aP
+2F (2,1,06—1-3 1— bp)]

Proof. Let Ay = tPaP + (1 —tP)bP. From Lemma 2, using the property of the
modulus, the power mean inequality and the harmonically convexity of | /|, we get

[1r(g:e.a.b)|

1
+
o+
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pafhP(b? —af) [\ |tP% —(1—tP)e|[tP~Y| | ., (aPbP
=< 2 f Y dt
Az Ay
_ 1-1/q
aPbP(bP —aP) ([ |t — (1 —1P)%||¢P~!
peP ey (e
0

- 2 A?
1 4000 _ (1 _so\]|+p—1 , OhP 1/q
X(/ |t (1—t”)%||t |f(ab)dt)
0 A? Ay

_pa’bP(b? —aP) /1 |tp°‘+(1—z")“||t"_1|dt 1=t
- 2 0 A?

x(/l““”+a—4”“W”4'Oqfkw5W+ml—WkawUV)”)uq
0

A7
- pa’bP(bP —aP)
- 2

Af“%maﬁwnxmmmukmw+Aﬂwwmv7@”ym
(3.6)

Calculating A («;a,b), Ax(a;a,b) and Asz(a;a,b), we have
Ar(a;a,b)
/ [tP“+(1—tp)°‘]tP‘

dt (3.7

-2
:b_z"/ (u“—i—(l—u)“)(l—(l—zl—z)u) dt
0

[2F1 (2,a+l;a+2;l—b—p) + > F; (2’1;a+2;1_b_9):|'

" pla+D)
Similarly, we get
Ar(asa,b)
/ [1P% 4+ (1 —tp)“]tp‘ o

dt (3.9)

aP 1 aP
Fil2, 2; 3:1— Fi12,2; 3:1—
Ma+2)[21( arseT ZW)*' 12 1( ot ZW)]

and
As(a;a,b)

o _ o 1
/[Zp +(l tp) Ly (3.9)
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bh~2P 1 aP aP

= Fl2,a+1l;a4+3;1—— )+ 2F1 (2, ;a+3;1——
p(a+2)[a+12 ‘( bﬂ) 2 1( bﬂ)]

So, if we use (3.7)-(3.9) in (3.6), we obtain the inequality of (3.5). This completes
the proof.

0
Remark 3. In Theorem 6, taking limit p — 1 we obtain Theorem 5 in [5].

Theorem 7. Let « > 0 and p > 0. Let f : I C (0,00) — R be a differentiable
function such that f € XF (aP,bP), where aP,bP € I witha <b. If | f|* is a harmon-
ically convex function on [a,b] for some fixed | > 1, then the following inequalities
holds:

PHP(HP — P
pa (2 a )A

(As(@za.)| £ ®)|7 + As(za.b)|f @)

|Ir(g:a,a,b)| < i_l/q(a;a,b)

14 (3.10)

where

h—2p af af
Ag=——|-F1|2, 1; 2:1——)—5F|2,1; 2:1——
4 p(a—i—l)[z 1( o+ 1o+ bp) 2 1( o+ bp)

Filotas2t(1-%
+a2r (2, L+ S\

bh=2pP aP 1 aP
=——|2F1 (2, 2; 331——) - Fi(2,2; 3;1——
’ p(a+2)[2 1( armeT ) at1’ 1( “r bp)

N AP PR
S 2o +3 (11—
2a+1)>"" AL

b—2P 1 aPf aP
Neg=————1F1 |2, 1; 33 1——)—2F1|2,1; 3 1——
6 p(a+2)[a+12 1( ot et bP) 2 1( @t bP)

Fil2tases (129
+ 20 ”OH_’E ) .

Proof. Let Ay = tPa® + (1 —t”)bP. From Lemma 2, using the property of the
modulus, the power mean inequality and the harmonically convexity of | f|7, we

have
|17 (g:a.a,b)|
PHO(HP _ 4P 100 _ (1 o)) |0—1 PHP
<,oab(b a)/ |t (1—=tP)¥)|eP~ Y f/(ab )‘dt
B 2 0 A2 Ay

_palbP(bP —a”) /llzpa—(l—zp)“lltp‘lldt i
- 2 0 A?
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Lpa _ (1 _py||zp—1 L (aPhP 1/q
([ ey
0 At At

_palhP(b? —a?) /1 oo — = N
- 2 0 A2

1 o @ -1 v
X(/ |1P% — (1 —1°)*[|t? |(tp|f’(bp)|‘1+(1—z”)|f’(a")|q)df)
0

A%
PHP(HP — P
<,0ab(b a®)

LIV (41 0. (Ko, DL B9 + Kb £ @)l)

@3.11)

Calculating K1, K> and K3, by Lemma 1, we get

1 |4p0 a4 —1
t 1—t¢ t
o= [ 0,
0

A2
1/2 1 —P)¥ — o tp—l 1 1o _ 1_tp(xtp—1
[t e,
A7 1/2 A7
1P — l—ﬂ’ aypp=1 12 (1 =tP) —gperyp—1
/( Ut [P,
0 At

1/2
sf u®A; 2a’u—/ (1—u)*A 2du—|—2/ (1—2u)* A% du
0

h—2p aP aP
_m[zFl(Z,a+l,a+2,l—b—p)—2F1(21a+21 bp)

1 aP
+ 2 Fy 2,1;0{—|—2;§ l—b—p . (3.12)

and similarly we obtain

1 |4pa P\ ||+po—1
P —(1—t¢ 4
K> —_/ | ( 2) I |t’odl
0 A7

1 1 1/2
5/0 u““A;zdu—/O (l—u)“uAfdu—i-Z/O (1—2u)*uA;>du

b2 a?\ ab
= Fi12 2; N e Fi12,2; 1—
p(oc+2)|:2 1(,Ol+ ;o +3; bp) R 1( o+ 3; b/’)

I N AP VP PR (3.13)
< , 2,0 < - s .
2+1)>"" 2 %
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and

1400 (1 _+o\@|]+0—1

t 1—¢ t

K3 _—/ | ( 2) I l(l—t)pdt
0 A7

1 1 1/2
5/ t“(l—u)A;zdu—f (1—u)* 1A 2du +z/ (1—2u)*(1—u)A;%du
0 0

ph—2p 1 aP aP
=m|:m (2 a+l;0+3;1— bp)—zF1(2,1,0(+31 bp)
+ - (2,1;0{4—3;1(1—%)). (3.14)
2 be
So, if we use (3.12)-(3.14) in (3.11), we get the inequality (3.10). ]

Remark 4. In Theorem 7, taking limit p — 1 we obtain Theorem 6 in [5].

Theorem 8. Let « > 0 and p > 0. Let f : 1 C (0,00) — R be a differentiable
function such that f € XF (aP,bP), where aP,bP € I witha <b. If | f|* is a harmon-
ically convex function on [a, b] for some fixedl > 1,1/ k +1/1 = 1, then the following
inequalities holds:

|1r(g:a,a,b)| =

aP(bP —af) ¢ 1k i (L @)+ 1f 0P))f
2bP (A7 A )< p+1

(3.15)
where

k—k+1 k—k+1 1—k p
A7=B(u,ak+l)2Fl(2k,u ak+k+14+—=1-2 )
p o o be

1

Ag =
(ak—i—k—k%

1—k 1—k p
L F, (2k wkthk+—Cak k414 —1-L
) P P bP

Proof. Let Ay = ta® 4+ (1 —¢?)bP. From Lemma 2, Holder inequality and the
harmonically convexity of | /|4, we have

|Ir(g;a,a,b)|
aPbP(bP —aP) [ (' tresP=1 aPbP (1— zﬂ)azﬂl . (aPbP

dt d
=72 [/0 yead ( ) +/ I )|

<apbp(bp—a'°){ /ltp“ktk(p_l)dl 1k /1 f/ arbP \ |! Ve
B 2 0 Ak 0 A%k

([ a=meEken N /1 o ()| 1”}
0 A%k 0 A2k
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1
<O (R k) ([ ent a-o s @] an)

1/1

= 2
/ ’ l/l

afbP(b? —aP) (. 1k i\ (1 @) +1f )

sf(K4 + K] )( T . (3.16)

Calculating K4 and K5, we obtain

1 1—¢° oektk(p—l)
K4 :/ ( ) Y dt
0 A7

b—Zpk
B B(EEEL gk +1)

1 t,oaktk(,o—l)
Ks 2/ ———dt
0 Ay

k—k+1 1—k p
PRt ok +k+1 +—;1—a—) (3.17)
o o bP

2 Fy (Zk,

1—k 1-k 1—-k p
= (ak+k+—)b_2"k2F1 (2k,ak+k+—;ak+k+l+—;1—a—
I P I bP

(3.18)

So, if we use (3.17) and (3.18) in (3.16), we get the inequality of (3.15). This com-
pletes the proof. g

Remark 5. In Theorem 8, taking limit p — 1 we obtain Theorem 7 in [5].

Theorem 9. Let « > 0 and p > 0. Let f : I C (0,00) — R be a differentiable
function such that f € X[ (aP,bP), where a?,b? € I witha <b. If | f|' is a har-
monically convex function on [a,b] for some fixed | > 1, 1/k +1/1 =1, then the
following inequalities holds:

0aPb?(bP —aP) k / , 1/1
Iy (goab) = P AYE (Aol £ GO + Aul £ @)
(3.19)
where
1 p+1 p
Ao = h™2Pk , Fy (21{,—;&;1—"—) (3.20)
PP bP
1 1 [+1 -1 1
Ao = 5 1B('O—i_ ,al—i—l)—i—a + 2 Fi (—,I;Otl+2;—) (3.21)
p2 0 P 2p P 2
1 (1 1 11
A11= IB(—,(XI+1) 2F1 (—1,—;(Xl+—+1;—)
p25  \P P P 2
I+ 1)l +2 - 1
L2 Delt? p (Tp,z;aus;z). (322)

p2 e
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Proof. Let A; = tPaP + (1 —1tP)b”. From Lemma 1, Lemma 2, Holder inequality
and the harmonically convexity of | /|7, we have

papbp(bp—ap)/l|t'°°‘—(1—tp)°‘||tp_1| , (aPbP
I1+(g; b)| < dt
|f(g’a’a’ )|_ 2 0 A% f At
PhP(bP P) L 1/k
fpa T (/ le)
2 0 A7
. atpon ! 1/1
x /|tp°‘—(1—z/’)°‘|l|t"‘1|l f (a ) di
0 Ay
PHO(HP P L 1/k
LPalbP (b —a”) / L
2 o A%
1/1

([ -2t e oot - @ ar)

PHO(HP — P , ’ /1
L) % (Kol 000+ Kl £ @) 323

- 2
where
1 1 1 P
A9:/ —zdt =b72% 5 Fy (2/(,—;&;1—"7) (3.24)
o Aj p P b
1
Am:/ 11 —2:°|% tPd1
0
1/21/» 1
=/ (1—2zf’)“ltpdz+f (217 —1)* tPdt
0 1/21/p
1 1 I+1 -1 1
= — IB(’O+ ,az+1)+“ + 2F1(—,1;al+2;—) (3.25)
p2 7 P 2p P 2
1
Au:/ I1—2:P|% (1= 1P)dt
0
1/21/» 1
=/ (1—210)“’(1—zp)dz+f 21" — 1)* (1 —1P)d1
0 1/21/0
1 1 1 1 1
p2s  \P P o 2
I+ 1)(al +2 1— 1
LD (—p,z;az+3;—). (3.26)
pQT 1Y 2

So, if we use (3.24)-(3.26) in (3.23), we get desired result. ]
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Remark 6. In Theorem 9, taking limit p — 1 we obtain Theorem 8 in [5].

Theorem 10. Let o > 0 and p > 0. Let f : I C (0,00) — R be a differentiable
function such that f € XF(a®,bP), where a®,bP € I witha <b. If | f|? is a har-
monically convex function on |a,b] for some fixed g > 1, 1/k +1/1 = 1, then the
following inequalities holds:

paPbP(bP —a®) k / / 1/1
I (gia.b)| = === A" (A1l £ @O + Aval £ @)
(3.27)
where
1 kp—k+1
A2 = ok ( ’“k“)
1 k+p—kp—1 1
+—2F (——i-p P ,l;ak+2;—)
p2° P 2
o+1 20+1 af
A= ———-=2F (2, —; ———:1——
BT (o p2el? 1( P p b
0 1 2p+1 af
Ajyg= ——— [, =—1——
YT (o el ? 1( oo bP

Proof. Let A; = tPaP + (1—1tP)b”. From Lemma 1, Lemma 2, Holder inequality
and the harmonically convexity of | |4, we have
 (aPbP
(%)
t

Papbp(bp—ap)/l|fpa—(1—fp)a||fp_1| dt
2 0
1/k

lr(g:a.a,b)| <

PHP(HP — 4P 1
Epa b (12? a ) (/ |[pa_(l_tp)o(|k|tp—1|kdt)
0

1/1
LS| , (aPbP\ |
X — dt
(/(; A%l f ( Aq ) )

PLO(HO _ ;0 1
pa b (12? a )([ |(2tp_1)|ocktk(p—1)dt)
0

A7

1/k

. | 1/1
’ 1 4 )
3 (/0 1 @ - ]dr)
e A (A G NTRPET) REE"

where

1
A12:/ |(2tP — 1)|*k k=D gy
0
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1/21/# 1
:/ (1_2tp)°lktk(0—1)d[+/ (th—l)“kzk(p_l)dt
0

1/21/e
1 kp—k+1
ST ( ,cxk+1) (3.29)
1 k —kp—1 1
bR (SRR ks ), (3.30)
p2° P 2
1
A13=/ l‘pAt_ZIdl
0
12 1 P
= oF (20,050 (3.31)
(p+b2*! PP bP
1
AM:/ (1—1P) A2 dr
0
12 1 o
:LZFI 21,—;i;1—a— (3.32)
(p+ 1)b2e! pp bP
So, if we use (3.30)-(3.32) in (3.28), we obtain desired result. ]

Remark 7. In Theorem 10, taking limit p — 1 we obtain Theorem 9 in [5].
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