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1 Introduction

It is known that many practical problems are
described by means of fourth-order partial
differential equations. For example, vibrations of a
tuning fork, elastic plate, thin plate, and three-layer
plate can be an example, [1], [2], [3].

Note that in the works, [4], [5], [6], [7], [8], [9].
[10], some related problems were considered.
Namely, in [4], the propagation of elastic waves in a
three-layer plate with a high contrast of mechanical
and geometric properties of the layers was analyzed,
and in [5], the problem of precise controllability of a
three-dimensional linear-elastic thin plate with
control at the boundary and inside the plate was
considered. In [9], necessary and sufficient
optimality conditions were obtained for a fairly
wide class of structural design problems, in [10],
nonlinear vibrations of the Karman plate were
studied using the optimal dynamic inversion
technique.

It should be noted that for processes described by
such equations, there is a need to study boundary
value problems.

Therefore, studying optimal control problems for
such equations, i.e., proving the existence of optimal
control, deriving necessary and sufficient conditions
for optimality, studying approximate construction of
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optimal control and appropriate optimal state, is of
great importance. Optimal control problems with a
control function in the coefficient of higher-order
derivatives are of special interest. In the paper, an
optimal control problem for an inhomogeneous
equation of a three-layer plate when aco ntrol
function is contained in the coefficient of higher-
order derivatives, is considered

2 Problem Statement
It is known that the equation of vibrations of a
three-layer plate is in the form, [3]

0°D 0%*u 9°D 0%u
A(DAu) + (1 —v) <2 2%y w0y 0xZ 3y
9°D 0%u
I,
€Y)
Here D = % - is cylindrical stiffness,

hg - is the thickness of the main layer, h is the
thickness of the top and bottom layers, Ef - is a

Young module, v (0 <v< %) - 1s a Poisson ratio,
u(x,y,t) - is plate displacement at the point (x,y) a

Volume 21, 2026



WSEAS TRANSACTIONS on SYSTEMS and CONTROL
DOI: 10.37394/23203.2026.21.13

time t, 4 - is a Laplace operator with respect to the
variables x,y and q is a loading intensity.
2(1 —v2)

Assuming h < hg, D

Taking the force q as the inertia force —(ho pe +
hpfo2udt2, the equation (1) takes the following

form: A(hAw) + (1 —v)

) 0%*h 09? 0%h 0*u 9%h 0%u

0xdy 0xdy 0x% dy? 0y? 0x2
+2(hope + hop)- A-vH %u_y
oPe +hor) == Gz = 0 (2)

Here, p.(x,y) > 0 is the density of the layer,
pr(x,y) > 0 is the density of the material of the top
and bottom layers.

In equation 2),
2(1-v?)

denoting the constant

number by a we obtain the equation,
h3Ey 12
a(hopc + hpf) + AChdu) + (1 —v)
) 0°h  9%u azh 62 0%h 9%u —0.(3
dxdy 0dxdy 0x2 dy? dy? dx%) -(3)

In the present paper, we consider the solution of
the inhomogeneous equation, [3]
9%u

a(hopc + hpf) + AChdu) + (1 —v)

) 0’h  0%u 62h 0’u  9°h 0*u
0x0y 0xdy 0x? dy? 0y? 0x2
=f(y,0,(xyt) €Q (4)

of a three-layer plate under the initial conditions and
boundary conditions

ou(x,y,0)
u(x:y;o)ZQDO(X»)’)'TZG‘H(X»)’)'
(x.y)ae {20, ) (5)
u(0,y,t
0,y,t) =0,———=0,
u(0,y,t) ] (ax )
u(a,y,t
) It =OJ—= )
w(a,7,0) -
0<y<bO0<t<T,
du(x,0,t)
u(xl 0; t) = 01— =\,
dy
du(x, b, t)
u(xl bl t) = 0,— =\,
dy
0<x<b0<t<T, (6)

here (x,y) €N ={(x,y):0<x<a,0<y<b},
te(0,7),Q =02x%(0,T),a, b, T are the described
positive numbers, f(x,y,t) € L,(Q) is a given
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(o]
function, @o(x,y) € W (2), ¢1(x,y) € Ly(Q2) are
given initial functions, h(x, y) is a control function.

We take
Uag = {h(x,y): h(x,y) € WF(Q),0 < a,
< h(xy) < B, ‘@‘ <M, ‘% <M,
dx dy
9°h 0%h 0°%h
ax? 0x0y "ay2
a.e.in Q, ||h(x, y)”W23(Q) < M}.

<M,

<M <M,

Here, as aclass of admissible controls, M is
given a positive number.

We take the following optimal control problem:
find a control from the class of admissible controls
U,y that of the minimum to the functional

J(h) = f [u(x,y, t; h) — z(x,y, t)]*dxdydt
Q
+8 fy [h(x, ) — w(x,y))?dxdy  (7)
together with the solution of the problem (4)-(6),
here z(x,y,t) € L,(Q), w(x,y) € L,(£2) are the
given functions, f > 0 is a given number.

In the paper, we consider a generalized solution
of problem (4)-(6).

Definition. The generalized solution of the
problem (4)-(6) corresponding to the admissible
control h(x,y) is called such a function u(x,y,t) €
WZZ'l(Q) that for arbitrary function 7(x,y,t) €

C21(Q), n(xy,7)=0

n(0,y,t) = 0.% =0,
nayn =082 g
0<y<h0<t<T,
n(x,O,t)=0,%’y0't)= ,
n(x,b,t)=0,%’yb't)= ,

0<x<bO0<t=<T
satisfies the integral identity

du dn
f [—a’(hopc + hpy) "3 3t + hdudn

+a (2 0°h  0%u 0%h 0*u 0°%h
v 0x0y 0xdy dx2% 0y? 0dy?
0%u
327 n|dxdydt —
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— J a(hope + hps )1 (x,yIn(x, y, 0)dxdy
Q

- f £y, O, y, Ddxdyt

Q
and the initial condition u(x, y, 0) = @q(x,y).

3 Solvability  of

Value Problem
Theorem 1. Suppose that the conditions above on
dates is satisfies. Then for each fixed admissible
control h(x,y) the problem (4)-(6) has a unique

generalized solution in the space sz'l (@.

Proof. We apply the Faedo-Galerkin method,
[11]. We search for an approximate solution to the
problem (3)-(5) by the fixed control h(x,y) in the
following form

uV(x,y, 0 = 2L, ¢ (Owi(x, Y),

where {w;(x,¥)}j=; is ab asis in Wz () and
cV(t),...,cN (t) are defined from the system of
ordinary differential equations

_ 2 2 N
[ 20h0p. + hop S

E ot?
+JhAuNAa)j (x,y)dxdy
+a —V)J <206 h 9%uV _azhazu"’
o\ 0x0y 0xdy 0x? dy?
0%ho*uN
- a—yzm> w; (x,y)dxdy
= J, Gy, )w; (x,y)dxdy, 1< j< N, (8)
d'@=al.z'®|_ =5l
where al, BV are the coefficients of the sums
90 (0y) = Do af wi(x,y),

ol x y)—Eﬁl w:(%,)

approximating the functlons ©o(x,y) and @1(x,y)
in the norm W# (), and L, () correspondingly as
N — oo,

Multiplying both the equalities (8) by the
corresponding icN (t) and taking asum over j

Initial-Boundary

— w; (x,y)dxdy

from 1 to N, we obtam the equality
1 —v?)a%ul oul
| 200p. + hpf)

E Jt2 ot
o [

dxdy

d xdy +(1—v)
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j‘ ) 0%h 0%u"  9%ho*uMN  9%ho*ul
o\ 0xdydoxdy 0x? dy? dy? 0x?
W xdy = | 2 dxd
o dxdy = [, f(x,y,t) ——dxdy.
Hence
td ol oA —172) ouM\*
+h(AuN)2dxdy
__a )f L 0%h 0% 9%hou"
- v o\ 0x0y 0xdy 0x? 0y?
0%ho%uMN\ ouV
dy? ax? | ot
+ 02" dxdy = 0
o f(y,t)——dxdy = 0.

dxdy

Integrating this relation over t from Oto t and
taking h(x,y) € Ugq, pc(x,¥) > 0,pr(x,y) > 0

aul\?
— | |dxdy £ C
L)

t 6u du
+C fo f_{) [(UN)Z ) (W)
aulN\2 52y N 52y
+ (7) +( ) (axay) +
2,,N\2
+ (aa;z ) ]dxdyds,‘v’t € [0,T],
here and further on we denote by C different
constants.
Hence, by virtue of the equivalence of norms in

WE(0):

N2 auM\®  fouM\®  [ouM\? ded
e+ (5e) +(5) + (5e) |
2

<C+Cf0fﬂ[(uN)2 (ax)2+(ﬂ) +

dy
OUNIL2+2uNox22+02uNoxdy2+02uNdy22d
xdyds.

It is clear, [11]
2

L]+ (22

02uNdy22dxdy<202ulNox2+32ulNdy22dxay.

Then
J‘ W2 + 6uN2+ 8uN2+ auNz
M ox dy ot
a*uN 2 a2ulN 2 92ulN 2
* < dx? ) + <6x6y> + < dy? ) ]dxdy

SC+Cf0tfﬂ[(uN)2+ 2

ouN 2 auN
Go) +Gy) =
OUNIL2+02uNOx22+2uNdxdy2+02uNdy22d
xdyds.
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Hence, applying Gronwall's lemma, one may get
2 2 2
Ny2 ()T (autyT, (out
ol + () +(5) +(50) +
D2uNOx22+02uNoxdy2+02ulNdy22dxdy<cons
t,vt €[0,T].

From the last, it follows, that the sequence {u"'}
is bounded in WZZ'l(Q). Therefore, it is possible to
choose such a sequence from {u"} (we'll denote it
by {u"} also) for which
ou auVN ou ouN
5> — — 55— — >

at’ ox ox’ dy

a2ulN 9%u a%ul %u  92uN
- — -

d0x? 0x2’ dxdy 0xdy’ dy?
weakly in L, (Q) by N =

Ju

oy

Lo
dy?

b

Then, by virtue of the embedding theorem
ou oul _ ou
ax’ dy dy

aul
uN s> u, — >

dx
strongly in L, (Q).
Let us take u =u" in the definition of the
generalized solution of problem (4)-(6):

f hope + o) - 2 904 s
J a(hope + hpp) - —— oo u”4n
+a ) 262h o%ul  9%h 9%ulN  9%h
v 0x0y 0xdy 0x% 0dy? 0y?
o%ul
R, )n] dxdydt —

a(hope + hps) o1 (6, Y)n(x,y,0)dxdy

Q
= J flx,y, )n(x,y, t)dxdyt.
Q

Passing to limit who N — oo from here we have

du dn
f [—a(hopc + hpy) "3 3t + hdudn
’ 0°h  9*u  9°h 0*u 0d%h
+a-v) <2 0xdy . oxdy 0x? . ay?  dy?
d%u
. ﬁ) n] dxdydt —

—fd%m+@d%&ymmxmww
9]

= f f(x,y, On(x,y, t)dxdyt.
Q
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So, we've shown, that the function u(x,y,t) is
the generalized solution of problem (4)-(6) from
Wy (Q)

The uniqueness of the solution to the problem
(4)-(6) may be proved by a standard way. Theorem
is proved.

4 Existence of the Optimal Control
Theorem 2. Within the above conditions imposed
on the data of the problem (4)-(7), this problem has
an optimal control.

Proof. Let {h,}€ Uy

sequence, i.e.
limJ(h,) = inf J(h).
n—-oo hEUad

It is clear that
||hn”W23(.(2) < const.

be a minimizing

©)
Taking it into account, for solutions of problem
(4)-(6) corresponding to h,, we obtain the
estimation (see. part II)
||un||W22,1(Q) < const. (10)
By virtue of (9) and (10), the property of weak
compactness in the Hilbert spaces and the
embedding theorem, it is possible to consider, that
asn — o

dh, 0dhy dh,  dhg
h“_)ho’ax ox’ dy _)W
uniformly in C(2),
3%h, N 3%hy 8%h,,  3%hy 0%h, R 3%hg
d0x? dx2’0xdy  dxdy’> dy? dy?
strongly in L, (f2) and
Juy, dug duy, dug
Up = Ug, 7 %’ 3y *ﬁ
strongly in L, (Q),
0%u, 0%uy 9%u, %ugy 0%u, 3%ug
d0x? 0x2’ dxdy  0xdy’ dy? dy?
weakly inL, (Q).

Considering these relations, in the definition of
the generalized solution for the problem (4)-(6), by
h = h,, u = u,, passing to the limit as n — o we
have

du dn
f [—a(hopc + hpy) "3 3t + hdudn
Q

- <2 0%h _ 0%u _azh_azu_azh
0x0y 0xdy 0x? dy? 0y?
9%u
ﬁ>n] dxdydt

a(hope + hps)e1 (x, y)n(x, y,0)dxdy

|
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= J flx,y, t)n(x,y, t)dxdyt.

Hence, it follows, that uy = u(hy), i.e.
uo(x,y,t) is a generalized solution for the problem
(4)-(6), corresponding to the control hy(x, y).

The functional J(h) is continuous in U,; by h.
Therefore,

LimJ (hy) = hierll]f J(h) = ] (ho).

It shows, that hy(x,y) it provides the minimum
to functional (7), i.e., is an optimal control.
The theorem is proved.

5 Necessary Conditions of Optimality
Then we introduce the following adjoint problem
corresponding to the admissible h(x,y) given for
obtaining the necessary condition for optimality:

27#
a(hopc + hpf) — + 4A(h4yY)

) 92h\ 92 [ a%h
*( _V)[ axdy <¢axay>_ax2'<¢ay2>

02 _ 0%h
“a? <¢T>]

=—-2(u-2),(xyt)€Q, (11)

d v, T
pey 1) =0 282D _ o ) e 0,a12)
w0y
P(0,y,t) = O»W =0,
ay,t
Y(a,y,t) = O,T =0,
0<y<bO0<t<T,
oY(x,0,t)
lp(xlolt) - OIT_ )
oY (x, b, t)
l/)(x,b,t) = O,T =0,
0<x<bhO0<t<T, (13)

here the function u(x,y,t) is the solution of the
problem (4)-(6) corresponding to the control

h(x,y).

As in problem (4)-(6), we can show that the
adjoint problem (4)-(6) also has a unique
generalized solution in the space WZZ'1 (@).

For deriving a necessary condition for
optimality, we have two admissible controls h(x,y)
and h(x,y) + dh(x,y). Denoting the solutions of
the problem (4)-(6) corresponding to these controls
by u(x,y,t) and u(x,y,t) + du(x,y,t) we obtain
that the function du(x,y,t) is the solution of the
boundary value problem
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6
a(hopc + hpf) ( ) ———+ A(h4A(6u))

a2h 62(6u) 92h 92(5u) a2h
+1-v)(20—- - -
0xdy 0xdy 0x%* 0dy?  dy?
62(5u)>

0x2

0%u
= —a(6h)pr "3z + A(ShAu)

9%(6h) 9*u  0%(8h) 0%u
+(1-v)|2 . - o
dxdy 0xdy dx dy

02(6h) 0%u

S ay? " 9xZ
0% (8w

—a(6h)py - +A(6hA(6u))
92(8h) 62 (6u)

92(5h) 92(6u)
A=) <2 0x0y ' oxdy  0x? . 0y?
92(6h) 82(su)
T ToyZ  ox2 )’
(x,y,t) €Q, (14)

adu(x,y,0
ou(x,y,0) = 0,% =0,
(x,y) €0, (15)

0(5u(0, y, t))

6u(0,y,t) =0, =0,

X
d(ou(a,y,t
Su(a, y’ t) — 0,%
0<y<bhO0o<t<T,
d(ou(x,0,t
ou(x,0,t) = 0,—( ( )) =
dy

6u(x’ b, t) = O’M -
dy
0<x<bh0<t<T (16)
For the solution of the problem (14)-(16), it is
clear derived the estimation:

”&"W}‘(Q) < C"éh"W;(Q) :

Then, we calculate the increment of the
functional J(h):

=0,

6J(h) =2 f (u — z)6udxdydt
Zﬂf(h—w)6hdxdy+f(6u)2dxdydt
Q

+ J (6h)?dxdy

=2 f (u — z)dudxdydt + 2 f (h — w)S6hdxdy
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+Ry,
here

Ry = f(&u)zdxdydt+ﬁj(6h)2dxdy
Q

denotes a residual.
Since the function du is the generalized solution
of the boundary value problem (14)-(16) for an

arbitrary function n(x,y,t) € sz'l(Q),
n(x,y,T)=0 on(0,3.6)
77 ;y;t
0,y,t) = 0,—=——=
r]( ;y; ) ia (ax(') )
nix,0,t
,O,t - 0,—= )
n(x,0,t) 3y
0<y<bh0<t<T,
n(a,y,t)
n(a'y:t) = 0'—x=
on(x,b,t)
b,t)=0,———==0
n(x,b,t) =0, 3y ,

0<x<bO0<t<T
the integral identity

0(5 ) @
J[—a(hopc+hpf) —_— —+hA(6 )An
0%h 0%(6u) 0%h 0%(Su
PRC DY PYALIN i CLON R D)
0xdy 0xdy 0x% 0y2

92h 9%(8w) -
Toy? Taxz )Y

an
f [ a(Sh)p; at ST+ Shausn

JO20h) 9%u _9%(oh) 9Pu
+(1-v)|2 .
0x0y axay 0x%  9y?
62(5h) 9%u dxdvds
0y? “oxz )| Y
6( u) 0
—a(5h)ps .6 + 6h4(6u)dn

9%(8h) 0%(s 0%(8h) 0%(s

RN A} (u)_ (5h) 32(5u)
0xdy  0xdy dx?2 0y?

92(8h) 9%(su) dxdvds 17

is valid.
As the function ¥Y(x,y,t) is ag eneralized
solution of the adjoint problem (11)-(13) for an

arbitrary function x(x,y,t) € sz‘1 (@,
x(x,y,0) =0, NN
x(0,y,t
OI ,t) = OI— =
x@0,y,t) Ix
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dx(x,0,t
X(x’o,t)z()M: B
dy
0<y<bO0=<t<T,
dx(a,y,t)
) It =OI—=
x(a,y,t) ] (63% |
X\X, ,t
bt) =022 =
x(x,b,t) 3y ,

0<x<b0<t<T
the integral identity

6
f [ a(hopc +hpf) at BT +hA1/)A
Q
o1y R (9 92n (9%
a=v) l’baxay 0x0y lpaxz 0y?
L dxdydt
‘/’ay 9x2 xay

=2 f (u — 2)ydxdydt (18)

is valid.
Having written 7 instead of Y in identity (17), x
instead of du in identity (18) and subtracting them

du P
f [—a(sh)pf-a-awhmmp
Q

, 0(h) 9w 0*(sh) 9%u
+( _V)< 0x0y axay ox%  0y?
o2om) %\ 1
—ayZ )1/)] xdydt
” a(Sh)p; M a—¢+6hA(6 YA
92(6h) 8%(5u) 02(5h) 9%(sw)
A=) <2 0x0y ' oxdy  0x? . 0y?

9%(6h) 0%(6
_ a(yz ). 6(x2u)>w] dxdydt

+2 f (u — z)éudxdydt =0

From here, we obtain:

2 J (u — z)Sudxdydt

du oY
= J [—a(&h)pf -E-E+8hzlu£hj)

92(6h) 9*u  92(6h) 9%u
0xdy 0xdy  0x% 0y?

+(1-v) <2
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IEECOICEAA B
dy? " 9xZ >1/}] yat
d(éu) 0
+ f [—0((5h)pf (a: ) alf+6hA(6 YAy
Q
02(8h) 8%(su) 02(8h) 9%(6u)
+a=v <2 0x0y . 9xdy  0x? . dy?
02(8h) o*w\ 1
- 3y2 T2 )1/}] xdydet.

Then the increment of the function J(h) will be:

d
5 (h) = J [apf(dh)-—-a—lf—((ﬁh)dum/}
92(5h) 9*u  82(8h) 0u
—(1—v)<2 0x0y .axay_ 0x? .ayz
IECONCEAYA B
dy? " 9xZ >1/}] yat

+2p f (h — w)6hdxdy + R

Here
R = Rl + Rz,
R, = J [a(ah)pf-m-—lp—ahaw YA
) ’ LO2(0h) 9%(6u) _9*(sh) 025w
—(1-v [( 0xdy ' 0xdy T oxz dy?
62 8h) 9%(s
a(yz) (u) w” dxdydt

denotes the residual, remainder term.
From the estimation Rj, R, following
|R| <C "&1"\7@(9) ’
Then, a necessary condition for the control
h(x,y) to be an optimal control is to satisfy the
inequality

6J(h) = f {[apf a_u . % — 6hAuA1/J] (h—h)

3 at ot
2(7 2 2(7 2
—(1—1/)(26 (h=h) 9*u 0*(h—h) o%u
0xdy  0xdy 0x? dy?
_0*(h—h) 0%\
3y? EP%) >1,b} xdydt
>0vheU,,. (19)

So, we proved the following theorem
Theorem 3. A necessary condition for the
control h(x,y) be an optimal solution within the
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conditions imposed above onthe data of problem
(4)-(6) is to satisty the inequality (19).

6 Conclusion

The paper first considers the general equation of a
three-layer plate. Further, assuming that the upper
and lower thicknesses of the plate are sufficiently
small compared to the main thickness and taking the
inertial force as the external force, the equations of a
three-layer plate are reduced to a more convenient
form of study.

We study a optimal control problem for an
inhomogeneous equation of vibrations of a three-
layer plate. At first, by the Feado-Galerkin method,
we prove the existence of the boundary value
problem for each fixed control, and prove the
uniqueness by the standard method. Then a theorem
on the existence of an optimal control was proved.
The increment of the functional was calculated, and
a necessary condition for optimality was derived.

References:

[1] Tikhonov A.N., Samarski A.A. Equations of
mathematical physics, M.: Nauka, 1972,
ISBN: 9780486173368.

Komkov V. Optimal control theory for
damping the vibrations of simple elastic
systems. M.: Mir, 1975, ISBN: 978-
3540057345.

Arman J.-L. Applications of the theory of
optimal control of distributed parameter
systems to structural optimization. M.: Mir,
1972, [Online].
https://ntrs.nasa.gov/citations/19720020295
(Accessed Date: January 5, 2026).

Kaplunov  J.,  Prikazchikov D. A,
Prikazchikova L. Dispersion of elastic waves
in a strongly inhomogeneous three-layered
plate. International Journal of Solids and
Structures. Vol. 113-114, 2017, pp. 169-179,
https://doi.org/10.1016/].ijsolstr.2017.01.042.
V. Romanov, A.S.Shamaev. Suppression of
oscillations of thin plate by bounded control
acting to the boundary. Journal of Computer
and Systems Sciences International, Vol. 59,
2020, pp. 371-380,
https://doi.org/10.1134/S1064230720030144.
Ismayilova G.G. On reducing the continuation
problem for an elliptic equation to an optimal
control problem and its study. Advanced
Mathematical Models & Applications, Vol. 7,
No. 2, 2022, pp. 205-213.

[2]

[5]

[6]

Volume 21, 2026


https://ntrs.nasa.gov/citations/19720020295
https://www.sciencedirect.com/journal/international-journal-of-solids-and-structures/vol/113/suppl/C
https://doi.org/10.1016/j.ijsolstr.2017.01.042
https://link.springer.com/journal/11488
https://link.springer.com/journal/11488
https://link.springer.com/journal/11488
https://dl.acm.org/toc/spjcssi/2020/59/3
https://dl.acm.org/toc/spjcssi/2020/59/3
https://doi.org/10.1134/S1064230720030144

(8]

[9]

WSEAS TRANSACTIONS on SYSTEMS and CONTROL
DOI: 10.37394/23203.2026.21.13

Nasibzade V.N. On determination of Edge
functions for equation of oscillations of
rectangular membrane. Journal of Automation
and Information Sciences, 49(5):, 2017, pp.
72-81.

http://www.doi.org/10.1615/J AutomatInfScie

n.v49.15.60.

Guliyev HF., Seyfullayeva Kh.L.
Determination the right hand side of the linear

equation of oscillations of plate-like
constructions. Advanced Mathematical
Models & Applications, Vol.10, No.1, 2025,
pp- 17-25.

https://doi.org/10.62476/amma.10117

Guy Bouchitte, Ilaria Fragala. Optimality
conditions for mass design problems and
applications to thin plates. Archive Rational
Mechanics and Analysis. Vol. 184, 2006, pp.
257-284, https://doi.org/10.1007/s00205-006-
0022-8.

Vishnu L. Pradeesh, Shaikh Faruque Ali.
Active vibration control of thin plate using
optimal dynamic inversion technique. IFAC-
Papers On Line, Vol. 49, Is. 1, 2016, pp. 326-
331.
https://doi.org/10.1016/j.ifacol.2016.03.074.
Ladizhenskaya O. A., Boundary Value
Problem of Mathematical Physics, M.: Nauka,
1985, ISBN: 978-0-387-90989-9, ISBN: 978-
1-4419-2824-5, ISBN: 978-1-4757-4317-3.

E-ISSN: 2224-2856

129

Hamlet Farman Guliyev, Khayala Idris Seyfullayeva

Contribution of Individual Authors to the
Creation of a Scientific Article (Ghostwriting
Policy)

The authors equally contributed in the present
research, at all stages from the formulation of the
problem to the final findings and solution.

Sources of Funding for Research Presented in a
Scientific Article or Scientific Article Itself
No funding was received for conducting this study.

Conflict of Interest
The authors have no conflicts of interest to declare
that are relevant to the content of this article.

Creative Commons Attribution License 4.0
(Attribution 4.0 International, CC BY 4.0)

This article is published under the terms of the
Creative Commons Attribution License 4.0

https://creativecommons.org/licenses/by/4.0/deed.en
US

Volume 21, 2026


http://www.doi.org/10.1615/JAutomatInfScien.v49.i5.60
http://www.doi.org/10.1615/JAutomatInfScien.v49.i5.60
https://doi.org/10.62476/amma.10117
https://doi.org/10.1007/s00205-006-0022-8
https://doi.org/10.1007/s00205-006-0022-8
https://www.sciencedirect.com/journal/ifac-papersonline
https://www.sciencedirect.com/journal/ifac-papersonline
https://www.sciencedirect.com/journal/ifac-papersonline/vol/49/issue/1
https://doi.org/10.1016/j.ifacol.2016.03.074
https://creativecommons.org/licenses/by/4.0/deed.en_US
https://creativecommons.org/licenses/by/4.0/deed.en_US

	Creative Commons Attribution License 4.0 (Attribution 4.0 International, CC BY 4.0)



