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Introduction

Motivated from the recent developments of the theory and applications of time scales,
we will prove some results on time scales. The calculus of time scales was introduced
by Stefan Hilger [5]. A time scale is an arbitrary nonempty closed subset of the real
numbers. The theory of time scales calculus is applied to harmonize results in one
comprehensive form. The three most popular examples of calculus on time scales are
differential calculus, difference calculus, and quantum calculus, i.e., when T=R, T=N
and T = ¢ = {¢' : 1 € Ny} where ¢ > 1. The three popular branches of time scales
calculus are studied as delta calculus, nabla calculus and diamond-a calculus. Many
dynamic inequalities (see [1, 3, 8, 9, 10]) have been investigated by using this hybrid
theory. Basic work on dynamic inequalities is done by Agarwal, Anastassiou, Bohner,
Peterson, O’Regan, Saker and many other authors.

In this paper, it is assumed that all considerable integrals exist and are finite and T
is a time scale, a,b € T with a < b and an interval [a,b]r means the intersection of a
real interval with the given time scale.

Funding. This research received no specific grant from any funding agency in the public,
commercial, or not-for-profit sectors
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Preliminaries

We need here basic concepts of delta calculus. The results of delta calculus are
adopted from monographs [3, 4].
For r € T, the forward jump operator ¢ : T — T is defined by

o(t):=inf{se€T:s>1}.

The mapping u: T — R} = [0,+e) such that u(r) := o(r) —r is called the forward
graininess function. The backward jump operator p: T — T is defined by

p(t) :=sup{seT:s<t}.

The mapping v: T — R} = [0,+c0) such that v(¢) :=t—p(t) is called the backward
graininess function. If o(¢) >, we say that r is right-scattered, while if p(z) < ¢, we say
that ¢ is left—scattered. Also, if r <supT and o(¢) =¢, then ¢ is called right-dense, and
if + >infT and p(z) =t¢, then ¢ is called left-dense. If T has a left—scattered maximum
M, then T* =T — {M}, otherwise T =T.

For a function f:T — R, the delta derivative f2 is defined as follows:

Let t € T*. If there exists f2(t) € R such that for all € > 0, there is a neighborhood
U of ¢, such that

£(0(1)) = £(s) = f2(t)(o(t) —s)| < o(r) —s],

for all s € U, then f is said to be delta differentiable at ¢, and fA(t) is called the delta
derivative of f at r.

A function f: T — R is said to be right—-dense continuous (rd—continuous), if it is
continuous at each right-dense point and there exists a finite left—sided limit at every
left—dense point. The set of all rd—continuous functions is denoted by C,4(T,R).

The next definition is given in [3, 4].

DErFINITION 1. A function F : T — R is called a delta antiderivative of f: T — R,
provided that FA(t) = f(¢) holds for all ¢ € T*. Then the delta integral of f is defined by

/a " )M = F(b) - Fla)

The following results of nabla calculus are taken from [2, 3, 4].

[f T has a right—scattered minimum m, then Ty =T — {m}, otherwise T, =T and T’,ﬁ =
TKNTy. A function f: Ty — R is called nabla differentiable at r € T, with nabla derivative
Y (1), if there exists f¥(¢r) € R such that given any & > 0, there is a neighborhood V of
t, such that

F(p(1) = f(s) = f¥ () (p(r) )| < elp(t) —s],

for all se V.

A function f: T — R is said to be left—dense continuous (Id-continuous), provided it
is continuous at all left—dense points in T and its right—sided limits exist (finite) at all
right—dense points in T. The set of all Id—continuous functions is denoted by Cj4(T,R).

The next definition is given in [2, 3, 4].
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DErFINITION 2. A function G: T — R is called a nabla antiderivative of g: T — R,
provided that GY(¢) = g(¢) holds for all # € Ty. Then the nabla integral of g is defined by

Now we present short introduction of the diamond-a derivative as given in [1, 12].

DEerFINITION 3. Let T be a time scale and f(¢) be differentiable on T in the A and V
senses. For r € T, the diamond-a dynamic derivative f°«(¢) is defined by

fem=aff+1-a)f'(), 0<a<l

Thus f is diamond-a differentiable if and only if f is A and V differentiable.
The diamond-o derivative reduces to the standard A-derivative for ¢ = 1, or the
standard V-derivative for a = 0. It represents a weighted dynamic derivative for o €

(0,1).
Theorem See [12]. Let f,g: T — R be diamond-a differentiable at t € T and we
write °(1) = £(6(1)), g°(1) = g(c(t)), fP(r) = f(p(r)) and g°(t) = g(p(r)). Then
(i) ftg:T—R is diamond-a differentiable at t € T, with

(f£8)%(r) = f7(t) £8°(1).
(ii) fg:T — R is diamond-a differentiable at t € T, with
(fg)°(t) = £o(1)g(r) + ot f (1) g™ (1) + (1 — @) P (1)g" (1)

(iii) For g(t)g°(t)gP(t) #0, £ : T — R is diamond-a differentiable at t € T, with

(1—a)fP(1)s°(1)8" (1)

1%:J%mm<>ww<mm—
Q)@ 518 (1) (1)

DEFINITION 4. [See [12]] Let a,t € T and A: T — R. Then the diamond-a integral from
a to t of h is defined by

/ath(S)OaSZ(X/ath(S)AS—F(l—OC)/ath(s)Vs, 0<a<l,

provided that there exist delta and nabla integrals of # on T.

Theorem See [12]. Let a,b,t € T, c € R. Assume that f(s) and g(s) are oq—integrable
functions on [a,b|r. Then

(@) Jolf(s)£g(s)]oas= [ f(s)oasE [;8(5) oas;
(i) [ycf(s)oas=c [y f(s)ous;

(iii) Jof(s)oas=— [ f(s)oas;

(iv) [1f(s )oas—f f(s)oas+ [} f(s)oas;

(©) [ f(s)oas=
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We need the following results.

The generalized Hermite-Hadamard type inequality for a weight function [1] states:

Theorem. Let T be a time scale and a,b € T. Let f: [a,blr — R be a continuous
convex function and let w: [a,bly — R be a continuous function such that w(x) > x for
all xe T and fabw(x) oqXx > 0. Then

Jy W) f () 0ax _ b= yua
Jiw@)ogqx — b-a

Yw,a —a

tiO] (n

fla)+

f()’w,ot) <

ffw(x)xoax
Ji wix)oax

The following inequality from (2) is called the weighted power mean inequality in
literature.

Note that if —eo <r < s <o, then

where y,, ¢ =

M <M, (2)

WiXy

=\|M=

A

where M,[, !

Y wi
=1

, (see, e.g., [7, page 13]).

The generaﬁzed Jensen’s inequality [1] states:

Theorem. Let a,b € T and c¢,d € R. Suppose that g € C([a,b]T,(c,d)) and h €
C([a,b]T,R) with fab |h(s)|oqs>0.If ®eC((c,d),R) is convex, then generalized Jensen’s
inequality is

(3)

& Jo 1h(s)lg(s)oas | _ fflh(S)lq’(g(S))Oas'
J () oas )= J7h(s)] oas
If ® is strictly convex, then the inequality < can be replaced by <.

Main results

Our first result concerning extended Hermite-Hadamard’s inequality on time scales
starts in this section.

Theorem 1. Let w, f,g € C([a,b]r,[0,+)) be oq—integrable functions such that fP
and g9 are concave on |a,b]r with f:w(x) oaXx > 0. If llfl—é =1 with p > 1, then

b—a b—a b b—a

< E 1 )2(/abw<x>fp<x><>ax) (/abwu)g%x)oax), (4)

b_ w, w,o b b_ w,o w,o 1
P a4 B ) |22 )+ 2 )

Ja w(x) 0ax

b
where yy ¢ = —f}*bvtv((?f :‘;

Proof. From reverse Hermite—-Hadamard’s inequality (1), we have

b—ywa Ywo—a ffw(x)fp(x) O X
e O SO S g e )
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and

b—Ywa Vi —a [P w(x)g4(x) og x
T SO O S e ®)

From inequalities (5) and (6), we have

b— w,o w0 T b— w,o w,o
2 gr(a) 4 Yl o) [Tya’g%a) D)
el )( b )
< w(x)fP(x)oqx w(x)g?(x) og x (7)
(2 wx)oax)” l !
From (2), we note that
b_yw,oc Yw,oo —a 117 b_yw,(x Ywo —a
2 (a4 e i) 2 ) g e )
and 1
b Yw,a Ywa —a a b_yw,a Yw,a —a
{ﬁgq( )+ ﬁgq(b)} = sla)+=—=g(b). (9)
Therefore
b_yw,a Yw,aa —a b— Yw,a Ywo —a
2 (a4 o) |2V ) 4 g

b— w,o w,oe T P b— w,o w,oe 1
> [ 22ty 2y [ 22t 4 )10

From inequalities (7) and (10), we obtain the desired result. [J
Remark 1. Let T=R and w=1. Then (4) reduces to

LGRS OO . (/ e )(/ (x>dx). (1)

The inequality (11) may be found in [11].

Our second result concerning generalized Rogers—Holder’s inequality on time scales
is given.

Theorem 2. Let ®: It — R be a convex function for It =INT, where I is an interval
and T is a time scale. Let hi,w,g € C([a,b]1,(0,4o)) (i=1,...,p) be oq—integrable
functions with Z hi(x) =1 and W = fb (x)oqx>0. Let Ly and L, be two nonempty

disjoint subsez‘s such that L\ULy ={1,...,p}. Then

b ()W (x) 0g X b (Owx) e(x) om x
JPwl@(g)oqr i, Mo (17T S0 ca
v - W ffig hi(x)w(x) 0q x
b hi(x)w(x) ogx f hi(x)w(x)g(x)oqgx
" iEZLZ e o ! %Lz st zq)(ffw(x)g(x)oax> (12)
W Ja iGZL hi(x)w(x) o¢ x
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If the function ® is concave, then the reverse inequalities hold in (12).

n
Proof. Since Y h;(x) =1, we may write
i=1

b b
fabw(x)cb(g(x))oax _ fa iGZLl hi(X)W(X)qD(g(X))OaX . fa ieZLzhi(x)W(x>¢)(g(x))<>ax

w W w

(13)

Applying integral Jensen’s inequality on both terms on the right—hand side of inequality
(13), we obtain

b J2 T hilwgear
Ji X hi(x)w(x) oq x®@ e R
[2wR)P(g(x) oqx _ "D 12 % hiew(x)oa

iELl
W - W

fab‘ZL hi(x)w(x)g(x)oqx
ff X hi(x)w(x) oq xP 2
(14)

f: Y hi(x)w(x)ogx
i€ly

By using the convexity of ®, we have

P Y nxw)g) ogx [T hi(x)w(x)g(x)oqx

i€eLy i€l,
w - w w

_ (fabw(x);(m“x) (15)

This completes the proof of Theorem 2. [J

Remark 2. Let a =1, T=2Z,a=1, b=n+1, hy(k),hy(k),w(k) € (0,400) and g(k) €
[0,4o0) for k € {1,2,...,n}. Then (12) reduces to

Y wk)dEk) L ¥ mlwk) [ Y ¥ hkwk)gk)

k=1 o k=li€Ly o k=1iceL,
4 v Y ¥ hi(kw(k)
k=1iely
Y ¥ hkwk) [ L T h(kwk)gk) ¥ w(k)g(k)
k:116L2W ® k=1’l1€L2 ZCI) k=1 (16)
Y ¥ h(kw(k)
k=1licl,

The continuous version of (16) may be found in [6].

Our third result concerning another generalized Rogers—Holder’s inequality on time
scales is investigated.

Theorem 3. Let 1%4—% =1 with p,q > 1. If why,hy, f,g € C([a,b]T,R—{0}) are such
that |w||fIP, |wl||g|, |whi||gl?, |whal|gl?, |whifg|, |whafg| and |wfg| are oq—integrable

6
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functions and |hi|+ |hy| =1, then

([ welists |) (] eolgtoeoax)’ z(lb|w<x>||g<x>|qoax);
[(/ 'W(X”’l<’“>“g<X>lq<>ocx)1 ([ rw<x>h1<x>f<x>g<x>|<>ax)”

(/ W (6) e |q<>ax)”’</ s <>ax>pr

/yw X)) oax. (17)

In the case when p € (0,1) and %—ké =1 with fab lw(x)||g(x)]|90qx >0, we have

[l @seolou

> ( [/t lsoer)” [ omlroreas)

1

) (/b |W(x>h2(x)”g(x>|q°”)é (/ i x)||f(x)|P<>ax) '
Z(/ [w ()| f(x |P<>ax) (/ lw(x)||g(x |q<>ax)q‘ 18)

Proof. Taking n =2 and putting ®(x) =x”, x > 0 and letting |w(x)| and |g(x)| be
replaced by |w(x x)|?7 and |f(x X *%, respectively, in the (3), we obtain
p y 8 4 p y

JE 1w(x)]|g(x) (|f<x>\|g<x>r‘%)”<>ax
S w(@)|lg(x)]9 00 x
o Ly R ()] [g(x)| 00 x <f:|w< X)hy (x ||g(X)|"|f(X)IIg(X)|Z<>aX>p

S 1w(x)]|g(x)|4 o x JE 1wk (x)]|g(x) |7 0g ¢
L ) ()l [8(x)| 0 (ff\w( X)ha ()] g(x)[9] f (x >|rg<x>|2<>ax>”
S 1w(x)]g(x)|4 0 x w()ha(x)]|g(x) |9 00 x

J2

|
el >r|g<x>|‘50aX)p. 19)
12 () [8(2) 1o

Therefore (17) follows from (19).
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For p€(0,1), take P= - > l'and Q= > 1 and letting |f(x)| and |g(x)| be replaced
by |f(x)g(x)|P and |g(x)| 1’, respectively, in the inequality (17), we obtain

</ab]W(x)Hf(X !”Poax> (/ w(x)||g(x) onax)éz (/b ’W(x)”g(x)’_onax)é
e A

1
b PP
([ el Q) ( [ o @il >|P|g<x>|-P<>ax) ]
Z/ w)ILF ()71 ()78 (x)[ 77 ogx. (20)
Hence, we get the inequality (18). This completes the proof of Theorem 3. O

Remark 3. Let a=1,T=Z,a=1,b=n+1,w=1and h;(k),hy(k), f(k),g(k) € (0,4o)
for k€ {1,2,...,n}. Then (17) reduces to

% n % n é n 1=p
(Z fp(k)> (Z gq(k)> > <Z g"(’C)) [(Z hl(k)gq(k)> (
k=1 k=1 k=1 k=1

I=r/, p % n
+( hz(k)gq(k)> (th(k)f(k)g(k)>] > ¥ fel) @D
k k=1

Y FK)g(k) > (z h1<k>gq<k>> q (2 hl(k)f”(k)> ,,
k=1 k=1 k=1

i (z h2<k>gq<k>)q (z hz(k)f”(k)> "> (z f”(k)) : (ig%k)) @)
k=1 k=1 k=1 k=1

The continuous versions of inequalities (21) and (22) may be found in [6].

Theorem 4. Let %%—é =1 with p,q > 1. If why,hy, f,g € C([a,b]T,R—{0}) are such
that |wl||f|P, |w||g|?, |whi||gl?, |wha|lg|? and |wfg| are oq—integrable functions with
1P 1w(x)||g(x)|90qx >0 and |hi|+|ho| = 1, then

»
1=
=
—~
=~
SN—
)
—~
b
N—
oo
—
by
N—
SN——
=

M=

1

and (18) reduces to

1

[ wllsslens < [ meomels >|P<>ax) ([ wmlisireas)’

+( A L] oax) : ( [ nte h2<x>||g<x>|4<>ax)q
g(/ e |P<>ax) (/ w(o)lgx |Q<>ax)q. (23)

8
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In the case when p € (0,1) and %—l—%l =1 with fab lw(x)||g(x)]|90qx >0, we have

(/ab|W(X)||fx |P<>ax)11’ (/b|w lletx) |q<>ax); - </b|w ollet) |q<>ax>;
[(/ i 9 lsotoas) ([ o (7050 )

o ([ mcameatsiroas) ([ et |>]

/|w 7 g oax. (24)

=

Proof. Putting ®(x) = ,, x> 0. Then clearly the function @ is concave and letting
[w(x)| and [g(x)| be replaced by |w(x)[[g(x)|* and |f(x)["[g(x)|, respectively, in (3) for
n =72, we obtain

L2 w2007 (|£(0)]712(x)|79)7 0 x
2 Iw(x)]|g(x)]7 0 x
_ Sy @ @)[g (019 0ax (f;’|w<x>h1<x>|\g<x>|q|f<x>|P|g<x>|—Q<>ax>p
T 2 w()]|g(x) |7 0gx 2w () (x)||g(x)]7 00 x

f [w(x)ha <x>\|g<x>!q<>ax(ff!w(x)hz<x>u g(x)|9]f(x)[P]g(x )qu
J2w(x)|g(x) |4 0gx S w(x)ha(x)]g(x)]9 00 x

. (f:|w<x> g1/ (x >P|g<x>"<>aX>’l’. (25)
2 W)l 8(x) 4 ocx

Therefore (23) follows from (25).
For p€(0,1), take P= - > l'and Q= > 1 and letting |f(x)| and |g(x)| be replaced
by | f(x)g(x)|” and |g(x)| P, respectively, in the inequality (23), we obtain

[ P80 P ou
< ([ weom e |) (e leto Q)
(] s o ) (] wtamliets Q)
< (f werwe \P”oax) (f el 720ax) " (26)

Hence, we get the inequality (24). This completes the proof of Theorem 4. [J

9
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Remark 4. Let a=1,T=7Z,a=1,b=n+1,w=1and hy(k),hy(k), f(k),g(k) € (0,4o0)

for k€ {1,2,...,n}. Then (23) reduces to

Y Fkg(k) < (z hl(k)f”(k)) ,, (2 h1<k>gq<k>)
k=1 k=1 k=1

Q=

(28)

¥
k=1 k=1
and (24) reduces to
Z % n é n P /oy l-p
(Z f”(k)> (Z gq(k)> < (Z g"(k)> [(Z hl(k)f(k)g(k)> (Z hl(k)gq(k)>
k=1 k=1 k=1 k=1 k=1

n p n I-p % n
+ <Z hz(k)f(k)g(k)> (Z hz(k)gq(k)> ] <Y fk)g(k).
k=1 k=1 1

The continuous versions of inequalities (27) and (28) may be found in [6].

Theorem 5. Let w,hy,h,g € C([a,b]T,R —{0})) be oq—integrable functions with |h;|+
1
I |u<x>|v(x>’<>ax_) " Then

ff |a(x) [0 qx

T

Q=

|ha| = 1. Let p,qg € R—{0} such that p < q and M,(u,v) = (

(1) Mg(Iwl,Igl) = [Mi (|l ], w)ME(a]-wl, g]) +Mi([al, )M (R2].[wl, [g])]
> Mp(|wl, lgl). (29)

) My(Iwl.lg)) < (M1 (I, w)ME (i Iwl g]) + My kol w2 (IRaJwl g))]
< My(Iwl.lg)- (30)

Proof. Putting ®(x) :x%, x > 0. Then clearly the function @ is convex and letting
|g(x)| be replaced by |g(x)|? and taking power %, the inequality (12) becomes
q
Ja [w@)h (0)][g(0)[ oax \
Ji W) (x)] 0q x
q q
P b p »
) . (fa w()g() ) 6

[2 W) ()77 oax _ [y Iw(x)h (x)] oq.x
Ji () oqx S W) oqx
Ja w(x)a ()] oq x
Ji () oqx
Therefore (29) follows from (31).
Putting ®(x) =x7, x > 0. Then clearly the function ® is concave and letting |g(x)]
be replaced by |g(x)|? and taking power %, the inequality (12) becomes
P
Ja 1w (2)]]g(x)|* 0qx
Ji W01 (x)] 0qx

)" _ (fﬂw(x)g(x)woax)q_ )

(ff|w<x>h2<x>||g<x>|f’<>ax
J21w(x)ogx

T2 W) ha (x)] og x

J2 W)l (10|97 0ax _ [2w(x) ()] oax
2 w(x)| oq.x

S W) oax

J2 W) ho (x)] 0q x

S W)l oax

S W)l oax

(fab lw(x)ha(x)||g(x)]|20q x
I w(x)ha (x)] 0q x

10
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Therefore (30) follows from (32). This completes the proof of Theorem 5. [J
Remark 5. Let a =1, T=7%Z,a=1,b=n+1, w=1 and hy(k),hy(k),g(k) € (0,4o0)
1

I

¥ wik)g (k)
for k € {1,2,...,n} with M,(u,v) = ":‘nT . Then inequalities (29) and (30),
Y wk

k=1

respectively, reduce to

Q=

(1) My(Iwl,1gl) > [Mi(la], [w)ME(m |1, [g]) + M (o], [whME(1B2] wl, [g1)]
> Mp(|wl,[g])- (33)

(2) Mp(lwl, lg]) < [M1(1h1|7IWI)Mé’(Ihll-IWI,Igl)+M1(Ihz|,IWI)Mé’(Ith-IW|7IgI)]}7
< Mgy(wl,[g]). (34)

The continuous versions of inequalities (33) and (34) may be found in [6].

Competing interests. The author declare that there are no conflicts of interest
regarding authorship and publication.

Contribution and Responsibility. The author contributed to this article. The author
is solely responsible for providing the final version of the article in print. The final version
of the manuscript was approved by the author.

References

[1] Agarwal R.P., O’'Regan D., Saker S., Dynamic Inequalities on Time Scales, Springer Inter-
national Publishing, 2014.

[2] Anderson D., Bullock J., Erbe L., Peterson A., Tran H., “Nabla dynamic equations on time
scales”, Pan—American. Math. J., 13:1 (2003), 1-47.

[3] Bohner M., Peterson A., Dynamic Equations on Time Scales, Boston, 2001.

[4] Bohner M., Peterson A., Advances in Dynamic Equations on Time Scales, Birkhduser
Boston, Boston, 2003.

[5] Hilger S., Ein Mafkettenkalkiil mit Anwendung auf Zentrumsmannigfaltigkeiten, Ph.D.
Thesis, Universitat Wiirzburg, 1988.

[6] Khan M. A., Pecari¢ D., Pecari¢ J. E., Journal of Inequalities and Applications, 2020:76
https://doi.org/10.1186/s13660-020-02343-7 (2020), New refinement of the Jensen inequal-
ity associated to certain functions with applications.

[7] D. S. Mitrinovi¢, J. E. Pecari¢ and A. M. Fink, Classical and New Inequalities in Anal-
ysis, Mathematics and Its Applications (East European Series). V.61, Kluwer Academic
Publishers, Dordrecht, The Netherlands, 1993.

[8] Sahir M. J.S.“Parity of classical and dynamic inequalities magnified on time scales”, Bull.
Int. Math. Virtual Inst., 10:2 (2020), 369-380.

[9] Sahir M.J.S., “Consonancy of dynamic inequalities correlated on time scale calculus”,
Tamkang Journal of Mathematics, 51:3 (2020), 233-243.

[10] Sahir M.J.S., “Homogeneity of classical and dynamic inequalities compatible on time
scales”, International Journal of Difference Equations, 15:1 (2020), 173-186.

[11] Set E., Ozdemir M.E., Dragomir S.S., “On the Hermite-Hadamard inequality and
other integral inequalities involving two functions”, J. Inequal. Appl., Article ID 148102
https://doi.org/10.1155,/2010,/148102 (2010).

[12] Sheng Q., Fadag M., Henderson J., Davis J. M., “An exploration of combined dynamic

derivatives on time scales and their applications”, Nonlinear Anal. Real World Appl., 7:3
(2006), 395-413.

11



Bectauk KPAYHIIL. ®us.-Mar. Hayku. 2020. T. 12. Ne. 1. C. 1-12. ISSN 2079-6641

YK 519.644 Hayunas cratbs

C60pKa KJACCUYCCKHUX U JUHAMHAYECCKHNX HEPABCHCTB, HAKOIIJC€HHbIX
npu UCHUCJICHHUUN BPEMEHHBIX MacuTaboB

M. O. 1. Caxup

JenaprameHT matemaTuku, YHuUBepcuTeT Capronxa, 40100, cy6-kamnyc bxakkap,
['oxap Bana, bxakkap, [lakucran

E-mail: ibrielshahab@gmail.com

Lesp naHHOW CTaTbU — NPENCTABUTh COIVIACOBAHHME HEKOTOPBIX KJACCUUECKHUX U AMHA-
MHUYECKHX HepaBeHCTB C HCIIO/Nb30BaHUEM HCUHCJIEHUS LIKaJ BpeMeHH B OoJjee 0O0LIeH,
YHU(UIMPOBAHHONW M paclIMpeHHOH (opMe. 31ech MBI HCCJEAyeM TapMOHUYHbIE pac-
IIMpeHuss U 0000leHHs HepaBeHCTB Tuna Dpmuta—Anamapa u Pomxepca-I'énbnepa
B THOPUOHBIX Bepcusix. McuncieHue mkan BpeMeHH coueTaeT B cebe HeNpepbIBHbIE,
JIUCKPETHble U KBAHTOBBIE aHAJOTH.

Katouesvie caosa: wikanvl 8pemeru, Hepasercmso muna Ipmuma-Adamapa,
Hepaserncmso muna Podxcepca—Xoadepa.

DOI: 10.26117/2079-6641-2020-12-1-1-12
[Toctynuaa B penaxuuio: 01.09.2020 B okonuaresbHoM BapuaHTe: 10.10.2020

Jdasa nutupoBanmusa. Sahir M.J.S. C6opka k/aaccHyeckux W TUHAMMUYECKHX HEPABEHCTB, HAKOII-
JIEHHBIX TPH HCUHCJEHUH BpeMeHHbIX MaciutaboB // Becmnux KPAYHI]. ®us.-mam. Hayku.
2020. T.12. Ne 1. C. 1-12. DOI: 10.26117/2079-6641-2020-12-1-1-12

Konkypupyromue uHTepecbl. KOHPJIMKTOB UHTEPECOB B OTHOLIEHHH aBTOPCTBA WU MyOJHKa-
LUU HeT.

ABTOpPCKMI BKJaJ U OTBETCBEHHOCTb. ABTOp yuacTBOBAaJ B HAMMCAHUH CTAThbU U MOJHOCTHIO
HeceT OTBETCTBEHHOCTb 32 NPeNOCTaBJ/IeHHEe OKOHYATe/JbHOW BEPCHU CTaTbH B Ile€4aTb.

Konmenm nybauxkyemcs na ycaosusx suuensuu Creative Commons Attribution 4.0 International
(https://creativecommons.org/licenses/by/4.0/deed.ru)
© Caxup M. JI. 1., 2020

(I)I/IHaHCI/IPOBaHI/Ie. I/ICCJ'IGIIOBaHI/Ie BBINOJIHAJIOCh 0€3 qI)I/IHaHCI/IpOBaHI/IH

12



	References

