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BIR COXNOQTOLI KEYFIYYOT MEYARLI OPTIMAL
IDARSETMO MOSOLOSINDO PONTRYAGININ
MAKSIMUM PRINSIPi TIPLi ZORURI SORT

VOFA RZAYEVA
Sumgqayit Dévlat Universiteti,
Sumgqaylt, Azarbaycan

vefa.asgerova/7@mail.ru

XULASO

Moagqalada iki Olgiilii Volterra tip inteqral tonliklor sistemi vo ¢oxnoqteli funksional ila tesvir olunan bir
optimal idarsetma masslosine baxilir. Funksionalin artim diisturu qurulur. Miimiikiin idarenin xiisusi artimi
vasitesilo qurulmus artim diisturu todqiq edilir ve optimalliq ii¢lin Pontryaginin maksimum prinsipinin analoqu
soklinda zaruri sort alinir.

Acar sozlar: interqal tonlik, ¢oxndqtsli funksional, miimkiin idars, optimalliq {i¢lin zaruri sert, Pontryaginin
maksimum prinsipi.

HEOBXOAMMOE YCAOBUE OIITUMA AbHOCTU TUITA IIPUHOUIIA MAKCUMYMA IIOHTPATMHA
B OAHOM 3AAAYE ONITUMAABHOTO YITIPABAEHVSI C MHOTOTOYEYHBIM KPUTEPVEM
KAYECTBA

PE3IOME

B crarpe paccMarpuBaeTcs o4Ha 3agada ONTUMAAbHOIO YIIPaBA€HNs, OINChIBaeMasl AByMEePHBIM HTerpaib-
HBIM ypaBHeHVeM Tuia Boabreppa 1 MHOroTOUeUHBIM (pyHKIMOHaA0M. Ctpoutcsa popmyaa pupameHns yHK-
1monaa. C IOMOIIBIO CHeINaAbHOTO IPUpAaIe s AOIyCTUMOTO yIIpaBAeHI: UCCAeAyeTcs ITOCTpoeHHast $pop-
MyJa IpupalieHns u B GpopMe aHalora IpUHIIUITa MakcumyMa [ToHTpsArMHa AOKa3bIBaeTcsl He0OOX0AUMOe YCA0-
Bli€ OIITMMAaAbHOCTI.

KaroueBble caoBa: MHTerpaabHOe ypaBHeHMe, MHOTOTOYeUHBIN (PYHKIIMOHAA, AOMYyCTMMOe yIIpaBAeHue,
HeoOX0AMMOe yCAOBUEe ONTUMaAbHOCTM, IPUHINI MakcuMyMa ITonTpsaruna.

A NECESSARY OPTIMALITY CONDITION OF THE PONTRYAGIN'S MAXIMUM PRINCIPLE TYPE
IN AN OPTIMAL CONTROL PROBLEM WITH A MULTIPOINT PERFORMANCE CRITERION

ABSTRACT

The paper considers one optimal control problem described by a two-dimensional Volterra type integral
equation with a multipoint functional. A formula for the increment of the functional is developed. With the help
of a special increment of the admissible control, the constructed formula increations is studied and, in the form of
an analogue of the Pontryagin's maximum principle, the necessary optimality condition is proved.

Keywords: integral equation, multipoint functional, admissible control, necessary optimality condition,
Pontryagin's maximum principle.

Giris. Bir cox proseslar miixtslif tip inteqro-diferensial ve inteqral tenliklarls tesvir olu-
nurlar (bax masalon, [1-5]).

Inteqral tenliklarle tesvir olunan optimal idarsetms masalalarinin tadqiqi diferensial
tonliklarls tosvir olunan optimal idarsetma masoalalarinin todqiqine nisbaton daha miirakkeb
masaladir.
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Ovvoller [3, 5] ve sair islorde Volterra tip inteqral tenliklarle tosvir olunan optimal
idarsetma masalalorinin keyfiyyat nazariyyasi miiayyon qodoar tadqiq edilmisdir.

Bu isds iki 6lgiilii Volterra tip inteqral tanliklar sistemi ve ¢oxndqtali Bolsa tipli ketfiyyat
meyart ils tosvir olunan optimal idarsetmoa masalasine baxilir.

Baxilan mosalede tebii hamarliq sertleri daxilinds optimalliq tiglin Pontryaginin
maksimum prinsipinin (bax masalan, [6]) analoqu seklinds zaruri sort isbat edilmisdir.

1.Masalanin qoyulusu. Tutaq ki, U € R" verilmis, bos olmayan ve mahdud ¢oxluqdur,
u(t,x) — r-Olciilii hissa-hisso kasilmaz (sonlu sayda birinci nov kesilme xottine malik)
idarsedici vektor-funksiya (bax masalen, [7]), f(t, x,7,s,2z,u) — verilmis, arqumentlorinin
kiilliisiine nazaran z-s gora xiisusi toramosi ile birlikde kasilmaz n-Olciilii vektor-funksiya,
F(t,x,z,u) — verilmis, arqumentlorinin kiilliisiine nazaran z-o gore xiisusi toramoesi ilo
birlikde kasilmez skalyar funksiya, D = [tq,t1] X [xg,x;] verilmis diizbucaqli, (T}, X;),i=
1,_k(t0 ST <T <..<Tp St15x9 <X < Xp <oo.< X < x9) — verilmis noqtalar,
p(ay,ay,...,a;) — iso verilmis kosilmaz-diferensiallanan skalyar funksiyadir.

](u) = (p(Z(Tlel)'Z(TZ'XZ)J ""Z(Tk'Xk)) +

+ fttl f:lF(t, x,z(t, x), u(t, x) )dxdt €))

0 0

Bolsa tipli funksionalin

t px
Z(t,x)zj f f(t,x,T,S,Z(T,S),u(T,S))deT, (2)
to Yo

u(t,x) eU cR",(t,x) €D 3)
moahdudiyyatlari daxilinde minimumunun tapilmasi messlesine baxaq.
Magsedimiz optimalliq {i¢iin zaruri sert tapmaqdar.

2. Funksionalin artim diisturu. Tutaq ki, (u(t,x),z(t,x)) vo (it(t,x) = u(t, x) + Au(t, x),
Z(t,x) = z(t,x) + Az(t, x)) iki miimkiin prosesdirlor. Onda funskionalin bu proseslars cavab
veran artiminm

A](‘LL) = ¢(E(T1'X1)JE(T2'X2)J ---JE(TRJXk)) - (p(Z(TLXl)'Z(TZ'XZ)' ""Z(Tk'Xk)) +
t1 rxq
+f f [F(t,x,2(t, x), u(t, x)) — F(¢t,x,2(t, x), u(t, x))|dxdt 4)
to Jxo

soklinds yaza bilerik.
Aydindir ki, Az(t, x)

t1 rxy
Az(t,x) = J f [f(t, x,7,s,2(1,s),u(r, s)) — f(t, x,1,s,z(t,s),u(t, s))]dsdr (5
to Jxo

tonliyinin halli olar.

Bu eyniyiliyin har iki torafini soldan skalyar olaraq halslik namalum olan ¥ (¢, x) vektor-
funksiyasina vuraq. Fubini teoremindan istifades edarak alariq ki,
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|

Bu (6) eyniliyinindan istifade etmakls (4) artim diisturundan alariq ki,
4] W) = ¢(Z(T1, X1),2(T, X3), ..., Z(Tie, X)) —
_(p(Z(Tll Xl): Z(TZ; XZ)! T Z(Tkl Xk)) +

" f (60 Az, ) dxdt = ft " fx B [ ft " fx @ (s, 63 70, 86 1)) —

0o “Xo

—f(r, s, t,x,z(t, x), u(t, x))]dsdr] dxdt. (6)

t, Xy
+f f [F(t, x, Z(t, x), u(t, x)) — F(t, x, z(t, x), u(t, x))]dxdt +

0 0

+ftt1 fxxllp,(t,x)élz(t,X)dxdt—jtzl f,: Uttl f:llp,(r,s)[f(f,s, t,x, 2(t, x),u(t, x)) —

0 0

—f(z,s,t,x,2(t, x), u(t, x))|dsdr|dxdt @)
Teylor diisturunu totbiq etmakls aliriq ki,

(p(E(TlJXl)JE(TZ'XZ)J "'JE(TRJXk)) - ¢(Z(T1'X1)'Z(T2'X2)' ""Z(Tk'Xk)) =

= zk: a;(t, x) 09’ (2(Ty, X1), 2(Tp, X3), -+, 2(Ti, X))

aai

=1

k
A2(T, XD + 01 | D 14z(T XDl |- (8)
i=1

Burada «;(t, x) [to, T;] X [xo, X;] diizbucaqlisinin xarakteristik funksiyasidir.

Yuxarida verilmis (5) diisturundan aliriq ki,
ty X1
a2 x) = [ [ o[ (T Ko tox, 20620, 2600) -
to “xo

—f(Tl-,Xl-, t,x,z(t,x),u(t, x))]dxdt. 9

Bu (8) va (9) berabarliklorini nezers almaqgla funksionalin (2.2.7) artim diisturunu
asagidaki sokilde yaza bilerik

t1 rxq k !
A](u) — -[ f Z ai(t, X) a(p (Z(Tllxl)!Z(YGWZ(;A.XZ)! ---!Z(Tk'Xk)) x
t i

Xo j=1

X [f(Ti, X, t, %, 2(t, x), @ (t, %)) f (T, Xi, t, x, z(t, x), u(t, x) ) | dxdt +

tl X1
+ f f Y (t,x)Az(t, x)dxdt —
to “xo

L et e -

k
—f(r,s, t,x,z(t,x),u(t,x))]dsdr]dxdt+01 ZlIAz(Ti,Xi)ll +
i=1

i

t1 rxq
+ _[ f [F(t, x,z(t,x),u(t, x)) — F(t, x,z(t,x), u(t, x))]dxdt. (10)
to Yo

0
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H(t,x, 2(t, ), u(t, ), (t, x)) =
k

00'(z(Ty, X1),2(T5, X5), ..., z(T, X
_ _zai(t:x) % (Z( 1.X1) Z(aza' 2) z(Ty k)) %
l

i=1
X f(Ti,Xi, t,x, z(t, x), u(t, x)) - F(t, x,z(t, x), u(t, x)) +

t X1
+f f l/)’(r,s)f(r,s,t,x,z(t,x),u(t,x))dsdr

soklinds Hamilton-Pontryagin funskiyasmin analoqunu daxil edak.

Bu isaralomeni nazare alsaq (10) artim diisturunu
t

Al(u) = —f 1f 1[H(t,x,z_(t,x),ﬁ(t,x),lp(t,x)) —
to Jxo

—H(t, %, z(t, x), u(t, x), P(t, x) )| dxdt +

t1 rXx1 k
+J;O fxo l,l)'(t, X)AZ(t, X)dth + 04 (Z”AZ(TL,XLNl) (11)

sokilda yaza bilarik.
Teylor diisturuna asasen yaza bilarik ki,
H(t,x,z,u,y) —H(t,x,z,u,y) = H(t,x,z,u, ) — H(t,x, z,u, ) +
+(Hz(t, x,z,u,P) — H,(t,x,2,u, l/)))’AZ + H,(t, x,z,u,Y)Az + 0,(]|4z])).
Bu ayryrilisi (11) diisturunda nazars alsaq ve forz etsak ki, Y (t, x) vektor-funksiyasi
Y(t,x) = Hz(t, x,z(t,x),u(t,x), P(t, x))

tonliyinin hallidir, gorarik ki,

ty X1
Al (u) = —f f [H(t, x,z(t,x),u(t,x), P(t, x)) —

to Jxo
—H(t,x,z(t, %), u(t, x), P(t, x) )| dxdt — ftl J_XI[HZ(t, x,z(t, x), u(t, x), P(t, x)) —
to Jxo

—H,(t,x,z(t, x), u(t, x), (¢, x))]’Az(t, x)dxdt —

t1 X1 k
- [ otanomarde + o, (leAz(Ti,Xan) (12)
to “Xo i=1

Daha sonra Qronuoll-Vendroff lemmasindan istifade edarak (bax masalen, [8]) [5] isino
analoji olaraq

t rx
14z (t, x)|| < Llf f ||f(t, x,7,5,2(1,5),u(t,s)) —

to %o
—f(t, x,7T,5,2(1,s),u(T, s))”dsdr (13)

giymatlanmasi almair.
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Burada L; = const > 0 miiayyen bir sabitdir.

3. Pontyaginin maksimum prinsipinin analoqu. Tutaq ki, (6,§) € [ty,t1) X [x¢,%1)
u(t, x) miimkiin idaresinin ixtiyari kasilmazlik noqtesi, v € U — ixtiyari vektor, € > 0isa els
kafi godoer kigik ixtiyari adoddir ki, 8 + & < t;, &+ & < x; boarabarsizliklori 6denilir. Onda
u(t, x) miimkiin idarasinin xiisusi artimini

v —u(t, x), (t,x)E[6,0+¢)x[&E+¢),

Aug(t,x) = {0' (t,x) € D\[0,0 + &) X [§,& +¢),

(14)

diisturu ile toyin eda bilarik.

Daha sonra 4z.(t, x) ilo z(t, x) vaziyystinin u(t, x) miimkiin idarasinin (14) diisturu ilo
toyin olunmus xiisusi artimina cavab veran xiisusi artimini isare edak.

Yuxarida verilmis (13) giymatlondirmasinden aliriq ki,
|14z, (t, x)|| < L,&?%, (t,x) € D. (15)
Burada L, = const > 0 miiayyean bir sabitdir.

Bu giymsatlondirmeni va (14) disturunu (12) artim diisturunda nazars alaraq orta
giymaot teoremindan istifads edarok alariq ki,

Ju + Au) —J(u) = —€2[H(6,§,2(6,8),v,9(6,8)) —
—H(8,¢,2(8,9),u(8,6),%(6,9)] + 0(e?).
Bu ayrilisdan aliriq ki, ager u(t, x) optimal idaradirss, onda
—€2[H(6,,2(6,8),v,1(6,6)) — H(6,€,2(6,€),u(6,8),1(6,6))] 2 0

barabersizliyi 6danilir.

Bu barabarsizlikden e-nun kafi godar kigik ve ixtiyari miisbat aded olmasina gore

H(6,£,2(6,),v,1(0,6)) — H(6,£,2(6,6),u(6,8),(6,8)) < 0

barabersizliyi almair.

Teorem 1. Baxilan (1)-( 3) optimal idareetmo mosalasinde u(t,x) miimkiin idaressinin
optimal idara olmasi {igiin zaruri gort

I;Elealj( H(G, E, Z(g, E), v, '(/)(9' E)) = H(eﬁ fv Z(G, f)! u(e' f)' ¢(9' 5)) (16)
miinasibatinin ixtiyari (6, ) € [tq, t1) X [xg, x1) liclin 6denmasidir.

Beloliklo, baxilan masslode Pontryaginin maksimum prinsipinin (bax moasalen, [6])
analoqunu isbat etmis oldugq.
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THE MIXED PROBLEM FOR ONE-CLASS NONLINEAR
DISSIPATIVE TIMOSHENKO SYSTEM

FERHADOVA YETER
Institute of Mathematics and Mechanics,
Ministry of Science and Education Republic of Azerbaijan

ferhadova.yeter@gmail.com

ABSTRACT

In this article, we consider the Timoshenko system with nonlinear dissipation and nonlinear source function
which describes the transverse vibrations of a beam. Our main concern in this paper is to study the well-
posedness of the mixed problem for one-class nonlinear dissipative Timoshenko system. The system coupled
hyperbolic equations is supplemented by some initial and boundary conditions. Under suitable hypotheses, we
show the existence of a global solution of the considered problem by modelling this problem as the Cauchy
problem for an operator coefficient equation in a certain space.

Keywords: Timoshenko system, mixed problem, beam, nonlinear source function, global solution

CMEIIIAHHASI 3A JAYA AA51 OAHOTO KAACCA HEAVIHEMHO
AVICCUITATUBHOW CUCTEMBI TUMOIIIEHKO

PE3IOME

B sannoi1 cratbe MBI paccMarpuBaeM cucTeMy THMOIIEHKO C HeAMHENHOM AMccuIlaliell ¥ HeAMHeNHOM
JyHKIIMEN MCTOYHMKaA, KOTOpas OIMCHIBaeT IoIlepedHble KoaeOaHus Oaaku. Harmeit raaBHOM 11eabl0 B DTOM
cTaTbhe sBASETCS JCCAeJ0BaHNe KOPPeKTHOCTM CMEIIaHHON 3ajauM AA4s OAHOIO KJacca HeAMHENHON
AVCCUIIATUBHON cucTteMbl Tumomrenko. CucreMa CBSI3aHHBIX IMIIEPOOANYECKMX YpaBHEHMII AOIOAHSIETCS
HEKOTOPBIMM HayaAbHBIMU M TPaHMYHBIMM ycaoBMaAMM. Ilpm mHogxoasAmmx IMIIOTe3aX MBI ITOKa3blBaeM
CyIlecTBOBaHMe I100aAbHOTO peIlleHNs paccMaTpyUBaeMoll 3a4aul, MOAeANPY: BTy 3ajady Kak 3agady Kormm g4
onepaTopHO-KODPPUITMEHTHOTO YpaBHEHNS B HEKOTOPOM IIPOCTPaHCTBE.

Karouesble caoBa: Cucrema TumorneHnko, cMemanHas 3ajada, 6aaka, HeAnHelHas QYHKIVS MCTOYHMKA,
raobaapHOe perleHyne

BIiR SINIF QEYRI-XOTTi DiSSIPATIV TIMOSENKO SiSTEMi UCUN QARISIQ MOSOLO
XULASO

Bu maqalads, ¢ubugun enins titromsalarini tosvir eden qeyri-xatti dissipasiya ve geyri-xoatti manbae funksiyasi
olan Timosenko sistemini nazerden keciririk. Bu maqaladaki asas maqgsadimiz bir sinif qeyri-xatti dissipativ
Timogenko sistemi ii¢iin qarisiq masalenin yaxst qoyulusunu dyranmekdir. 9laqgsali hiperbolik tenliklar sistemi
baslangic ve sarhad sortlori ilo tamamlanib. Uygun farziyyelsr altinda biz bu problemi miiayyen bir fozada
operator-amsal tenliyi tigiin Kosi masalasi kimi modellasdirmakls global hallinin mévcudlugunu gostaririk.

Acar sozlar: Timosenko sistemi, qarisiq masals, cubugq, geyri-xotti menbe funksiyasi, qlobal hall

Introduction

Connecting beams are one of the most important components of civil and mechanical
devices with various structures. For this reason, the study of beams is of particular
importance and they are widely studied in the mechanics of materials. A widely used
mathematical model to describe the transverse vibrations of beams is based on the
Tymoshenko beam theory developed by Timoshenko in the 1920s.
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In 1921, Timoshenko [1] gave the following system of coupled hyperbolic equations

{ puge = (K(ux —¢)) . in(0,L) xRy, ©1)
Ipd)tt = (E1¢x)x + (ut - ¢): in (0,L) x R, '

together with boundary conditions of the form

Flg [ Zo=0, - =0

x=0

7

as a simple model describing the transverse vibrations of a beam. Here t denotes the time
variable, x is the space variable along the beam of length L, in its equilibrium configuration,
u is the transverse displacement of the beam and ¢ is the rotation angle of the filament of the
beam. The coefficients p, I, E,I and K are respectively the density (the mass per unit length),
the polar moment of inertia of a cross section, Young’s modulus of elasticity, the moment of
inertia of a cross section, and the shear modulus.

Later, many studies were conducted for various generalizations of this mathematical
model, and investigations in this field are still ongoing.

In this paper, the Timoshenko system with nonlinear dissipation and nonlinear source
function is studied and the existence of a global solution of the problem is shown.

Statement of the problem and main result.
In the paper, we consider the following mixed problem in the domain
Q = [0,00] x [0,1];

{ pPee — K(py — )y + 1" b = f1(D, ),
Lpee — EIpyy + K(dx — ) + [9el2 " e = f2(d, ¥) D

{(P(t, 0) =¢(t,1) =0, @)
P(t,0) =9, 1) =0,

{¢(0. x) = ¢o(x), ¢e(0,x) = $1(x), 3)
(0,%) = Po (1), ¥e(0,x) = P, (x),

where
i) p>0,K> 0,lp >0,E>0,1>0,7n =1, =1 are constants,
ii) f1(¢, V), f2(¢, ) are functions satisfying the local Lipschitz condition.

To study the problem (1), (3), let’s define the following bilinear form in the Hilbert space
forw! = (Wi, vi,vivh),i=12:

1 1 1 1
whw?) =K [ (viy — v3)(viy —vi)dx +p [ vy - vidx + El [ vi, - vidx + 1, [ vi - vidx. (4)

It is easily seen that the bilinear form (4) defines a scalar product equivalent to the scalar
product defined according to the Cartesian product in the space H.

By the scalar product in H we mean the scalar product defined as (4).

Let us denote v, = ¢, v, = ¢y, v3 = P, v, = P, and define the following operator in the
space H:

D(Ao) = (H? N Hg) x Hg x (H? N Hg) x Hg,
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0 1 0 0
/ K 9° 0 K 0 0\
_ | pox? p 0x
D=1"0 o0 0 1
K o EI 0% K /
l, 0x l, 0x* 1,
Also, let's define nonlinear operators in the space H as follows:
0 0
7'1—1
Ay = 12V V) Py = [ 100V )
4|2 v, f2(v1,v3)

Thus, we can rewrite the problem (1)-(3) in H using the operators defined above as
follows:

w' = Agw + A;(w) + F(w), (5)
w(0) = wy . (6)
Here, wy = (V10, V20, V30, Va0), V10 = Po(X),V20 = $1(X),V30 = (X)),
Vg = P1(%).
The following theorem on the solvability of the problem (5), (6) is true.

Theorem 1. Assume that conditions i) and ii) are fulfilled. Then, for VT > 0 and Ywy € D(4,) ,
there exist such T' > 0 and unique

w € C1([0,T]; H) N C([0,T]; D(A)),
which satisfies the problem (5)-(6) . If wy € H, then w € C([0,T]; H).

If Trax 1s the length of the maximum interval for the existence of that solution, then one of the
following alternatives holds:

a) Tpax = +0
b) or lim, -0 [[$F(t, %) + $Z(t, %) + YE(t, %) + Y2(t,2)]dx = +o.
If f; and f, are the functions in the following form
fi@ ) = —1oPHYIPT e, f2(d ) = —lpPHHYIP M, p 20, (7)
we can talk about the global solution of the considered problem.

In this case, the following theorem on the existence of a global solution to the problem
(5)-(6) is true.

Theorem 2. Suppose that conditions i) , ii) and (7) are fulfilled. Then, for VT > 0 and Vw, €
D(Ay), there exists such

w € C1([0,T]; H) N C([0,T]; D(A)),
which satisfies the problem (5)-(6) . If wy € H, then w € C([0,T]; H).
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Proof of existence and uniqueness theorem
In order to prove Theorem 1, let us first prove some auxiliary lemmas.
Lemma 1. A is a linear maximal monotone operator in H.

Proof. First, let’s show that 4y is a monotone operator. From the definition, it follows
that

K K El K K
Agw = (U3, — —Vyxx + V3 Vaax T Vix T —73).
p p p P Pp

Then,

1
(Aw,w) = K - f (Wax = va) - (V1 — v3) dx +
0
1

1K K
+p-j (—Vixgx — —V3x) " V2 dx+EI-f Vay " U3dx +
o P p 0

1K El K
+lpf (l_ Vix t l_v3xx ——V3) - Vdx =
o ! p Pp

1 1
=Kf v2x-v1xdx—Kj
0 0

+K fol vy - Vgdx + Kfol Viyy * Vpdx — Kfol Vgy - Vpdx + EI - fol Vay * V3pdx +

1
Voy - V3dX — Kf Vg - Vipdx +
0

+K fol Viy - Vgdx + EI - f01 V3 * Vadx — Kf01 V3 - vydx.
Integrating by parts in the fifth and ninth terms, we get
(Agw,w) = 0.

So, Ay is a monotone operator. To show maximal monotonicity, we need to show that
the image of I + A, coincides with H. In other words, it is necessary to show the existence of
the solution w € D(4,) of the equation

(I +Ao)w =g (8)
for Vg € H.

If we write equation (8) explicitly, we get the following problem:

{ V1=V, =01
K K
_;lex+;v3x+v2 =9>
V3 = Vs = G3 ©)

EI K
— 7 Usxx + —V3 —
lp Dp

%le TV, =94
v1(0) =v,(1)=0
1,(0) =v,(1) =0
v3(0) =v3(1) =0
1,(0) =v,(1) = 0.

Here, g, € H} , g, € L,(0,1),95 € H} , g4 € L,(0,1). If we substitute v, and v, in other
equations, we obtain the following problem:

(10)
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—Kv1xx + Kvsy + pv1 = 7 (1)
_EIUSXX + KU3 - Kle + lpv3 = g4

v1(0) =v1(1) =0
{vsm) = vy(1) = 0. 1)

Here, §, = p(g2 + 91), Ga = 1,(ga + 93), G2, Ga € Hj X Hg.

Let’s define the following bilinear form:

1 1
B(V,U)=K - f (V1x —V3) - (U —uz)dx + EI - f U3y * Uzedx
0 0

+p - fol vy ugdx + 1, - fol v3 - uUzdx,

where, V = (v4,v3), U= (uy,u3) € H} x H}. It's obvious that B(V,U) is a bilinear form
defined in H} x H}.

Using the Holder’s inequality, we derive that

1 1
|B(V,U)| < 2K f |vix — v3|?dx + 2K f |ug, — uz|? dx
0 0

1 1 1
+2E1-f |v3x|2dx+2EI-f |u3x|2dx+2p-f |vy|2dx
0 0 0

+2p - [ lug|Pdx + +21, - [ |vsl?dx + 21, - [ us|?dx . (13)
On the other hand,
Jylix = vsl2dx < 2 [Jlvre[2dx + 2 - [{lvs[2dx. (14)
It follows from (13) and (14) that
BV, <c- (||V||IzquH(} + ||U||i1&XH&) ’

i.e. B(V,U) is continuous. Taking V = U gives the following expression:

1 1 1
B(U,U)=K f |ug, — us|? dx + EI f |ugel?dx +p f |ug |?dx +
0 0 0

1 1 1
+lp'-[0 |u3|2dx =KJ;) |u1x|2dx+(K+lp)'J; |u3|2dx+

1 1 1
+EI - [ luzel?dx +p - [;lug|?dx — 2K - [ ugx - uzdx.  (15)

Using Holder's and Young's inequalities, let's estimate the last addend as follows:

1 1 1
K 1
ZK'_[ Uy Ugdx| < K _[ |ux|? dx + j lug|?dx| =
6 K+1, J, K ),
K+1,
— K? 1 2d K+1 1 2d 16
_I<’+lp'f0|u1’€| x+( +p)'f0|u3| x . (16)

The following inequality is obtained from (15) and (16):
BW,U) = ¢ U
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. (K1
¢ = min{—= EI¢.
K+l,

Therefore, the bilinear form B(U,V) satisfies all conditions of the Lax-Milgram theorem.
Therefore, the equation

B(V,U) = (G,U),YU € H} x H}
has a solution V € H} x H}, where G = (3, §a)-
So, problem (11), (12) has a unique solution v; € H}, v € Hg.
The lemma is proved.
Lemma 2. A, (-) is a monotone semicontinuous and bounded operator acting on H.

Proof. If w = (v, V,,V3,V4) € D(4y) , then v,, v, € H} . In this case,

1 1

2r 2r;
v, |2 dx + fo 04|22 dx < |, llgps 1 + Ilvalls o

14, w17 = j

0

21,

2r
<c- (vl + vl = ¢ Awll),

i.e. A;(*) is a bounded operator.

Suppose that, w = (v, v,,v3,v,), z = (21,23, 23,24) VoW, z € D(Ay). Then,
1
(41 (w) — A1 (2),w —2) = f (w71 vy — 25|71 - 25) - (v, — 2z5)dx +
0

+f01(|v4|7”2—1 * Vg — |Z4|r2_1 ' Z4_) . (174_ - Z4)dx =>0.
Let's take any w, z, ¢ € D(4,):

W = (U1, V2,V3,V), Z = (21,22, 23,24), § = (§1,$2,3,84)-

Then,

1

(Alw + t - 2),¢) =f v, +t- 2|07 (v + - 2y) - Epdx +
0

iy lva + €2y 27 vy + € 24) - Eyd, £ > 0,
From here, it follows that
limeo (A1 (W + ¢ 2),8) = (A1 (W), §).
That is, A; () is semicontinuous.
The lemma is proved.

According to the Brezis theorem [8], the sum of a maximal monotone operator, a
monotone semicontinuous operator, and a bounded operator is the maximal monotone
operator.

Since Ay(-)*+A;(*) is a maximal monotone operator, and F(w) is a nonlinear operator
satisfying the local Lipschitz condition, the Cauchy problem (5), (6) has a unique local
solution. That is, for Vw, € D(4,), there exist such a T'>0 and such a
w € C1([0,T]; H)NC([0,T]; D(A)) that satisfies the problem (5)-(6). If wy € H, then w €
C([0,T]; H).
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Proof of Theorem 2 . According to Theorem 1, if we show the a priori estimate
WOl <c, 0<t<T;
of the problem (5)-(6), we will have proved Theorem 2.

Therefore, if we obtain the a priori estimate

[ 197t %) + ¢2(t, %) + YE(t, x) + Y2(t,x)]dx < € < +o0 (17)

for the solution of problem (1)-(4), we can globally continue the solution defined by
Theorem 1.

To obtain the estimation (17), let's multiply the first equation of system (1) by ¢, and the
second by ¥, and integrate over the domain [0,1] x [0,T'].

t 1

f o, Pdx — K f f (0 — W) - ¢ dxdt + f f [l ¥ dxdt =
=2 o) 2dx + f, [} fi(e. W) - ¢ dxdt , (18)
1 1
L El
L2 [pelPdx + = | [WulPdx + K | | @hx — @) - ¢ dxdt =

= (Mo Coldx + [1 2 fo(o.9) - we dxdt . (19)

If we consider that

p+1dt|¢( ) P& 0P = (et ), () - @ (%) +

(@t x), Pt %)) - Pe(t, %),
by summing (18) and (19), we get that

1 1 1 1
l El K
2 [lpezax+ 2 [lweax+ 5 [Weldx +5 [lgc+ pPax +
0 0 0 0
t 1 t 1 1 I 1
+ [ [lodmraxde+ [ [l miaxde = [1scordx+ 2 [l @ldx +
00 00 0 0

1 1
El ,. K ,
+ [ Wouldx +3 [ 10000 + oo +
0 0

+mf lo(t, x) - p(t, %) [P+t dx. (20)

Then we get from (20) that

1 1 1 1
j|<ot|2dx ; f|¢t|2dx t fkox T plPdx + j|¢x|2dx ;
0 0 0 0
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t 1 t 1
+ f f ||+ dxdt + f f e ()] 2xdt +
00 00

1
+;f|w X) (6P dx < ¢
p+1 ’ ’ -
0

This completes the proof.
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ABSTRACT

The free vibrations of an anisotropic cylindrical panel with a rectangular profile, reinforced with shafts,
inhomogeneous throughout the thickness, reinforced with joints, and damaged by hole, in dynamic contact with
a viscoelastic medium, have been studied. Using the variational principle of Hamilton-Octrogradsky, a frequency
equation was established to calculate the free vibration frequencies of an orthotropic cylindrical panel with a
rectangular profile, which is inhomogeneous throughout its thickness, located on a visco-elastic base, all edges
are jointed, and damaged by hole. Then roots were found and the effect of physical and mechanical characteristics
determining the environment, shafts and cover on these roots was studied.

Keywords: inhomogeneous cylindrical panel; viscous-elastic base; shaft; free vibrations.

KOJAEBAHMS TOAKPEIIAEHHOV HEOAHOPOAHBIX OCAABAEHHBIX IMAVHAPUYECKUX
TMMAHE/EV B KOHTAKTE C BSI3KOYITPYT'OU CPEAOM

PE3IOME

Mccaeposansl cBoOOAHBIE KOAeDaHMS aHM3OTPOIIHOM LMAMHAPUYECKONM IIAaCTUHBI IMPSIMOYIOABHOTO
npodnas, HEOAHOPOJHBIMM IIO TOAIIVHE, IOJAKpeILAeHHON pedpamMu U IOBpPeXAEHHOI OTBepCcTHeM, IIpu
AVHAMITYECKOM KOHTaKTe C BA3KOyIpyroi cpeoit. C MCII04p30BaHMeM BapUaIjMOHHOTO IpuHIuIa IaMmnapToHa-
Ocrparpagckoro ycTaHOBAEHO YaCTOTHOe ypaBHEHMe AAs pacyeTa JacTOT CBOOOAHEBIX KOAeDaHMII OPTOTPOITHOI
IMAMHAPWIECKON ITAACTMHBI MPAMOYTOABHOTO IIpoQuAas, HEOAHOPOJHOM IIO TOAIIMHE, ITOBPEXAeHHON
OTBEpPCTMEM, PACIIOAOKEHHOI Ha BA3KOYIIPYIOM OCHOBaHUMU. 3aTeM HaXOAUAM KOPHU M U3ydaal BAUSHME Ha 9T
KOPHM (PU3UKO-MeXaHIIeCKIX CBOVICTB, XapaKTepU3yIOINX cpeay, peOpo 1 IIOKPOB.

Karouesble caoBa: HeOAHOPOAHAA IMAMHAPUYECKas I1AacTUHA, BA3KOYIIpyTas cpeja, peOpo, cBOOOAHBIE
KoAeDaHIs.

OZLU-ELASTIKi MUHITLO KONTAKTDA OLAN MOHKOMLONDIRILMIiS QEYRI-BIRCINS,
ZOIFLODILMIS SILINDRIK LOVHOLORIN ROQSLORI

XULASO

Diizbucaqli profilli, millarlo méhkemlandirilmis, qalinligr boyunca qgeyri-bircins, ve desiklo zadelanmis,
ozl elastik miihitla dinamik temasda olan anizotrop silindrik 16vhenin serbast ragsleri tadqiq edilmisdir.
Hamilton-Ostraqradski variasiya prinsipindaen istifade edearek, qalnlig1 boyunca qeyri-bircins olan, 6zlii-elastik
asas lizarinda yerlagsan, biitiin kenarlart barkidilmis, desiklo zadalonmis, diizbucaqli profilli ortotrop silindrik
I6vhanin sarbast reqs tezliklarini hesablamaq {igiin tezlik tenliyi qurulmusdur. Sonra kokler tapilmis ve atraf
miihiti, milleri ve Ortiiyii xarakterize edan fiziki-mexaniki xiisusiyyatlorin bu koklara tasiri dyrenilmisdir.

Acar sozlar: geyri-bircins silindrik 16vha, ozlii-elastik miihit, mil, sarbast ragslar.

INTRODUCTION: In [1,2], the free vibrations of anisotropic, inhomogeneous, reinfor-
ced, non-weakened by holes cylindrical panels with rectangular profile in contact with a
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viscoelastic medium were studied, free vibrations frequencies were found, and the effect of
parameters characterizing the construction on these frequencies was studied.

In [3], the problems of oscillating motions of cylindrical and conical covers, taking into
account the resistance of the external environment (Pasternak), were studied and a
comprehensive report was conducted, the results were presented in tables and curves of the
relationship between characteristic parameters.

In [4], the solution of the problems of practical importance is given, taking into account
the Fuss-Winkler resistance of rectangular and circular panels and cylindrical covers and the
resistance of the viscoelastic base.

PROBLEM STATEMENT: In this article, the problem of free vibrations of an
orthotropic cylindrical panel located on a visco-elastic foundation, reinforced with shafts,
inhomogeneous throughout the thickness, all edges are jointed and damaged by rectangular
hole is solved. The problem was solved based on the application of the Hamilton-
Ostrogradsky variation principle. For this, the total energy of the system is written:

J=V,+V +V, +V + A (1)

Here Vp - is the potential energy of the cylindrical panel, V| - is the kinetic energy of
the cylindrical panel, le - potential energy of the shafts, V;, - kinetic energy of the shafts,
A, - is the work done by the forces acting on the orthotropic cylindrical panel by the
viscoelastic base in the displacements of the points of the panel.

We will use a three-dimensional functional to account for inhomogeneities throughout
the thickness of the cylindrical plate. There are different ways to account for inhomogeneity.
One of them is consist of to accept Young's modulus and material density through thickness
as a function of variable coordinate [6]. We assume that Puasson's ratio is constant. In this
case, the total energy of the cylindrical panel is as follows:

R ¢ ouY (09) (aw)
Vv, = ] Izh(011511+022522+<712512+ p(z)[atj +(8t) +(8t} xdgdz

)

-2 3 o
2)

Here, h - the thickness of the cylindrical panel, S - is the area of the panel, SO - is the

area corresponding to the section.
Oy = bll(z)gll +by, (2)522; Oy =Dy (2)511 +by, (2)522; O1p = bgg (2)512
3)
08 08
11 8X’228y ’ué‘y@X

Using (3), we can write the functional (2) below:

(4)
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R - - - - - -

V= 2> _U {b113121 +2D1,811855 + 205661265, + 2DigE1181, + b22<9222 + b665122 }de(D
S—Sp
ou) (89 (owY
V, = — — — | |ldxd ()
‘ J{o[’{(atj +( at) +(atj B e

Here,

h h h h
~ 2 - 2 - 2 _ 2
b11 = Ibll(z)dz’ b12 = _[b1z(z)d2; bzz = _[bzz(z)dZ’ bee = IbGG(Z)dZ,

h h h h

2 2 2 2

bu(z) = M b22(2> EZ—(Z)

1-vy, 1-vy,

V,E(2) _wE,(2)
1-vyv, 1-vyv,

bse(z): GlZ(Z) =G(2); blZ(Z) =

The energy of the shafts is as follows [5]:

1l = _(ou, . d%8, S o°w, i Py i
VmZEZIE‘F{&) YEl G | TR e | YOa| 5 ) X

i=L

a_ o ou ¥ (09 (ow ) (00 )
Vy =Y F || = | +| =] +] = | +22 =2 dx
i Ep"j[atj (at} (atj FLa

X
(6)
In expressions (2)-(6) le - the total energy of shafts regularly located along the length of

the generator on the surface of a inhomogeneous cylindrical panel, V,, - kinetic energy of
the shafts, U,V,W - displacements of the points of the cylindrical panel, R, h - respectively, the

radius of curvature and thickness of the cylindrical plate, E;-modulus of elasticity of the [
shaft, 5i - the density of the | shaft material, F j -cross-sectional area of the | shaft,

- moments of inertia of the cross section of the 1 shaft, G i - modulus of elasticity in

yir " kpi
h
sliding of the | shaft, U;, Vj, W;- displacement of the points of | shaft, Pi = I p(Z)Z'dZ,
—h
hoZz' ~ ~ ~
%z | % , K, - the number of shaft and E,(z)=E, (2), E,(z)=E, (), 6(z)=Gf (2).
i - z
o =W o = (aw+ 9 j
kpj = oy S N
OX X=X] oy OR Yoy
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It is assumed that the force acting on the cylindrical cover by the viscoelastic medium is
expressed by the deflection W (X, Y, Z)of the cylindrical cover as follows:

o*w 0w
q, =kw-K,| —+— —'[l"(t—z')N(z')dr 7)
OX oy 0
Here, kv - the Winkler coefficient, kp - is the Pasternak coefficient, which is found by
experiment, t - is time, and F(’[ —T) - is the viscosity kernel.

The potential energy of the forces acting on the orthotropic cylindrical panel by the
viscoelastic base is equal to the work done by these forces on the displacements of the points
of the panel with the opposite sign:

I ¢
A, = -R] [q,wdxdg 8)
00

Boundary conditions are also added to the energy expression (1). In the case of a hinge
joint

u=v=w=M_,=0 x=0;l igin

u=v=w=M, =0 ¢=0;¢, igin )

It is assumed that the coordinate axes coincide with the main curvature lines of the
panel, and the shafts are in rigid contact with the coating along these lines:

u;(x)=ulx, y;)+he (x yi) 8 (x) = (x, )+ he,(x, ;)

w(x)=w(x, %) ¢(x)=@( ). gi(x)=@:(x ;) b =05h+H;

@, (x)= (/)Z(Xj , y), D (X) = (/)Z(Xj , y) h; =05h+H; (10)
Here, H 1 - the distance of the axis of the | shaft from the surface of the cylindrical shell,

@iy @ypi - are the turning and twisting angles of the cross-sections of the shaft and are

expressed by the displacements of the cylindrical cover as follows:

P (X)=0,(%, ;)= _(% +g}

y=Yj

As a result, the investigation of the free vibrations of a cylindrical panel, which is located
on a visco-elastic base, is inhomogeneous throughout its thickness, is reinforced by joints,
and is reinforced with shafts is brought to the integration of the total energy (1) within the
boundary conditions (9) and (10) contact conditions (10) and the application of the
Hamilton-Ostrogradsky variational principle:

oW =0

t”
Here, W = IJdt - Hamilton effect, t’ and t” are given arbitrary instants of time.
tV
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(11)
Let us find the displacements of the cylindrical panel as follows:
. max . krp .
U=U,SINn ——SIn—=sin @t ;
| o
. max . kzp .
9=9,sin—=sin—Lsin wt;
| ?o
. max . Kzp .
W =W, SIn ——SIn —-sin ot.
| Py

(12)

Here, Uy, V(, Wy - unknown constants, M, K - are the wave numbers in the longitudi-

nal and transverse directions of the cylindrical panel, respectively.

Using ” = ”— ” a property of the integral, if we substitute statements (12) in (5), for
S-S, S S,
the total energy of a cylindrical panel with a rectangular profile, inhomogeneous throughout
its thickness, jointed at all edges, reinforced with shafts, and weakened by hole, we get:

2 2
R|l~(mz) .= ~ [ kz ~ (mrx

~ 2 2
+—b22|(pO W§ + 4l:b26(k_ﬂ] + ble(Mj ]LIO‘QO X (13)
4 PR

X I
X lop |1 L—Z@R ~ P cos 2k sin 2kr(_g —2p.R | |x
2 | 2{k+1 2kr -k +1 @, \k+1

XF&_ | sin 2mﬂacoszmﬂ(leJra)} sin® ot
2 2mrz I I

The total energy of shaft |, which is inhomogeneous throughout its thickness, is jointed
at all edges, and is located on the surface of the panel is as follows:

mmz 2 1= . 2 k7z-¢| 2 — mmz 2 .2 k7z'¢| g 2 kﬂ' i 2
V,=|—| -71EFsin Uy + EiJyi| —— | sin +G;Jypi COS Wy +
2 | Do | Do Do

| 2

, = -
~ GiJ,,i . (CTN :
+ EiJzi(m”j +—2 sin2 K7 vy Kz gin 267 W, +xsin? @t +
R Po R® g, Po

(14)
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= P J,
+7p":'la) ul sinz—km/)I +(1+ kpi ngoz sin 2 k7 +|sin? km" Joi (k”j X COS° krg W+
2 Dy F Do Do F I% Do

Jioi K7 sin 2K70,
F o, ®o

Sowo}sinz ot

If we replace expressions (12), (7) in (8), we can calculate the work done by the forces
acting on the panel, which is inhomogeneous throughout its thickness , all edges are jointed,
and reinforced with shafts, in the displacements of the points of the panel by the visco-
elastic base.

2 _2 2 _2 2
A :_R{{kv ; kp[mlf &;ﬂsmz ot 2L i
(s 0" +y

- lein 200t + ie""t sin a)t}Hl(po — {l((p - 2¢*Rj — &COSZkJ X

@ @ 2 2\ k, +1 2kr k +1
xsin2KT( ¢ _ 2¢.R [la _ N gip2mm g 2m7 (21, + a)} w5 (15)
2o |k +1 2" 2mz | |

With the help of expressions (13), (14), (15), we get for the Hamilton effect:
24 Kk 2
w =R bn( +2bg, [+ Mj 12 E,F, sin 2 krg | pFle” G2 kra u +
8 | ) 1= @ 2 ®,
IRgy| = [ kz | = (mz ? mz) 18 = mz ) Gy
+{ % b, +b66(—] +(—j -—Z[Ei\]zi(—j 2
8 (/)OR I 2 | = I R
=l P J . 2 kK - 2
y ARO[ Sy KT L ge b22'¢’°+(mj A3 ES (@] x
2 F Do 4 2 = "L

xsin? X7 "R 4 G308’ kra |_ ZRI —(cos at’ —cos wt”) (16)
4o +y°)

2 Do

. ' e p-1
){1 (t"—t')—sm 20t" —sin 2ot } R ol @, (1// et _ gy 4 Kol kg(pol
2 4o Aw® +1//) w 4

2 2 2 _
A Rl
% 4 2 PR

2 GJ 2]
(s el

i=1 I (Po 2 (/’o i=1 F 2

xF(t”—t’)— sin 2t —sin 2t }
2 4o
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From the stationarity condition of the W function, we get the following system:

1)%:0; 2) ﬂzol. 3) ﬂ:o. (17)
ou, oV, ow,

Since the system (17) is a system of homogeneous linear equations, a necessary and
sufficient condition for the existence of its non-trivial solution is that the principal
determinant is equal to zero. As a result, we get the following frequency equation:

detHaij H =0,i,j=13 (18)

PROBLEM SOLUTION: Equation (18) is a transcendental equation with respect to its
@ frequency. Its roots are complex numbers, the real part of which characterizes the
frequencies of the vibration, and the imaginary part of which characterizes the decay of the
vibration. The roots of equation (18) were found by numerical method. For this, the left side

of the equation (18) is divided into two equations by writing @ = @, + ia)z, and the interval
corresponding to the sign change is calculated. Then, the found interval was reduced, and
the values of the frequency @ =Rew were specified. In the calculations, the following

values were taken for the physical, mechanical and geometrical parameters characterizing
the panel, the environment, the inhomogeneity of the panel:

I
li =0,23mm*, 1, =51mm*, k, =10°N/m* , k, =10*N/m, == 3, R=16sm
py = p =1850kg/m* , E;, =6,67-10°N/m?, I, =1,3mm*, v=0,35; m=1,n=8
h =1,39sm, F.=52mm?, A=0,034, =005 (19)

It is assumed that the modulus of elasticity of the cylindrical panel varies linearly with
respect to the variable Z:

E\(2) =Ep@+ ), Ey(2)=Ep@+ ), G(z)= Go(l"'ﬁz)

Here, [ - is the inhomogeneity parameter and 3 € [— 1 l].

Table 1
kl 5 10 15 20
ay 55 59 62 67
Table 2
,B 0,2 04 0,6 0,8 1,0
W, 53 56 59 61 64

The found values of the number of shafts and the @; frequency for varied values of the

heterogeneity parameter /3 are given in table 1 and table 2. In the calculation, Eio _195 for
EZO ’

both tables, f=0,4 for table 1, kl =10 for table 2 were taken. As can be seen from the

tables, as the number of shafts and the values of the inhomogeneity parameter increase, the
specific oscillation frequencies of the system increase.
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HILBERT FOZASINDA iKINCI TORTIB OPERATOR-DIFERENSIAL
TONLIK UCUN SONLU PARCADA BIR SORHOD MOSOLOSININ
MOXSUSI ODODLORININ TODQIQI

R.F. HOTOMOVA

Sumgqayit Dévlat Universiteti

hetemova_roya@mail.ru

XULASO

Toqdim edilmis maqalada sonlu parcada ikinci tortib operator-diferensial tonlik {i¢iin bir sarhad masalasinin
moaxsusi adadleri todqiq edilmisdir. Bu magsadle avvalce tonliyin potensial funksiyasi sifir oldugu halda maxsusi

adadlari dyrenilir vo bu maxsusi adadlora uygun otronormal maxsusi vektor-funksiyalar toyin olunur. Q(X)

operator-funksiya miiayyen sortlori 6dadiyi halda baxilan masalanin spektrinin qurulusu haqqinda asas teorem
isbat olunur.

Acar sozlar: Hilbert fozasi, operator-diferensial tonlik, serhad sartlori, rezolvent, moaxsusi adadlor, maxsusi
vektor-funksiyalar, spektr.

VICCAEAOBAHVE COBCTBEHHBIX 3HAYEHUN O AHOV KPAEBOW 3A JAUU A/A51 OTTIEPATOPHO-
ANDOOEPEHIINMAABHOI'O YPABHEHMSI BTOPOTI'O ITOPAAAKA HA KOHEUHOM OTPE3KE B
I'MABBEPTOBOM ITPOCTPAHCTBE

PE3IOME

B mpeacraBaenHol cTaThe MccAeAyeTcs cCOOCTBeHHbIE 3HaYeHMs OAHOI KpaeBoll 3ajaul AAs OIepaTOpHO-
AndPepeHIaabHOTO YpaBHEHMs BTOPOTO Mopsaaxa. JAs 9TOM IleAn criepBa M3ydaeTcsl COOCTBeHHEBIe 3HadeHILsT
3ajayy ¢ HyAeBBIMM IIOTEHIMAaAbHBIMU (PYHKIVSAMMU ¥ OIpeAeAseTcsl COOTBETCTBYIOIE OPTOHOPMUPOBaHHBIE
cobcTBeHHBIe BeKTOP-PyHKIMH. Jajee JOKa3bIBaeTCs OCHOBHAs TeopeMa O CTPYKType CIeKTpa JaHHOM 3aJaull.

Karouesble caoBa: ['1anbepToBo IMpoCTpaHCTBO, OIepaTop, onepaTopHo-AuddepeHIaibHbe ypaBHeHe,
KpaeBble YCAOBUS, Pe301bBEHTa, COOCTBEHHBIE 3HaYEeHNsI, COOCTBEHHBIE BeKTOP-(PYHKIINH, CIIEKTP.

INVESTIGATION THE EIGENVALUES OF A BOUNDARY VALUE PROBLEM FOR A SECOND-ORDER
OPERATOR-DIFFERENTIAL EQUATION ON A FINITE INTERVAL iN A HILBERT SPACE

ABSTRACT

In the paper we study eigenvalues of a boundary value problem for a second-order operator-differential
equation. To this end, at first we study eigenvalues of the problem with zero potential functions and determine
approriate orthonormed eigen vector-functions. Then we prove the main theorem on the structure of the
spectrum of this problem.

Keywords: Hilbert space, operator, operator-differential equation, boundary conditions, resolvent,
eigenvalues, eigenvector functions, spectrum.

Forz edok ki, H -separabel Hilbert fozasidir.
H, = L,[[0,1]: H] Hilbert fozasinda

I(y) =—-y"+Q(x)y, 0<x<1()
diferensial ifadesi ve

y(0)=0, y'@+ay@®)=0,a>0 (2)
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sorhad sortlori ilo toyin olunmus L operatoruna baxaq. Burada Q(X) operator-funksiyast

istonilon X € [0,1] igin H fozasmnda 6z-6ziine qosma olan operatordur. Dlave olaraq

Q(X) operator-funksiyasinin asagida gostorilen sertlori 5demasi da forz olunur:
1) Q(X) oprerator-funksiyast istenilon X € (@,D0) ticiin 6z-6ziine qosma niive tipli

operatordur;

2) HQ(X)HHl < ;(/umﬂ — i ) burada My <ty <..< Uy < adadlori

\/Z COS\/Z +asin \/I =0 tonliyinin miisbat koklaridir.

3) H fozasinda els ortonormal {(p}::l basizi vardir ki, iHQ(X)(DnHHl <00,
n=1

L, ile |0(y) =—Yy"(X) diferensial ifadesi vo (2) serhad sortlori ilo toyin olunmus
operatoru isaro edok. L, operatorunun spektri \/ZCOS\/Z +asin\/z =0 tonliyinin

miisbat koklarinden ibarat olan { }ﬁzl,o <y < Uy <...< My <...coxlugdur. Tenliyin

m
har bir kokii sonsuz tortibli maxsusi adaddir. f4,, maxsusi adadine uygun ortonormal

moaxsusi vektor-funksiyalar

Wl (X) =, SN/, X-@,, n=012,... 3)
soklindadir. Burada

_ J2
" J1+atcos?Ju

Rg vo R , ile uygun olaraq LO vo L operatorlarinin rezolventasini isars edak.

o

- (4)

Asagidaki teorem dogrudur.

Teorem 1. Ogar Q(X) operator funksiyasi, 1)-3) sartlorini 6dayirse va A € p(L,) iss,

onda
Q)R :H; > H,
operatoru niiva tipli operatordur, yoni Q(X) Rg roy(Hy).
isbat1. Teoremi isbat etmok ticiin

>3 QRS

m=1n=1
sirasinin yigilan oldugunu gostermak kifaystdir ([2], sah.125).

(3),(4) barabarliklarini nazars alsaq, onda asagidaki miinasibatlori alariq:
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23 [QUIR ), = X3 i 47 JQuh ], =

m=1n=1
o o ) 1 ) 1/2
=2 2 un = A {I (St %) Q(x)qonHldX} .
m=1n=1 0

<233l ~ A 1Q00,

m=1n=1
Malumdur ki, M —> o0 sartinds asagidaki asimptotik diistur dogrudur [8]:

Jitm —[m;jﬂ+(2}r+o(r#j. ©

m_i

Bu berabarlikdean va (5) barabersizliyindsn aliriq:
> RUR ()|, =c, XM [Q(N)¢l,
m=1n=1 1 m=1 n=1

Burda C, yalmz A parametrindan asili olan har hansi miisbat adaddir.

3) sartindan va sonuncu barabarsizlikdon

53 QMR M), <

m=1n=1
oldugunu aliriq.
Teorem 1 isbat olundu.

Indiiss L operatorunun spektrinin qurulusu haqqinda teoremi gostarak:

Teorem 2. Ogor Q(X) operator-funksiyast 1)-3) sartlorini 6dayirss, onda L opertao-

runun spektri

O = Jptn Q. 11 + QW | m=12...

parcaliarmin birlssmasindan ibarat ¢oxlugun alt ¢oxlugudur. Bels ki, Qm parcalar ciit-ciit

kasigmirlar ve asagidakilar dogrudur:

a) L operatorunun € parsasina daxil olan ve g ,-den forqli olan har bir spektr

noqtasi sonlu tertibs malik olan izols edilmis, maxsusi adaddir;

b) i, noqteleri L operatorunun sonli ve ya sonsuz tertibs malik olan maxsusi adadi

ola biler;

) Asagidaki miinasibatlor dogrudur:

lim /,imn = Hm>

n—oo
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burada {ﬂ'mn }:]O:l L operatorunun €2, parsasina daxil olan moxsusi adodlaridir.

Isbati. L, vo L operatorlarinin rezolventasi olan R/? vo R, operatorlar iiciin

asagidaki barabarlik dogrudur:
R? -R,QR} =R, ()

Ogor A € R | UQm olarsa, bu halda

m=1

2) sortindan
2t >, M=12,...9
oldugunu alariq. Rg = (LO - AE )_l 0z-0ziine qogma operatoru ligiin
0 . -1
RS, =i
1 m
oldugunda (8) barabarsizhiyine gore
-1
Ry <
Re[,, <lal;:
alarig. Onda, naticods

IR, <IQll,

R;’HHl <1

oldugunu alariq. Bu onu gosterir ki, A(B) = Rg — BQR/? operatoru H,; fozasinda
tosir edon L(H;) xotti kesilmez operatorlar fozasinda sixan operatordur. Sixan

operatorlarin torpsnmaz noqtesi haqqnda teorems gora A(R,;) =R, tenliyinin yegana

0
halli vardir. Buradan aliriq ki, har bir A & UQm nogtesi L operatorunun requlyar

m=1
noqtasidir. Ona gore do 6z-6ziine qosma L operatorunun spektri ciit-ciit kesigmayon €2,

parcalarinin birlosmasindan ibarat coxluga daxildir, yeni
o(L) = JQ,.
m=1

Teorem 1 va (7) barabarsizliyinden almir ki, agar A adadi L, ve L operatorlarm

requlyar nogtesi iss, onda R, — R, operatoru H; fozasinda niive tipli ooperatordur yeni
quly q A 0 OpP 1 p P y

(R, - Rg) € o,;(H;). Bu halda mslumdur ki, L, ve L operatorlarmin spekrtinin

kasilmaz hissasi iist-iiste diiger ([7], soh.307). L, operatorunun spektri kasilmaz oldugundan

L operatorunun da spektrinin kesilmaz hissasinin { m }2:1 coxlugu oldugunu almis olariq.
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Buradan eyni zamanda teorem 2-nin a) b) c) hokmlarinin dogru oldugunu aiariq. Teorem
2 isbat olundu.

Magqalada hall olunan masalanin qoyulusuna va masalenin halli zamani gosterdiyi diq-
qgoto gore elmi rohbarin professor Homdulla I.Aslanova 6z derin minnatdarligimi bildirirom.
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IKi OLCULU VOLTERRA TiP INTEQRAL TONLIKLOR SISTEMI
ILO TOSVIR OLUNAN OPTIMAL IDAROETMO MOSOLOSINDO
OPTIMALLIQ UCUN BIRINCI VO IKINCI TORTIB ZORURI
SORTLOR VO KLASSIK MONADA MOXSUSI IDAROLORIN
OPTIMALLIGI HAQQINDA

VOFA RZAYEVA

Sumgqayit Dovlat Universiteti,
Sumgqayit, Azarbaycan

vefa.asgerova77@mail.ru

XULASO

Maqaleda iki dl¢iilii Volterra tip inteqral tonliklar sistemi ilo tasvir olunan bir optimal idarsetma masalasine
baxilir. Idars oblastinin aciq olmasi serti daxilinde Eyler tenliyinin ve Lejandr-Klebs sartinin analoglari
alinmigdir.

Optimalliq iglin ikinci tertib iimumi zeruri sort isbat edilmis ve klassik menada maxsusi idarelarin
optimalliq sorti alinmigdir.

Acar sozlar: interqal tonlik, miimkiin idars, optimalliq serti, funksionalin variasiyasi, Eyler tonliyi, Lejandr-
Klebs sorti, klassik monada moxsusi idara.

HEOBXOAMMBIE YCAOBMSI OIITUMAABHOCTU ITEPBOI'O M BTOPOTI'O ITOPSAAKOB U OB
OIITUMAABHOCTU OCOBBIX, B KAACCUYECKOM CMBICAE, YIIPABAEHUN B 3A JAYUE
OINITMAABHOTO YITPABAEHWVS, ONIMCBIBAEMOV CUCTEMOW ABYMEPHBIX MHTETPA1bHBIX
YPABHEHU TUIIA BOABTEPPA

PE3IOME
B cratpe paccmarpuBaercs ogHa 3asaya ONTUMAAbHOIO yIPaBA€HUs, ONNChIBa€Mas CUCTeMON JABYMEpPHBIX

MHTeTpaAbHBIX ypaBHeHuit tuma Boasreppa. Ilpu npeanoaoskeHnn oTKphITOCT 004aCTH YIIPaBAeHNUs 40Ka3aHbl
aHaAOTU ypaBHeHN Diiaepa 1 ycaosus Aexxanapa-Kaebma.

HO/ly‘{eHO 06Luee HeO6XO,Z|,I/IMO€ ycaoBue OITMMaAbHOCTU BTOPOTO IIOPAAKa M HEO6XOAI/IMOE ycaosue

OIITUMAaABHOCTI OCO6I)IX, B KAaCCNMYeCKOM CMBICAE, praBAEHVIﬁI.

KarougeBble cao0Ba: MHTeTpaAbHOE YpaBHEHMe, JOIYCTMMOEe YVIIpaBJeHlMe, YyCAOBME ONTUMAaABHOCTH,
Bapuanus QyHKI[MOHala, ypaBHeHMe Diilepa, ycaosue /exxanapa-Kaebmra, ocoboe, B KA1acCMIeckOM CMEICAE,
yIpaBAeHIe.

A NECESSARY OPTIMALITY CONDITION OF THE PONTRYAGIN'S MAXIMUM PRINCIPLE TYPE IN
AN OPTIMAL CONTROL PROBLEM WITH A MULTIPOINT PERFORMANCE CRITERION

ABSTRACT

The article considers the optimal control problem described by a system of two-dimensional integral
equations of the Volterra type. Assuming the openness of the control domain, the analogues of the Euler equation
and the Legendre-Clebsch condition are proved.

A general necessary condition for second order optimality and a necessary condition for optimality of
singular controls are obtained.

Keywords: integral equation by Volterra type, admissible control, optimality condition, functional variation,
Euler equation, Legendre-Clebsch condition, singular in the classical sense of control.
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Giris. Bir ¢ox islorde inteqral tenliklorlo tesvir olunan optimal idarsetma masalalori
tadqiq edilmis ve miiayyan optimalliq sartleri alinmisdir (bax masalan, [1-4]).

Taqdim olunan magqalado ilk dafs iki 6l¢iilii Volterra tip inteqral tanliklar sistemi ils ve
coxnoqtali ketfiyyat meyari ils tosvir olunan optimal idarsetma masalaSina baxilmigdir.

Artim tisulunun bir variantini totbiq edarak idars oblastinin agiq olamasi sarti daxilinda
optimalliq sortlori alinmigdir.

1. Masalanin qoyulusu. Bu isds
ty

J(u) = (p(z(Tl,Xl),Z(Tz,Xz), ...,Z(Tk,Xk)) +f f 1F(t, x, z(t, x),u(t,x))dxdt D

to “Xo
funksionalinin

u(t,x) € U c R",(t,x) € D = [ty, t1] X [x0,x1], (2)
t rx

z(t,x) = f f f(t,x,7,s,2(z,5),u(t,s))dsdr, (t,x) € D (3)
to V%o

moahdudiyyatlari daxilinde minimumunun tapilmas: masalssi tadqiq olunur.

Burada f(t,x,1,5,z,u) vo F(t,x,z,u) uygun olaraq, verilmis n-0l¢iilii ve skalyar
funksiyalar olub, arqumentloerinin kiilliistine nazaren (z,u)-ya gors ikinci tortib xiisusi
toromolori iloo birlikdo kosilmozdirler, ¢(a;,a,,...,ax) — verilmis, iki dofo kosilmaz
diferensiallanan skalyar funksiya, U — verilmis, bos olmayan, agiq ve mahdud coxlug, D —
verilmis diizbucaqly, u(t, x) — r-dlgiilii 6lgiilon vo mahdud idarsedici vektor-funksiyadir.

Yuxarida verilmis (2) mahdudiyystini 6dayen har bir idareedici vektor-funksiyaya
miimkiin idars deyacayik.

Forz olunur ki, har bir u(t, x) miimkiin idarssine (3) inteqral tenliklar sisteminin yegana
kasilmoz z(t, x) holli cavab verir.

Bu (1) funksionalia (2), (3) mahdudiyyatlori daxilinde minimum veran u(t, x) miimkiin
idaresine optimal idars, (u(t, x), z(t, x) ) prosesins iso optimal proses deyocayik.

Magsedimiz bu moahdudiyystlor daxilinde optimalliq tiglin yeni zeruri gertler
tapmaqdir.

2.Funksionalin birinci ve ikinci variasiyalarinin (klassik manada) hesablanmasi.
Tutaq ki, (t,x) vo u(t, x) = u(t, x) + Au(t, x) iki miimkiin idaradirlar. Bu (2) Volterra tonliklar
sisteminin bu iki miimkiin idarays cavab veran hallarini uygun olaraq z(t,x) ve z(t,x) =
z(t,x) + Az(t, x) ilo isaro edorak

H(t, x,z(t,x),u(t, x), P(t, x)) = —F(t, x, z(t, x), u(t, x)) —

— zk: o) 09’ (2(Ty, X1), 2(T2, X2, oo, 2(Tie, Xi)) y

Oai

=1

X f(Ty, Xy, t, %, 2(t, %), u(t, x)) +

£, rxq
+f f V' (T, 9)f (7,5t %, 2(t, x), u(t, x) )dsdr
t X
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soklinde Hamilton-Pontryagin funskiyasmin analoqunu daxil edak.

Burada a;(t, x) — [to, T;] X [xo,X;] diizbucaglisinin xarakteristik funksiyasi, (t,x) ise
halalik ixtiyari olan n-6lgiilii vektor-funksiyadar.

Bu halda (1) funksionalinin artimini

A w) = — f ' f [H(6x, 20t %), 1, 1), 96, %)) —
to X0
—H(t, x,z(t,x),u(t,x), P(t, X))]dxdt + ftl fxll,b’(t, x)Az(t, x)dxdt +
to X0

0% (2(Ty, X1),2(Ty, X2), v, 2(Ty, Xi))
aaiaaj

k k
1
+5 ) 47Ty X)) A2(T, X) + 01 | D 14z(T, XD | (4)
ij=1 i=1
sokilds gostare bilarik.
Burada o3(X%,114z(T;, X)|1?) kemiyyati

(p(E(TlJXl)JE(TZ'XZ)J "'JE(TRJXk)) - ¢(Z(T1'X1)'Z(T2'X2)' ""Z(Tk'Xk)) =
k

00’ (z(T{,X,),z(T>, X5), ..., z(Ty, X
ZZ (P( (T1, X1),z(T2, X3) (T k))Az(Ti,XL-)+
& da;
1,j=1
029 (2(Ty, X1),2(To, X3), v, 2(Ty, Xi.))

k
1
+§ Z AZ,(TL',XL')

i,j=1

k
D 22(T, X + 0, ZnAz(Ti,Xi)uz
=

ayrilisindan tayin olunur.

H(t,x,z,u,) funksiyasmin (x,u)-ya gors ikinci tertib kasilmez toremeaye malik
oldugunu nazare alsaq, funksionalin (4) artim diisturunu

t1 f"l OH'(t,x,z(t, x), u(t, x), P(t, x))

Az(t, x)dxdt —
0z

yaw=- [

to “Xo

Au(t, x)dxdt —

t
1 (b
_Eft

0

b % 9H' (¢, x, z(t, x), u(t, x), P (t, x))
LO ou

0

j‘Xl [Az’(t, %) OH?(t, x, z(t, x),u(t, x), P (t, x))

3,2 Az(t,x) +

OH2(t,x, z(t, x),u(t, x), P(t, x))
Judz

OH?(t,x, z(t, x),u(t, x), P(t, x))
ou?

+24u'(t, x) Az(t,x) +

Au(t, x) | dxdt +

+ Au'(t, x)

k
0%9(z(Ty, X,),z(T>, X5), ..., z(T., X

Z Az'(T;, X;) #(z(Th X,) c’)(a-zc’)a-Z) (T k))AZ(Ti,Xi) +

ij=1 v

N| =

+
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k t1 pxy
+or| DAz X0l | = [ [ o, Azt 0l + Naute 0 dxde +
~ to “x

0 0

+ f: fx:llp'(t. x)Az(t, x)dxdt . (5)

Forz edak ki, ¥ (t, x) vektor-funksiyasi
Y(t,x) = —Hz(t, x,z(t,x),u(t,x), P(t, x))
gosma sisteminin hallidir.

Onda funskionalin (5) artim diisturundan alariq ki,

_ “or%gH' (8, x, z(t, x), u(t, x), P(t, x))
A](u)——ftoj;o ou

Au(t, x)dxdt +

k
1 0%9p(z(Ty, X,),z(T,, X,), ..., z(Ty, X
+§Z A7 (T, X)) (P( (Ty, X1), z(T2, X7) (T k))

Az(T;, X;

ij=1
1(f ol dH?(t,x, z(t, x),u(t, x), (¢, x))
_Eft L [Az (t,x) 972

Az(t,x) +

dH?(t,x, z(t, x), u(t, x), (¢, x))
oudz

OH?(t,x, z(t, x), u(t, x), P(t, x))
ou?

+24u'(t, x)

Az(t,x) +

+ Au'(t, x) Au(t, x)] dxdt +

k t X1
+ou| DAz x0l? | = [ [ o, WAz 0l + Naute 0D dxde. 6)
i=1 to ¥

0 0

Moalumdur ki,

Az(t, x) = ftl IX1[f(t, x,7,5,2(1,5),Uu(z,s)) — f(t,x,7,5,2(7,5), u(z, s)) |dsdz. (7)

to 0

Buradan alariq ki,

t X
14z(t, 0| < Ly f f [142(e, )1l + l14u(z, s)|[] dsde

to Yxo
(L1 = const > 0 miiayyen bir sabitdir).

Bu barabarlikdon Vendroff lemmasini totbiq edarak alariq ki,

t px
14z(t, )| Ssz j [|Au(t, x)|| dsdz. (8)

to "o
Burada L, = const > 0 miiayyen bir sabitdir.

Tutaq ki, € > 0 miitlaq qiymeat ilo kafi gqodar kigik ixtiyari adad, v(t,x) € U, (t,x) € D iso
ixtiyari miimkiin idaradir.

Sorta gore U c¢oxlugu agiq ¢oxluqdur. Ona gora do u(t,x) miimkiin idarasinin xiisusi
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artimini
Au,(t,x) = edu(t, x) (9)
diisturu ils toyin etmak olar.

Burada e miitlaq giymaot ilo kafi qader kigik olan ixtiyari adad, du(t,x) € R", (t,x) € D iso
ixtiyari ol¢tilon vo mahdud vektor-funksiyadir.

Qeyd edak ki, (9) diisturu ils tayin olunmus Au,(t, x) xiisusi artimi variasiya hesabindan
moalum olan klassik variasiyadir.

Indi Az.(t,x) ilo z(t,x) veziyystinin idarenin (9) diisturu ilo toyin olunmus xiisusi
artimina cavab veran artimini isaro edok.
Yuxarida verilmis (7) diisturundan aydindir ki,

Az,(t,x) = f 1 x5, 20,59, u(t, ) Aze(5,5) +

to Xo
—fu(t.x,7,5,2(x, 5),u(t, 5))|du. (7, s)dsdr.
Buradan alariq ki,
t rx
Az (t,x) = j j [f(t, x,7,8,2(1,8) + Az.(7,5),u(t, s) + Au.(t, s)) —
to X

—f(t, x,1,s,2(t,s),u(T, s))]dsdr +
gl

Daha sonra (8) diisturundan aydindir ki, [|[4z.(t,x)|| |e| tortibden sonsuz kigik
komiyyotdir.

t X
[ ostlazte, )i + auz, )1 dsa. (10)

0 “Xo

Indi Az, (t, x) xtisusi artimin

Az (t,x) = €6z(t,x) + og(&; t, x) (11)
soklinde axtaragq.
Burada 6z(t, x) halalik namalum olan vektor-funksiyadir.

Bu (11) ayrilismni ve (9) diisturunu (10) diisturunda yazaraq ve nozers alaraq ki,
[4z.(t, x)|| |e| tortibden sonsuz kicik kemiyyaetdir, gorarik ki,

t rx
edz(t,x) + og(s; t,x) = sf f fz(t, x,1,s,2(t,s),u(t, S))5Z(T, s)dsdt +
to X0

t rx
+£f fu(t, x,7T,5,2(1,s),u(T, s))c?u(r, s)dsdt + 0;(g; t,x), (12)
to VX0
bu baraberliyin har iki torafini e-a bolarak vo € — 0 sortils limite kegarak alariq ki,

t x
o6z(t,x) = f f fz(t, x,1,8,2(t,s),u(r, S))SZ(T, s)dsdt +
to “xo

t x
+J j fu(t,x,7,5,2(1,5),u(t, 5) ) Su(t, s)dsdr . (13)
to /x

0 0

101



Vafa Rzayeva

Demeoli, gostordik ki, agor 6z(t,x) (13) xotti vo bircins olmayan Volterra inteqral
tonliyinin halli olarsa, onda (11) ayrilist dogrudur.

Bu (13) tonliyine baxilan masalo ii¢iin [5] isine analoji olaraq variasiyali tonlik deyacoyik.

indi (9) ve (11) diisturlarmi funksionaln (6) artim diisturunda nezers alib bazi
¢evrilmoalardan sonra alariq ki,

ty fxl OH'(t,x, z(t, x), u(t, x), P(t,x))

o+ du) =160 = ¢ | -

to “xo

du(t, x)dxdt +

2 K 2
d T1,X1),2(T,, X5), ..., z(Ty, X,
< 2 87'(T, X,) ‘P(Z( 1, X1),2(T2, X3) z(Ty k))

6z(T;, X;
Oaiaaj Z( v l) +

ij=1

82 ty fxl
2 to X

0

OH?(t,x, z(t, x), u(t, x), P (t, x))

d0z2

[62’(t, x) 6z(t,x) +

dH?(t,x, z(t, x),u(t, x), (¢, x))
oudz

OH?(t,x, z(t, x), u(t, x), (¢, x))

ou?

+28u'(t, x) 6z(t,x) +

+6u'(t, x)

ou(t,x)|dxdt.

Bu ayrilisdan alinir ki, funksionalin klassik manada birinci ve ikinci variasiyalar1

ty rxg
5% u; 6u) = — jt f oH (6 x 2 0t ) Uit ) gu(t, x)dde, (14)

0%¢(2(Ty, X1), 2(T3, X5), ., 2(Ti, X)) 82(T;, X;) —
da;0a;

52](u0; ou) = 5ZI(Ti'Xi)
iZl
tlj [62 © )aHZ(t, x,z(t, x),u(t, x), P(t, x))

0z2

6z(t,x) +

OH?(t, x, z(t, x),u(t, x), P(t, x))
Judz
OH?(t,x, z(t, x),u(t, x), P(t, x))

ou?

+26u’(t,x)

6z(t,x) +

+ou'(t, x) ou(t,x)| dxdt (15)

soklindadirlar.
Bu (14) ve (15) diisturlarindan asagidaki hokmiin dogrulugu alinir.

Teorem 1. (Qeyri-askar sokilda verilmis optimalliq sarti). Baxilan optimal idarsetma
mosalesinde u(t,x) miimkiin idarssinin optimal idare olmasi {iglin zeruri sort ixtiyari
du(t,x) € R",(t,x) € D ticiin

|

k
. 0%¢(2(Ty, X1), (T2, X3), v, 2(Ty, Xi.))
62" (Ty, X;) PP
Y4

tljxl OH'(t,x,z(t, x), u(t, x), P(t, x))

7 Sdu(t, x)dxdt = 0, (16)

o “Xo

6z(T;, X;) —
‘=1
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tlj‘ [62 0 OH2(t,x, z(t, x), u(t, x), P (t, x)) 52(t7) +

0z2
oH?(t,x, z(t, x),u(t, x), (¢, x))
Judz

oH?(t,x, z(t, x), u(t, x), P(t, x))
ou?

+28u'(t, x) 6z(t,x) +

+6u'(t, x)

ou(t,x)|dxdt =0 (17)

miunasibatlarinin 0denmalaridir.

Qeyd edoak ki, (16) vo (17) miinasibatlori qeyri-askar verilmis optimalliq sartloridir. Ona
gora doa bu zaruri sertlerin istifade olunmasi kifayat qadar ¢atin massladir.

Biitlin bunlar agkar sokilds verilmis optimalliq sortlarinin alinmasini zaruri edir.

3. Optimalliq iiciin askar sakilde verilmis zaruri sortlor. Bu (16) eyniliyindo u(t, x)
mimkiin idarssinin du(t,x) miimkiin variasiyasinin ixtiyariliyinden istifade edarak
asagidaki hokm isbat olunur.

Teorem 2. Baxilan optimal idarsetms masalesindes u(t, x) miimkiin idaresinin optimal
idars olmasi li¢tin zoruri sort

0H(0,¢,2(0,8),u(6,£),1(6,9))
du

barabarliyinin ixtiyari (6, §) € [to, t;) X [xg, x1) liclin 6denmasidir.

=0(18)

Isbat olunmus (18) zaruri sortini klassik variasiya hesabmin terminalogiyasina asasen
baxilan optimal idarsetma masalasinda Eyler tonliyinin analoqu adlandiracagiq.

Eyler toenliyinin analoqunu o6dayen her bir u(t,x) miimkiin idaresine ise klassik
ekstremal deyacayik.

Bu terifden aydindir ki, her bir optimal idars ham da klassik idaradir, lakin klassik idare
optimal idars olmaya da bilar.

Klassik variasiya hesabindan malumdur ki, (bax messlen, [5]) bunu nezers alaraq
ekstremum {i¢iin ikinci tartib zaruri sertlor tapilmasi zaruridir.

Bu menada (17) berabarsizliyi optimalliq tiglin ikinci tortib zeruri sertdir. Lakin geyd
etdiyimiz kimi onu optimal idaro masalosini tadqiq etmoak {iiglin bilavasite tedqiq etmak
kifayst godar ¢atin maseladir. Ona gore do optimalliq {iciin ikinci tertib zeruri gortler
alinmasi ¢ox vacibdir. Bu masals ile masgul olagq.

Goriindiiyti kimi (13) tenlikler sistemi (variasiya tenliyinin analoqu) xatti, bircins
olmayan inteqral tonliklor sistemidir.

Onun hsllini

t rx
J- fu(t, x,1,S,2(t,s),u(r, s))é‘u(‘r, s)dsdt +

0“Xo

6z(t,x) = J-

t ;x[ pt rx
+ Jto Jo U;O LOR(t,x, a B fu(a B 1,s5,2(t,5),u(z,s))dadp | Su(z, s)dsdr (19)

soklinda axtaragq.
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Burada R(t, x, 7, s)(n X n) matris funksiyas1 asagidak: sistemin hallidir:
t rx
R (t,x,1,5) = f f R(t, x, a,ﬁ)fz(a,ﬁ, T,5,2(1, s),u(t, s))dadﬁ +
T S

+fz(t, x,1,8,2(t,s),u(T, s)). (20)

oger
Q(t,x,1,8) = f fo(t, X, a, ﬁ)fu(a, B,t,s,z(t,5),u(t, s))dadﬁ +

+fz(t, x,1,5,2(t,s),u(T, s))

isarasini daxil etsak (19) diisturunu

6z(t, x) =f xQ(t, x,T,s)0u(t, s)dsdr (21)

to “Xo
kimi yaza bilerik.

Indi hallin bu (21) gostorilis diisturundan istifade edarak (17) barabarsizliyinin bozi
hadleri tizarinda gevrilmalar aparagq.

Bu (21) diisturundan aydindir ki,

t1 rxX1
6z(Ty, X;) = f f a;(t, x)Q(T;, X;, t, x)6u(t, x)dxdt . (22)
to Xo

Bu (22) diisturu vasitasile aliriq ki,

k
20%(z(Ty, X)), 2z(T>, X>), ..., z(T,, X
z 52' (T, X)) @ (2(Ty, X1),2(T, X3), ..., 2(Tie, X))

aaiaaj 62(’1}’)(]) -

ij=1

t1 rx1 t1 rxq
:f f f f 6u'(t,5)Q' (T, X;, T, 8)a;(t, x) X (23)
to “Xxo to “xo

8 09%(2(Ty, X1),2(T2, X3), v, 2(Tye, Xi.))

da;0a; Q(T;, Xy, a, B) X Su(a, B)aj(a, B)dsdrdadp.

Daha sonra (21) diisturu vasitesils aliriq ki,

tl X1 2
f J‘ S/ (£, ) OH2(t,x, z(t, x),u(t, x),P(t, x))
to Jxo

54z 6z(t, x)dxdt = (24)

ty X1 pt X 2
_ f f U J Su'(t,%) OH2(t,x, z(t, ;ci,;tz(t, x), P(t, X)) 0(t.%.7.5) X Sz, s)dsde]dxdt.
to “xo LVtgYxg

Nohayoat, [1] isine analoji olaraq isbat olunur ki,

t1 [xq 2
j J‘ 52'(t, %) OH?(t,x, z(t, x),u(t, x), P (t, x))
to Jxo

372 6z(t, x)dxdt =

t1 X1 pt1 X1
= f f f f ou'(t,s) x
to Yxo “to “Xo
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OH2(t,x, z(t, x),u(t, x), P (t, x)) y

0z2

[ Q'(t,x,1,5)
max(t,a) max(s B)

X Q(t, x,a, B)ou(t, s)dxdtldsdrdadf. (25)
Indi

09%(2(Ty, X1),2(To, X3), v, 2(Ty, Xi.)) y
6al~6a]-

k
K@ s ap) = — Z 0'(T, X, 7, 5)

ij=1
X Q(Tj, X;, T,5) (T, s)aj(a, B) +
t1 X1 dH?(t,x, z(t, x),u(t, x), P(t, x))
|

Q'(t,x,7,5) 372 X Q(t,x,a,B)dxdt

max(7,a) Ymax(s,)
soklinda matris funksiyan1 daxil edak.

Onda (23)-(25) eyniliklarini nazares almaqla (17) barabarsizliyini

f jé‘u (t,8)K(t,s,a, B)ou(a, B)dsdt dxdt +

2
f U s (6.) oH (t,x,Z(t,x),u(t,X),ll)(t,X))Q(t’x’r’s)><
to I oudz
X Q(t,x,1,s)0u(t, s)dsdr]dxdt +
2
+f du'(t, x) oH (t' x,2(t, x)'lzt(t' 234G x)) du(t,x)dxdt < 0 (26)
D ou

kimi yaza bilerik.

Beloalikls, asagidaki hokmiin isbati basa ¢atmisdir.

Teorem 3. Baxilan mosealoda u(t,x) miimkiin idarssinin optimal idars olmas: iigiin
zaruri sort (26) barabarsizliyinin ixtiyari su(t, x) € R”, (t,x) € D {i¢lin 6denmasidir.

Optimalliq {iciin isbat olunmus bu zaruri sart kifayet qadar {imumi olmaqla beraber
konstruktiv xarakter dagiyir. Ozii do bu zeruri sartden daha asan yoxlanila bilen zaruri sort,
xtisusi halda iso Lejandr-Klebs sartinin (bax masalen, [5]) analoqunu almagq olar.

Tutaq ki, v € R" ixtiyari vektor, (6,§) € [tq,t1) X [xg,x1) u(t,x) mimkiin idarasinin
ixtiyari Lebeq noqtesi, u > 0 ise kafi qodar kigik ixtiyari adad olub, 6 + u <t;,§+u < x4
barabersizliklarini 6dayir.

Forziyyoya gore du(t, x) ixtiyari miimkiin variasiya oldugundan, onu

_(v.(tx) €D, =100 +p) x[$E +w),
ou(t,x;e) = { 0, (t,x) € D\D, (27)
diisturu ile toyin etmak olar.

Miimkiin variasiyanun bu (27) diisturu ile toyin olunmus ifadasini (26) barabarsizliyinda
nazars alaraq, bazi cevrilmslar aparsaq, gorarik ki,

2, OPH(0,8,2(0,9,u(60,9),(0.9))

ou?

v+o(e?) <0.
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2
 ?H(6.8,20.9).u6.9.96.9) _ o

du?

barabersizliyi almir.

Teorem 4. Baxilan mosealoda u(t,x) miimkiin idaresinin optimal idars olmas: tigiin
zaruri sort

L 07H(6,8,2(6,),u(6,),$(6,9))

Ju?

v < 0(28)

barabarsizliyinin ixtiyari v € R" va (8, ¢) € [ty, t1) X [xg, x;) ticin 6denmasidir.
Qeyd edak ki, bu (28) zaruri sorti Lejandr-Klebs sortinin analoqudur.

4. Klassik moanada maxsusi idarslarin tedqiqi. Goriindiiyti kimi (28) barabarsizliyi
optimalliq tiglin ikinci tertib zaruri sertdir. Lakinbu zaruri sert bazan cirlagsa bilarak 6z
moazmunlu mabhiyyetini itire biler. Belo hallara klassik menada maxsusi hallar, uygun
idaralore iso klassik manada maxsusi idaralar deyirlar (bax masalen, [5]).

Qeyd edok ki, adi diferensial tonliklor sistemi ilo tosvir olunan optimal idareetmao
mosalolorinde klassik monada moxsusi idarelorin tadqiqi [5, 6] ve sair islorde miixtalif
tisullarla tadqiq edilmisdir.

Baxilan masale ti¢lin optimalliq sartleri ilk dafs olaraq alinur.
Toarif 1. ©gar v € R" va (6,¢) € [to, t1) X [xg,x;) tiglin
OPH(0,6,200,0,u@,000.0) _

ou?

barabarliyi 6denarse, onda u(t, x) klassik ekstremalina baxilan masaladas klassik manada

moaxsusi idarsa deyacayik.

Indi forz edoak ki, u(t,x) baxilan masalods klassik manada maxsusi idaradir. Onda (17)
barabarsizliyindas (27) diisturunu nazars alsaq gorerik ki,

O+eétef+ed+e

J!ef!v’l((r,s,a,[)’)vdsdrdadﬁ+

fjxv,(‘)HZ(t,x,z(t,x),u(t,x),v,b(t,x))Q(
0 ¢

)

+&

+2 |
6

t,x,T,5) X
oudz )

M\‘C‘C
™

X Su(t, s; e)dsdr]dxdt +

O+eéte

02H(t,x,z(t, x), u(t, x),P(t, x))
+ v’ vdxdt =
J ! ou?
4 52
=e*"'K(0,¢,0,8)v + %v’ 0*H(e, g’,z(@,gzt,;z(ﬁ, 0.90.9) Q(6,§,0,5v+o0(e*) <0.
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Iki 6l¢iilii volterra tip inteqral tonliklor sistemi ila tasvir olunan optimal idaraetma masalasinda optimalliq iiciin birinci va
ikinci tartib zoruri sartlar va klassik monada maxsusi idaralarin optimalligr haqqinda

Bu barabarsizlikden € > 0-1n ixtiyariliyins asasen asagidaki hokm alinir.

Teorem 5. Klassik manada maxsusi olan u(t, x) klassik ekstremalinin (1)-(3) masalasinda
optimal idars olmasi {iglin zaruri sort

19%H(6,,2(6,£),u(6,),9(6,§))

v K(elflelf)-l_z auaz

Q(6,¢,0,8)|v=<o0

barabarsizliyinin ixtiyari v € R", (6,§) € [ty, t1) X [x¢, x1) liglin 6donmosidir.
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INSTRUCTIONS FOR AUTHORS

"The Baku Engineering University Mathematics and Computer Science” accepts original unpublished
articles and reviews in the research field of the author.

Articles are accepted in English.

File format should be compatible with Microsoft Word and must be sent to the electronic mail
(journal@beu.edu.az) of the Journal. The submitted article should follow the following format:
Article title, author's name and surname

The name of workplace

Mail address

Abstract and key words

The title of the article should be in each of the three languages of the abstract and should be centred on the
page and in bold capitals before each summary.

The abstract should be written in 9 point type size, between 100 and 150 words. The abstract should be written
in the language of the text and in two more languages given above. The abstracts of the article written in each
of the three languages should correspond to one another. The keywords should be written in two more
languages besides the language of the article and should be at least three words.

.UDC and PACS index should be used in the article.

The article must consist of the followings:

Introduction

Research method and research

Discussion of research method and its results

In case the reference is in Russian it must be given in the Latin alphabet with the original language shown in
brackets.

Figures, pictures, graphics and tables must be of publishing quality and inside the text. Figures, pictures
and graphics should be captioned underneath, tables should be captioned above.

References should be given in square brackets in the text and listed according to the order inside the text at
the end of the article. In order to cite the same reference twice or more, the appropriate pages should be
given while keeping the numerical order. For example: [7, p.15].

Information about each of the given references should be full, clear and accurate. The bibliographic description
of the reference should be cited according to its type (monograph, textbook, scientific research paper and etc.)
While citing to scientific research articles, materials of symposiums, conferences and other popular scientific
events, the name of the article, lecture or paper should be given.

a)

b)

10.

11.
12.

Samples:

Article: Demukhamedova S.D., Aliyeva 1.N., Godjayev N.M.. Spatial and electronic structure af monomerrik
and dimeric conapeetes of carnosine uith zinc, Journal of structural Chemistry, Vol.51, No.5, p.824-832,
2010

Book: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, p.386-398, 2002

Conference paper: Sadychov F.S., Aydin C., Ahmedov A.1.. Appligation of Information — Commu-nication
Technologies in Science and education. II International Conference.”Higher Twist Effects In Photon- Proton
Collisions”, Baki, 01-03 Noyabr, 2007, ss 384-391

References should be in 9-point type size.

The margins sizes of the page: - Top 2.8 cm. bottom 2.8 cm. left 2.5 cm, right 2.5 cm. The article main text
should be written in Palatino Linotype 11 point type size single-spaced. Paragraph spacing should be 6 point.

The maximum number of pages for an article should not exceed 15 pages

The decision to publish a given article is made through the following procedures:

The article is sent to at least to experts.

The article is sent back to the author to make amendments upon the recommendations of referees.

After author makes amendments upon the recommendations of referees the article can be sent for the
publication by the Editorial Board of the journal.



YAZI VO NO9SR QAYDALARI

“Journal of Baku Engineering University- Riyaziyyat vo kompiiter elmlori” - ovvellor nagr olunmamig
orijinal asarlari vo miiallifin tadqiqat sahasi iizre yazilmig icmal maqalslori qabul edir.

Maqalalor Ingilis dilinds gobul edilir.

Yazilar Microsoft Word yazi programinda, (journal@beu.edu.az) iinvanina géndorilmslidir. Gondarilon
mogqalolords asagidakilara nozors alinmalidir:

Mogqalonin bagligi, miisllifin adi, soyadi,

s yeri,

Elektron tinvani,

Xiilaso vo agar sozlor.

Mogqalads bashq hor xiilasadan avval ortada, qara vo boyiik horflo xiilasolorin yazildigi hor i¢ dildo
olmalidir.

Xiilasa 100-150 s6z araliginda olmagqla, 9 punto yazi tipi boyiikliiyiindo, moqalenin yazildig1 dildo vo bundan
olavo yuxarida gostarilon iki dildo olmalidir. Magalonin har {i¢ dildo yazilmug xiilasasi bir-birinin eyni olmalidir.
Agar sozlor uygun xiilasalorin sonunda onun yazildig: dilds verilmakls an az1 ii¢ sézdon ibarat olmalidir.

Magqalads UOT va PACS kodlar1 gostorilmalidir.

Mogqalos asagidakilardan ibarat olmalidir:

Giris,

Tadqiqat metodu

Tadgiqgat isinin miizakirasi vo onun naticolori,

Istinad adebiyyati rus dilinds oldugu halda orjinal dili métarzs igarisinds gdstoarmoeklo yalmz Latin olifbas
ilo verilmolidir.

Sakil, rasm, grafik vo cadvallar ¢apda diizgiin, aydin ¢ixacaq vaziyyatds va moatn igarisindo olmalidir. Sakil,
rosm va grafiklorin yazilari onlari altinda yazilmalidir. Cadvallards basliq cadvalin iistiinds yazilmalidir.

Manbalar motn igarisinde kvadrat moéterize daxilindo géstorilmoklo mogqalonin sonunda motn daxilindoki
stra ilo diiziilmolidir. Eyni manbays iki vo daha cox istinad edildikds ovvalki sira say1 saxlanmaqla miivafiq
sohifolor gostarilmalidir. Masalon: [7,s0h.15].

BOdobiyyat siyahisinda verilon her bir istinad haqqinda malumat tam vo deqiq olmalidir. Istinad olunan monbanin
bibliografik tesviri onun ndviindon (monoqrafiya, darslik, elmi moqalo v s.) asili olaraq verilmolidir. EImi mo-
qalslora, simpozium, konfrans, vo diger niifuzlu elmi tadbirlorin materiallarina v ya tezislorine istinad edarkon
magqalonin, maruzanin va ya tezisin ad1 gostarilmalidir.

a)
b)

c)

Niimunolar:

Mbqals: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M.. Spatial and electronic structure af monomeric
and dimeric complexes of carnosine with zinc, Journal of structural Chemistry, Vol.51, No.5, p.824-832, 2010

Kitab: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, 2002

Konfrans: Sadychov F.S., Aydin C., Ahmedov A.1.. Appligation of Information-Communication Technologies in
Science and education. II International Conference. ”Higher Twist Effects In Photon- Proton Collisions”,
Baki, 01-03 Noyabr, 2007, ss 384-391

Maonbolar 9 punto yazi tipi boyiikliiyiinde olmalidir.

10.

11.
12.

Sohifo ol¢iilori: tistdon 2.8 sm, altdan 2.8 sm, soldan 2.5 sm va sagdan 2.5 sm olmalidir. Matn 11 punto yaz: tipi
boyiiklityiinds, Palatino Linotype yazi tipi ilo ve tok simvol araliginda yazilmalidir. Paraqraflar arasinda 6
punto yazi tipi araliginda mosafs olmalidir.

Orijinal tadqiqat asarlorinin tam motni bir qayda olaraq 15 sshifodon artiq olmamalidir.

Mogqalonin nosra toqdimi asagidaki qaydada aparilir:
Hor mogqallo on az1 iki eksperto gondorilir.
Ekspertlorin tovsiyalorini nazors almaq ii¢iin moqalo miollifo géndorilir.

Mogqals, ekspertlorin tonqidi qeydlori miisllif torafindon nozere alindiqdan sonra Jurnalin Redaksiya Heyati
torofindon ¢apa toqdim oluna bilor.


mailto:journal@beu.edu.az

8.

YAZIM KURALLARI

“Journal of Baku Engineering University- Matematik ve Bilgisayar Bilimleri” dnceler yayimlanmamus orijinal
calismalari ve yazarin kendi arastirma alanin-da yazilmis derleme makaleleri kabul etmektedir.

Makaleler ingilizce kabul edilir.

Makaleler Microsoft Word yazi programinda, (journal@beu.edu.az) adresine gonderilmelidir. Gonderilen
makalelerde sunlar dikkate alinmalidir:

Makalenin baslig1, yazarin adi, soyadi,

Is yeri,

E-posta adresi,

Ozet ve anahtar kelimeler.

Ozet 100-150 kelime arasinda olup 9 font biiyiikliigiinde, makalenin yazildig1 dilde ve yukarida belirtilen iki
dilde olmalidir. Makalenin her {i¢ dilde yazilmis 6zeti birbirinin ayn1 olmalidir. Anahtar kelimeler uygun 6zetin
sonunda onun yazildigi dilde verilmekle en az {i¢ s6zciikten olusmalidir.

Makalede UOT ve PACS tipli kodlar gosterilmelidir.

Makale sunlardan olugsmalidir:

Giris,

Aragtirma yontemi

Aragtirma

Tartigma ve sonuglar,

Istinat Edebiyati Rusca oldugu halde orjinal dili parantez icerisinde gdstermekle yalniz Latin alfabesi ile ve-
rilmelidir.

Sekil, Resim, Grafik ve Tablolar baskida diizgiin ¢ikacak nitelikte ve metin igerisinde olmalidir. Sekil, Re-
sim ve grafiklerin yazilar1 onlarin alt kisimda yer almalidir. Tablolarda ise baglik, tablonun iist kisminda
bulunmalidir.

Kullanilan kaynaklar, metin dahilinde koseli parantez igerisinde numaralandirilmali, ayn1 sirayla metin so-
nunda gosterilmelidir. Aym kaynaklara tekrar bagvuruldugunda sira muhafaza edilmelidir. Ornegin: [7,seh.15].

Referans verilen her bir kaynagin kiinyesi tam ve kesin olmalidir. Referans gosterilen kaynagin tiirii de eserin tii-
riine (monografi, derslik, ilmi makale vs.) uygun olarak verilmelidir. [Imi makalelere, sempozyum, ve konferanslara
muracaat ederken makalenin, bildirinin veya bildiri 6zetlerinin ad1 da gosterilmelidir.

a)
b)

c)

Ornekler:

Makale: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M.. Spatial and Electronic Structure of Monomerik
and Dimeric Conapeetes of Carnosine Uith Zinc, Journal of Structural Chemistry, VVol.51, No.5, p.824-832, 2010
Kitap: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition, Prentice
Hall, p.386-398, 2002

Kongre: Sadychov F.S., Aydin C., Ahmedov A 1. Appligation of Information-Communication Technologies
in Science and education. Il International Conference. “Higher Twist Effects In Photon- Proton Collisions”,
Balka, 01-03 Noyabr, 2007, ss 384-391

Kaynaklarin biiytikliigii 9 punto olmalidir.

9.

10.
11.

12.

13.

Sayfa olculeri; tist: 2.8 cm, alt: 2.8 cm, sol: 2.5 cm, sag: 2.5 cm seklinde olmalidir. Metin 11 punto biiyiik-
lukte Palatino Linotype fontu ile ve tek aralikta yazilmalidir. Paragraflar arasinda 6 puntoluk yazi mesa-
fesinde olmalidir.

Orijinal aragtirma eserlerinin tam metni 15 sayfadan fazla olmamalidir.

Makaleler dergi editér kurulunun karari ile yayimlanir. Editérler makaleyi diizeltme igin yazara geri génde-
rilebilir.

Makalenin yayina sunusu asagidaki sekilde yapilir:

Her makale en az iki uzmana génderilir.

Uzmanlarm tavsiyelerini dikkate almak i¢in makale yazara gonderilir.

Makale, uzmanlarin elestirel notlar1 yazar tarafindan dikkate alindiktan sonra Derginin Yaym Kurulu tarafindan
yayina sunulabilir.

Azerbaycan disindan génderilen ve yayimlanacak olan makaleler igin,(derginin kendilerine gonderilmesi za-
mani posta karsiligr) 30 ABD Dolar1 veya karsiligi TL, T.C. Ziraat Bankasi/Uskiidar-Istanbul 0403 0050 5917
No’lu hesaba yatirilmali ve makbuzu iiniversitemize fakslanmalidir.
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ITPABUJIA JIA ABTOPOB

«Journal of Baku Engineering University» - MaremaTuku 1 WHOOPMATUKH MyOIHKYEeT OpUTHHAIBHEIE,
HayYHBIC CTAThU U3 00JIACTH UCCIICIOBAHKS aBTOPA U PaHee HE OITyOIMKOBAHHBIC.

Cratbu TIPUHUMAIOTCS Ha AHTJINCKOM SI3BIKE.

PykomuicH TOIKHBI OBITh HaOpaHs! coryiacHo porpammbel Microsoft Word u oTripaBiieHs! Ha 37IEKTPOHHBIH
anpec (Journal@beu.edu.az). OtmpasisemMble CTaThH AOJKHBI YIUTHIBATH CIICAYIOIIKE TPABHIIA:

HazBanue ctatbu, uMs U paMUIIHs aBTOPOB
Mecto paboThI

DICKTPOHHBIN a/ipec

AHHOTAIMS 1 KJIFOYEBBIC CIIOBA

3ariaBue CTaThH IIHUIIETCS JIJIA KaXKI0M aHHOTAaIMU 3arjaBHBIMU 6yKBaMI/I, JKUPHBIMU 6yKBaMI/I U pacrioJjiara-
€TCA TI0 LEHTPY. 3arnaBue u AHHOTAIlMH JOJI?KHBI OBITH TMPEACTABJICHBI HA TPEX SA3BIKAX.

AHHOTAIM, HAIICAaHHAS HA S3bIKE TPEACTaBICHHON CTaThH, NOJKHA coaepkaTh 100-150 cmoB, HaOpaHHBIX
uipudToM 9 punto. Kpome Toro, mpeacTaBisioTCsS aHHOTAIMKA HA JBYX JPYTUX BBINIC YKAa3aHHBIX SI3BIKAX,
MepPeBOJT KOTOPBIX COOTBETCTBYET COJIEP:KaHUIO0 opUruHaia. KitoueBble ciioBa JOJKHBI ObITh MPEACTABIEHBI
mocyie KaXKI0i aHHOTAIMK Ha ero S3bIKE U COAEPIKaTh He MEHEe 3-X CIIOB.

B crarbe momxub! ObTh yKa3anbl kogsl UOT u PACS.

IIpencraBneHHble CTaThbU AOJKHBI COAEPKATh:

Beenenue

MeTton ucciaemoBaHus

OO6cyxneHne pe3yIbTaToOB HCCICOBAHUS H BEIBOJOB.

Ecmu ccrmmarorcs Ha paboTy Ha pycCcKOM sI3BIKE, TOTJAa OPWUTWHANBHBIA S3BIK YKa3hIBacTCsA B CKOOKax, a
CCBUIKA JJACTCS TOJIBKO Ha JTATHHCKOM anaBuTe.

PuCyHKH, KapTHHKH, TpaGUKH ¥ TAOIHMIBI JOJDKHBI ObITH YETKO BBIMOJIHEHBI M Pa3MEIeHbI BHYTPH CTATHH.
INoamucu K pUCyHKaM pa3MEIIIaloTCsl MO PUCYHKOM, KapTHHKON i rpadukom. Ha3BaHnue TaOIMIbI MHIIETCS
HaJ TaOJIULEH.

CChUIKH Ha HCTOYHHKH JAl0TCA B TEKCTE IU(PPOI B KBAIPATHBIX CKOOKAX M PACIIONIaraloTCs B KOHIIE CTAThH
B TIOPSIIKE IUTHPOBAHUS B TeKCTe. ECITM Ha OJMH M TOT K€ HCTOYHMK CCBUIAIOTCS JIBa U GoJiee pas, Heo0X0-
JIMMO YKa3aTh COOTBETCTBYIOIIYIO CTPAHHILY, COXPaHAS MOPSAKOBHIM HOMep nuTupoBanus. Hanpumep: [7,
crp.15]. bubnrorpadguueckoe OMUCaHWE CCHIIAEMOM TUTEPATYPHI JOJKHO OBITH MPOBEIEHO ¢ YUETOM THIIA
UCTOYHKKA (MOHOTpadust, yIeOHHK, HAydHas CTaThs U 1p.). [IpH CCBUTKE Ha HAYYHYIO CTaThiO, MaTepHAIbl CHM-
no3uyMa, KOH(GEPEHIINH WK IPYTHX 3HAYAMBIX HAYYHBIX MEPOTPHATHHN JTOKHBI OBITh YKa3aHbl Ha3BaHHE
CTaThH, JOKJIAJA WK TE3HUCA.

Hanpumep:

Cmampwsa: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M. Spatial and electronic structure of monomeric
and dimeric complexes of carnosine with zinc, Journal of Structural Chemistry, Vol.51, No.5, p.824-832,
2010

Knueza: Christie on Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, 2002

Kongpepenuua: Sadychov F.S, Fydin C,Ahmedov A.l. Appligation of Information-Communication Nechnologies

in Science and education. Il International Conference. “Higher Twist Effects In Photon-Proton Collision”,
Bak1,01-03 Noyabr, 2007, s5.384-391

CHycoK IMTHPOBAHHOM JIUTEpaTyphl HabupaeTcs mpudToM 9 punto.

10.

11.
12.

Pa3mepbl crpaHubl: cBepxy 2.8 oM, cHu3y 2.8 cM, creBa 2.5 u cripaBa 2.5. Tekcr nedaraercs mwpudrom Pala-
tino Linotype, pasmep mwpudra 11 punto, uHTepBan-oanHapHbii. [laparpadsl T0KHBI OBITH pa3leicHbI
paccTosiHuEM, COOTBETCTBYIOIUM MHTEpBaIy 6 punto.

[TonHb1i 00beM OPUTHHAILHOM CTaThH, KaK IPaBHIIO, HE JOJDKEH MPEeBHIIIaTh 15 cTpaHuil.

IIpencraBienue cTaThbu K NEYaTH NPOU3BOJUTCS B HUXKE YKA3aHHOM IMOPAJKE:

Kaxnast cTathst mochlIaeTcss HE MEHEe IBYM dKCIIepTaMm.

CraThs MOCHUTACTCS aBTOPY IS yUeTa 3aMeUaHuil SKCTIEPTOB.

Craths, Tocjae TOro, KaK aBTOp ydesl 3aMeuaHusi SKCIEPTOB, PENAKIIMOHHOW KOJUIETHEH JKypHama MOXKET
OBITh PEKOMEH/IOBaHA K MICYATH.
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