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Fractional Integral Inequalities for Some Convex Functions

In this paper, we obtained several new integral inequalities using fractional Riemann-Liouville integrals for
convex s-Godunova-Levin functions in the second sense and for quasi-convex functions..The results were
gained by applying the double Hermite-Hadamard inequality, the classical Holder inequalities, the power
mean, and weighted Holder inequalities. In particular, the application of the results for several special
computing facilities was given. Some applications to special means for arbitrary real mumbers: arithmetic
mean, logarithmic mean, and generalized log-mean, are provided.
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Introduction

Here, we give some well-known definitions in the literature that have attracted the attention of many
scientists in the field of convex analysis.
Definition 1. A function ¢ defined on the interval [vy,43] C R is convex on this interval if the inequality

Y€+ (1 —7)¢) < 7€) + (1L —7)9 (C)

holds for all &,¢ € [v1,v2] and T € [0,1].
Definition 2. ([1]) We say that ¢ : I C R — R is a Godunova-Levin function or that 1) belongs to the class
Q(I), if f is non-negative and

wire+ (e P L Y ve cerre o,
Definition 3. ([2]) A function ¢ i ]vr, v2] — R is said to be s—Godunova—Levin convex, with s € [0,1], if
inequality
CACORCI(Y)
V(rE+(1-7)¢) < s +m

holds for all 7 € (0,1) “and &, ¢ € [v1, va].
Definition 4. ([2])»A function ¢ : T C R — R is P function or that f belongs to the class of P([); if it is
non-negative and for all.¢, ¢ € I and 7 € [0;1]; satisfies the following inequality:

P(r€+ (1 = 7)¢) < ¥(€) + ¥ (0).

It is obvious that s—Godunova-Levin type functions for s = 0 yield P functions.
Definition 5. ([3]) A function v defined on the interval [v1,vs] , if it satisfies the inequality

P (r€+ (1 —7) () <max{y (§), ¥ ()}

forall §,( e I C Rand 7 € [0,1], then the function is called quasi-convex on this interval or ) belongs to the
class QC(I).

It was established that any convex function is a quasiconvex function, but the converse is not true.
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There are many classes of convexity of functions in the literature. These functional classes, which have
different properties, often generalize each other. Over the past few decades, researchers have obtained a few
interesting results related to mathematical inequalities using fractional integration operators for various classes
of convex functions.

Fractional integral operators generalize the notion of definite integration and have a significant effect on
generalizing mathematical inequalities, so these operators play a vital role in the development of science and
technology. In recent decades, many different fractional integration operators have been formulated, many of
which supplement and extend the classical operators. A special place among these operators is occupied by the
Riemann — Liouville fractional integration operators.

In recent years, scientists have obtained some mathematical inequalities associated with various operators,
for example, see [4-7]. Among these operators, the Riemann-Liouville operators, which have become classical,
occupy a special place.

Definition 6. ([8]) Let ¢ € L [v1,v2]. Then the left and right Riemann-Liouville integrals'of erder.a. > 0 with
v > 0 are defined by

13
T O = i [ €= e@ar. e

and ) s
J2 <£>=F(a)/g (- (rdr, £ <u

respectively, where I' (o) = fooo e u Ldu. Here JO 4 (&) = JO 9 (€). = (€). In the case of & = 1, the
U1 Vo

fractional integral reduces to the classical integral.
In the theory of inequalities, a important role is played by the double Hermite-Hadamard inequality:
Let ¢ : I C R — R be a convex function and vy, vs € I, with v < vs. The following double inequality holds

o (M57) < oy e < M
2 — U1

2 2

If 4 is a concave function, then the inequalities are in-the opposite direction.

A few studies (for example, [5-16] and references therein) are devoted to obtaining, improving, and generalizing
integral inequalities in terms of various fractional integral operators.

It is known that the class of quasiconvex functions includes the class of convex functions defined on finite
closed intervals. Some references to quasiconvex functions and their applications can be seen in [7], [17-21] and
references therein. Studies devoted to Godunova-Levin type convex functions can be seen, for example, in the
works [22-27| and references therein:

In addition to the classical integral Holder inequality and its version-the power mean, we use the weighted

Hoélder inequality([28] ):
<([wornma) ([isornmar)
I I
for p > 15 %—F%:landh(r)zO,VTeI.

Bayraktar-in [9], proved the following identity:
Lemma 1. (Lemma 2.1, for m = 1) Let ¢ : I C R — R be a twice differentiable function on I°, where
v1,vg € Fwithir € [0,1]. If v € L[vy,vs]. Then Vo > 1, with properties of Gamma function we have

/Iwms(f)h(f)dr

2

a—2
e e v e i v | v (252 1)

v’ V e o+ (1= 7)) e

2—
a2é-@ 0

1

2

—|—/ (1—7)*Y" (ro1 + (1 — 7) va) dT‘| .
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In [15], Sarikaya et al. proved the following identity:
Lemma 2. ([15]) Let ¢ : [v1,v2] — R, be a differentiable mapping on (vi,vs). If ¢ € L [v1,vq], then the
equality:

dOVESID 2 (F<a_+1>) (T2 (02) + I (01)] = @)
_ -y ! — A — 2N (1o —T)v2)dT
- /O[a ) =7 (ror + (1= ) v2)d

holds, where o > 0.

The main goal of the article is to obtain new integral inequalities in terms of fractional integration operators
of the Riemann—Liouville type on the basis of the formulated identities for s—Godunova—Levin and quasiconvex
functions.

Main results

Theorem 1. Let ¢ : I = [v1,v3] — R be a differentiable function on (v, v9) such that ¥ € L [vq,vs].
If ["|9€ QC(I) and g > 1, then the inequality

(207 (a) { a-1 a-1 ] 3 <v1 +v2)
(s _Ul)a—l J%+ (U2)+J%_ ¥ (v1) P ; <
— 2 1 h
<(3) s s (v w0l o) O]

holds, where o > 1.
Proof. From (1) using the properties of the modulus and the power mean inequality, we get

2

20727 () [

o = v v
L [ v o0 Az )| v (252 <0

a(vy — vy

2 1
R V " Grop+ (1= 7) va) dr +
0

+A (1— A% (Fors (1— 1) U2)|d71 <

1 1

2 1 -3 1 g
< W(UQ ;jj;) </ TadT> (/ 7" (o1 + (1 — 1) vg)|? dT) +
a2 0 0

1 1_% 1 q
+ (/ (1—7)" d’T) ([ (1—7)*" (o1 + (1 —7) U2)|q d7> =

2

-

~ (v2 —up)? 1 [max (¢ (v1)|*, " ( >|q)]% =
_ e 3a (aJrl) a U1 5 U2 =

B (Uz—U1>2 1 [ (| " < |‘Z)]%
“\ 72 atarD max (W)l W7 )

Here, we used the quasi-convex of [1)”'|? on [v, v2] and it can be easily checked that

N|=

1
1
1— ad: Otd =
(L =m)dr /OT T T e (ar 1)

o

This completes the proof.
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Theorem 2. Let ¢ : I = [v1,v2] — R be a differentiable function on (vy,v2) such that ¢ € L[vy,vq]. If
|"| is s—Godunova-Levin function on [v1,v3] and ¢ > 1, then the inequality

a—2
L(O;)_l { “1+“2+ Y (v2) + Jﬁéﬁlvr w(vl)} — (Ul +U2>
(vg —v1) 5

vz = v1)* |9 ()| + [ (v2) ]
22—«

<

1
|:Bé(a+17a_8+1)+2as+1(a5+1):|

holds, where a > 1,5 € [0,1], B, (a,b) = fox o1 - 7')b_1 d7 is the incomplete Euler Beta function.

Proof. From (1) using the properties of the modulus and the power mean inequality, we get

a—2
e e v v | v (B52) =0

(U2 — U1

(v2 —v1)”

v < 22 V P (roy + (1= 7) vg) dr
0

+[ (1= 7)o" (m1+(1—r)v2)|d71

2

Ot22 a

2 [ b
< o —v) V 7 [ (o1 + (1 = )v2)ldr
0

+/1 (1 —7)* " (tv1 + (L=7) v2)] d’T‘| )

2

Sinse |1”| is a s-Godunova-Levin type function on [vy, v3) for the integrals we can write

|7 o+ (0 =Rl <

IA

|¢”v1|/ O‘SdT—|—|w//v2|/ (1-7)""7dr <

w//vl
B
= g s+1(ohs+1)+ :

(@+1a—s+1)[y"(va)].

And for the integral, we get

1
/ (WS ) [ (ros + (1= ) wo)| " dr <

1
< )] / (=) drt [ ()] [ (=) dr <
1
3
” 9" (v2)]
< B% (a+170¢_3+1) |¢ (U1)|+ ga—s+1 (a_s—‘,—l)‘
In this way
(v2 —U1)2 !
U] < —rma B% (a+1’a_5+1)+2a—s+1(a—5+1) X

x (|9 ()] + [ (v2)]).-

This completes the proof.
Corollary 1. If we choose s = 1 and a = 2 in Theorem, then for Godunova-Levin function, we get the

inequality
A iy (25| < 208 ) ). Q0

U2 — U1
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Corollary 2. If we choose s =0 and a = 2 in Theorem , then for P function, we get

va v v Uy — 01 )2
U2ivl /U1 w(T)dT—w< 1;‘ 2>‘< 7( 21201) ([ (0)] + ¢ (v2)] - )

Remark 1. Estimates (3) and (4) show that if the function |¢)”| is s—Godunova-Levin convex or is P
function, then the upper bound of the midpoint inequality is worse than the estimates available in the literature
(for example, in [9] Corollary 2.1 and in [29] Proposition 1).

Lemma 8. ¢ : I = [v1,vs] =& R be a differentiable function on (vi,vs). If ¢’ € L[vy,vs], then
VE, ¢ € [ur,v], with € < ¢ and a > 0 we have:

L Pt o e e (1 O d
et O @ = [ e ) O

Proof. By integrating parts

/0<1—T>“w'<rs+<1—f>odr

1 « ! a—1
=§w<o—@/o (1= 1) g (e 4+ (1 1)0) di

and, applying the change of variable u = 7€ 4+ (1 — 7) ¢ to the resulting integral, we obtain

1 o ¢ a—1
Hw(O_(C_g)aH/g (u—§) w(u)du
1 o o
= ﬁdj (C) - WF (a) JCJ/} (5) ’

The proof is finished.

Remark 2. If we choose £ = v; and ( = vy in Lemma 3, we obtain

1 o

09~ @ B v o) = [ o+ (7)) i

Theorem 3. Let I = [v1,v3] — R, be a differentiable function on I° such that ¢’ € L[vy,vs], with
&, C € v, v . If ¥ € QC(|¢,C]) - Then, for.all a > 0 we have

1 D(a+1) 1 S ,
ﬁl/)(C) - W%Jﬁ(f) < CES W' (&), (O}
Proof. Since ' (t&.+ (1 — 7) ¢) < max{¢’ (§),v¢’ (¢)} for 7 € [0,1] and from Lemma 3, we obtain

1 e’

O T @I = [0t e - Oar

< max {¢/ (€)' ()} /0 (1-7)*dr

- = i o max ¥/ (), ()

this completes the proof of theorem.

Corollary 3. Under the conditions of Theorem 3, if we choose £ = v, and ( = vy and the function ¢ is
increasing, then we get:

1 o

¥ (v2) = ﬁf (@) J5, ¢ (v1) ()

Vg — U1 (U2 —u
1 , ) 1
< gy e Y 00 ¥ )} < Wl oy
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Corollary 4. In inequality (5), if we choose a = 1, we have

vl - [ e < L5 v (o) ()}

U2 — VU1

Theorem 4. Let ¢ : I = [v1,v2] — R, be a differentiable function on (vy,vs) such that ¢ € L vy, vq],
v <E<S < If W)€ QC(€,C]),q>1, p= 75, then Va > 0, we have

1 ol (@),
O g O
Proof. From Lemma 3, using the properties of the modulus and Hélder’s inequality, taking into account that
|¢/]? is a quasiconvex function, we obtain:

max { [/ (€)[7, [¢' ()|} 7
a+1 '

<

(6)

1 o} o _
(O~ (C_Qaﬂr(a)JCMQI -

< [ A=) (rE+ A = 7)ldr

0

= [a=o D -t e+ =) Olar

< (/ <1_T>ad7)’l’ (/ <1—T>“|w'<75+<1—r><>1%);
. (aL) max {J¢' (€)%, [ (Q)[} 7,

this completes proof.
Corollary 5. If we choose £ = v1, ( = vy and « = 1 in inequality (6), then

1 vz
o) - 2 [Tt

Lemma 4. Let ¢ : I = [u1,v2] — R be. a differentiable function on (vy,wve). If ¢’ € L[vy,vs], then for all
v <€ < <wvyand a >0, we have.

1 B ol (a)
£ [(€) — ¥ (O] + =)

1 1
— [ F e Qdr+ [ -0 g4 -G dr
0 0
Proof. Applying the method of/integration by parts for each integral, we get:

/0(1—7)“1//(75+(1—T)<)d7

V2

<

; Uy hax {|¢/ (o), [o (U2)|q}% .

e () = I ©)] (™)

|| R =) Odr

_1 @ ¢ a—1
:£_C¢(§)+(<_§)a+l/§ (¢ —u) P(u)du, u=7E+(1-7)C
_ _al(@) .
= VO O

and

/0<1—r>“w’<r§+<1—r><>dr

41 a < a—1
:_g_cd’(@—@_g)aﬂ/g (W= "y (u)du, u=7E+(1-7)¢
S SN ) b ()
= g_Cw(C) (C_OQHJH/J(@.

Mathematics series. Ne 4(104) /2021 19



B.R. Bayraktar, A.Kh. Attaev

Adding the last two equalities, we obtain (7).
Theorem 5. Let ¢ : I = [v1,v2] — R be a differentiable function on (vi,vs) . If ' € L[v1,v2] and [¢’| is
s—Godunova-Levin type function. Then, for all v; < ¢ < ¢ <wvg and o > 0, s € [0,1) we have

1 ol (@) T, o
WO - v @+ g [ - v 0
< [B<a+1 T IR S ]<|w<s>|+¢<c>|>
- ’ a—s+1 ’

where B (£,() = fol (1 - 7')471 dr, £ > 1, ¢ > 01is Euler Beta function.
Proof. From Lemma 4 and with properties of modulus

/0 Taw’(rf+(1—f)<)dr+/0 (1= 1)/ (re + (1 —7) ¢ dr

1

g/o ra\w’<rf+<1—T><>|dT+/ (=) W (re + (1 Z Ay Ofdr.

0

Since [¢'| is s—Godunova-Levin type function, we get

/Omw (r€ + (1) Q)| dr < ¢ <§>|/0 ro= s ol <<>|/0 (1= 1) dr

1 ) /
= LHH [N+ 10 (<)|B(o¢+1,1—5)]

and
1

/<1_T>“|w’<T§+<1_T)<>|dT:|w’<f>|B<1—saa+1>+W@'m'
0

Finally, since B (§,¢) = B ((,€), we have (8). This completes the proof.

Theorem 6. Let ¢ : I = [v1,v2] — R, be a differentiable function on (v1,v2) such that ¢,g € L [v1, v2]
and 0 < v < vg. If [4]7,|g|* € QC(I) and increasing on [vq,v3], ¢ > 1. Then for all for p > 1, % + % =1 the
inequality

1
V2. — V1

< ¥l 9]l
= 2

/w(ag(f)h(f)df

U2 — U1

T 1 1 vz
S [(W(_C“;)L[ e (o) T )] - —— [ w@)d&]
holdsywhere

h(rop+(1—7)wv) =[1—-7)"+ (> = D] (tvr + (1 —7)v2) >0

V71 e[0,1]and a € [0,1].
Proof. The following equality is obvious:

U2 — U1

= /d)(TUl+(1*T)’Ug)g(7’7}1+(17T>U2)h(TU1+(17T)U2)dT
0
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Now, we use the weighted Holder inequality:

1 p

VU2 — U1

< (0/ 0 (rur + (1 — 1) 02)? B (701 + (1 — 7) va) dT)

/w&m&wuo%
x (/ lg (o1 + (1 = 7)w)|"h (o1 + (1 — 7) v2)d7>
0

1

< fmax {4 (vn) P, [ (v2) [P})7 [max {|g (1), |g (12)|*}]

X (jh(rvlJr(lr)vg)dr)p (jh(TU1+(1T)U2)dT)q

0 0
1

= [max {[¢) (v1)[”, [¢ (v2)["}]7 [max {|g (v1)|”, g (v2)["}]

1 vte
X <O/h(TU1+(1—T)U2)dT)

1 1
q

= [max {[¢) (v1)[", [¢ (v2)"}]? [max {|g (v1)[* |g (v2)]"}]

X (/1h(TU1+(1—7’)’U2)dT>

0

= ¥l 19/l (
= 19l oo 19/l oo (

_ ||wHoo||g||oo F(a+1) o v o " B 1 vg
_ l( [ (o) T2 0)] lA1¢%@d4,

1 —
2 Uy — Ul)a+ Uy Vo — U1

Q=

h(tvr + (1 —7)vg) dT)

O\H O"\H

[(1—=7)"+ (% = D] (ro1 + (1 —7)v) dT)

this completes the proof.
Theorem 7. Let v : I = [ug,vs] — R, be a differentiable function on (vq,vs). If [¢'|? € QC(I) and |¢']?

is increasing. Thenfor all ¢ > 1, 1—1] + % =1, a € [0,1] the inequality

P ot 1) (J2 0 (v2), o0 (01) (9)

23 )QG[O,I]
< Vg — U1 1
- 2 ap? —ap+a+1

=

L\
a—ap+1 >

T(a+1) ( o ¥ (W2), Iy (Ul))ae[o 1]

- [peren  T@rb (e v

2 (UQ — Ul)a

holds, where

Proof. From (2), taking into account the properties of the module, we get:

(o 1) (0 () T 00) v
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Vg — U
<2 1
2

{/01|(1—T)a—7“|¢/(Tv1+(1—7)vz)|d7-
We know that for o € [0,1] and V7,72 € [0,1],

I =5 < | =,
that is

1 1
/ |(1—Ta)—7'a|d7'§/ |1 —27|% dr.
0 0

Taking into account last inequality and using the power mean inequality for (10), we obtain:

F(a+1) (o (v2) T2 (00)

a€l0,1]

V2 — U1

<t [/01 1= 20 [/ (ror + (1 —T)w>|d7]

V2 — U1

1
e [/ 11— 270 ¢/ (To1 + (1 — 7) wa)| |1 — 27 * TP dT}
0

1
_ 1 P
20 (/ 11— 27" 1 — 27|°07P) dT>
2 0

! q
(/ [ (ro1 4+ (1 —7)v2)|* |1 - 27|a(1—p) dr)
0

1 1
_ 1 b gl b
_z2"Un / 1— 2T|ap2+a(lfp) dr / [1— 27’\&(1717) dr
2 0 0

x (max { o (u1)[*, |1 (v2)[T}).7

1
/|1—27\“(p2‘p‘1)dr = /
0 0
1

op? —ap+a+1’

IN

X

Since

(1— 2T)a(p2_p_1) dr + /1 (21 — 1)a(p2_p_1) dr

1
2

N

1 1 1
/|1—27’|a(1_p)d7' = /2(1_27)a<1—p)d7+/ (2r —1)*" P ar
0 0

1

2

1
a—ap+1’

Finally, we get

D et 1) (T (va) T (o)

s

Vg — U1 1
- 2 ap? —ap+a+

€[0,1]
1 2
(a —ap+ 1>
X (max{w/ (o), [v' (U2)|q})
Vg — U1

1
1 » 1 a
< ! 14/l
2 ap* —ap+a+1 a—ap+1

this completes the required proof.

Q=

1

22 Bulletin of the Karaganda University



Fractional Integral Inequalities ...

Remark 3. For p € (1,00), we have

_1 1
lim 1 ! P_l lim 1 ‘1_1
p—00 \1l+a—ap 7 o p=1t \l+a—ap)

lim 1 P_l lim 1 »o1 1
2 e 1+ 2 - < 9
p—00 \ap?—ap+a+1 p— ap? —ap+a—+1 a+1

1 1 B
< <1,
a+1 <ap2—ap+a—|—1>

Thus, we can rewrite inequality (9) as follows

o te) SO, e s v ]| < 25 1l

Applications to special means

In this section, we consider some special means for arbitrary real numbers:

1 Arithmetic mean :
V1 + U2

) ) UlaU2€]R+7

A(Ul, UQ) =

2 Logarithmic mean:

v — v
L(v1,v2) = S B B . v # Uy, i, U £ 0, v, v € RT,
In |v1| — In |vg|

3 Generalized log — mean:

1
n+1 n+1 n
Uy U

2 £ 1 neZ\{-1,0},v1,00 € RT.
(n+ 1)(vs — v1) n € Z\{=1,0},v1, 02

Ln(vlaUZ) =

Now, using the some results , we give some applications to special means of real numbers.
Proposition 1. Let v1,ve € R, vi < vy and n € Z. Then, we have
n n n—1 n—1
vy — Li(vy,v3) < 0.5n (v — v1) max {Ul , Vg } .

Proof. The proof follows from the Corollary 4 applied to the map f(x) = 2™, z € R.
Proposition 2. Let vi,v2 € RY{v; < vg and n € Z. Then, for all ¢ > 1, we have

[vh =L (v1,v2)| < 0.5n (vy — vy) (max{(|vl|"*1)q, <|U2|”*1>‘1})% .

Proof. The assertion follows from Corollary 5 applied to the quasi-convex mapping ¥ (£) = £", £ € R.
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B.P. Baitpaktapos!, A.X. Arraes?

L Vayoae ynusepcumemi, Bypca, Typrus;
2prA KBFO KMAMH, Hanvuux, Pecel

Keiibip nenec dyHKIusgap yirH O0eJImeKTi-uHTerpaJjaabl TEHCI3TIKTED

Maxkasasa exinmn MarbiHaIAFE AoHEC S — ['oryHOB-JIeBUH DyHKIIMSAIAPHI VIITiH KoHE KBa3U—IOHEC (DYHKIIN-
sutap yirin Puman-JInyBunmain 6eminekTi #HTErpaIgapbl apKbLIbI OipHeIlle KaHa WHTErPAJIIbIK TeHCI3 TiK-
Tep ajbiaraH. HoTmxkenmep Kiaccukasbik, |esbaep  TeHCi3miria, JpMuT-AmamMap/IblH €Ki ecesi TeHCI3Iiriy,
opTalla JopeXKeJliK »KoHe OJIIMeHreH ['e/ibiep TeHCI3Mrin apKblibl ajablHabl. COHBIH iImiHge Keibip apHaibI
ecenTey KypaJilapblHa apHAJIFAH HOTH2KEJIEDAiH KOJITaHyIapsl Oepinren. Makasaga Ke3KeJareH HAaKThl CaH-
Jap VIIH apHAWbl KargaiiapIblH, KOJIaHbLLYIaphl OeplireH: apudMeTHKAIBIK, JOTapUPMIIK, KAJIIbI-
JIaHFaH JOTapuPMIIK XKarIail.

Kiam ce3dep: uHTErpasiibIK, TEHCI3MIK, IPMUT-A 1amap TeHCI3IIr, neHec MYyHKIMsI, KBa3u-10HeC PYHKINS,
GeuiekTi maTErpast, l'enbaep TeHcisairi, oprama gopeXKesrik TeHCI3miK.

B.P. Baitpaktapos!, A.X. Arraes?

! Viueepcumem Yayodae, Bypca, Typuyus;
2HUIIMA KBHI] PAH, Hawvuuk, Poccus

L pobHo-uHTEerpajibHbie HEPABEHCTBA JIJIsI HEKOTOPbhIX
BBIMYKJIbIX (PYHKITAIA

B crarbe nosrydyeHbl HECKOIBKO HOBBIX MHTETIPAJIbHBIX HEPABEHCTB C MOMOIIBLIO JIPOOHBIX MHTErpaJsioB Pu-
MaHa—J/[MyBUILIST 17151 BBIMYKJIBIX S-1onyHOoBa—/leBuHa (DyHKIMI BO BTOPOM CMBICJIE U JIJIsI KBA3UBBIITYKJIBIX
dyukuuit. Pe3yabTars! MOydeHbl ¢ UCIIOIb30BAHUEM JBOWHOIO HEPABEHCTBA dpMuTa—AaMapa, Kiaccude-
ckux HepaBeHCTB [€/biepa, CpeJIHero CTerneHHoro U B3BEIIeHHOro HepaBeHcTBa [ éibuepa. B rom uuciie mano
MIPUJIOYKEHNE PE3YIBTATOB JIJIsI HEKOTOPBIX CIIEIMAIbHBIX BEIYUCIUTEIBHBIX CPEACTB. ABTOpaMU IPUBEIEHbI
MIPUJIOYKEHN ST HEKOTOPBIX CIEIUATBHBIX CIIy9IaeB JJTsi TPOU3BOJIBHBIX JIEHCTBUTEIBHBIX YUCEIT: apudMeTHIe-
CKUil cydvail, jorapudMutdecKuil caydaii, caydail 0600mEHHOrO Jorapudma.

Karoueswie cao6a: nHTErpajibHOE HEPABEHCTBO, HEPABEHCTBO DpMuTa—A amMapa, BLIYKJIasd (DyHKIN, KBA3U-
BBINYKJIasd PYHKIUS, IPOOHBIN NHTErpaJi, HepaBeHCTBO [ €1biepa, cpe/Hee CTeIeHHOE HEPABEHCTRO.
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