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ISIN UMUMI XARAKTERISTIKASI

Moévzunun aktualhgl. Hal-hazirda optimal idarsetms nazsriyyasi
ham nazari ndqteyi-nazardon, hom do gox sayda totbiq masalalarinin halli ilo
olagadar olaragq, riyaziyyatin an siiratlo inkisaf edon istigamatlorindon biridir.

Molumdur ki, optimal idareetmo nazasriyyssinin asas mosalolori
asagidakilardir:

a) optimal idareedicinin varligimin dyronilmasi;

b) optimalligin zaruri sortlorinin gixarilmast;

c) optimal idareedicinin taqribi qurulmasi,

Adi diferensial tonliklorlo tosvir olunan proseslordo belo masalalor
kifayat godar tam Oyronilmisdir. Lakin xiisusi téromali diferensial tonliklorlo
tosvir olunan proseslar {igiin (o ciimlodan hiperbolik tonliklor {iglin) yuxarida
geyd olunan optimal idaraetme masalalari tam iglonilmamisdir.

Xiisusi toromoli tonliklor {iglin optimal idaroetmo masalolari
K.R.Aydazads, A.Q.Butkovski, F.P.Vasilyev, A.l.Yeqorov, V.I.Zubov,
J.L.Lions, K.ALurye, K.K.Hosonov, A.D.isgondorov, H.F.Quliyev,
K.B.Moansimov, A.C.Mommodov, M.C.Mardanov, T.K.Moalikov,
V.1.Plotnikov, M.A.Sadiqov, T.K.Sirazetdinov, V.I.Sumin, R.K.Tagiyev,
Z.1Xolilov, Y.A.Sarifov, S.S.Yusubov, M.A.Yaqubov, Q.Y.Yaqubov va
basqalarimin islerinds todqiq olunmusdur.

Fizika, kimya vo biologiyada Oyronilon bir sira proseslorin riyazi
modellasdirilmosi zamani elo mosalolor meydana golir ki, onlarda xiisusi
toromoali diferensial tonliklor tiglin qoyulan klassik sortlor avazine, axtarilan
funksiyanin oblastin sorhadi vo daxilindeki giymotlori arasinda miisyyon
olago verilir. Qeyri-lokal adlanan bu tip sortli mosslolor son dovrlords
miitoxassislorin  diggatini daha ¢ox colb edir. Qeyri-lokal masalslorin
tadqgiqino A.V.Bicadze, A.A.Samarski, A.A.Dezin, V.A.Ilin, E.A. Moiseyev,
L.S.Pulkina, A.M.Naxusev, T.S.Kalmenov vo basqalar1 boyiik tohve
vermiglor.

Qeyri-lokal masalolor arasinda inteqral sortlorlo verilon masalolor
boyiik maraq dogurur. Belo sortloro plazmada bas veran hadiselorin
modellogdirilmasinds, istiliyin yayilmasi prosesinds, bozi texnoloji
proseslorda, mosamoli miihitlords nomlikkegirmo proseslorinds, homginin
ndvlorin populyasiya saymimn dinamakasmin tosviri zamani riyazi
biologiyanin tors mesalalorinds vo demoqrafiya masalalorinds rast golinir.

3



Inteqral sokilli sortlorin meydana golmosi, baxilan oblastda
komiyyatlorin bu vo ya diger real xarakteristikalarmin Olgiilmasindo
imkanlarin mohdud olmasindan irali galir.

Molum oldugu kimi, xiisusi téromeli diferensial tonliklor ticiin
inteqral sortlorlo verilon masaloys ilk dofs istilikkegirma tonliyi iiciin
C.R.Kennon baxmugdir. Son dovrlerde miixtolif tipli tonliklor {iglin belo
mosoaloloro hosr olunmus islor nosr olunmusdur (N.IIonkin, N.I.Yurguk,
V.L.Kammin, A M.Naxusev, A.I.Kojanov, V.B.Dimitriyev vo basqa-
larmin islorine bax). Bu sahads todqiqatlar avvalca elliptik vo parabolik
tanliklorden baglanmusdir.

Bir godor sonra oxsar masalalor hiperbolik tip tonliklor tigiin
dyronilmoys baslanilmisdir (V.B.Dimitriyev, A.l.Kojanov, L.S. Pulkina,
S.A.Beilin va bagqalarinin islorine bax).

Qeyd edak ki, geyri-lokal sarhad sortli hiperbolik tip tonliklarls tasvir
olunan proseslar iigiin optimal idaroetma mosalslari az yronilmisdir.

Bunun osas sobobi ondan ibarotdir ki, qeyri-lokal sorhad sortli
hiperbolik tenliklar {iglin sorhad masalslarinin éziiniin Oyronilmasi kifayat
gadar ¢atin masaladir.

Qeyri-lokal sorhod sortli hiperbolik tip tonliklorlo tosvir olunan
proseslards optimal idaroetmonin ayri-ayr1 mosalalori K.K.Hasonovun, T.M.
Qasimovun, H.F.Quliyevin, F.T.Ibiyevin, M.F.Mehdiyevin, S.S.Yusubovun,
Y.A.Sarifovun, T.F.Sirinovun va basqalarinin iglorinds tadqiq olunmusdur.

Yuxarida deyilonloro osason dissertasiya iginin movzusunu hom
nazari, ham do praktik ndqteyi-nezerden aktual hesab edirik.

Isin moqgsadi. Isin mogsadi geyri-lokal sorhad sortli hiperbolik tip
tonliklar {igiin agsagidaki optimal idareetmo masalslarinin todqiqidir:

-qeyri-lokal sartli hiperbolik tonlik {iglin sarhad masalasinin hallinin
varlig1 va yeganaliyi teoremini isbat etmok;

-qeyri-lokal sortli hiperbolik tonliklor {iglin optimal idarsetma
mosalalarinds optimal idarsedicinin varligi teoremlorini isbat etmok;

-qgeyri-lokal sortli hiperbolik tonliklorlo tesvir olunan proseslords
optimalligin zaruri sartlorini ¢ixarmag;

-qeyri-lokal sortli dalga tenliyi li¢lin optimal idarsetms masalosinda
funksionalin gradiyentini hesablamag.

Todqiqat iisullari. Dissertasiya isindo funksional analizin
tisullarmdan, xiisusi téromoli diferensial tonliklor nozoriyyasindoki Furye
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tisulundan, Faedo-Qalyorkin iisulundan, optimal idarsetmonin riyazi
nazariyyssi iisullarindan istifads olunmusdur.

Elmi yeniliklor.

-qeyri-lokal sartli hiperbolik tonlik {iglin sarhad masalasinin hallinin
varlig1 va yeganaliyi teoremi isbat edilmisdir;

-qeyri-lokal sortli hiperbolik tonliklor {iglin optimal idarsetma
masalalarinds optimal idarsedicinin varligi teoremlari isbat edilmisdir;

-qgeyri-lokal sortli hiperbolik tonliklorlo tesvir olunan proseslords
optimalligin zaruri sortlori ¢ixarilmigdir;

-qeyri-lokal sortli dalga tonliyi li¢lin optimal idaraetms masalosinda
funksionalin gradiyenti liglin diistur almmugdir.

Nazori va praktik shomiyyati. Dissertasiya isindo alan, uygun
metodikanin islonilmasindon ibarat olan nozori xarakterli noticolori
paylanmig parametrli sistemlor ti¢lin optimal idarsetmo masalolarinin halli
zamani istifade etmak olar.

Dissertasiyada baxilan mosoalolorin praktik shomiyyati iso ondan
ibarotdir ki, onlar miixtolif texnoloji proseslorin riyazi modeli kimi,
hamginin rags vo dalga proseslorinds optimal idaraetms masalolarinin holli
tictin istifads oluna bilar.

Belaliklo dissertasiya igindo dyronilon masalalor nainki nazari, ham
do praktik maraq kosb edir.

Isin aprobasiyasi. Isdo alman noticolor BDU-nun “Diferensial vo
inteqral tonliklor” (rohbar prof. N.S.Isgandorov), “Idarsetmo nozariyyasinin
riyazi Gisullart” (rohbar prof. M.A.Yaqubov), SDU-nun “Diferensial tonliklor
vo riyazi kibernetika” (rohbar prof. F.G.Feyziyev) kafedralarmin semi-
narlarinda, akademik Osrof Hiiseynovun 100 illik yubileyins hasr olunmus
konfransda (BDU-2007), “Tiirk Diinyasi Matematik Sempozyumu” elmi
konfransinda (Sakarya-2007), ‘“Riyaziyyatin totbiqi mosalolori vo yeni
informasiya texnologiyalari” beynalxalq konfransinda (Sumgayit-2007),
“IV congress of the Turkic World Mathematical Society” beynslxalq
kongresds (Baki-2011) miizakirs olunub.



Isin mozmunu

Dissertasiya iki fasil, xiilass vo adabiyyat siyahisindan ibaratdir.

Girisdo moévzunun aktuallign esaslandirilir vo asas noticalor
gotirilir.

Birinci fasil {i¢ yarimfasildon ibaratdir.

1.1 yarimfaslindo

2
o“u(x,r)y M 8u(x )
e L eyt oy [T/ <0r O
tonliyi liglin
8u(x 0)

u(x,0) = 9 (x),

baslanglc ssrtlsri A

=g (), xeQ .,

COS(V,XZ')Z JK(xvyvtau(yvt))dy (xvt)EST (3)
,J I x] Q

geyri-lokal sortlo verilmis mosolonin hollinin varhigi ve yegansliyi
Oyronilmisdir, burada

Sy ={(x,1):x€0Q,0<t<T}-0p ={(x,1):x€Q0<t<T}

silindrinin yan sothi, Q - R"" -do hamar OC2 sorhodli mohdud oblast,
T >0 verilmis adod, Vv - ST -nin xarici normali, aij (x,1), f(x,t,u),

K(x,y,t,u), ?0 (x),(o1 (x) verilmis funksiyalardir.
Forz edok ki, (1)-(3) mosalasinin verilonlori asagidaki sortlori
Odoyir:
8al.j (x,1)
1. a..(x,t),—2——eC(0..), belo ki, V& e R™ v biitiin
D e C0p) :

(xt)eQ liglin Z a. (xt)éé >,uz é , U =const >0,
i,j=1 y i=1



aij (x,0) = ajl.(x, t),i,j=12,.,m;

1 .
2. 9y (x) W) (Q), 0, (x) € L (;
3. f(x,t,u) funksiyasi Zx R -do kesilmazdir va (x,7) € QT liclin miin-
tozom olaraq Y -ya goro Lipsis sortini 6doyir, K(x,y,t,u) funksiyasi

09 x QT x R -do kosilmozdir va 88_1:’88_1( kosilmoz téromolori vardir,
u

8K(x’y’t’0)=0’ |6K(x,y,t,u)|SC’ ¢ =const>0,
or ou |

bels ki, K(x,y,t,0)=0,

OK(x,y,

K(x,y,t,u) va o ) funksiyalar1 u© -ya goéro Lipsis sertini

Odoyirlor. Bundan slave forz edok ki, 4= aL[% + (mesQ)2 j <1, burada,

a ododi Jlw(x)ds < a [([w(x)| +[Vw(x)dr, w(x)e W21 (Q)
o0Q Q
baorabarsizliyindaki sabitdir.
Bu ii¢ sorti “A sorti” adlandiraq.
Torif 1. (1)-(3) mosalesinin imumilogmis holli dedikds elo

1 . et 1
u(x,t)eWz(QT), funksiyas1 basa dustlir ki, o, V CI)(x,t)eWz(QT),
®(x,T)=0 tgiin

P l- ou(x,t) 0D(x,1) N g a..(x.0) ou(x,t) 0D(x,1) s
QT ot ot l,] =1 y X . xi
T
— [ [ ©(x,t) [K(x,py,t,u(y,t))dydsdt =
00Q2 Q
= [f(xtu(x,0)@(x,0dxdt + [ 9 ()P (x.0)dx, (4
Or Q



inteqral eyniliyini vo u(x,O)zgoO(x) sortini lim  [(u(x,t) —
t—>+00

—(Do(x) )2dx =0 monada 6dosin.

Teorem 1. Ogor “A sorti” 6donarsa, (1)-(3) qarisiq masalasinin
yegana Umumilogmis halli var.

Ikinci yarimfasildo

J®= | fo(x,t,u(x,t),9(x,t))dxdt (5)
Or
funksionalinin

2

6“—(;’0—Au(x,t)= footu(nt),9n0),  (6)
ot

u(20) =9y (0.5~ ), ™)

o = K0, ®)

T Q

sartlori daxilindo minimallagdirilmast masalasindo optimal idarsedi-
cin varligi Oyronilmigdir, burada wu(x,?)-prosesin voziyyati, 3(x,?)-
idaraedici funksiyadir.

Miimkiin idarsediciler sinfi U ad olaraq dl¢iilon vo mohdud, sanki

biitiin (x,t)eQT -lor @igiin giymeotlori miieyyon kompakt ¥ < R”

coxlugundan olan 7 -0lgiili  $(x,7) vektor funksiyalar c¢oxlugu
gotiriilir, belo ki, V # .
Tutaq ki, asagidaki sortlor 6donir:

1. qoo (x)e W21 (Q),go1 (x)e L2 (Q),K(x,y)e L2 (QAxQ),

2
[ K20+ 7 K| sy =L < o0
Q0 207



2. f(x,tu,9) vo fO (x,t,u,9) funksiyalart QT xRxV -do kesilmoz-
dirlor;  f(x,t,u,9) funksiyast (x,¢)e QT , 3eV -yo goro miintozom
olaraq # -ya nozeron Lipsis sortini Odoyir; fO (x,t,u,9) funksiyasi

2 e
< = N
‘fo (x,t,u,S)‘ < ao + b0|u| sortini 6dayir, burada ao,bo const > 0;

3. Her bir (x,t,u)eQTxR noqtasi tiglin R+(x,t,u)={(n,§)eR2

nzfo(x,t,u,S),§ = f(x,t,u,9),9eV} c¢oxlugu R?-do gapali va

gabariqdir.
Bu sortlori “B sorti” adlandiraq.
Tarif 2. Miimkiin idaroedici olan 90(x,t) funksiyas1 (5) funksi-

onalia (6)-(8) sortlori daxilinds minimum qiymsat verarss, o, optimal
idaroedici, (u 0 (x,t),90 (x,t)) -iso optimal ciitliik adlanir.

Teorem 2. Tutaq ki, “B sorti” 6donir. Onda (5)-(8) mosa-
lasinds optimal idarsedici var.

1.3 yarimfaslindo
82u(x, Hn "m0 8u(x t)

X e () ——

= f(x,t,u(x,t),3(x,1) (9)
o> jo10x| ¥

tonliyi ii¢iin

u(x.0) = g (x), 21 a“(" )

baslangic sortlori va

=, () (10)

m ou(x,t)
S a(x0) cos(v,x,) = [K(x yutyu(y, )y, (x,0) € S, (11)
.o y ox 1 T
i,j=1 Jj Q
geyri-lokal sarhad sortilo verilmis optimal idareetmo mosslosine baxil-
mugdir. Miimkiin idarsedicilor sinfi U ad ikinci yarimfosilds oldugu kimi

gotirilir.



Teorem 3. Tutaq ki asagidaki sortlor 6donir:

8al.j(x,t)
1. a..(x,t),—2——eC(0,.), bels ki, VE € R™ vs har bir
U( ) v (©@r) g

_ m m
(x,)eQ,, Ugin > a.(x,0)¢.E.>2u Y 5.2, u=const >0,
T . Ij i1°j . i
i,j=1 i=1
al.j(x,t) = ajl.(x,t) , L, j=12...,m;
1 .

2. gy (x) € WH(Q).0,(x) € L (Q;

3. f(x,t,u,3) vo fO (x,t,u,9) funksiyalar QT X RxV -da
kosilmozdirlor, f(x,t,u,3) funksiyasi (x,t)e QT , JelV -ya goro
miintozom olaraq U -ya nozoron Lipsis sortini 6doyir, fO (x,t,u,9)
funksiyasi | fO (x,t,,u,9) ‘S ag +b0 |u|2 sortini  6doyir, burada
a.,b, =const>0, K(x,y,t,u) funksiyasi 0Q x QT x R -do kesilmozdir

00
oK oK

vo —,— kosilmoz téromolori vardir, belo ki, K(x,),£,0)=0,
Ot~ Ou
K K K
oK (x,y,t,0) —o, |8 (x,y,t,u)|£c, K(x.y.t.10) v OK (x,y,t,u)
ot ou | ot

U -ya gora Lipsis sortini 6dayirler;

4. Heor bir (x,t,u)e QT xR noqtesi Tglin R+(x,t.u) =
= (1.6 e RZ 10> £ (06,0, 9), &= f(x,1,,8),9 €V} goxlugu

R2 -da gapali va gabariq ¢oxluqdur.
Onda (5),(9)-(11) moesalasinds optimal idaraedici var.
Ikinci fasil alt: yarimfasildon ibaratdir.
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2.1 yarimfaslinds asagidaki masalodo optimalliq liglin zaruri sort
almmugdir.
Tutaq ki, proses

62u(x,t) B 62u(x,t)

=93(x),
or? ox?
(x,t)eQT:{0<x<l,0<t<T}, (12)
tonliyi
B ou(x,0)
u(x,0)= qoo(x), PEa ? (x), 0<x<! (13)
baslangic sortlori vo
u(0,7)=0, (14)
[
Ju(x,t)dx=0, 0<t<T (15)
0

sorhad sortlori ilo tosvir olunur. Burada u(x,?)-prosesin voziyystini
xarakteriza edir, @(x)-idaroedici funksiyadir. Forz edok ki,
S(x)eUa chz(O,l), belo ki, Ua d#@ gabariq  ¢oxluqdur,

qooesz(O,l), qoleWzl(O,l) verilmis funksiyalardir vo g, (0) =0,

/ /
(01 (0)=0, jq)o (x)dx =0, jq)l (x)dx=0. Forz edok ki, (12)-(15)
0 0

masalasinin har bir $(x) miimkiin idarsedicisine uygun W22 (QT) -do

yegana holli var.

Asagidaki kimi masaloys baxagq. Ua -don elo idarsedici tapmali

d
ki, hamin idarsedici (12)-(15) masalasinin halli il birlikde

I
J(9) =% [ (u— i) dxdt +% (92 (x)dx, (16)
Or 0
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funksionalina minimum qiymat versin, belo ki, u(x,?) W20 1 (QT) -don

olan verilmis funksiyadir.
Teorem 4. Forz edak ki, (12)-(16) masalasinin verilonlari {izarino
yuxarida qoyulan sortlor 6donir. Onda 90 (x) optimal idarsedicisi vo har

bir S(x)eUa idarsedicisi liglin asagidaki berabarsizliyin ddonmosi

d
zoruri va kafidir:
/ T T
[| 3(x) = [y (x,t)dt + [y ([,t)dt |($(x) - 90 (x))dx >0,
0 0 0

burada v (x,?)

0%y (x,1) B 0%y (x,1) _

. (17)
ot2 ax? '

vy =0, 8D o, (18)

%:0, (0.0 =yw(l,1) (19)
X

gosma mosalasinin hallidir.

2.2 yarimfaslindo asagidaki maslode optimalligin zoruri sorti
alinmigdir: elo idarsedici tapmali ki, o

82u(x,t) B 82u(x,t) B

3(x,1),
or2 ox2
(x,0)€ QO = {(x1):0<x <10 <1 <T}, (20)
u(x,0)=0,@=0,0<x<1, 21
l
u(0,0)=0, [u(x,0)dx=0,0<t<T, (22)
0

geyri-lokal sarhad masalasinin halli ils birlikdes
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J(9)—— [(u— u)2dxdt+ [ 92 (x, t)dxdt (23)
QT QT

funksionalina minimum qiymat versin.
Miimkiin idarsediciler sinfi olaraq

<M}

tt “
L,©,)
coxlugu gatiiriiliir, bels ki, M - verilmis adaddir.

Teorem 5. Forz edok ki, (20)-(23) masalasinin verilanlari iizorino
yuxarida qoyulan sortlor ddonir. Onda 90 (x,¢) optimal idarsedicisi vo

hor bir 3(x,7) € Ua d idarsedicisi liglin

[(80e,0) =y e, ) +y (LONS(x, 1) = 9y (x, ))dxdt 20 (24)
QT
borabarsizliyinin 6denmesi zoruri ve kafidir, burada w(x,t) (17)-(19)

gosma mosalasinin hallidir.

2.3 yarimfoslinds asagidaki optimal idarsetms mosolasine
baxilmigdir:

JW9= | fo(x,t,u(x,t),S(x,t))dxdt (25)
QT

funksionalini

2 2
0 u(;,t) 0 u(;c,t) N TP

ot ox
(x,t)eQT={(x,t):0<x<l,0<t<T}, (26)
u(0) = g, S~ 0, @)
[ [
u®.9 _ [ K (x)u(x,t)dx, ull, 1) = [K(x)u(x,t)dx, (28)
0x 0 X 0
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sortlari daxilinde minimallagdirmaq talab olunur, burada P € W21 (0,0,

[
¢ € L2 0,0), [K 2 (x)dx = L <o, Miimkiin idarsedicilor sinfi olaraq
0
Uad ={9(x,1): 3(x,t) e Loo(QT)’ a<Ix,t)<p, QT —do sanki har
yerda} coxlugu gotiiriiliir, burada a, § -verilmis adadlordir.
Forz edok ki, f(x,t,u,3) vo fo (x,t,u,9) funksiyalar

QT x Rx[a, f]-da kesilmozdirlor, onlarin 2 kosilmoz téromolori
u  Ou

var va (x,t)eQT,Q €la,P]-ya goro miintozom olaraq U -ya nazaron
Lipsis sortini 6dayirlear.

8, (x,t) miimkiin idareedicisi tigiin

Py (x,0) B Py (x,0)

=K@ (1) —w(0,1))+

ar2 a2
OH (x,t, Uy (x,0), 90 (x,0),p (x,1))
+ . (29)
Ou
w(x.T) =0, ow(x,T) _o, ow(0,¢) _o, oy (l,1) 0. (30)
t Ox Ox

gosma moasalesi  daxil edilir, burada H(x,t,u,3,y) =y (x,t)x
x f(x,t,u,d)—f 0 (x,t,u,3) - Hamilton-Pontryagin funksiyasidir.

Teorem 6. Forz edok ki, (25)-(28) mosslasinin verilonlori iizering
yuxarida goyulan sortlor 6donir. Ogor (u 0,90) -optimal ciitlitksa, v (x,?) -

ona uygun (29)-(30) gosma masalasinin iimumilogmis hollidirse, onda sanki
biitiin (x,7) € QT vo biitiin 9 € [a, B] Tlglin

H(x,t, U (x,8), 3, (x,8)) < H(x,t, U (x,2), 90 (x,0),w(x,1))

barabarsizliyi dogrudur.
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2.4 yarimfaslindo

2
QD) Ny = fxatyu(x i), 9(x, 1),
ot?
(x,t)eQT ={(x,t):xe Q,0<t<T}, (31)
u0) = 0y (0, L5 g ), (32)
o s, = KOt (33)

saortlor daxilinds (5) funksionalinin minimallagdirmas1 masslasi tadqiq
olunmusdur: Miimkiin idaroedicilor sinfi olaraq Ua q= {9(x,1):
G(x,t) e LOo (QT ), a<3(x,t)<p, QT -do sanki hor yerds} coxlugu
gotiriiliir, a, B -verilmis adadlordir.

Forz edok ki, (31)-(33) masalasinin verilonlori asagidaki sortlori
Odoyir:

1
1. 20 eWz(Q),qol €L2(Q)’ K(x,y) eLz(QxQ),

1 2
Ky =K(nx), | (K2 (09) +5|V Ky ddy =L <oo:
21 X
Q0
2. f(x,t,u,9) va fo(x,t,u,S) funksiyalar QTxRx[a,ﬁ]-da ko-
o Y%

silmazdirlor vo onlar —,—> kosilmoaz téromolorino malikdirlar, belo

Ou Ou
ki, ™ moehduddur ve o, u-ya goro A gostericisi ilo Holder sortini
U
.2 Y, 0 . . .
Odayir, 3 <A<, rn U -ya gora Lipsis sortini 6dayir.
u

Teorem 7. Tutaq ki, (5), (31)-(33) masoalasinin verilonlari izorino

qgoyulan sortlor Odonir. Bundan olave A =oa(l1+ LmesQ)<1. Ogor

15



(u 0’ 90) -optimal ciitliikss, onda sanki biitiin (x,7) € QT vo biitiin
9 €[a, B] lglin

H(x,t, u (x,0), 9,y (x,1)) < H(x,t, U (x,1), 90 (x,1),y(x,t)), bora-
barsizliyi dogrudur, burada y (x,?)

2 aH ’t’ ,t ’9 ,t , ,t
%;’O‘A‘/’z [K(& 0w (&, t)ds+ 05,1 (56, 5 (6, (x ))’ (34)
ot 0 -
_o v(xT) _ 0wl _
reh=t S ovls, =" (35)

gosma masalasinin hallidir.

Isbat olunan teorem baxilan mosolodo optimalliq iigiin
Pontryaginin maksimum prinsipi tipli zeruri sortdir.

2.5 vyarimfoslinds asagidaki optimal idarsetms mosolasine
baxilmigdir: (5) funksionalin1 (9)-(11) sortlori daxilinds minimal-
lagdirmaq talob olunur.

Tutaq ki, masalonin verilonlori asagidaki sortlori 6doyir:

d ) m . o
1. al.j(x,t),TeC(QT), V& eR™ vo hor bir (X,1) eQT {igiin

m m
2
> = = N
. Z_ aU(x’t)glg‘] = /l%: 51 s /1 ConSt>03 ai].(x’t) ajl-(xvt)y
i,j=1 i=1
iL,j=12...,m;

1 .
2. 9o () €W, (Q), 0, (x) € L, (€2);
3. f(x,t,u,3) va fO (x,t,u,9) funksiyalari QT x Rx[a, B]-da kosil-

,
mozdirlar va g,—o kasilmoz téromolarine malikdirlar, bels ki, g
Ou Ou Ou
téromosi mohduddur vo u-ya gdro A gostoricisi ilo Holder sortini
vy 2 Y, 0 i . . .
Odayir, gslsl,a— U -ya goro Lipsis sortini odoyir, K(x,y,t,u)
U

16



funksiyasi Q% QT x R -da kesilmazdir va Z—f,Z—K kasilmaz toromalari
U

oK (x,y,t,0)
ot

oK (x, y,t,u)

vardir, bels ki, K(x,),£,0)=0, 0, <c,

OK (x, y,t,u)
ou

funksiyast 4 -ya goro A gostoricisi ilo Holder sortini

OK (x, y,t,u)

odoyir, 2 <A<,
3 ot

funksiyas1 ¢ -ya goro Lipsis sortini

1
0dayir, bundan slava forz edok ki, 4 = aL[E + (mesQ)zj <1.

Bu sortlori “C gorti” adlandiraq.
Teorem 8. Tutaq ki, “C sorti” Odonir. Ogor (u0,90)-0pti-

mal ciitliikso, onda sanki biitiin (x,#) € QT vo biitiin 9 € [a, B] Tlglin

H(x,t, U (x,1),%w(x,t)) < H(x,t, U (x, t),90 (x,1),w(x,1)),

barabarsizliyi dogrudur, burada v (x,?)

a7 ] BRI B
or2 i, j=19| Y 8xj

0K (&,x,t, U (x,1)) OH (x,t, U (x, t),90 (x,0),w(x,1))

= ! ds+ ,
6&/(5 ) ou ou

I//(X,T):O, 8[//(X,T) :0, al//(xvt) :0
8t 8\/ ST

gosma mosalasinin hallidir.

2.6 yarimfaslindo 2.4 yarimfsslindo qoyulan optimal idarsetmo
masalasing baxilmigdir vo funksionalin qradiyenti tiglin ifads tapilmigdir.
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XUKMET TAXHP OI'JIbl TATUEB

HNCCIEJOBAHUE HEKOTOPBIX 3AJTAY
OIITUMAJIBHOT' O YIIPABJIEHUSA AJISA
TMIEPEOJIMYECKHNX YPABHEHUM C HEJTOKAJIbHBIM
I'PAHUYHBIM YCJIOBUEM

AHHOTALUS

HucceprannonHass paboTa TMOCBAIIEHA WCCIENIOBAHUIO 33/1a4
ONTUMAJIBHOIO YIPaBJeHUs C HEIOKAaJbHBIMU TPAHUYHBIMH YCIOBUSMHU
JUISl ypaBHEHHsI THIIEPOOINYECKOTO THIIA.

B pabote mony4eHsl CleAyIomne OCHOBHBIE PE3YIbTaThI:

- JI0Ka3aHa TeopeMa CyIeCTBOBAHUS U €IMHCTBEHHOCTH peleHHs
3aa4d C HENOKaJbHBIM TPAHUYHBIM YCIOBHEM JISI THIEPOOIMYECKOTrO
ypaBHEHHUS;

- JIOKa3aHbI TEOPEMBbI CYIIECTBOBAHUS ONTHUMAJIBHOTO YIPaBIIECHHS
B 3aJaue€ ONTHMAIBHOTO YIPABIIEHHUS sl TUIEPOOIMUECKOr0 ypaBHEHUS
C HEJIOKAJIbHBIM I'PaHUYHBIM YCIIOBHEM;

- BBIBEJICHBI HEOOXOTUMBIE YCIIOBHS ONITUMAIIBHOCTH B MpOIEccax,
OIUCHIBAEMBIX THIEPOOINIECKUMH YPaBHEHUSIMH C  HEJOKaJbHBIM
TPaHUYHBIM YCIIOBUEM;

- BeIBeieHa (opMyna Al TpaaueHTa (yHKIMOHala B 3ajade
ONTUMAJIBHOIO YIPABJIEHUS /ISl BOJTHOBOTO YPaBHEHUS C HENOKaJbHBIM
TPaHUYHBIM YCIIOBHEM.
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HIKMET TAHIR OGLU TAGIYEV

INVESTIGATING SOME OPTIMAL CONTROL PROBLEMS
FOR HYPERBOLIC EQUATIONS WITH NON-LOCAL
BOUNDARY CONDITION

ABSTRACT

The dissertational work is devoted to investigation of optimal
control problems with non-local boundary conditions for hyperbolic type
equation.

In the paper the following main results were obtained:

- a theorem on the existence and uniqueness of the solution of a
problem with a non-local boundary condition for a hyperbolic equation
was proved;

- theorems on the existence of optimal control in an optimal control
problem for a hyperbolic equation with a non-local boundary condition
were proved,

- necessary optimality conditions in processes described by hyperbolic
equations with a non-local boundary condition were derived,

- a formula for the gradient of the functional in an optimal control
problem for a wave equation with a non-local boundary condition was
derived.
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