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BIR SINIiF PARABOLIK TOLIKLOR SISTEMI
UCUN TORS MOSOLO HAQQINDA
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adalatakhund@mail.ru

Arasta HOBIBOVA
Lonkaran Do6vlat Universiteti
AZORBAYCAN
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XULASO

Magqalada mahdud oblastlarda ikinci tertib parabolik tenlikler sisteminde sag terafin tapilmasi haqqinda
geyri-xatti Dirixle sarhad sortli ¢oxol¢tilii tors masalonin korrektliyi aragdirilir. Axtarilan namalum funksiyalar foza
dayisenlarinden asilidir. Namalum funksiyalarin tapilmas: tigiin toklif olunan slave sartlor geyri-lokal (inteqral)
sokildo verilir.

Hallin yeganaliyi ve sorti dayaniqligi, baxilan masalaya ekvivalent olan inteqral tenlikler sisteminin hallinin
varlig1 haqqinda teoremlar isbat olunur.

Acar sdzlar: tars masals, parabolik tenliklar sistemi, yeganslik, “sorti” dayanaqliq, hallin varlig.
THE INVERSE PROBLEM FOR A CLASS OF SYSTEMS OF PARABOLIC EQUATIONS
ABSTRACT

The work is devoted to the study of the inverse problem of determining the unknown right-honed side of a
system of parabolic equations in the case of the Dirichlet condition. In the work the following results have been
obtained: the theorem on the uniqueness and stability has been proved.

The theorem on the existence of a solution of a system of integral equations which equation lent to conside-
red the problem of the considered problem has been proved.

Key words: inverse problem, the system of parabolic equation uniqueness, stability, existence.
OBPATHAS 3AAAYA AA51 OAHOTI'O KAACCA CUCTEM ITAPABOAMNYECKINX YPABHEHUM
PE3IOME

B pabote nccaegosana KOppeKTHOCTh OOpaTHOI 3a4ady 00 OllpeJeAeHUM HeM3BeCTHOM ITpaBoil YacTu OAHOI
CHCTeMHI TapabOANMIeCKUX YpaBHEHIII BTOPOTO MOpPsAKa B CAyJae HeAMHeIHOTO TPaHIIHOTO yCA0BM: Aupuxae.
OrricknBaemble KODPPUIIEHTH 3aBMUCAT OT IIPOCTPAHCTBEeHHBIX TIepeMeHHBIX I A0TIOAHUTeAbHbIe YCAOBIS 3aja-
HBI B MHTETPaAbHOM Bue. JoKazaHbl TeOpeMbl O e AMHCTBEHHOCTU M YCTOMYMBOCTU pelleHts paccMaTpuBaeMolt
3aJaun ¥ O CyIIeCTBOBAaHMM PeIlleHNs CUCTeMBI MHTEeTpaAbHbIX YPaBHEHMII, 9KBIMBaA€HTHON MICXOAHOM 3ajave.

Karouesnle caoBa: obpaTHas 3ajada, CrCTeMa ypaBHEHMI ITapaboANdecKoTo TuIla, € AMHCTBeHHOCTD, «yCAOB-
Hasl» YCTOMYMBOCTD, CyIIIeCTBOBaHME PelleH .

Asagidaki isaralari qobul edok: E™ — n olgtilii Evklid fozasidir, B € E™ — kifayet qodar ha-
mar 0B sarhadli mahdud qabariq oblastdir, x = (x4,...,x,) — B oblastinin ixtiyari noqtesidir,
0 =Bx(0,T],S =3B x[0,T],0 < T = const.C'(-), C'*%(-),C"2(), cl+e+a)/2() | =
0,1,2,0 < a < 1, funksional fazalar1 ve bu fazalarda normalar [1]-da oldugu kimi toyin olu-
nur:
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P =@ Pmds IPllcreay = llpll = Xisq Xioo sup | Dy Pkl

1Pl ctace = Ipllg = Xy 2é=oszip|z>;pk|+23L0szip|szk|],

_ 9Dk _Opk . _ -
pkt_ ot ) pkxl - axi' L= 1'”' k_ 1’m'

Opk

ov
2
Ap, =21, Z;i’;‘ —Laplas operatorudur, DLp; (x, t) — pi (%, t) funksiyasmin (x, t) € 2 ndqtasin-

— pr(x, t) funksiyasmin(x, t) € S noqtesinda ¥(x,t) daxili normal {izro téromasidir.

da x;, i = 1,n dayisonlorine nazeran [ tortibli toramalari, D/ py (x, t) — py (x, t) funksiyasinin ¢
dayigenine nazaran q tartibli toremasidir,

Jypic G 00 = [ [ Py, X O) i, .oty
Namolum { fre (), u (x, ),k = L_m] funksiyalar ciitlorinin
Uge — duy = fr(X)gr(x, 1), (x,t) € 2(1)
ue(x,0) = @i (x), x €B (2)
up(x,t) = P (x, t, ), (x,t) €S (3)
fOT uy (x, t)dt = 1,(x), xeB (4)
sortlorindan tapilmasi haqqinda masoalaye baxagq.
(1) — (4) mosalasinda gk(-), 0 (), Y ), 1), k =1, m — verilmis vo tolab olunan ha-
marliq sortlorine malik funksiyalardir, @i, = (uy,..., Ug—1, U1, ) Um)-

Parabolik tip tenliklar sistemi {iglin tars masalalor ©.Y. Axundov [2], A.D. Iskandarov,
9.Y. Axundov [3], A.Y. Axundov, A.H. Hasenova [4] vo basqalar1 tarafinden dyrenilmisdir.

Masals (1) — (4) —tin ilkin verilonlari ti¢lin asagidaki miilahizaleri qabul edak:
1°.9k(x, 1) € C;'ta/z(g x [0,TD, |gi(x,t)| = const >0, (x,t) € 2 ;

20 @, (x) € C?T*(B);

30 (x, t,p) € C,ﬁf';"/z(é x [0,T] x Em~1 = M);

Yr(x,t,p) funksiyast M coxlugunun hor bir mehdud altcoxlugunda p dayisenine
nazaran Lipsits sartini ddayir:

m

i ") = i G, 5] < const ) |5}~ p?

j=1

,(x,t,9Y), (x,t,p%) € M;

49, 1. (x) € C3*2/2(B).

Torif 1. {fi,(x), u(x,t), k = 1,_m} funksiyalar ciitlorine o zaman (1) — (4)masalasinin
halli deyacayik ki, asagidaki sortlor 6denilsin:

1) fi(x) € C(B);
Dug(x,t) € C*1(2) N C(Q);
3) (1) — (4)miinasibati adi qaydada 6danilir.
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(1) — (4)masalasi Adamar manada korrekt olmayan—qeyri-korrekt masalalar sinfine da-
xildir. Bu masalalarin hallinin varligindan hamiss danismaq olmaz. Niimunalarle gostermak
olar ki, agar qoyulmus masalenin halli vardirsa bels, hallin yeganaliyi va ya ilkin verilanlar-
dan kesilmaz asilili§1 pozula bilir.

Dayaniqgsiz masalalarin, o ciimladan baxilan (1) — (4)masalasinin hall olunmas: zerurati
(daqiq voe ya toqribi) dyrenilon masalonin halli anlayisinin deqiqlesdirilmasini taleb edir. Sar-
ti korrekt moasalo—Tixonov moenada korrekt masalalarin hoalli dedikde miimkiin olan hallar
¢oxlugunun har hansi bir miiayyen alt ¢oxluga daralmasi kimi basa diistiliir. Bu halda geyri-
korrekt masala hatta korrekt masalayae kegir.

Toarif 2. Ogor (1) — (4)mosalosinin torif I manada { fre (), up(x,t), k = L_m}halli:
1) fr(x) € C*(B), |f(x)| < const, k =1,m, x € B;

Quy (x,t) € C2Hal+a/2(y), |Dlug (x, )| < const, 1 =0,1,2, k = 1,m, (x,t) €
sartlarini 6dayarss, onda deyacayik ki, bu hall K*coxluguna daxildir.

MBalumdur ki, ters masalalarin hallinin yegansliyi haqqinda teoremin isbat1 va hallin ilkin
verilonlardan kesilmaz asilili§inin gostaricisi olan giymatlandirmenin alinmasi bu tip mase-
Ialarin korrektliyinin aragdirilmasinda miithiim yer tutur.

Forz edak ki, {fk ), up(x, t), k = L_m} cutlori (1) — (4)masoalasinin
91 (6, ), i (), Yy (x, £, W), 1 (x),k =1,m verilonlorine nazeren, {fi(x), & (x, 1),k = 1,m}
ciitlori isa (1) — (4)masalasinin J, (X,t), @1 (), Py (x, t, ), 7 (x), k = 1, mverilanlarine nazoren
(bu masoalani madlandlracaglq) torif I monada hoallaridir.
Torif 3. Ogor ixtiyari € > 0 qars1 elad > 0 varsa ki,
lg =gl <6, o=@l <& [[v-9| <6 lIr-7ll<s
olduqda [lu —u|| <,

| f - f || < ¢ olsun, onda deyacayik ki, (1) — (4)masalasinin halli ilkin
verilonlarden kasilmaz asilidir.

Teorem 1.Forz edak ki,

1) gk (xl t)! D (x)) wk(x) t; ﬁ): Tk (x) Vo .g_k (x, t)l (pk (x)r lljk (xp t, ﬁ-); fk (x), k = L_m funksi'
yalar1 uygun olaraq 1°, 29, 3%, 4°sartlarini 6dayir;

2) (1) — (4)va(1) — (4)masalalerinin K “coxluguna daxil olan {f; (x), u(x, t), k = L_m}va
{ Fie (), (x,8), k = 1,_m} hallori vardir.

Onda elo T* € (0, T] vardir ki, B x [0, T*] oblastinda (1) — (4)masslesinin halli yeganadir
vo asagidaki dayaniqliq giymatlandirmasi dogrudur:

e = @llo +[If = Fll, < 1 [Ilg = gllo + llo = @llz + [[w = bl + lIr = 7], (5)

burada c¢; > 0 — (1) — (4)va I(1) — (4)masalalarinin verilonlarinden ve K¢ ¢oxlugundan asili
sabitdir.

Teorem 1-in isbati. Ovvalca (5) barabarsizliyinin dogrulugunu isbat edek. Hallin yega-
naliyi haqqinda teoremi almagq iiciin asagida aparilan isbat prosesinds har yerds g, (x,t) =
gk(x' t)! (x, t) € 'Q!(p_k(x) = (/_)k(x)! X € Br l/)k(x' £, ﬁ) = l/)k(xr t, ﬂ), (X, t) € S, T'k(X) =

i (x), x € B, k = 1, m gotiirmok lazimdr.
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(1) tonliyinin har iki tarafini t doyisenine nazeran (0,T) intervalinda inteqrallasaq vo
teorem 1-in sortlorini nazars alsaq, fx(x) funksiyas: {iciin yaza bilarik:

T
) = [, ) = @) = (0] / [ g1 0t x € B (6)
0

Isaro edok:
2 (6, t) = ue(x, £) — e (x, £), A (%) = fie () = fre (%),
81 (%, 1) = gre(x,8) — G (x, £), 821 () = @ (x) — Ppe (),
83, t,0) = Py (o, 6, W) — P (x, £, 1), Sare (x) = 13 (x) — 7 (%)

(1) — (4)masalasinin miinasibatlarinden (1) — (4) mosalesinin uygun miinasibatlorini
cixsaq, Ag(x), w(x, t) =z, (x,t) — 85 (%), k = L_mfunksiyalarl tiglin yaza bilarik:
Wi — Awy = 4 (0) g (x, ) + Fie(x, 1), (x,t) € 2(7)
wi(x,0) =0, x € B(8)
wi(x, t) = 83 (x, t, ) + Pe(x,t), (x,t) €S(9)

T
A () = [z (x, T) = 834 (x) — A54-k(x)]/f gk (x, t)dt + H(x), x € B(10)
0

burada
Fie(x,t) = fie(x) - 81 (x,£) + Az (x), (x,1) € 2,

Pk(xJ t) = l[)k(xJ t, ﬁ) - l[)k(x' t, ﬁ) + 62k(x)' (X, t) € S:
T

T
/[f I (x, t)dt-fg‘k(x,t)dt
0

0

, XxeB

T
Hy(x) = [(uk(x' T) — @ (x) — A (x)) f 81 (x, t)dt
0

Teorem 1-in sortlori daxilinds (7) vo (9) miinasibatlarinda
[ () gk (x, ) + Fi (x, )] € C*/2()
[835 (x, t, ) + P (x,t)] € C**/2(S)

olar. Bu o demakdir ki, (7), (8), (9) miinasibatlarinden wy(x, t) funksiyasinin tapilmasi hag-
qinda “diiz” masalonin wy(x, t) € C2**1+#/2() yegana klassik halli vardir ve bu hall asag:-
daki sokilds gostarils bilar [1]:

t
wi(x,6) = f f I 680 [Ae(©)gk € 1) + Fo (€, 0)]déd +
0 YB

tr o or(xté,1) ~
| R e ) + Pt Dldgodr, (11)

o JoB dv
burada ¢ = (&4,...,¢&,), dé =dé&,...d¢&,, d&é, — dBsothinin elementidir, I'(x,t,&,T) — Wit —
Aw,, = Otonliyinin fundamental hoallidir va asagidak: sokilds gostarilir:

1

(2v)”
x=llu—1dllo+|f - f||0 isaro edoak.

L —&)2
rxté&1) = (t—r)_”/zexp[—%] (t>1)



Bir sinif parabolik taliklar sistemi iiciin tars masala haqqinda

|z (x, )], k=1,m funksiyasin1 gqiymotlondirak. (11) barabarliyinde wy (x,t) = z,(x, t) —

02x (x) oldugunu nazars alsaq, yaza bilarik:

22 G0 t) = 8y () + fo fB IOt & 1) M@ gi(€,1) + Fe (€, 0)]dedr +

i Jop D (5,0 (6,7,0) + Pe(€, D]dEdT (12)

Axirinci baraboerlikden alarig:

1206, O < 18,00 + f f It €0 [ (©) g€ 1) + Fe (€, 0] déde +
0 YB

£,

(13) —da birinci toplanan {i¢iin yaza bilarik:
621 )| < llp — @llo, x € B(14)

(13) berabersizliyinin ikinci toplananinda istirak edon | S (x,t, &, 7)| d§ ifadesi tigiin aga-

ar(x,t,é,17)
v

[631(§, 7, @) + Pe(§, D]1dEodT(13)

g1daki giymetlondirma dogrudur [1]:

f IF(x,t,€,7)| dE < ¢5(15)
B

(13) — da ikinci toplananda inteqralalt1 |4, (x)||g (x, t)| + |F(x, t)| ifadasi ilkin verilonlor

va K% ¢oxlugu tizorine qoyulan sartlar daxilinds asagidaki barabarsizliyi 0dayir:

|2k (191 e, O + 1F O, O] < 12, (0[] g1 O, )] + 1482, (0| +
+|fk(x)||51k(x: ] < cslllg — gllo + llo — @ll2] + cax. (16)
Burada c3, ¢, > 0 —ilkin verilonlarden ve K% ¢oxlugundan asili sabitlardir.

(13) barabarsizliyinde {igiincii toplanani giymatlondirak. [1]-2 asasen yaza bilarik:

f ar(x,t,é,1)
aB
Digor torafden,

S| = este - D77 (17)
851Gt ) + P 01 < < [0 =B, + llo = llo] 4+, (18)

Burada c4, c; > 0 —masalalarin ilkin verilonlarinden ve K% ¢oxlugundan asili sabitlardir.

(14), (15), (16), (18) barabarsizliklsrini (13) —ds nazare alsaq, yaza bilarik:

- 1+a —
|z (x, )| < g [llg —gllo+llo = @llo + ||l - 1!’”0] +eoxtz, (x,t) €Q,(19)
Burada cg, cg > 0 —masalalarin ilkin verilonlarinden ve K% ¢oxlugundan asili sabitlordir.

indi |2, (x)|, k = 1,m funksiyasmni giymetlondirak. (10) diisturundan alariq;

24CO1 < [ T + 185G + 1884 GO/ [ 19 )1 +

+ | (7 D + 13 GO + 187,01 f 16, (x, t)w% / f |9 G Dldt f |G, B)dt
0 0 0
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Teorem 1-in sartlorini nazare alsaq, yaza bilarik:
- 14a =
e < c1o[llg = dllo + llp = @l + [0 =l + lIr = llo| + craxt =, x € B(20)

€10, €11 > 0 — (1) — (4)va (1) — (4)mosalalarinin ilkin verilanlarindan ve K% ¢oxlugun-
dan asili sabitlordir.

(19) ve (20) berabeorsizlikloeri ixtiyari (x,t) € B x [0,T] qiymotlori {i¢iin ddenildiyinden,
onlar sol teraflorinin maksimal giymatlarinds do 6denilmalidir. Belalikls, alariq ki:

_ _ - lia
Izllo < €1z [Ilg = Gllo + lp = @Il + [ = Bl | + casxt 2,

- 1+a
12llo < cra[llg = Gllo + o = Gllz + [ = bl + llr = 7llo] + crsat 2

Burada cy,, €13, €14, €15 >0 — (1) — (4)ve (1) — (4)mosalalorinin ilkin verilonlarinden
va K% ¢oxlugundan asili sabitlardir.

Son iki barabarsizliyi birlagdirsek alariq:

_ 1+a
x=cis|lg = gllo+llo = @llz + [y = bl + I = ll,| + coxt 2 21)

Burada ¢y, €17 > 0 ilkin verilonlorden vo K¢ ¢oxlugundan asili sabitlordir.

1+a

Forz edak ki, T*(0 < T* < T) elo adaddir ki, ixtiyari t € [0,T"] iiglin ¢;,t 2 < 1. Onda
(21) —den alariq ki, ixtiyari (x,t) € B x [0, T*] qiymatlari tigiin (1) — (4)masslasinin halli da-
yaniqlidir, yeni (5) giymsatlandirilmesi dogrudur.

(1) — (4)masalasinin hallinin yegansliyi (5) barabarsizliyinden g, (X,t) =0, (X,t),

0 (x) = @ (%), ¥, (X,t, L]): W, (X,t, l]), 1. (x) = 7 (x)qobul etmakls alinar.

Teorem 1 isbat olundu.

Gostormok olar ki, agar (1) — (4)masalasinin K* ¢oxlugunda halli varsa, onda ilkin veri-
lonlar iizarine qoyulmus sortlor daxilinda (1) — (4)masalasini ona ekvivalent olan masalayo
— inteqral tonliklar sistemi {i¢iin olan masalaya goatirmak olar.

t
(6 ) = @ (0) + f j 660 [fo(©) gk (6 T) + Ay (8)]déds +
0 YB

J €, _ R
4Ly TEED (67, Wdgodr, k = Tm (22)

T
i) = [, ) = () = ()] [ g, 0t k = Tm(23)
0
(22), (23) inteqral tenliklar sisteminin hallinin varlig1 ardicil yaxinlagsma tisulu ile asagi-

daki qaydada aparilir: avvalca fk(o) (x) € C*(B), u,((o)(x, t) € cva/2 (D)secilir vo agagidaki mii-
nasibatlorden s = 0 olduqda u,(cl) (x,t) vo fk(l) (x)tapilir:

t
u,(f“)(x. £) = @ (x) _|_f0 Lr(x, t,&,17) [fk(S)(f)gk(f, 7) + A<Pk(f)] dédr +

Lroor(xté ) (s
N I AR R LD
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FEP ) = [l (x, T) — @p(x) — ATk(X)]/f 9r(x, )dt (25)
0

Gostormak olar ki, fk(l) (x) € C¥(B), u,(cl)(x, t) € C¥/2().
fk(l) (x) vo u,(cl) (x, t) funksiyalari iterasiyanin novbati addiminda istifads olunur va s.

Teorem 2. Forz edok ki, 19 2° 39 40 gortlori odonilir vo fk(o)(x) € C*(B), u,(co)(x, t) €
C®*2(Q), k=1,m.

Ondaelo Ty (0 < Ty < T) vardir ki, (x,t) € B x [0, Ty]-de (22), (23) inteqral tonliklor siste-
minin halli vardir va fi (x) € C(B), ux(x,t) € C(B x [0,T]).

Teorem 2-nin isbatu. fk(o) (x) € C*(B), u,(co)(x, t) € C%%/2(B x [0, T]) secib, (24), (25) sxem-
lari {izrs iterasiyan1 aparmagqla { k(s) (x)} \C {u,(cs) (x, t)}ardlcﬂhqlanm almis olariq. Bu ardicil-

liglarin miintezom mahdudlugunu va eyni deracodan kesilmazliyini gostorak.
Lemma 1.Forz edok ki,

1) 19, 29, 30, 49gartlari 6danilir;

2) f0(x) € C4(B), uY (x,1) € C“¥/2(Q), k =T,m.
Onda elo T,(0 < T, < T) odadi vardir ki, ixtiyari (x,t) € (B x [0,T,]) {iglin {fk(s) (x)} \'C)

{u,({s) (x, t)} k= 1,_mard1c1lhqlar1 miintezem mahduddur (sup norma tizrs).

Lemma 1-in isbati. Ogor fk(o) (x) € C*(B)va u,(co)(x, t) € C%%/2(B x [0, T])secilibsa, onda
[1]-do isbat olunan teoremin hokmiine asason (24),(25) — den alariq ki, k(s) (x) € C*(B),
u® (x,0) € C22(B X [0,T,]), k = Tm,s = 12,..

(24) — den alariq:

t
WS, 0] < 19p (0] + f f PG 6,6 D1 O ©O)|l9eE D + 140, (@) dédr
0 YB

[,

y® = [[u®]] + £ ]|, isaro edok.

W| i €7, 29| dgdr (26)

(26) — da birinci toplanan ti¢lin lemmanin sartine gora yaza bilarik:

lpr (O] < llpllo, x € B (27)

(26) — da ikinci ve {igiincii toplananin niivesi tiglin asagidak: giymatlandirmolar dogru-
dur:

|r(x: tl EIT)l d{ S Cl
EM

ar(x,t,¢&,17)

g < et - "7 (28)

J.

(26) — da ikinci toplananda inteqralalt ifade asagidaki kimi qiymatlondirilir:

£ @196 G DI + 149 )] < llgll, + ¥, (x,t) € B x [0,T1(29)
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(26) — da tiglincii toplananda inteqralalt: ifads tiglin yaza bilorik:

m
[ 629 < ¢, ) 0] < ¢4y (30)
k=1

Belalikls, (27), (28), (29) va (30) — u(26) — da nazaro alsaq, yaza bilarik:
1+a _
U] < csllplly +cr® 2, xt) € Bx[0,T].

Axarina baraborsizlik ixtiyari (x,t) € B x [0, T] ii¢iin 6danilir. Demsli, bu barabarsizlik
sol tarafin maksimal giymatlari tigiin do dogru olar:

1+a
||uz(f+1)||0 < csllglly +cey® -2 (31)
Buradacs, cg > 0 — ilkin verilonlaorden asili sabitlordir.

Indi | fk(s) (x)| funksiyalarini1 giymatlandirak. (25) miinasibstinden yaza bilarik:

T
)| < [P ) + ool + 18n 01|/ f |91 (x, )] dt
0

Lemma 1-in gartlarini ve (31) barabarsizliyini nazars alsaq, yaza bilarik:
lta  _
V00| < slliglly + lirllz] + cay® - €2, xeB.

¢y, cg > 0 —ilkin verilonlarindan asili sabitlordir.

Axarinci barabarsizlik ixtiyari x € B {iciin 6danilir. Demali, bu barabarsizlik hem da, sol
torafin maksimal giymotlarinds 6danacakdir:

1ta
152, < erllielly + irlla] +cr® - £ (32)
(31) vo (32) baraborsizliklerini birlasdirsak, yaza bilarik:

1+a
Y < clllollz + lI7ll2] + c1ov - 2 (33)
Cy,C10 > 0 ilkin verilonlarden asili sabitlardir.

(33) miinasibati ixtiyari s = 1,2, ... giymatlari {i¢lin 6danilir.

1+a 1+a

Forz edak ki, T,(0 < T, < T) elo adaddir ki, cmTzT <1l.gq-= clOTZT isaro edak.

(33) miinasibatini ardicil olaraq totbiq etmaklos ala bilarik:

s+l

q
Y& < cpolliollz + lI7ll2] T—g T r©@-q ' (34)

q <1 oldugunu nazers alsag, (34) miinasibatinden {fk(s)(x)} Vo {u,(cs)(x, t)}k =

1, mardicilliglarinin miintazem meahdudlugu alinar.

{fk(s) (x)}va {u,(f) (x, t)}k = 1,mardicilliglarinin eyni daracoden kesilmozliyi asagidaki lem-

manin hokmiindan alinir.
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Bir sinif parabolik taliklar sistemi iiciin tars masala haqqinda

Lemma 2. Forz edok ki, teorem 2-nin sortlori édonilir. Onda elo T5(0 < T3 < T) adoadi
vardir ki, (x,t) € (B x [0, T5])oldugda {fk(s) (x)} Vo {u,((s) (x, t)}, k= 1,_mard1c1lhqlar1 eyni de-
racodan kasilmazdirler (sup normada).

Lemma 2-in isbat1. Bir daha qeyd edak ki, (24) vo (25) sxeminda fk(o) (x) € C¥(B),
u,(co) (x,t) € C**/2(), k = 1,m segilorss, onda ixtiyari s = 1,2, ... {iciin £$(x) € C*(B),
u,(cs) (x,t) € C**/2(Q)olar [1].

(x,t), (%,©) € Nmiixtalif giymotlori {igiin (24) tonliklorini yenidon yazib torof-torafo ¢ix-
saq, alariq:

w6t —ufVE B < [ufP o0 — TP E O] + [uf TV E 0 - uT @ D) <

t
< loe@ - @1+ [ [ 11660 =G 801 [[12©)] 1966 01 + 1401 dgar +
0 YB

L.

t

a6(x, t;¢&,1) OI(x,t;¢&1)
v av

or(x,t;é,1) or(xt;é1)
av av

Wi €, 7, @) |dEgdr + f
0

t
I, t;s,
e m a0 dgodr + [ [ 6 1)y
t

Lemma 2-nin sortlorini { k(s) (x)} Vo {u,(cs) (x, t)} k = 1, mardicilliglarinin miintezom mah-

dudlugunu va fundamental hall {i¢iin asagidaki qiymatlondirmalori [1]

1 l - - _n+2 |x - 5'2
|DxF(x, t,&, 1) — DI (x,t,¢, T)| < constlx —x|*-(t —1) 2 exp|—const ,1=0,1,2

n+2

2
Il (x,t,é,1) —T'(x,t,é 1) <const|t—t|* - (t—1) 2 exp (—const |

lx—¢

), t>t>t

nazara alib (32) barabarsizliyinin ¢ixariisinda oldugu kimi hesablamalar aparsaq, axirinc

barabarsizlikden {u,(cs) (x, t)} k = 1, mardicilliglarinin eyni deracoden kesilmezliyini almis ola-
r1q.

{ fk(s) (x)} ,k = 1, mardicilliglarinin eyni deracedon kesilmazliy lemmanin sartlori daxilin-

do asagidaki barabarsizlikden alinir:

fk(s+1) (x) — fk(s+1) (f)| << [

T
w0 T) = uf O E | + 10e @) = 0k (D] + 10700 — b (D] / f gi(x, O)dt +
0

([ e, D] + 19D + 181 @] fy 1900 8) = g E DA}/ [ giel e, O] dt - [ gil (% 0] de.
Lemma 2 isbat olundu.

Arsel [1] teoremine asasen { fk(s) (x)} Vo {u,({s) (x, t)} k= L_mardlcﬂhqlarmdan els altardi-

cilliglar se¢gmoak olar ki, onlar uygun olaraq f;; (x), u(x,t) funksiyalarina yigilsin ve
fe @) € C(B), ul”(x,1) € C().

(24) vo (25) miinasibatlorinda s — o olduqda limits keg¢sok alariq:

11



Odalat Axundov, Arasta Habibova

yir.

t
w6 D) = g () + f f PG D) [ (©)g(E,7) + Ay (©)]déde +
0 YB

tr or(x,té,1) L,
+J;) LB ov Ebk(f: ,u )dEOdT

T
fi) = G T) = 900 = a1/ [ g0
0

Belolikla, f; (x) vo uj(x,t), k = 1, mfunksiyalar1 (22), (23) inteqral tenliklor sistemini 6do-

Teorem 2 isbat olundu.
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SINQULYAR HOYOCANLANMIS ELLIPTIK TONLIK
UCUN DAIRSDO QOYULMUS SORHOD MOSOLOSININ
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XULASO

Isda yiiksak tortibli toromalari qarsisinda kicik parametr olan va bir tortibli adi diferensial tonliys cirlagan iki
tortibli elliptik tonlik ti¢lin dairade qoyulmus sarhad maslasinin hellinin tam asimptotikas: qurulur. Bunun iigiin
iki iterasiya prosesi aparilir. Birinci iterasiya prosesinde alinan sarhad masalalarinin hellorinin diferensial
xassolori todqiq edilorken gostorilir ki, bu hsllor cirlasan tenliyin xarakteristikasinin sarhodde toxunma
noqtalorinds mexsusiyyste malikdirler. ©vvelco miivafiq sertlor miiayyen edilarok, bu maexsusiyyetlor aradan
qaldirilir ve birinci iterasiya prosesi basa catdirilir. Sonra ikinci iterasiya prosesi aparilaraq serhaddin serhad
sortinin 6denilmadiyi hissasi yaxinlhiginda sarhad zolaq tipli funksiyalar qurulur. Nehayet asimptotik ayrilis ii¢lin
alinan qaliq haddi qiymatlondirilir.

Acar sozlar: asimptotik ayrilis, sarhad zolaq tipli funksiya, qaliq haddi.

ACUMIITOTUKA PEIIIEHNSI KPAEBOV 3AJAUM B KPYTE AAS CUHTY ASIPHO
BO3MYUIEHHOTI'O 5AAUIITUYECKOI'O YPABHEHWA BTOPOTI' O IIOPAAKA

PE3IOME

B pabote cTouTcs mOAHAs acCMMIITOTHKA pPeIleHNs KpaeBoil 3ajaun B kpyre A4s AAUNTIYIECKOTO ypaBHe-
HMSI BTOPOTO IIOPsigKa, COAeprKaluili MaAblii MapaMeTp HpM CTapLIMX NPOU3BOAHBIX M BBIPOXKAAIOLIETOCs B
0OBIKHOBeHHOe AV PepeHITalbHOe YpaBHeHNe IIepBOro Nopsaka. Jas 9Toil 11eAu IPOBOAUTCS ABa UTEPallViOH-
HbIX nTponecca. [Ipn nccaegosanun andpepeHnaibHLIX CBOMCTB peIleHNniT KpaeBhIX 3a4ad, KOTOpPbIe M0AydeHb
B IIepBOM UTepalMOHHOM IIpOoliecce OKa3alocCh, UTO DTU pellleH!s] MMeIOT OCOO@HHOCTU B TOUYKaX KacaHMs XapakK-
TEePUCTUKI BBIPOXKAEHHOTO YpaBHeHMs C IpaHMIlell paccMaTpusaeMoil obaactu. CHavyala ¢ IOMOIIBIO oIlpeJe-
AEHHBIX YCAOBUIL DTV OCOOEHHOCTH YCTPAHAIOTCS ¥ IIepBhIll MTepaIjMOHHBIN ITpoliecc 3aBepIraeTcs. Jajee, IpoBoAs
BTOPOJT UTEPAITVIOHHBIN IIPOLIECC CTPOATCS PYHKIINY TUIIA IIOTPAaHNIHBIX CA0€B BOAV3YU TOV YaCTV TPaHUIIB, TAe
KpaeBoe yCAOBMe He BhIIIOAHsAeTcsl. HakoHel] olleHrBaeTcsl OCTaTOUHBIN Y4€H, KOTOPBIil II0AY4€eH AAs aCUMIITOTH-
YEeCKOTO Pa3A0>KeHMI.

KaioueBsbie caoBa: ACMIITOTIYECKOE pa3aoxeHnune, Cl)yHKLU/I}I THUIIa IIOTPaHN4YHOIO CA041, OCTaTOYHBIN YA€H.

ASYMPTOTICS OF SOLVING THE BOUNDARY VALUE PROBLEM FOR SINGULARLU
PERTURBED ELLIPTIC EQUATION IN A CIRCLE

SUMMARY

In this paper, the complete asymptotics of the solution of a boundary value problem in a circle for an elliptic
equation of the second order, containing a small parameter at the highest derivatives and degenerating into an
ordinary differential equation of the first order, is presented. For this purpose, two iterative processes are carried
out. In the study of the differential properties of solutions to boundary value problems that were obtained in the
first iterative process, it turned out that these solutions have singularities at the points of tangency of the
characteristic of the degenerate equation with the boundary of the considered domain. First, with the help of
certain conditions, these features are eliminated and the first iterative process ends. Further, carrying out the
second iterative process, functions of the type of boundary layers are constructed near that part of the boundary
where the boundary condition is not satisfied. Finally, the remainder is estimated, which is obtained for the
asymptotic expansion.

Keywords: Asymptotic expansion, boundary layer type function, remainder.
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1.Giris: Hoyatda bas veran real proseslorin demak olar ki, heg biri ideal soraitds bas ver-
mirler, bu proseslars miisyyen xarici amillar tasir edirler. Bu xarici amillar nazars alinmadiq-
da prosesler adekvat tesvir olunmurlar. Prosesin riyazi modeli diferensial tenlik ils tosvir olun-
duqda xarici amillaer bu tenlikde miiayyan hadlsr qarsisinda duran kigik parametrlor ilo ifade
olunurlar. Bels hadlare hayacanlanmis hadlar deyilir. Diferensial tonlikds kicik parametr asa-
g1 tortibli hadlerin qarsisinda durduqda bels tonliklors requlyar hayacanlanmis, yiiksak tortibli
hadlarin qarsisinda durduqda iss sinqulyar hayscanlanmis diferensial tonliklor deyilir. Re-
qulyar hayacanlanmis masalalar ilk dafe A. Puankare tarsfindan atrafli tadqiq olunmusdur.
Hazirda requlyar hoyacanlanmis diferensial tonliklor kifayat qoder yaxsi Oyrenilmis hesab
olunur, hatta bu sahadoki noaticalorin bazilari universitet doarsliklorino daxil edilmisdir. Sin-
qulyar hayacanlanmis dferensial tonliklorin todqiqi requlyar hayacanlanmis difrensial ton-
liklar ilo miiqayisade toxminen yiiz il gecikmisdir. Kegon asrin 40-c1 illorinden baslayaraq
sinqulyar hayacanlanmis diferensial tanliklorin todqiqgine hasr olunmus maqalslari ¢ap olun-
maga baglayir. Bu sahadao ilk tadqiqatlardan biri A.N. Tixonova maxsusdur ([1], [2]). Hazirda
sinqulyar hayacanlanmis diferensial tanlikler {i¢lin qoyulmus sarhad masalalerinin hallarinin
kicik parametra nazaran ayrilislarinin qurulmasma aid miixtslif asimptotik tisullar mévzud-
dur. Lakin totbiq dairasinin genisliyi ve riyazi asaslandirilimasinin miikommalliyine gora
diinyada mévcud olan asimptotik metodlar arasinda oan effektiv olan1 M.1.Visik vo L.A.Lyiis-
ternik torofinden islonmis vo mazmunu onlarin [3], [4] aserlorinds sorh olunmus asimptotik
metoddur. Bu asimptotik metod biitiin diinyada “Visik -.Lytiistrnik metodu” ad1 altinda tani-
nir.

Sinqulyar hayacanlanmis duferensial tonlikllarin klassik tiplarinin har birine aid ¢oxlu
sayda todqiqatlar aparilmisdir. Klassik tiplars aid olmayan sinqulyar hayacanlanmis diferen-
sial tnliklora aid tadgiqatlar ile bagli M.M. Sabzaliyev ve I. M. Sebzaliyevanin [5] monoqrafi-
yasinda atrafli malumat verilmisdir. Sinqulyar hayacanlanmais elliptik diferensial tonliklorea
hasr olunmus taedqiqatlara misal olaraq [6]- [12] islarini gostarmak olar. Lakin bu iglarin skse-
riyyatinda cirlasmis masalaloerin halleri kifayst qader hamar funksiyalardir. Bu isds baxilan
masalads isa cirlasmis masslenin halli hamar olmayib, cirlagmis tenliyin xarakteristikalarinin
cevraye toxunma noqtelarinds mexsusiyyste malikdir. Belo masalalori akademik A. M. Ilin
bisinqulyar masalalar adlandirmisdir.

2. Moaladlenin qoyulusu. Moarkazi koordinat baslangicinda olan vahid radiuslu
Q={(x,y)|x* +y? <1} dairesindo asagidaki sarhad maslasina baxilir:

L,u=—gAu _6_u+ au = f(x,y),
ox M)

ot &
Burada &>0 -kigik parametr, AEer?- Laplas operatoru, a>0 -sabit, f(x,y)-
_ 2 2 _
verilmis funksiya, I' Ziso © dairasinin sarhaddi olan cevradir: F={x )X +y" =T

Bu isde maqsad (1),(2) serhad masalasinin hallinin kigik parametrs nazaron asimptotik
ayrilisint qurmqdir. Asimptotik ayrilist qurmagq tigiin Visik-Lyiisternik metodundan istifads
edilarak, iterasiya proseslari aparilir.
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Sinqulyar hayacanlanmas elliptik tonlik iiciin dairada qoyulmus sarhad masalasinin hallinin asimptotikas1

3. Birinci iterasiya prosesi. Bu iterasiya preseinds (1) tenliyinin taqribi halli

W =W, +eW, +...+&"W, (3)

soklinds axtarilir. Buradaki W;; i=0L..,n funksiyalar1 halslik namalum funksiyalardir.
Bu namoalum funksiyalar1 tapmagq tigiin (1) tonliyinde U funksiyasi avezina W funksiyasinin
(3) ayrilisin1 yazib, € -nun eyni doracali qlivvetlorine nazeran qruplasdirma aparilir. Namae-
lum W;; 1=01...,n funksiyalarin toyin etmak tigiin asagidak: adi diferensial tonliklor alinr:

oW,
- W, = f ' !
, +aW (X, Y) (4)

oW, B L
_§+awi _AWi—l’ | —1,2,...,”. (5)

(4) tonliyi (1) tonliyinden € = 0 oldugda alinan tenlikdir. Sonraki (5) tenliklari isa (4) ten-
liyindan yalniz sag teraflari ils farqlanirlar.

(4), (5) diferensial tonliklorinin xarakteristikalar1 ¥ =C=CONSt {{iz xotloridir. Bu diiz
xotlordon yalmiz iki denasi, Y=-1 yoV=1 xarakteristikalar1 I sorhaddins toxunurlar.

A(0;-1) vo B(0) toxunma néqtelori I' cevirasini elo iki I; vo I, yarimgevirlarine béliirlor
ki, hor bir ¥ =C,(-1<¢<1) diiz xotti X— in artmasi ilo avval 11, sonra iss 1> yarimgevrasini

kosir. Onda aydindir ki, I yarimgevirasinin tonliyi X =1— y?, (<1< y <) olar, 4), (5) di-
ferensial tonliklari tiglin

Wol,, =0. ()
Wi|1—2 = 0,| :O,l,...,n (7)

sarhad sortlorindan istifade edilacokdir. (4),(6) serhad masalasine (1),(2) sarhad masslasina
uygun olan cirlagsmis masalo deyilir.

Aydimndir ki, (4),(6) masalasinin halli

Wo(6y) = [0t (@ y)t
e ®

diisturu ilo toyin edilir. f(X,Y) hamar funksiya olduqda (8) diisturundan alinir ki, Wy (X, ¥)
funksiyas1 6zii ve onun x dayisenine nazaran toramalari kasilmayen funksiyalardir.Lakin (8)
diisturu ils tayin olunan W;(X,y) funksiyasinin y dayigenine nazeren toramalari A(0;—1) ve
B(0;1) ndqtelorinde maxsusiyyets malikdirlar. Dogrudan da, (8) berabarliyinin har iki tore-

fini ¥ dayisenina nazaran diferensialladiqda

aWo@(;, N e 6f((3ty,y) at— t(1y7y) (iy?) e )

1-y?

alinir. Aydindir ki y1-y* funksiyasmin téromoleri Y =—1 vo Y =1 olduqda moexsusiyysto ma-

likdirlar. (9) diisturundan aliur ki, Wy (X, y) funksiyasinin Y dayisenine nazaren toramalari
A(0;-1) vo B(0;1) noqtalerinds maxsusiyyate malikdirlor.
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isbat etmoak olar ki, V1 y? funksiyasinin téremealari tiglin asagidak: diistur dogrudur.

A C)
s 1_y2:—25-1-

d N
d @-y7) ? (10)

Burada P,(y) muoayyen ¢oxhadlidir. (10) diisturundan istifads edarak gostarmak olar ki,

y—>=+1

f (x,y) funksiyas: sortinda

f ( 1-y*, y)= O[(l— yz)zmg}
(11)

sortini 6dadikda (8) diisturu ilo toyin olunan W, (X, y) funksiyasinin y dayisenine nazaron
on 4 2 tortibe gadar biitiin téramsaleri A(0;—1) ve B(0;1) noqtelarinds maxsusiyyate malik
olmayan funksiyalardir.

Qeyd etmok lazimdir ki, (11) sorti yalniz (4),(6) masalosinin hallinin hamarhigmi deyil,
ham do (5),(7) masalalerinin hallari olan W, (X, ¥),W, (X, ¥),...,W, (X, y) funksiyalarinin hamar-
ligin1 tomin edir.

n .

Belslikls, birinci iterasiya prosesindae (1) tenliyinin elsa W= g{;g'\/\ll toqribi halli quruldu

ki, bu hall

W

=0 (12

sorhad gortini 6dayir. Lakin \y funksiyasi T {izerinda (2) sarhad gortini 6demays biler. Ona

gore ikinci iterasiya prosesi apararaq [, yaxinhiginda serhad zolaq els funksiya qurulmalidir

ki, L uzoarinde iton sarhad sortinin 6donilmasini tamin etsin.

3. Ikinci iterasiya prosesi. Ikinci iteraiya prosesini aparmaq iigiin avvalca I yaxinliginda
(P.#) 1okal koordinatlarma kegib, L, operatorunun L yaxinliginda kigik parametrs nazo-

I

ron yeni ayrilisini yazmaq lazimdir. Burada P~ ils yaxmligindaki néqteden, serhaddin

daxili normali iizre sarhadds gedar olan masafs, ?~ ilo bu normaln 11 sorhoddi iizorinda

olan oturacaginin koordinati isara olunmusdur. (P.#) koordinatlarinda L, operatoru asagi-
daki sokilds yazilir:

2 2 2 2
L= (2] (L] |Z244g 2.2, 2000 ] 00,
’ X oy ) |op ox ox oy oy |8pdg

2 2 2
+ (a(/’] L[ 0) |0ul_dp u_Odpou .
OX oy ) |6p®*| ox op OX Op

pP=ET

(13)

Operatorun (13) ayriliginda ovozlamasi aparib, yeni (P.#) koordinatlarmdan asili

smsallar1 (0:9) noqtasinda Teylor diisturu iizra ayirib asagidaki isaralari qebul edak:
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2 2 %
)= % | 4|2
2 Yl0)
(ﬁ():ée :ﬂmduxml>0
(0.0)

V ils 11 sorhadine ¢okilmis daxili normal isare edilmisdir.

Bu isaralomaloari nazers alib, I} yaxinhigindaki serhad zolaq tipli funksiyani L.V =0 ton-
liyinin toqribi halli kimi

V=V, +&V,+..+&V +&"V (14)

soklinde axtardiqda (14) barabarliyinin sag terafine daxil olan namalum V;; j=01,...,n+1

funksiyalarini teyin etmok {iciin asagidak: diferensial tonliklar alinir:

oV, oV,
52 0 52 _020,
" () P > (9) o =2 15
5 (9) 62\/25 +6; (9) av; =M,;s=12,..,n+1,
81 81 (16)

Burada M, ilo V,,V,,...,V, ;;s=12,...,n+1 funksiyalarindan asili olan malum funksiya-

lar isars olunmuslar.
Talob edok ki, W +V' comi
(W +V)|rl =0 (17)
sorhad sartini 6dasin. W funksiyasinin (3)-daki, V funksiyasinin iss (14)-doki ayrilisini (17)

barabarliyinds yazib, € ~nun eyni daracsli qiivvetlarini miiqayiss edarak (15), (16) dife-
rensial tenlikleri ticiin sarhad sartlarinin asagidaki kimi oldugu tapalir:

V- -0 :_Wi|r1;i :Olll"'ln; V

i n+l

=0.
T 7=0 (18)
Belalikls, Vo funksiyasi (15) tenliyinin (18), (i =0 olduqda) sarhad sartini 6dayen serhad
zolaq tipli hallidir. (15) adi diferensial tenliyine uygun olan xarakteristik tonliyin bir menfi

_ &)

TR
kokii vardir: o () Bu fakt onu bildirir ki, (1),(2) sarhad masalasi
requlyar cirlagir. Aydindir ki, (15), (18), (1= 0 oldugda) masalasinin sarhad zolaq tipli halli

I

1 sorhadi tizerinda

AGON

Vo(T1¢)=_Wo|r e 4@

diisturu ils tayin edilir. Proses davam etdirilarak V;,V,,....V,,; funksiyalar1 (16), (18), (i=12,.n+1)

masalalarinin sarhad zolaq tipli hallari kimi tayin edilirlor. Qurulan biitiin v funksiyasiyalar1
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hamarlayici funksiyalara vurularaq alinan yeni funksiyalar tiglin avvalki, Visd=0L..n+l

isaralori saxlanilir.
4.Qaliq haddinin giymetlondirilmasi vo asas natice. Belalikls, (1),(2) sarhad masalasinin

halli iciin kigik parametrin qiivvatlarine nazaren asagidaki asimptotik ayrilis alind:

n i n+l
U= W+ eV, +&"z.
i=0 j=0 (19)

Burada ¢ "z galiq haddidir. Indi iso qaliq haddinin giymatlondirilmasina kegok. Iterasi-
ya proseslorinds alinmis diferensial tonliklordon va (2), (12), (17) sarhad sertlorinden almir
ki, Z funksiyas1 asagidaki sarhad masalasinin hallidir:

—gAz—g+az =H(&, X, y),
OX (20)

2,=0

[

motlorinds €2 oblastinda mahdud olan funksiyadur. (20) diferensial tonliyinin har iki torafini

Buradaki 1 (€:%.Y) funksiyas1 ¢ kigik parametrinin 0.0 araligindan olan biitiin qiy-

Z funksiyasina vurub, alinan biitiin hadlari (21) sarhad sertini nezeares almagqla Q oblast: tizro
inteqralladiqda, miisyyen cevirmalerden sonra Z funksiyas1 {iciin asagidaki giymatlondi-
rilmanin dogru oldugu alinur:

& g !{%T +[%)2}dxdy+ ¢, [[ Z%dxdy<c,.

Q

(22)

Buradaki &~ 0.c,>0 sabitleri € kicik parametrindan asili deyiller.

Bu isda alinan naticalori asagidak teorem soklinds timumilasdirmak olar.

Teorem. Forz edak ki, F(x.y) funksiyasi Q oblastinda 2N+2 tortib kasilmayan tore-

(y—>i1

molars malikdir ve (11) sartini 6dayir sortinda). Onda (1),(2) sarhad masalasinin ha-

linin kigik papametrs nazearan asimptotik ayrilis1 (19) soklindadir. Bu ayrilisdak: Wi~ funk-
siyalar1 birinci iterasiya prosesindas toeyin olunurlar, Vi~ funksiyalar1 serhad zolaq tipli funk-

siyalar olub ikinci iterasiya prosesinds toyin olunurlar, ¢ "z qaliq haddidir ve Z funksiyasi
ti¢lin (22) giymatlondirilmasi dogrudur.
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AHHOTAL VS

B pabore msyuaercs ogHa AMHeHas AVICKpeTHas AByXIlapaMeTpudecKas 3ajada ONTHMMAaAbHOTO yIIpaBae-
Husl. JlokazaHO HeOOXOAMMOe I JOCTaTOYHOe yCAOBMEe ONTUMAaAbHOCTY TUIIAa IIPUHITUIIA MAaKCUMyMa.

Karouesble caoBa: gByxsTaliHas 3a4ava ONTUMAaAbHOTO YIIpaBAeHIsI, HeOOXOAMMO€ U A0CTaTOYHOE YCAOBIE
ONTUMa/AbHOCTH, pa3HOCTHOe ypaBHeHMe BoabTeppa.

NECESSARY AND SUFFICIENT OPTIMALITY CONDITION IN ONE TWO-STAGE DISCRETE
TWO-PARAMETER OPTIMAL CONTROL PROBLEM

ABSTRACT

The paper studies one linear two-parameter discrete optimal control problem. A necessary and sufficient
optimality condition maximum principle typeis proved.

Keywords: two-stage optimal control problem, necessary and sufficient optimality condition, Volterra diffe-
rence equation.

BIR IKIMORHOLOLI iIKiPARAMETRLI DISKRET OPTIMAL IDARDETMO
MOSOLOSINDO OPTIMALLIQ UCUN ZORURI VO KAFi SORT

XULASO

Magqalada bir ikimarhalali ikiparametrli diskret optimal idarsetma masslesi Oyranilmisdir. Optimalliq ticlin
zaruri vo kafi sart isbat olunmusdur.

Acar sozlar: iki marhslali optimal idareetma problemi, zaruri ve kifayst qader optimal veziyyst, Volterra forq
tonliyi.

Bseaenme. B pabotax [1-4] u ap. noayyeHsl pa3anyHble HEOOXOAVIMBIE YCAOBUs OITH-
Ma/AbHOCTM THUIIa AVICKPETHOTO IIPMHIIMIIA MaKCUMYyMa, a B [5-8] ycraHOBAEHBI 40CTaTOYHBIE
YCAOBUS ONITUMAABHOCTY TUIIa yca0BuUiT KpoTosa [6] 4451 pa3aMdYHBIX 3a4a4 ONTUMAaAbHOTO
yIIpaBAeHMsI AMCKPeTHBIMM cucTeMaMu. B mnpeaaaraemoir pabote paccMarpmpaeTcs OgHa
CTylleH4JaTas (4Byx®TalHas) 3ajada ONTMMAaAbHOIO YIPaBAE€HNs, OINChIBaeMas pPa3ANIHBI-
MU ABYMEPHBIMM Pa3HOCTHBIMM YpaBHEHUAMU B pa3ANIHBIX (PasoBHIX HpocTpaHcTBax. C
IIOMOIIIBIO OAHOTO BapuMaHTa MeToJa IIpupalleHnll 40Ka3aHO HeoOXOAMMOe U J0CTaTOuHOe
yCAOBME ONTUMAABHOCTI B pOpMe AVICKPETHOTO IIPMHIIMIIA MaKCUMyMa.

IMocranoska sagaun. ITycts U € R" n V © RY 3agaHHbIe HeIyCThIe, OrpaHIYeHHbIe MHO-
JKeCTBa, Dl = {(t,x): t = to, tO + 1, vany tl - 1,.x = Xg,Xg + 1, v, X1 — 1 }, D2 = {(t, x): t = tl’ tl +
1,..,t,—1,x = x9,x9 + 1, ..., X1 }- 3a4aHHBIE AVCKPEeTHBIE IPAMOYTOABHUKIA.

Hpe,Zl,HO/lO)KI/IM, 4qToO ,ZI,I/[CerTHbII?I ,Zl,BYXBTaHHbIIZ IIponecc OIIMCBhIBAETCSI CA€AYIOIMIVIMU
KpaeBbIMU 3ada9aMU
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zt+1L,x+1)=A4,(t, x)z(t,x) + Bi(t, x)z(t + 1,x) + C.(t, x)z(t,x + 1) +
+f1(t, x,u(t, x))(t, x) € Dy, (1)
z(tg,x) = a(x),x = x9,x9 + 1, ...,x1,(2)
z(t,x9) = by (t), t =to, to+1,..., ¢4,
a(xo) = by (o),
yit+1L,x+1)=A4,(tx)y(t,x) + B, (t, x)y(t +1,x) + C,(t, x)y(t,x + 1) +

t  x t  x
+ Z Z K(t, x,t,s)y(t,s)+ Z Z fz(t, x,T,s,v(T, s)),(t, x) € Dy, (3)

T=t1 S=Xg T=t1 S=Xg
y(ty,x) = G(x)z(ty,x), (4)
y(t,x0) = by (),
G (x0)z(tq, %) = by (tq).
3aech A, (t,x), B, (t,x), C;(t,x)-3a4aHHBIe (n X n) AVICKpPeTHbIe MaTpU4YHble PYHKINY, f;(t,x, u)
-3aJaHHas N-MepHas HellpephIBHAA 110 UIpu Beex (t, x)BeKTop-PyHKus, a(x), b, (t) — 3a4aH-
Hble N-MepHble AVCKpPeTHBbIe BeKTOp-(PYHKIMI,A,(t, x),B,(t,x), C,(t,x) — 3ajaHHBIe (M X m)
AVICKpeTHBle MaTpuyHble GyHKUIMY, f,(t,x,T,s,V) — 3agaHHasl M-MepHas HellpepblBHas 10 U
1pu Bcex (¢, x, 7, s)BeKTop-PyHKLSL, b, (t) — 3ajaHHAsIM-MepHas AucKpeTHas: BeKTOP-PYHKIIVLS,
G(x) — 3agaHHas (M X n) auckpeTHas mMartpuuHas pyHKus, u(t, x) — r-mepHas, v(t,x) — q-
MepHasl AUCKpeTHBIe YIIpaBASIOye BeKTOp-QyHKIINY, YAOBAETBOPSIONIe OTPaHNYeHNIM
u(t,x) eU c R",(t,x) € D1,(5)
v(t,x) €V c RY9,(t,x) € D,.(6)
IMapy (u(t,x),v(t, x)), ynpasasommux (yHKIIUI C BHIIIEIIPUBEAEHHBIMI CBOVICTBAMI,

Ha30BeM AOIYCTUMBIM YIIPaBAeHVEeM.
PaccMoTpuM 3agady HaXOXKAeHMSI MUHMMAABHOTO 3HaYeHsI PYHKIJMOHala
Jw,v) = c'z(ty, x1) + d'y(tz,%1), (7)
npu orpanndenyx (1)-(6).

3aecbc ud — 3ajaHHBIe N U M-MepPHbIe COOTBETCTBEHHO, ITIOCTOsIHHBIE BEKTOPHI, a IITPUX
() o3HavaeT onepanMio TPaHCIIOHMPOBAHM.

Jomnyctumoe yrpasaenne (u(t, x),v(t,x)) aocrapasioniee MUHUMYM (yHKIIMOHaAy (7),
npu orpanndennsx (1)-(6), HasoBeM ONITMMAaAbHBIM YIIPaBAE€HMEM.

®opmyaa npupameHus ¢GyHKIIMOHala KadecTBa. [Tocrpoum dopmyay npuparie-
Hus pyHkumonaza kasecrsa. I[lycrs (u°(t, x), v°(t, x)) $uxcupoBaHHOe A0IyCTUMOE YIIpaB-
aenme, (U(t,x) = u®(t,x) + Au(t, x), 7(t, x) = v°(t, x) + Av(t, x))IPOU3BOABHOE AOIYCTIMOE
ynpasaenne,a (z°(t,x),y°(t, x)), (2(t, x) = z°(¢, x) + Az(t, x), y(t, x) = y°(t,x) + Ay(t,x)) co-
OTBeTCTBYIOIIME UM pellleHns Kpaesoli 3agadn (1)-(2), (3)-(4).

Toraa sicHO, uto (Az(t,x), Ay(t, x)) Oyaer peleHreM 3ajadin:

Az(t+1,x+ 1) = A (t,x)Az(t,x) + By (t,x)Az(t + 1,x) + C,(t, x)Az(t,x + 1) +
+ (fl(t, x, u(t, x)) — fl(t, x, u(t, x))) ,(8)
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Az(to,x) = 0,(9)
AZ(t, xo) = 0,
Ay(t+1,x + 1) = A, (t, x)Ay(t, x) + B, (t, x)Ay(t + 1,x) + C,(t, x)Ay(t,x + 1) +

+ Z z K(t,x,t,s)Ay(t,s) + Z Z (fz(t, x, 7,8, v(T, s)) —fz(t,x,r, s, v(T, s))), (10)

T=t1 S=Xg T=t1 S=Xg
Ay(ty, x) = G(x)Az(ty, x), (11)
Ay(t,xo) = 0.

I[Tpeanoaoxunm, aro p°(t,x),q°(t, x) mOKa IPONU3BOABHBIE NV M-MEPHbIE COOTBETCTBEH-
HOAUCKpeTHbIe BeKTop-PpyHkumu. Vs (8) u (10) moayyaem, uro

ti—1x,-1 ti—1x,-1
Z Z p% (6, 0)Az(t + 1,x + 1) = Z Z % (¢, ) [Ay (£, X)Az(E, %) + By (£, ©)Az(t + 1,%) + Cy(t, )Az(t, x + 1) +
t=to x=x, t=ty x=x,

+Hf(tx7,5,2(1,9),0(5,5)) = f(t%,7,5,2°(1,9),u°(5)]], (12)

to—1x,—-1 to—1x,-1
Z Z Q' (6 0My(t + Lx+1) = Z Z q°' (6, )[4, (6, V)AY (6, %) + By (t, )AY (¢ + 1,%) + Co(6, 0)Ay(t,x + 1) +
t=t; x=x t=t; x=x,
t X
+ Z Z (K(t, x,7,5)Ay(t,8) + f5 (t, x,7,5,0(t,5)) — fz(t, x,7,s,v(T, s)))) .(13)
T=t1 S=Xo

3aiiMeMmcsl IpeoOpa3oBaHMEM OTAEABHBIX cAaraeMbix B Toxgectsax (12), (13).Caeaas
3aMeHy IlepeMeHHBIX t + 1 = a, x + 1=fnioaydum

t1—1x,-1 ty

X1
Z Z p* (t,x)Az(t+ 1, x + 1) = z z p°'(t —1,x — DAz(t,x) =
t=tg Xx=xo t=to+1 x=xp+1

X1 X1
= Z p° (t; — 1,x — 1Az(ty, x) — z p° (to — 1,x — 1)Az(ty,x) +
x=xo+1 xX=xp+1
t1—-1 x1-1
+ Z Z pO’(t - 1!x - 1)AZ(t, x) =p0,(t1 - 1! X1 — 1)Az(t1,x1) -
t=ty x=xg+1
x1—1
—p%'(t; — 1, x5 — DAz(ty, x0) + Z p® (t; — 1,x — DAz(ty, x) —

x=x0+1

_Pol(to = 1,x; — DAz(ty, x1) + Pol(to —1,x0 — DAz(ty, xo) —

x1—1 t1—-1
— Z po'(tO —1,x — DAz(ty, x) + Z pol(t —1,x; — DAz(t,x;) —
x=x0+1 t=to
t1-1 t1-1x,-1
- Z p®' (t — 1, %, — 1)Az(t, xy) + Z Z p®'(t — 1,x — 1Az(t, x) =
t=tg t=to x=xo
x1—1
= PO’(tl —1,x0 — DAz(t;,x) + Z POl(t1 —1,x — DAz(ty,x) +
X=Xq

22



Heob6xo0umoe u docmamounoe ycaosue OnMUMAArbHOCHU 6 00HOT D8YXIMAnHOil Juckpemnoti deyxnapamempuieckoil 3ada4e ONMUMAALHOZ0 YHPAGACHUS

t1—1 t1-12x1-1
+ Z p°'(t —1,x;, — DAz(t,x;) + Z Z p°’(t —1,x — DAz(t, x),
t=to t=tg x=Xo
t1—-1x1-1 t1-1x1-1
Z Z % (¢, X)By (£, X)Dz(t + 1,x) = Z Z %' (¢ = 1,%)By(t — 1, x)Dz(t,x) =
t=tgo x=xo t=tg x=Xxo
x1—1 x1—1
- Z p® (£, — 1,%)By (t; — 1, x)Az(ty, %) — Z p® (to — 1, X)B, (tg — 1,X)Az(to, x) +
X=X0 X=Xg
t1-1x1-1 x1—1
+ Z Z p% (¢ = 1,x — 1By (t — 1, )Az(t,x) = Z 2% (¢, — 1, % — DBy (t, — 1, x)Az(ty, ) +
t=tg x=xg X=Xo
t1-12x1-1
+ Z Z p%(t = 1,x — 1B, (¢t — 1, x)Az(t, %),
t=tg x=x¢
t1-1x1—-1 t1-1 x9-1
Z Z p® (¢, %)C; (t, x)Az(t, x + 1) = z z ' (t,x — 1)C,(t, x — 1)Az(t,x) =
t=tg x=x¢ t=tg x=xp+1
t1-1 t1-1x1-1
= D P60~ DG Ex — DAZER) + ) Y p% (6 = DO (Ex — DAz(E,).
t=ty t=ty x=xg

,ZI,aAee AHaAO0ITMYHO 40Ka3bIBaeTCAa

tr—-1x1-1 ty X1
Y Y eomycrirtn= Y Y q¥-Lx- DAy =
t=t1 x=xg t=t1+1 x=xp+1
x1-1 x1—-1
= z g% (t; — 1,x — DAy (t,, x) — z g% (t; — 1,x — DAy (ty, x) +
x=x9+1 xX=xp+1
t,—-1 x1-1

+ Z Z q°'(t — 1,x — DAy(t,x) =q° (t, — 1, %, — DAy(ty,x1) —

t=t1 x=x¢+1

x1—1
" (t = Lxg = DAYt 30) + ) %' (6, = 1,% = DAY(E, ) -
X=Xg
_QOI(tl =1 — DAy (ty, %) + CIO,(t1 = 1,x0 — DAY (ty,%0) —
x1—1 tr—-1
- ) a6~ 1LY = DAY + )% (= 12— DAY(Ex)
x=xq t=ty
tp—1 tp—12x1-1
- Z g% (t — 1,xo — DAY(t, x,) + Z Z g% (t —1,x — DAy(t,x) =
t=tq1 t=tq1 x=xg
x1—1
="t = Loy = DAY x) + ) q¥ (6 = 1,x = DAY(E ) -
xX=xq
x1—-1
—q°'(t; — 1,2, — DAY(ty, ;) — Z q° (t, — 1,x — DAy(ty, x)
X=Xq
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tp-1 tp—1x1-1
+ ) @=L - DA+ ) > (- Lx = DAy ),
t=t; t=t; x=xg
tp—1x1—-1
D) @ 0By (6 MY+ 1,3) =
t=t1 x=Xxo
x1—1 x1—1
= ) (6~ LByt~ LAY ) = ) 0% (6 = LByt — L0AY(t,2) +
X=X0 X=Xg
tp—1x1-1
£ 0= 108, (¢ — 1,0AY(E0),
t=t1 x=xg
t—1x1—-1
D) @00+ 1) =
t=t1 x=xg
tr-1 t2—1x1-1
= > %6 m — DG x — DAYEx) + )T Y a6 x = DG x — DAY ).
t=tq t=t1 x=xg

Vcrioap3yss aoKasaHHBIE TOXAECTBA, C YYE€TOM IIPOM3BOABHOCTY BEKTOP-(PYHKIMIA

p°(t, x) nq°(t, x) sanmmem Gopmyay aas npuparenns GpyHKIMOHAAA KA9ecTBa TPUHUMAST
BO BHMMaHUIe (5).

meem
AJ(u,v) = c'Az(ty, x1) + d'Ay(ty, x1) +
x1-1
(6 = 1 = D2, 1) + ) (6 = 1x = DAz(e, ) +
X=xq
t1-1 t1-1x1—-1
+ Z p° (t — 1,%, — 1)Az(t, x,) + Z z p°'(t —1,x — DAz(t,x) — (14)
t=tg t=tg Xx=xo
x1—-1t3-1 x1-1
= > D P E0AE D) — ) P~ LByt — L)Az(t,0) +
x=xg t=tg X=Xo
t1—-1x1—-1 t1—-1
£ V= LB~ LAz = ) p% 6 — DG — DAz +
t=to x=x¢ t=to
t1-1x1-1
+ Z Z % (¢, % — 1)C, (¢, x — 1Az (t, %) —
t=to Xx=Xo
t1—-1 x1—-1

- Z Z %' (t,x — 1) (fl(t, x,u(t,x)) — f1(t, x,u’(t, x))) +

t=tg x=xo+1
t-1  x-1
+ Z Z g% (t —1L,x — DAY (t,x) + q° (£, — 1, %, — DAy(ty, x,) +
t=t1+1 x=xp+1
x1—1

+ 3 4t~ 1x = DAY(E ) 7' (t — L — DAY x0) -

xX=xq
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ta—1 tp—12x1-1
+ Z g (t —1,% — DAy(t,x,) — Z Z g% (t, x) A, (t, x)Ay(t, x) —
t=ty t=ty X=X
x1-1 x1—-1
- Z QOI(tz —1,x)B,(t; — 1,x)Ay(t,, x) + Z qol(t1 —1,x)B,(t; — 1,x)Ay(ty, x) —
X=Xq X=Xo
tp—12x1-1 tp—1
=) D q¥ = LBy~ LMy — ) ¢ (63 — DG % — DAY(Ex) -
t=t1 x=xg t=ty
ty—121—1
£ 0 = DG ex — DAy(ex) -
t=t1 x=x¢

tr—1x1-1 [/t—1x1—-1

t=tq x=x9 \T=t1 S=Xp

ty—1x1-1 [ty—1x,-1

Z Z z Z q° (z,5) <f2 (‘r, s,t,x, 5(t,x) — foz,5,6,%,0°(t, x)))) .

t=tq x=x¢ \ T=t Ss=x
BBe,ZI,eM aHaAaor Cl)yHKI_H/II/I raMI/IAbTOHa-HOHTp}II'I/IHa CAe,Zl,yIOH_[I/IM o6pa30M

H(t, x,u,p%) = p° fi(t, x,w),

tz x1

M(t,x,v,q°%) = ZZ q° (1,9)9(z, s, t,x,v) .

T=t S=X
[TpuHuMas BO BHMMaHMe TOXXAeCTBa BBeJeHHble 0DO3HauyeHus U KpaeBble ycAoBus (2)-
(4), a Taxke rpynmnmpysl NnoAoOHble uaeHbl (opmyaa npupamienusa (14) ¢pynknmonaaa

KadecTBa MOXKeT OBITh IIpeAacTaBA€HO B BIAE

A(w,v) = (c+p°(t; — L,x; — 1) — 6" (x)q°(ty — L,x; — 1))’Az(t1,x1) +

t1—-1x1-1
+ ) @ - Lx = 1) =46 )p°(60) — Byt — 1L0p’(t — 1) -
t=to x=xg
—Ci(t,x = Dp°(6,x = D) 82(6,2) + (@°(t, = 1,1 = 1) + By (6, 3,) +
t-1 x1-1

+ Z Z (@°(t—1,x—1)—- A5t x)q°({t, x) — By(t — 1,x)q°(t — 1,x) —

t=t1+1x=x0+1
!

t,—1x1-1
—CEx =D x - D= Y Y K'(55,6:08°@s) |yt + (15)
T=t1 S=Xo
x1—1 t1—-1
+ Z % (6, — 1, x — 1)Az(t,, %) + Z PO (t =1, %, — 1)Az(t x,)
X=xq t=ty
x1—1 t1—-1
= > PG = LBy (6 — L08z(,0 = ) p (6% — DG — DAz ) +
X=Xq t=typ
x1—1 x1—1
+ Z 2% (t, — 1,x — DAY(ty, x) + Z q° (t; — 1,x — 1)G(x)z(ty, x) +
X=Xq X=Xo
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to—1 x1-1

+ Z QOI(t —1,x — DAy(t,x;) — Z QOI(tz = 1,x)B,(t; — 1,x)Ay(ty, x) —

t=t, X=Xg

x1—1 tr—-1
%t = LBy — LOGWAZ(E,0) = ) 7 (63 = DG (6% — DAY(Ex) -
X=X t=tq
t1-1x1-1
- Z Z (H(t, x, u(t, x),p°(t, x)) — H(t, x, u’(t, x), p°(t, x))) -
t=tqo x=xp
tr—-1x1—-1

- Z z (M(t, x, 5(t, x),q°(t,x)) — M(t, x, v°(¢, %), q°(¢t, x))).

t=t; x=xg
[Mpeanioaoxunm, aro sekrop-pyukimii p° (¢, x) nq°(t, x)yA0BA€TBOPSIOT COOTHOIIIEHSM
p°(t—1,x—1) = AL (t,x)p°(t, x) + By (t — 1,x)p°(t — 1,x) + C{(t,x — D)p°(t,x — 1), (16)
p°(t;—Lx; — 1) = —c+G'(x)q°(t; — L, x, — 1),
p°(t; — 1L, x —1) = B{(t; — L,x)p°(t; — 1,x) — G'(x)q°(ty, x — 1) —
—G'(x)B5(t, — 1,x)q°(t, x — 1), (17)
p°(t—1,% — 1) =C{(t,x; — Dp°(t,x; — 1),
q°(t—1,x—1) = A5, x)q°(t, x) + By(t — 1,x)q°(t — 1,x) + C5(t,x — 1)q°(t, x — 1), (18)
q°(tz—Lx, —1) = —d,
q°(t — 1L,x — 1) = B3(t; — 1,x)q°(t; — 1,x),
q°(t—1,x;, — 1) = —=C5(t,x; — 1)q°(t, x; — 1).(19)
Kax Bnano, ypasnenn: (16), (18) sABASAIOTCA BEKTOPHBIMU ABYMEPHBIMM Pa3HOCTHBIMU

ypasHeHuAMuU. I1o anaaorum c padoramu [2,4] u ap. sagaun (16)-(17), (18)-(19) nasosem cor-
PsIKeHHBIMU CICTeMaMU A5l paccMaTpuBaeMoll B padote 3agaun (1)-(7).

Taxkum obpasoM noayanm, uto ecau (p°(t, x),q° (¢, x))sBasieTcs peleHueM CONPsIKeH-
HoI1 3agaun (16)-(19), To popmyaa npuparennst (15) pyHKIIMOHA A KauecTBa MMeET B/,

t1-1x1-1
A% v%) = — H(t,x, u(t, x), p°(t,x)) — H(t, x, u’(t, x),p°(t,x)) ) —
2.2 )
tr—1x1—1

- Z Z (M(t, x, 5(t,x),q°(t,x)) — M(t, x,v° (¢, %), q° (¢, x))).

t=t, x=xq

IToaygyennas popMyaa npupalieHus 1o3poasgeT cpopMyanpoBaTh U AOKa3aTh HEOOXO-
AVIMOE U A0CTaTOYHOE YCAOBME OIITUMAaAbHOCTY B (pOpMe AUCKPETHOIO IIPUHIIUIIA MaKCUMY-
Ma [lonTpsruna.

Teopema 1. Aas ontumaasHoctugonycrumoro yrpasaenns (u®(t), v0(t)) s 3agaue (1)-
(7) HeoOX0AMMO 1 AOCTaTOYHO, YTOOBI YCAOBIUS

%IEEB(H (Q,f,u,po(e,f)) = H(Q,E,uo(e,f),po(e,f)),
r:;lEaVXM (9, 6; v, q0(9’ f)) = M(Q,E,UO(H, ‘5)! qO(B' f))

BBITIOAHSAUCD Aas1 Bcex (6, &) € Dy,(6,&) € D,cOOTBETCTBEHHO.
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Kax BuaHo, cnenmduka paccMaTpuBaeMoil 3a4a4n II03B0AsIeT J0Ka3aTh HEOOXOAMIMOe 1
AOCTaTOYHOE YCA0BYE ONTUMAaABHOCTH B (pOpMe AMCKPETHOTO IIPUHIUIIA MaKCMyMa 0e3
MPeAOAO0XKEeHUs O BBIITyKAOCTU MHOKECTB AOIYCTUMBIX CKOPOCTEIA.

3aMeTnM, 4TO aHaAOTMYHBIN pe3yAbTaT MOXKHO ITOAYYUTD U cAydall HeAMHeIHOTO,
r1a/KOTO M BBIITYKAOTO (pYyHKIIMOHAAa KayecTsa.
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ABSTRACT

The goal of the paper is to investigate a strong solvability of the Dirichlet problem for a class of semilinear
elliptic equations of the non-divergent form of the second order ,when the leading coefficients are discontinuous
and satisfy Cordes’s condition and a Charatheodory function §(X,U) satisfies the growth condition. For this

problem we get the existence solution in W g(Q) Sobolev spaces whenever the norm H f H L, (o) Of the right hand of

this equation is sufficiently small. In the proof of this theorem we apply Shauder’s theorem on a continuous into
mappings of a convex and compact set in a Banach space.

Keywords: semilinear elliptic equation, Cordes’s condition, Shauder’s principle.

YARIMXOTTI iKiNCi TORTIB ELLiPTiK TONLIKLOR UCUN DIiRiXLE MOSOLOSI
XULASS

Magqalenin magsadi bas hisse emsallar kasilmaz olduqda ve Kordes sortini 6dadikds ve Karateodori funksi-
yas1 artim gartini 6dadikds, bir sinif ikinci tertib geyri-divergent strukturlu yarimxatti elliptik tenliklar iigiin Dirixle
masalasinin giicli hallinin varliginin arasdirilmasidir. Bu masalo {igiin, verilon tonliyin sag torafinin normas kifa-
yat gadar kigik olduqgda, Sobolev fezalarinda hallin varlig1 isbat olunmusdur. Bu teoremin isbatinda Banax faza-
sinda qapal1 ve kompakt ¢oxlugu 6ziine kasilmez inikas etdiren Sauder teoremindan istifadae edilir.

Acar sozlar: yarimxatti elliptik tonlik, Kordes sorti, Sauder prinsipi.
3AAAYA AVPUXAE AASI IOAY AVHEVIHBIX DAAUIITUYECKVX YPABHEHUV BTOPOT'O ITOPSIAKA

AHHOTANIVIS

IleApIO HACTOSIIEI CTaThU SIBASIETCS MCCAeAOBaHME CUABHON PaspelMMocTy 3ajaun Aupuxae 445 04HOTO
KJacca MOAYAMHENHBIX DAAUNTUYECKIX YPaBHEeHIIT HeAUBEPIeHTHO (POPMBI BTOPOTIO HOPsIAKa, KOTAa CTapliiye
K09 PUIIMEHTHI pa3pBIBHBI U YA0BAETBOPsIOT yeaosuio Kopaeca, a gpyukims Kapateogopu yaosaeTsopsier ycao-
BUIO pocta. /st DTOV 3a4auyl Mbl A0Ka3blBaeM CyILeCcTBOBaHIIe pellleHns B ipocrpaHcrsax CoboaeBa, Korda HOpMa

IIpaBoil YacTU DTOTO ypaBHEHMs J0cTaToyHO Maaa. [Tpu jokazaTeabCTBe HTOM TeOpeMBl MBI IIPMMeEHseM TeopeMy
[Tayaepa o HeIIpepLIBHOM OTOOpakeHUN BBIITYKAOTO ¥ KOMITAKTHOTO MHOKeCTBa B 6aHaXOBOM ITPOCTpaHCTBe.

Karodesbie ca0Ba: moAyAMHeIIHOe ®AAUIITUIECKOe ypasHeHme, ycaosue Kopaeca, npunnumn Ilayaepa.

Let E, be n -dimensional Euclidean space of the points X = (Xl, Xy peeny Xn) and Q be a
bounded domain in E, with boundary 6Q of the class C?. We consider in Q the following

Dirichlet problem:
D80 U, +g(xu)=f(X) , xeQ, 1)
i,j=1
ul,,=0. @)
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The Dirichlet Problem for of Semilinear Elliptic Equations of the Second Order

. . . 2 0°
It is assumed that the coefficients a;(X), i, j=12,..,n of the operator L= > a;(x) o
i1 iOX;

are bounded measurable functions satisfying the conditions

e <> a;(x) &E <re’, vxeQ VEEE, , ye(0), ()
=
Zn:ai?(x)

esssup i’n"ﬂ <1 s (4)

XxeQ [Zaﬁ(x) j n—l

where § e (O,EJ is some number and g(X,u):QxE, > E, is a Caratheodory function,
n

measurable with respect to X€€) and for almost all X€€) continuous with respect to
U € E; and in addition to this, satisfying the following growth condition:

lg(x,u)[ <by(X)|u[* ,b, =0,b, €L (Q) , 52 (5)

Condition (4) is called Cordes’s condition. We understand it in the following sense: the

domain Q can be covered by a finite number of domains €

i so that in every €); there exist

a non-degenerate linear transformation of space, under which the equation coefficients
satisfy condition (4).

We denote by V\/.g(Q) the closure of the class of functions ueC” (Q)ﬁ C(ﬁ) , u|6 =0

with respect to the norm

1
o = { j{uz SSu? iungxJz .
o) i=1

ij=1

Let U;and u; denote the derivatives U, and U, , respectively i, j=12,...,n . The con-

X

jugate number is denoted by p’ ie., 1< p < oo, i, +—=1
PP

The notation C, () means that the positive constant C; depends on the content of pa-
rameters included in parenthesis (note, the writing C, (Q) reads that this constant depends

on smoothness of ).

A function .u(x) eW; (Q) is called a strong solution of problem (1)-(2) if it satisfies equ-
ation (1) a.e.in Q.

Let us recall some known results directly related to the subject. In the case of linear equ-
ations the questions of strong solvability of elliptic and parabolic equations with discontinuous
leading coefficients satisfying the Cordes condition were considered in [1-3], where the prob-
lem of deriving the estimate

.[(Au)z dx < Cl(n,y,é)jLu-Au dx  (6)

Q
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is the corner-stone of the investigation. From the examples in [4, p. 48], it follow that if the
coefficients of operator L are discontinuous and the Cordes condition is not fulfilled, then the

equation Lu= f is unsolvable in WS(Q) for any p 1. For the further results on strong

solvability of linear elliptic equations with discontinuous coefficients in W Ff(Q) (p - 1) we

refer to the monographs [4,5]. For such equations with VMO class coefficients the questions

of W f,(Q) strong solvability for p>1 were considered in [6]. We cite [1, 7, 8] on proper

studies in nonlinear parabolic equations with discontinuous coefficients.

Note that, in the study of semilinear equations (1.1) with small nonlinearity (O <Qg= 1)
there is not a need for a norm condition on the right hand side function of type (7) below
(see, [9]).

In different from semilinear equations with regular coefficients, the case of discontinuous
coefficients was not considered before on the subject of strong solvability.

Precisely, the aim of this paper is to prove a strong solvability of Dirichlet problem for a

class of semilinear elliptic equations (1) in Sobolev’s spaces W 2(Q2) when the leading coeffi-
cients are discontinuous and satisfy Cordes’s condition, and the function f (X) has a sufficiently
small L, (Q) (C£.[10]) norm.

n(s—-2

"4 and conditions (3)-(5) be satisfied, 0Q e C*.
n—4)s

Theorem 1. Let N >4, s-2  1<q<
Then there exists a sufficiently small positive constant C, =C, (n, ¥, 5,q,b0,§2) such that

problem (1)- (2) has at least one solution from W S(Q) for any f (X) el, (Q) satisfying

s-2)-s(n-4)q

nl
[f]=C; (meSnQ)_[W] ()

Proof. We apply Schauder’s theorem on continuous into mappings of a convex and
compact set in a Banach space ( see, e.g. [5, p. 257].

Take L,, (Q) as a Banach space. In this space we define the set of functions

v, ={ ueW?(Q)

il < K},

where the number K will be chosen later. For every u(x) € Ly /(H)(Q) , f(X) el, (Q) we
denote by V(X)e V\; : (Q) the solution of the problem:

Lv+g(x,u)=f(x) , xeQ , (8

v, =0 9

For any u(x)eV,, f(x)e L,(Q) problem (8)-(9) is uniquely solvable in the space Wg(Q),
since under our assumptions we come to the Dirichlet problem for the equation

Lv=F(x) , xeQ , (10)
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The Dirichlet Problem for of Semilinear Elliptic Equations of the Second Order

where F = f(x) —g(x,u)e L,(Q) (see [11]).

Indeed,
IF] L= I ot 190 L= Fl @t Dol u "Ezqs @)
u ﬁ n(@ is finite since the space V\l.g(Q) is continuously embedded into L, /(H)(Q)

for,1<q< n(s — 2) , therefore F € L, (Q) [5, see p. 154].

Denote by A the operator which transforms U to V in the problem (8), (9):
Au=v .
Let us show that the operator A is continuous in L, /(H)(Q).

Let u, — Uy in Ly (Q) as n—o0, where u, Uy e L, (o»(Q) and v, = Au, ;v, = Au, - Then

n

Lv, =-g(x,u,) + f(x) ,

(11)
Lvy=—-0g(x,uy) + f(x) .

We show that v, — V; in the norm of the space L, /(H)(Q). We have

LV, =Vo)=~(g 0 u,) = 9(xUg)) . (12)
Having multiplied both parts of equality (12) by A(Vn -V, ), we obtain:

L(Vn —Vo )A(Vn —Vo ) = _(g (X, u,) —g(X,ug ))A(Vn —Vo )
Hence, using estimate (6) and Holder’s inequality, we obtain
|A(v, —v, )|L2(Q) <C,(n,7.9) g, - g0||LZ(Q) . (13)
where g, =9(X,U,) , 9, = 9(X,Uy)
Let us show that

19 = 9ol >0, N> 0. (14)

From U, - U in qus/(s_z)(Q) it follows that u, —u — 0 almost everywhere in Q for

some subsequence {umk} . Since U, —U is convergent in L, /(5_2)(9), the sequence

{ 2qs/(s—2)}
[un,

2
condition (5) imply the equi-continuety of the sequence {‘ Om — 9o ‘ } and the convergence

is equi-integrable. Therefore the Caratheodory condition and the growth

of g, —9g, —> 0 almost everywhere in QO as m, — . Then, applying Vitalli’s theorem, we

obtain

Hgmk — 9 HLZ(Q) — 0 for m, = . (15)

The same reasoning also holds for the sequence {g,, —g,}. Indeed, let

lim ” Im — Yo HL @ = 0, 0 # 0 for some subsequence {g m — 90 } Repeating the above argu-

my —oo

ments for this subsequence, we find that it has a subsequence for which (15) is fulfilled.
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The obtained contradiction proves the convergence of | g,, — g, HL o > 0as Mmoo,
Now taking (14) into account, from (13) we have
4, = Vo)) =0+ (n—>o0)
Applying the estimate
| (v, _Vo)”W;(g) <C,[a(v, _VO)”LZ(Q) ’
we obtain

(NAA

N w2 (@) —0 (n—)oo).

By virtue of the embedding theorem W,2(Q) — L, as/ (5_2)(9) we have

v

n _VO || L qu/(vz)(g)—)O as N —>oo.
The continuity of the operator A has been proved.

Let us prove that the set V, is convex and compact in L, /(572)(9) and that the operator

A transforms it to itself.

For U,,U,€V, and v=tu, +(1—t) u,, te[01], we have

||v||W22(Q) =[tu,+(@-t) u, ||W22(Q)S [tu, ||W22(Q)+

[ @=1) Uy [0, STKK+A-K =K ,

ol ) = llEws + (1 = uzllwzcy < tliwalluz o) +
+(1 = Olluzllyz) StK + (1 - K =K,

which means the convexity of V, .
The set V, < L 5 /(H)(Q) is compact by virtue of the theorem on compact embedding
W2 (Q)— L 2qs /(572)(9) whenever

n(s—2)
1Sq<m . (16)

Let us show that for a certain choice of K the operator A transforms V, to itself.

For the solution of the Dirichlet problem for equation (10) we have
Mo Coln 7 ONF] LS Callf ot lol ) - )

Furthermore,

(n-4)q

2112 v . 11 (e (o 20 2n
l9] @)= ibo u[Tdx | <|b, | L |u HLZMH)(Q)SH by | LS(Q)(mES"Q)Z S iun— dx < (18)

11 (n-4)q

<Cy(n.q)|by | LS(Q)(meSnQ)Z T ] 12(”)
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Here we have used the above-mentioned embedding theorem for (16).

Using the estimate (18) in (17), we obtain

= .

1.1 (n-4)g
scﬁ[ K9 fbo| L (mes, )+ 20" +[f LS(Q)} |

where C, =C,(n,7,6,9,Q).

11 (n-4)q
o (mes, 002" Ju] 7 LS(Q)}S

Let us assume that K satisfies the following estimate
11 (n-4)g
{ K9 Jbo] L) (mes, @)+ 2" ] LS(Q)} <K. (19

For such a number K to exist it is sufficient that

n(s-2)-s(n4)
[, = Co(mes, ) o™

where C; = C;(n, 48,7, q, ).
Indeed, if we introduce the notation

1 (n-4)q

a= ”bo” L(Q) (mes Q)E_E_ an . b =||f|| L(Q)

then inequality (19) reads
aKi+b<K ,aK‘-K+b<0 ,K>0. (20)

=
The function l//(K):a Ki-K , K>0, takes a minimal value for K, :(qu .
ga

Indeed, y'(K)=agK® -1, then for K¢ = 1 wehave w'(Ky)=0, y"(K,)> 0. Therefore,
ga
for b < l//(KO) inequality (20) is solvable with respect to K. Theorem 1 is proved.

In the case 1< n <4 the following statement is true.

Theorem 2. Let 1< <o conditions (3)-(5) be satisfied and 1<n<4 (n = 4), oQeC?.
Then there exists a sufficiently small positive constant
Cs =C4(n,7,5,0,b,,Q) (C, =C, (n,7,5,0,b,,Q)) such that problem (1)- (2) has at least one
solution from V\; 2(Q) forany f (X) el, (Q) satisfying

n(s-2)-s(n-4) (s-2)

| ] < Cg(mes, ) ( ) qj (|| f| < Cq(mes, Q) 25(a-) ) .

In proving this theorem, as a Banach space we take the space (Q) (qu( ) and argue
as above applying the theorem of compact embedding W, ( ) ( ) (\/V22 (Q) ( ))
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O IIPEACTABAEHUI PENTEHVSI KPAEBOV 3A AAUN A 151
PA3HOCTHOI'O AHA/1OTA AMHEMHOT'O
MHTEI'PO-ANDPPEPEHIINAABHOI'O I'MITEPBO/AANYECKOI'O
YPABHEHWSI TUITA BOABTEPPA

MAMEAOBA T.®
MucturyT cucrem ynpasaennss HAH Asep6aiiakana

mammadovaturkan 1@gmail.com

AHHOTAL VS

PaccmarpuBaercst Kpaesas 3a4ada 4451 CUICTeMBbI AByMEPHBIX pa3HOCTHBIX ypaBHeHUi1 Tuna Boasreppa mpeac-
TaBAAIONINIT cOOOV Pa3HOCTHBIN aHAAOT CUCTEMBI AUHENHBIX TMIepOOANIeCKUX MHTerpo-AnddepenIiaibHBIX
ypasHeHuii Tura Boasreppa. Vicrmoap3ys AMCKpeTHBI aHAAOT pe30AbBEHTHI AMHEIHOTO MHTErpPalbHOTO ypaBHe-
Hus Tuna Boasreppa. HaligeHO Ipe/cTaBaeHe pellleHis pacCMaTpUBaeMOll KpaeBoil 3a4aun.

Karouesble caoBa: pasHOCTHOe ypaBHeHUeTHIIa BoabTeppa, pe3oabBeHTa,IIpeJcTaBAeHIs pellieHs KpaeBolt
3aJadrt.

ON THE REPRESENTATION OF THE SOLUTION OF THE BOUNDARY VALUE PROBLEM
FOR A DIFFERENT ANALOGUE OF A LINEAR INTEGRO-DIFFERENTIAL HYPERBOLIC
EQUATION OF VOLTERR TYPE

ABSTRACT

We consider a boundary-value problem for a system of two-dimensional difference equations of Volterra type,
which is a difference analogue of a system of linear hyperbolic integro-differential equations of Volterra type. Using
a discrete analogue of the resolving of a linear integral equation of Volterra type. A representation of the solution
of the considered boundary value problem is found.

Keywords: difference equation of Volterra type, resolution of the representation of the solution of a boun-
dary value problem.

VOLTERA TIP XOTTI INTEQRO-DIFERENSIAL TONLIYIN FOQR ANALOQU UCUN SORHOD
MOSOLASININ HOLLININ GOSTORILISI HAQQINDA

XULASO

Volterra tipli xatti hiperbolik integro-differensial tenlikler sisteminin forq analoqu olan Volterra tipli iki
olgiilii forq tenliklari sistemi {iciin bir serhad masalasine baxilmisdir. Volterra tipli xotti inteqral tenliyin hallinin
diskret analoqundan istifade etmakla baxilan sarhad masalasinin hallinin gosterilisi tapilmigdir.

Acar sozlar: Volterra tipinin farq tenliyi, rezolvent, sarhad masalasinin hallinin taqdimati.

Bsegenme.B paGorax[1-6] u ap.paccMOTpeHbI pa3AnyHble KAAaCChl OAHOMEPHBIX U ABY-
MEPHBIX AMHEHBIX HEOZHOPOAHBIX Pa3HOCTHBIX yPaBHEHMIL.AASHIX C IIOMOIIBIO MaTPULIBL
Kommu m matpunpl Pumana npu pasamdHbIX HpeAOAOXKEeHMSIXIIOAydeHBl psd (popmya
IpeACTaBAeHIsl pellleHnii pacCMaTpUBaeMbIX 3a4a4.

Bripeaaaraemoir pabote maydyaeTcaAMCKPeTHBIN aHaaAor3agaum I'ypca 44 cucrteMbl An-
HeJTHBIX HeOAHOPOAHBIXTUIIEPOOANIECKIX MHTerpo-AudepeHInalbHeIX YpaBHeHNIT THUIIa
Boarpteppa.Bseas anaaor pe3oabBeHTbIypaBHEeHN: IT0AY4eHO IIpeACcTaBAeHNs pelleHns pacc-
MaTpMBaeMOJ KpaeBoli 3a4a4lic IOMOIIBIO aHaA0Ta pe30AbBeHTHl YpaBHEeHM .
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1. IlocTranoska 3agaun. PaccMoTprMAByMepHYIO AMHEHYIO HEOAHOPOAHYIO Pa3HOCTHYIO
cucreMy ypasHeHui1 tuna Boasreppa

zt+1,x+1)=A,x)z(t,x) + B(t,x)z(t + 1,x) + C(t,x)z(t,x + 1) +

+ Z Z [D(t, x,7,5)z(T,s) + f(t,x,7,5)], (1)

T=ty S=xo
C KpaeBbIMIU YCAOBVSIMH
Z(t(), x) = a(x)l
z(t,x0) = b(t), (2)
a(xo) = b(ty) = ao.
3aecy A(t,x),B(t,x),C(t,x),D(t, x,7,5) — 3agaHHbIe(N X N) AUCKpPETHbIE OTPaHNYEHHBIE

Matpuunble yHkuny, f(t,x,7,5) — 3agaHHas n-MepHasi AVCKpeTHas BeKTOP-(PpYHKIINS,
a(x), b(t)-3agaHHbIe N-MepHbIE AVCKPETHbIE BeKTOP-PYHKINY, t, tq, X, X1 -3aAaHHBIE YUCAA.

Kaxk Bugno 3agaua (1)-(2) siBasieTCs AMCKpeTHBIM aHaA0roM 3agaum ['ypca.

Ileapto paboTel sABAs€TCA HaXOXJAeHNUe NpeAcTaBAeHMSpeIleHNs] AMHEHON KpaeBoil
3agauau (1)-(2).

2. IIpeacraBaenme pemenns. ObosHauass yepe3 R(m,l,t,x) IOKa HPOM3BOABHYIO
MaTpUYHYIO QYHKIINIO, IIPEAIIOA0XKNUM, 4TO Z(t, X) SABAsSETCA pellleHneM Kpaesoii 3adaun (1)-

).

YMHoxas obe yactu ypasHeHus (1) caesa Ha MaTpuuHyiO QpyHKImio R(m+ 1,1+ 1,t +
1,x + 1)u mpocymMMupoBaB o0e 4YacTu ITOAY4eHHOIO COOTHOIIeHM: IO t (x) oT ty (xg) A0
m (D(m = tg, | = xy) moayanm
m l m l

Z Z Rm+ 1,1+ 1t +1,x+ Dzt +1,x+1) = Z Z Rm+ 1,1+ 1,t + 1,x + DAt 0)z(t, %) +
t=tg x=x, t=tg x=x,

m l

+Z Z Rm+ 1,1+ 1,t+1,x+ DBEx)z(E +1,%) + (3)

t=to x=x

m l
+Z Z Rm+1,l+1,t+1,x+1)C(t,x)z(t,x+1) +

t=ty x=x

m l t x
+Z Z Rm+1,l+1,t+1,x+1) Z Z D(t,x,7,8)z(t,s)| +

t=tg x=xg T=tg S=Xo

t X

+i Zl: Rm+1,l+1,t+1,x+1) Z Z ft,x,1,9)|.

t=tg x=xg T=tg S=Xg
3ariMeMcst peoOpa3oBaHeM OTAEABHBIX CAaraeMbIX B TOXAecTse (3).

Vcnioan3ys 3ameHy repeMennbix @ = t + 1, = x + 1 noayunm

m 1 m+1  l+1
Z Z Rm+ 1,1+ 1,t+1x+ Dzt +1,x+1) = Z Z R(m+ 1,1+ 1,t,0)z(t,x) = (4)
t=to Xx=xg t=to+1 x=xp+1
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1+1 1+1
= Z Rm+1,l+1,m+1,x)z(m+1,x) — Z Rm+ 1,1+ 1,t5,x)z(ty, x) +
x=xp+1 x=xp+1
m +1

+z Z Rem+ 1,1+ 1,6,0)z(t,x) =R(m + 1,1+ L,m+ 1,1+ Dz(m + 1,1+ 1) —

t=tg x=xp+1
1
—Rm+1,1l+1,m+1,x)z(m+1,x,) + Z Rm+1,l+1,m+1,x)z(m+1,x) —

X=Xg

_R(m + l,l + 1, to,l + 1)Z(to,l + 1) + R(m + 1,l + 1, to,Xo)Z(to,xO) -

- Z R(m+ 1,1+ 1,t5,x)z(tg, x) +z Rm+ 1,1+ 1,t, 1+ 1Dzt 1+1) —

X=Xo t=to
1+1
Z Rm+ 1,1+ 1,t,x)z(t, x) + Z z R(m+ 1,1+ 1,t,x)z(t, x).
t=to x=xo+1
AJaaee

m l m+1 l
Z z Rm+ 1,1+ 1,t+1,x+1)B(t0)z(t +1,x) = Z Z ROm+1,1+1,6x + DBt — 1,0)z(t, %) =
t=to x=x¢ t=to+1 x=x,

l l
- Z Rm+1,1+1,m+1,x + 1)B(m,x)z(m + 1,x) Z R(m + 1,1+ 1,t0,x + DB(to — 1,0)2(ty, x) +

xX=xo X=Xg

l
+ Z Z R(m+ 1,1+ 1,6,x + DB(t — 1,02t %), (5)

t=tg x=xo
m l m l+1
z z Rim+ 1,1+ 1,t+1x+1)CE0z(Ex+1) = Z Z Rm+1,1+1,t+1,0C(tx — 1)z(tx) =
t=tg Xx=Xxg t=tg x=xp+1

- Z Rm+1,01+1,t+ 1,1+ 1)C(t Dzt L+ 1) — Z Rm+ 1,1+ 1,t +1,%)C(t, xo — 1)z(t, x) +

t=to t=ty

m 1
+ Z Z R(m+ 1,1+ 1, + 1,0)C( x — Dz(t,x), (6)

t=to x=%

m 1 t x

Z Z Rm+1,l+1,t+1,x+1) Z Z D(t,x,t,8)z(t,s)| =
t=t0 X=Xg T=t0 S=Xo

!
[ZZ Rm+1,l+1,7+1,s+1)D(g,s,t, x)] z(t,x), (7)
t to Xx=Xxg

T=t s=x

t X

Z Z Rm+1,l+1,t+1,x+1) Z Zf(t,x,‘r,s) =

t=tg x=xg T=to S=Xg

[ZZR(m+ L,i+1,7t+1,s+ 1)f('[,s,t,x)]. (8)

T=t s=Xx

YuaureiBas Toxaectsa (5)-(8) n3 (4) moayunm
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Rm+1l+1,m+1,l+1Dz(m+1,1+1)—
l
—Rm+1,l+1,m+1,x))z(m+1,x,) + Z Rm+1,l+1m+1,x)z(m+1,x)—

xX=xq

_R(m + 1,l + 1, to,l + 1)Z(t0,l + 1) + R(m + l,l + 1, to,xo)z(to,xO) -

l m
- Z R(m+ 1,1+ 1,t5,x)z(te, x) +Z Rm+ 1,1+ 1,t, 1+ Dz(t, 1+ 1) —

xX=xq t=to

m m l
- Z Rm+ 1,1+ 1,t,xy)z(t, xy) + Z Z Rm+1,1+1,t,x)z(t,x) =
t=tg t=tg x=xo
m l l

= Z z Rm+ 1,1+ 1,t+1,x+ DAt x)z(t, x) + Z Rm+1,l+1,m+1,x+ 1)B(m,x)z(m+ 1,x) —

t=tg x=xo X=Xo
l m l
- Z Rim+ 1,1+ 1,60, x + DB(ty — 1, %)2(ty, x) + Z z R(m+1,01+1,6,x + DB(t — 1,0)z(t, x) +
X=Xq t=tg x=xg

m m
+ Z Rom+ 1,1+ 1t +1,1+1)C(E Dzt 1 +1) — Z Rim+ 1,14+ 1,t +1,x)C (6 xy — 1)z(t, x0) +

t=to t=tp

m l
+Z z Rm+1,1+1,¢+1,C(x — Dz(t,x) + (9)

t=tg x=xo

+i Zl: [iZI:R(m+ L,i+1,7+1,s+ 1)D(T,s,t,x)lz(t,x)+

t=tg x=xg L=t s=x

+i Zl: [iiR(m+ Li+1,7+1s+ 1)f(‘r,s,t,x)l.

t=tg x=xo LT=t s=x

IIpeanoaoxxum, 4To MatpudHas QyHKUMS R(m, [, t, x) ABAseTcs pellleHreM KpaeBoil 3a-
Aaun

Rm+1,l+1,t,x) =R(m+1,l+1,t+1,x+ 1DA(t,x) +
+R(m+ 1,1+ 1,t,x+1D)B(t—-1,x)+ Rm+ 1,1+ 1,t+ 1, x)C(t,x — 1) +

m 1
+ZZR(m+ 1,I+1,7+1,s+1)D(g,s,tx),(10)

T=t s=x
Rim+1,l+1m+1,x)=R(m+1,1l+1,m+1,x)B(m,x),
Rm+1,l+1,t,l+1)=R(m+1,l+1,t+ 1,1+ 1)C(tD),

Rim+1,l+1m+1,1+1) =E.(11)

Toraa n3 Toxaects (4)-(9) caeayet, uto

l m
Z2m+ 1,1+ 1) = Z R(m+ 1,1+ 1, to, x)a(x) + z R(m + 1,1+ 1,t,x9)b(t) —

X=X t=to

l
- Z R(m + 1,1+ 1,t, x + DB(t, — 1,x)a(x) —

X=Xq
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m
- Z R(m+ 1,1+ 1,t + 1,%,)C(t, xo — Db(E) +

t=to
+Rm+1L,l+1,m+ 1, xp)b(m+1)+R(m+1,1+1,t,,l+ Dall+1) +
+R(m + 1,1+ 1,ty, x0)2(tg, xo) +

+i i [izl:[\’(m+ Li+1,7+1,s+ l)f(‘r,s,t,x)l.

t=tg x=x¢ L=t s=x

Orcioga nmeeM

-1 m-1
26m,D) = RO, Lo, 20)a0 + Y. ROm Lo, )a() + . RGm, Lt x)b(6) —
t=t

X=x¢
-1 m-1

- Z R(m, L, to, x + 1Bty — 1, x)a(x) — z R(m, Lt + 1, %,)C(t, xo — 1b(E) +
X=Xq t=to

+R(m,l,m,x,)b(m) + R(m, L, to, Da(l) + Z Z z R(m,L,t+1,s+1)f(r,s,tx)|.

m-1 -1 Im—l -1
t=tg x=x¢ LT=t s=x

Taxum obpasom gokasaan, 4To

X t
z(t,x) = R(t, x,tg, x0)Z(ty, Xp) + Z R(t, x,ty, Da(l) + Z R(t,x,m,xy)b(m) —
l=x¢

m=ty
x-1 t—-1
- Z R(t, %, to, L + 1D)B(to — 1, Da(l) — z R(t, %, 1, %,)C(m, xo — 1)b(m) + (12)
I=x¢ m=tg
t—1 x—1 pt—1 x—1
+ z z IZ ZR(t,x,r +1,s+1)f(z,s,m, l)l.
m=tg l=xg Lt=m s=1

Teopema. IIpu caeaaHHBIX ITPeAIIOAOXKEHNAX pellleHne Kpaesoii 3agaun (1)-(2) npeacras-
asetcs B Buge (12), rae marpuusas GyHkiusa R(m, [, t, x)siBasterca pemeHueM 3adaan (10)-(11).

SaMeTI/IM, 4TO IIoAy4deHNe IIpeACTaBA€HVLI paCCManMBaeMOI;I 3aZauyl B AaAbHeMIleM
MO>XeT OBITh ycCllenmHo IIpMMEHEH IIpu MCCAeAO0BaHUM Ppa3ANMYHBIX 3a4a4 OIITHMMaJabHOIO
YIIpaBA€HN:, OIIVIChIBAEMBIE KaK AVHEVIHBIMI, TaK I HEAMHEMHBIMU YpaBHEHVSIMMU TUIIA (1)
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HEOBXOAMMBIE YCAOBMS OITTUMAABHOCTU ITEPBOI'O 1
BTOPOI'O ITOPSIAKOB B OAHOM 3AAAYE OIITUMAIBHOT'O
VIIPABAEHUS AMHAMMKOMU ITOITY ASILIUN

AV. ATAMAZNEBA

baxuncknit ['ocyjapcTseHHbIil YHUBEpCUTET

agamaliyeva88@gmail.com

AHHOTAII VA

B crarpe paccmaTpuBaercs ogHa 3agada OITMMAa/AbHOTO YIIPABAEHMS AVMHAMMKON IOIYyASLIMU C MHOTOTO-
geyHBIM (PYHKIIMOHAA0M KadecTsa. IIpy mpeamnoaoskeHun OTKpHITOCTH 004acTy yIIpaBAeHNs 40Ka3aHbI He0O0X0-
AVIMBIE YCAOBUS OITMMAaAbHOCTY IIEPBOTO U BTOPOI'O OPSIAKOB.

Karouesble caoBa: guHaMUKa IONyAAINY, UHTerpo-AnuddepeHnnalbHOe ypaBHeHe, ypaBHeHe Diilepa,
ycaosne Aexxanapa-Kaebma.

THE FIRST AND SECOND ORDERS NECESSARY OPTIMALITY CONDITIONS IN ONE OPTIMAL
CONTROL PROBLEM OF POPULATION DYNAMICS

ABSTRACT

The article considers one problem of optimal control of population dynamics with a multi-point quality func-
tional. Under the assumption that the control area is open, the necessary optimality conditions for the first and
second orders are proved.

Key words: population dynamics, integro-differential equation, Euler equation, Legendre-Clebsch condition.

BiR POPULYASIYANIN DINAMIKASI OPTIMAL iDAROETMO MOSOLASINDO OPTIMALLIQ
UCUN BIRINCi VO IKINCI TORTIB ZORURI SORTLOR

XULASO

MBaqalada gox noqtali keyfiyyst funksionall1 bir populyasiya dinamikasimin optimal idare edilmesi masalesine
baxilir. idareetma oblastinin agiq olmasi farziyyesi daxilinde optimalliq iigiin birinci va ikinci tortib zeruri gortlor
isbat olunmusdur.

Acar sozlar: populyasiya dinamikasi, inteqro-diferensial tenlik, Eyler tonliyi, Legendre-Klebs sort.

Bsegenme. B paborax [1-3] usyyena ogna 3agaya ONTUMaABHOIO YIIpaBASHNS AHAMMU-
KOI1 IIOITy AT, OIMChIBaeMasl CICTeMOI MHTerpo-AuddepeHInaabHbIX ypaBHeHU IA0Ka-
3aH aHaA0T BapMallMOHHOIO IPpMHIMIIa MakcuMyMa. B mpegaaraemort pabore anaaornmyHas
3ajada paccMaTpuBaeTcs ¢ 0oaee oOMMM (MHOTOTOYeUHBIM) (PYHKI[MOHaA0M KadecTsa. [Ipn
oMoy MoAUQPUIMPOBAHHOTO BapMaHTa aHaJora MeToJja IpupareHmii (cM., Hamp., [4-
6])A0Ka3aHbl HEOOXOAVIMBIE YCAOBY ONTUMAaAbHOCTH IIEPBOTO ¥ BTOPOTO IOPsAKOB.

ITocranoska 3agaun. ITycTs TpeOyeTcs HailTy MUHMMaAbHOe 3HayeHNe PyHKIIMOHAAA

X1 t1 X1

Jw) = J- (p(z(Tl,x),z(Tz,x),...,Z(Tk,x))dx+J- f CD(t,x,z(t,x),y(t,x),u(t,x))dxdt, (D

X9 to Xo
OHpe,ZLe/leHHOFO Ha peHleHMﬂX ]/IHTeI'pO—,Zl,]/I(l)(l)epeHLU/IaAbHOFO ypaBHeHI/Iﬂ

z:(t,x) = f(t, x,z(t,x),y(t, x),u(t, x)), 2)
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X1
y(t,x) = f g(t, x,s,z(t,s),u(t, s))ds, 3
X0
C Ha4aAbHBIM yCAOBUEM
Z(tﬂrx) = a(x)lx € [x(), xl]' (4)

3aecs f(t,x,z,y,u) (9(t, x,s,2,u)) -3agaHHas1 n(M)-MepHasi BEKTOP-PYHKIINs, HeIIPePhIB-
Hasl 110 COBOKYITHOCTM IIepeMeHHBIX BMecTe C YaCTHBIMU ITpOon3BoAHBIMU 110 (Z, Y, u)((z,u))Aa0
BTOPOTO IOpPsAAKa BKAIOUUTEABHO, a(Xx) —3ajaHHas M3MepuMasl M OIpaHMYeHHas N-MepHas
BeKTOP-PYHKIVS, (24, ..., Z), (P(t, X, Z,y,u)) —3agaHHas CKaAspHas (PYHKLVS, HEIIpepbIBHA
II0 COBOKYIIHOCTHU II€PEMEHHBIX BMECTe C YACTHBIMM HPOU3BOAHBIMMU I10 (zy, ..., %) ((t,x,2,y,u))
AO BTOPOTO IOpPsAAKa BKAIOUNTEAbHO, Tj, i = Lk(ty<Ty <T, < <Ty <t;) —3ajaHHEBIE TOU-
K11, a u = u(t,x) — r-MepHas U3MepuMas ¥ OrpaHNYeHHas! BeKTOP-(PYHKUNS YIIPaBASIOIINX
BO34eTICTBUI, YAOBAETBOPSIOMINIX OTPaHIYEeHIIO

u(t,x) € U c R",(t,x) € D = [tg, t;1] X [x0, %11, (5)
rae U —3asaHHOe, HEIIyCTOe, OTpaHMYeHHOE ¥ OTKPBITOe MHOXKECTBO.
Taxkue praBASIIOH_U/Ie (l)yHKLU/II/I Ha30BEM AOHyCTI/IMLIMI/I.

Joryctumoe yripasaenue u(t, x) AocTaBasioniee MUHMMYM ¢yHKImoHaay (1), mpu or-
panmyennax (2)-(5), Ha30BeM ONTMMAaAbHBIM YIPaBA€HMEM, a COOTBETCTBYIOLIMII IIPOLIECC
(u(t, x),z(t, x), y(t, x)) — ONTUMAABHBIM IIPOLIECCOM.

Ileapto paOoOTHI sABAsETCS BBIBOA HEOOXOAMMBIX yCAOBUII ONTMMAABHOCTU B paccMart-
pusaeMoli 3agaue (1) -(5) mpu caeaaHHBIX ITPeAIIOA0KEHIX.

Borancaenme sapmamym ¢pyuknmonaaa. ITycrs (u(t, x), z(t, x) pukcmpoBaHHBIIL,
a (u(t,x) = u(t,x) + Au(t, x), z(t, x) = z(t,x) + Az(t, x)) TPOU3BOABHBIII — AOIyCTUMBIE IIPO-
11eCchl. 3anuIeM npupamieHne GpyHKIMOHala KadecTsa.

X1

Ajf(uw) =J@) —J(u) = f ((p(z_(Tl,x),z_(Tz,x), ...,Z_(Tk,x)) — (p(Z(Tl,x),z(Tz,x), ...,Z(Tk,x))) dx +

t; X1

+ j j (CD(t, x,Z(t, x), y(t, x), u(t, x)) - CD(t, x,z(t,x), y(t,x), u(t, x))) dx dt. (6)

to Xo

ITpu sTom npupamenne (Az(t, x), Ay(t, x))cocrosuma(z(t, x), y(t, x))OyaeT ya0BAeTBOP-
STh 3a4a4e

Az (t,x) = f(t, x,z(t,x), y(t,x),u(t, x)) — f(t, x,z(t, x),y(t,x),u(t, x)), 7
Ay(t,x) = f (g(t, x,8,Z(t,s),u(t, s)) - g(t, x,s,z(t,s),u(t, s)))ds,(8)
A z(ty,x) = 0.(9)

ITycts Y(t, x), q(t, x) 11I0Ka ITPON3BOABHEIE N, M -MepHBbIe BeKTOP-(PYHKIINI COOTBETCTBEH-
Ho. U3 (7), (8) moayyaem, 4TO
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f flp'(t,x)Aztx(t,x)dxdtz f fl/)’(t,x) (f (&, x, 2(t, ), y(t, %), u(t, x)) —

—f(t, x,z(t,x),y(t, x), u(t, x))dxdt, (10)

t1 x1 t1 X1 X1

J-J-q’(t,x)Ay(t,x)dxdtszfq’(t,s)(g(t,s,x,z_(t,x),ﬁ(t,x))—

to Xo to Xo Xo
—g(t, s, x, z(t, x), u(t, x)))dsdxdt, (1D

rae (') 445 BEKTOPOB Ollepalllisl CKaAsSpHOIO IIpOM3BeAeHIs], a A4S MaTpuUll, OIleparius
TPaHCIIOHMPOBaHMS.

Beeaem anazor ¢pynkium I'amuasrona-IlonTpsaruna caegyommum odpa3om
X1

H(t,x,z,y,u,¥,q) =y f(t,x,zy,u) + J q'(t,s)g(t,s, x,z,u)ds + CD(t, x,z(t, x),y(t, x),ult, x)).

X0

C yuerom (10), (11) n3 popmyasl npupaiieHns (6) MoAy4muMm, 4TO

A () = f (<p(z-(T1,x),z-(T2,x),...,Z-(Tk,x)) - (p(z(Tl,x),z(Tz,x),...,z(Tk,x))) dx +
+j J(H(t,x,z'(t,x),g_/(t,x),ﬁ(t,x),lp(t,x),q(t,x))—
to Xo
—H(t, x, z(t,x), y(t, x), u(t,x), P(t, x), q(t, x)))dxdt + (12)
t1 x1 t1 x1
+f fl/)’(t,x)Ath(t,x)dxdt+f f q'(t, x)Ay(t, x)dx dt.

Ncnoawsys Popmyay Teiraopa ns (12) moayunm cripaBeAAMBOCTL pa3A0KeHIU

k

yaw = | (Z a""(z(Tl'x)'z(aT;x)'""Z(T"’X))Az(r,-,x)+

X0 i=1

k 2
+% Z AZ'(T, ) d (p(z(Tl,x),z(TZ,x), ...,z(Tk,x))

aZiaZj AZ(’I}‘X) +

ij=1

k
Z AZ(T,:, x)
i=1

+01<

2 t1 x1 t %1
) dx+f flp'(t,x)Ath(t,x)dxdt+f fCI'(t,x)Ay(t,x)dxdt—

to Xo to Xo

B f f <6H(t, x,z(t, %), y (£, x), u(t, x), P (¢, x), q(t, x))

97 Az(t,x) +

N aH(t, x,z(t,x),y(t, x), ult,x), Y(t,x),q(t, x))
odu

N 6H(t, x,z(t,x), y(t, x), u(t, x), Y (¢, x), q(t, x))
dy

Au(t,x) +

Ay(t,x) +
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0%H(t,x,z(t, x), y (£, x), u(t, x), P (t, x), q(t, x))
0z2

N lAy’(t, . 0%H(t,x,z(t, x), y(t, x), u(t, x), P (t, x), q(t, x))
2 dy?

azH(t: X, Z(t, X), }’(t, X), u(t, X), lpb(t' X), q(t' X))
0zdy

azH(t' X, Z(t' .X'), }’(t‘ X), u(t' X), lpb(t' X), q(t' X))
dyoz

0%H(t,x, z(t, x), y (£, x), u(t, x), P(t, x), q(t, x))
oudz

1, 9%H(tx,z(t,x), y(t,x),ult,x),¥(t,x),q(t,x))
+§Au (t,x) udy

02H(t,x, z(t, x), y(t, x), u(t, x), Y(t, x), q(t, x))
du?

+0,(1Az (¢, 0l + 1Ay (&, )l + lAu(t, x)ID?)dxdt. (13)

1
+ > AZ'(t, x) Az(t,x) +

Ay(t,x) +

Ay(t,x) +

1
+§Az’(t,x)

1
+ 3 Ay'(t,x) Az(t,x) +

Az(t,x) +

1
+ EAu’(t, x)

Ay(t,x) +

1
+ EAu’(t, x) Au(t,x) +

Teneps mpeobpasyem caaraemoe

}i 09" (2(Ty, ), 2(Ty, ), ., 2(Ti X))

aZi AZ(Tl', X) dx.

Xo i=1
W3 (4) sicHO, 9TO
t

Az(t,x) = fAZT(T,x)dT. (14)

to

[Mycrs a;(t),i = 1,k xapaktepuctuueckue GyHkim orpeska [ty,T;],i = 1,k. Toraa us
(14) moayyaem, 9TO
ty
Az(T;, x) = f a;(t)Az:(t, x)dt. (15)
to
C yuetoMm noayuenHoit ¢popmyas (15), a TakKke rpynmmmposas IoA00HbIe YaeHbI 13 (13)
IIOAYYMM, YTO

t1 X1 k

we = [ o +|Y a2 0200 - 20e0)
fo i=1 '
_OH(t,x, 2(t, %), y (&, %), u(t, ), P(t, x), 4 (£, x)) Az, (t, x)dxdt +
0z o

. f f <q(t, o OH(t, x, z(t, x), y (t, x),u(t, ), P(t, x), q(t, x))

3y > Ay(t, x)dxdt +

to Xo

k 2
+% z AZ' (T, %) 0 (p(z(Tl,x),z(Tz,x), ...,Z(Tk,x)) AZ(Tj,x) 3

i 0z}
,j=1
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t; X1
) f faH(t,x,z(t,x),y(t,x),u(t,x),w(t,x).q(t.x)) Au(t, x)dxdt —

Ju

to %o
_% f f <Az’(t, O 02H(t,x, z(t, x), y (£, x), u(t, x), P(¢t, x), q (¢, x))

0z2

Az(t,x) +

to Xo

02H(t, x, z(t, x), y (¢, x), u(t, x), P(t, x), q(t, x))
dy?

02H(t,x, z(t, x), y (£, x), u(t, x), P(t,x), q(t, x))
dydz

02H(t, x, z(t,x), y(t, ), u(t, x), P(t,x), q(t, x))
d0zdy

0%H (¢, x,2(t,x), y(t, %), u(t, x), Y (£, x), (¢, x))
duoz

90%H (¢, x,2(t, x), y(t, ), u(t, x), P (¢, x), q(¢, x))
Judy

0%H(t, x, z(t, x), y (£, x), u(t, x), P (¢, x), q (¢, x))
ou?

+0, ((18z(t, Il + 1Ay (¢, )1l + lAu(t, 0)ID*)dxdt. (16)

+Ay'(t, x)

Ay(t,x) +

+2A7'(t, %) Ay(t,x) +

+2Ay'(t, x)

Az(t,x) +

+2Au'(t, x) Az(t,x) +

+2Au'(t, x)

Ay(t,x) +

+2Au'(t, x) Au(t,x) +

Ecan mpeamnoaarats, uyto BekTOp PyHKIM YP(t,X) SBASETCA pelIeHueM JABYMEPHOTO
VHTeIpaAbHOTO YpPaBHEHI

Y(t,x) = Hy(t, x, z(t, x), y (£, x), u(t, x), P(t,x), q(¢, x)) —
k

_ Z (0 0 (2(Ty, x), z(z;zz,.x), e Z(Ty, x))’

i=1
a q(t, x) onpegeasiercs 1o popMmyae
q(t,x) = Hy(t, x,z(t,x), y(t, x),u(t,x), Y(t, x),q(t, x)),

TO popMyaa npupaiieHns GyHKIMOHaAa KadecTBa IIpUMeT BU/,

X1 k
1 9? Ty, x),z(T5, %), ..., z(Ty,
xo Li=1 ‘

t x1
_ J _[ (’)H(t,x,z(t,x),y(t, x),ut,x), P(t,x),q(t, x)) Au(t, x)dxdt —

ou

to Xo

t1 X1

_%f f <AZ’(t,x) 02H(t, x, z(t,x), y(t, %), u(t, x), P(¢t, x), q(t, x))

0z2

Az(t,x) +
to Xo

0%H(t,x, z(t, x), y (£, x), u(t, x), (¢, x), (£, x))
ay?

+Ay'(t, x) Ay(t, x) +
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02H(t,x, z(t, x), y (£, x), u(t, x), P(t,x), q(t, x))

+2A7' (¢, x) 3707 Ay(t,x) +
20y (6 0) 02H(t, x, z(t, x), y (¢, ;ciaz;(t x), P (t,x),q(t,x)) Az(ex) +
20 ) 0%H(t, x, z(t, x), y (¢, zi';(t’ x),P(t,x),q(t,x)) p2(tx) +
L2 (6 ) 02H(t, x, z(t, x), y(¢, ;c])i,az;(t, x),P(t,x),q(t,x)) Ayt ) +
r2M (e ) 0%H(t,x,z(t, x), y (¢, ;;);Z(t, x),P(t, x),q(t, x)) put. ) +

+0a ((1Az(t, )l + 1Ay (¢, )1l + l1du(t, x)|D?)dxdt.

HOCKOAI)Ky I10 MMpeAaIrtoA0>KeHNIO MHO>KECTBO U OTKPBITOE, TO CIIelNaAbHOE IIpupalmie-
HI1e AOITyCTMMOTIO YIIpaBA€HUAI u(t, X) MO>KHO OIIpeaeANnTb I10 c])opMyAe

Au(t,x, &) = edu(t,x),(t,x) € D,(17)

rAe € MPOM3BOAbHOE AOCTaTOYHO MaJoe IT0 abCOAIOTHON BeAndnmHe uncao, a du(t,x) €
R",(t,x) € D mponssoabHas M3MepuMas 1 OTpaHNIeHHas BeKTOP-(PYHKIIL (A0ITyCTMasT Ba-
puanus yrpasaeHus u(t, x)).

Yepes (Az(t, x), Ay(t, x))0DO3HaUMM CIIelalbHOe IIpUpallieHye coctostHus (z(t, x), y(t, x)).

I3 oneHok ycranosaeHHBIX B [1-3] caeayer, utol||Az(t, x)|| n ||Ay(t, x)|| umeloT IOpsIAOK
MaJAOCTH E.

YuuteiBas TO 10 cXeme, HalIpuMep, paOoThI [4] 40Ka3bpIBaeTCs, 4TO
Az(t,x, &) = €6z(t, x) + o(g; t, x),
Ay(t,x,€) = edy(t,x) + o(s; t,x), (18)

rae (8z(t, x),8y(t, x)) (Bapuanus cocrostams (z(t,x),y(t, x))) sIBAseTCS pellleHreM aHalora
ypaBHEHIISI B BapHarisIx

6z:(t,x) = fZ(t, x,z(t,x),y(t, x),u(t, x))SZ(t, x) + fy(t, x,z(t,x),y(t, x),u(t, x))Sy(t, x) +
+fu(t, x,z(t, x), y(t, x),u(t, x))6u(t, x),

oy(t,x) = f (gz(t, x,s,z(t,s),u(t, s))SZ(t, s)+ gu(t, x,S,z(t,s),u(t, s))6u(t, s)) ds,
6z(ty, x) = 0.

Yunreisas pasaoxenus (18) u ¢popmyay (17) B popmyae npupamenns (16) noaydmm,
4TO HepBas U BTOpasi Bapuauny PyHKIMOHAaAa KaueCcTBa MMEeIOT COOTBETCTBEHHO BI/,

t1 X1
51S(u; du) = —f J- H{t(t,x,z(t,x),y(t,x),u(t,x),lp(t,x),q(t,x))Su(t,x)dxdt, (19)
to Xo
X1k ok )
52550 - f Z Z 5 (T <P(Z(T1,x),z(Tz;x), 0, 2(T, X)) 52T, x)dx —
%o =1ij=1 0z
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_f J- <5Z'(t,x)a H(t'x'Z(t’x)'y(t:x),u(t,x),ll)(t,x),q(t,x))

0z2

6z(t,x) +

to Xo

02H (¢, x, z(t, x), y (¢, x), u(t, x), P(t, x), q(t, x))

+8Y'(t, x) 372 Sy(t,x) +
280(t.) 02H(t,x,z(t, x), y(t, gi(;;z(t, x),P(t,x),q(t, x)) 52(t.%) +
+280(Ex) 0%H(t, x,z(t, x), (¢, ;Ci,al;(t, x),%(t,x),q(t,x)) Sy(tx) +
1289/ (6.) 02H(t,x, z(t, x), y(t, ;i,az;(t, x), ¥(t,x), q(t, x)) 52(6.x) +

02H(t, x, z(t, x), y(t, x), u(t, x), ¥(t, x), q(t, x))

+28u'(t,x) EW

Adu(t, x)) dxdt. (20)

ITockoabKy 00aacTb U OTKpBITOE, TO U3 pe3yabTaTOB KAaCCUMIECKOIO BapMaliiOHHOTO C-
qrIcAeHIs cAeAyeT (cM., Hatp., [5, 6]), uro ecan u(t, x) onTMMaabHOe yIIpaBAeHNe, TO AAsl BCeX
ou(t,x) € R",(t,x) €D

§1S(u; 6u) = 0,(21)
525(u; 6u) = 0.(22)

CootHomrennst (21), (22) sSBASIOTCS HEABHBIMU HEOOXOAVMMBIMU YCAOBMSAMU OITUMAaAb-
HOCTH IIePBOTO ¥ BTOPOTO IOPSAAKOB COOTBETCTBEHHO.

3 ToxxaectBa (21) MOKHO IT0AY4UTh aHAAOT ypaBHeHU: Dilaepa A4s pacCMaTpyuBaeMOn
3aJadnl.

meeT mecto

Teopema 1. Ecan MHOXecTBO U OTKPBITOE, TO 4451 ONITUMAABHOCTU AOITyCTUMOIO YIIpaB-
Aenns u(t, x) HeoOX0AMMO, YTOOBI COOTHOIIICHIE

Hy(t,x, z(t, x), y (£, ), u(t, x), P(t,x), q(t, x)) = 0 (23)
BBIIIOAHIAOCH I104TU A4 Beex (t,x) € D.

Joxkazareanctso. Jomycrum obpartHoe. Ilycts cymjectByer Takast Touka (6,¢) (mpasuab-
Hasi TouKa [7] ynpasaenus u(t,x)) us (1 < s <r), 9ro

9H(6,¢,2(0,£),y(8,§),u(8,9),¥(6,£),q(6,9)) _

Jug

a # 0.

BriGepeM KOOpAMHATHI AOIyCTUMOI Bapuanmm Su(t,x) = (Suy(t,x), uy (¢, %), ..., Su,(t,x))’
CAeAYIOIUM 00pasoM:

ou;(t,x) =0,(t,x) € D,i s,
6H(t, x,z(t, x), y(t, x), ult, x), P(t, x), q(t, x))
dug(t,x) = {

oug " (24)
tx)E0,0+e)x[EE+¢e),i+s,

Sus(t,x) = 0,(t,x) € D\[0,0 + ) x[§,§ + ¢),
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rae € > 0 mpon3BoAbHOE 40CTaTOYHO MaAoe Y1CA0. YUuTeIBas (24) moaydaem, 4To

f f OH'(t,x,2(t, %), y (t, %), u(t, x), (¢, x), q (¢, x)) Su(t, x)dxdt =

du

to Xo

e é+e

f <3H(t. x,2(t,%), y (&, %), u(t, ), (¢, ), (¢, x))>2 dxdt =

|

dug

I
e

3

H(0,£,2(0,€),y(8,8) u(8,8),w(6,£),9(6,)) 2

Jug

Il
™M
N

+ 0(g?) = e2a? + o(?) # 0.

A 370 IIPOTUBOPEINUT TOMY, UYTO A4 OIITIMAAbHOIO YIIPaBA€HNA II€pBasl Bapmannsl yII-
paBaeHms1 paBHO HYAIO.

DTuM TeopeMa g0Ka3aHa.
Coornomenne (23) siBAsIeTCsA aHAAOTOM ypaBHeHus Ditaepa.

Kax 6b110 0TMe4eHO Bblllle HepaBeHCTBO (22) sABAseTCs HesIBHBIM HeOOXOAVIMBIM yCAOBM-
eM ONTMMaABHOCTY BTOpOro mnopsgka. Ho us nero onpegeass sapuanmo du(t,x) ympasae-
Hu U(t, X)crienaAbHBIM 00Pa3oM MOXKHO ITOAYYIMTh aHaAor ycaosus Jexanapa-Kaebma. B
caMoM Jeae, TycTbh u(t,x) Kaaccumdeckas DKCTpeMadab, T.e. ABASETCS pPellleHNeM ypaBHEeHII
Onaepa. Vimeer mecto

Teopema 2. Jad onTMMaabHOCTM KAaCCUYECKOV 9HKCTpeMaall HeoOXOAMMO, 4TOOBI
HepaBEeHCTBO

v’ OZH(H, E; Z(B, E): }’(9' f)' u(B, E)ﬁ 1!’(9: f)' CI(H' E))
ou?

BBITIOAHSIAOCH 2451 Becex U € R™,u(0, &) € [ty, t1] X [xg, x1].

v < 0(25)

Aoxkasareanctso. Cunras u(t,x) onTUMaAbHBEIM yIIpaBAeHNeM, eTo BapuaIruio orpeJe-
AuM 110 popmyae

v,(t,x) €D(e) = [0,0 + &) x[§,E+¢) 26)

su(t, x;€) = { 0,(t,x) € D\D(e),

rae (0,&) € [to, t1] X [xg, x,] IpoM3BOABHAA IpaBUAbHas TOYKa (Touka /eGera [7]) ympasae-
Hust u(t, x), a € > 0 IpoM3BOABHOE AOCTaTOYHO Maloe YICAO.

Yuntsisas (26) B HepaBeHCTBe (22) 1 IIpMHUMas BO BHMMaHMe BI/A BTOPOI BapMaryiy I10C-
Ae HeKOTOPBIX ITpeoOpa3oBaHMII IT0AydaeM, 4TO

o2 <v, 0*H(6,§,2(6,8),y(6,),u(8,8),¥(6,$),9(6,%)) "

Ju?

) +0(e%) <0.(27)

Pazaeasist 0be yacTu HepaBeHCTBa (27) Ha €% 11 1epexoas K rpeaeay npu € — 0 moaydaem
cooTHoIreHne (25). Otum TeopeMa 2 g0Ka3aHa.
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AHHOTAL VS

B craTtee paccMaTpuBaeTcs O4Ha AUCKpeTHasl 3adada OITMMAAbHOTO YIIpaBA€HI: C HEAOKaAbHBIMI Kpae-
BbIMU YCAOBVSIMU IIPU HAAINN (l)yHKL[I/[OHaAI)HbIX OI‘paHI/I‘{eHI/HZ THIIa HEPABEHCTB Ha COCTOIHNE CICTEMBI. Ycra-
HOBAEHO H€O6XO,Z|,I/IMO€ ycaoBne onnTuMaAabHOCTI.

KaroueBble ca0Ba: gucKpeTHas HeAOKaAbHas 3ajada ONTUMAABHOTO YIIpaBAeHNs, HeoOXOAMMOe yCAOBue
ONTUMAaAbHOCTY, CIlelnaAbHas popMyaa IpUpaIle s KpUTepus KadecTsa.
ON NECESSARY OPTIMALITY CONDITIONS IN DISCRETE NON-LOCAL CONTROL PROBLEMS
WITH FUNCTIONAL RESTRICTIONS OF THE INEQUALITIES TYPE
ABSTRACT

The paper considers one discrete optimal control problem with nonlocal boundary conditions in the presence
of functional constraints such as inequalities on the state of the system. The necessary optimality condition is estab-
lished.

Keywords: discrete nonlocal optimal control problem, necessary optimality condition, special formula for
increment of quality criterion.
BORABORSIZLIKLOR TiPLIi FUNKSIONAL MOHDUDIYYOTLI LOKAL OLMAYAN DISKRET
IDAROETMO MOSOLOLORINDO OPTIMALLIQ UCUN ZORURI SORTLOR HAQQINDA
XULASO

Isda sistemin voziyyatine barabarsizlik tipli funksional mahdudiyyetlar olan halda lokal olmayan sarhad gortli
bir diskret optimal idareetma masalasina baxilir. Optimalliq iiin zaruri sartlar isbat olunmusdur.

Acar sozlar: diskret geyri-lokal optimal idareetms problemi, zaruri optimalliq serti, keyfiyyot meyarimn
artirilmast liglin xtisusi diistur.

Bseaenne. K nacrosmemy BpeMeHM AMCKpeTHBIE 3a4adyll OIITMMAaAbHOTO yIpaBAeHNs,
OIlMChIBaeMble C OOBIKHOBEHHBIMI Pa3HOCTHBIMM yPaBHEHUAMHU C AOKAAbHBIMM KpaeBBIMU
YCAOBUAMHU AOCTaTOYHO IOAHO MccAeloBaHbl (cM., Hamp., [1-8]). Heaasno B pabore [9] ycra-
HOB/€HBI psi/ HeTpajUIIMOHHBIe 11 00ee 0oOIIVe yeM M3BeCTHble, HeOOXOAVMMEbIe YCAOBUS OII-
TUMaAbHOCTH IIEPBOTO IIOpsAKa B OAHONM AOKaAbHON TePMMHAABHOM 3ajade OITUMaAbHOIO
yIIpaBAeHM:I OINChIBaeMasl CUCTeMOI OOBIKHOBEHHBIX Pa3HOCTHBIX ypaBHeHIi. JI3ydeHne >xe
AVICKPETHBIX 3a4ad OIITMMaAbHOTO YIIpPaBA€HMS C HeAOKaAbHBIMU KPaeBLIMU YCAOBMSAMU
HaxoAUTCs B HavaAbHOM cTagun. B paborax [10-12] paccMoTpeHbI HeKOTOpbIe 3a4adyl OITHU-
Ma/AbHOTIO yIpaBAeHUs AVICKPETHBIMU CHCTeMaMU C HeAO0KaAbHBIMIU KPaeBbIMIU YCAOBUSAMMU.
YcraHOBA€HBI psi4, HEOOXOAMMBIX YCAOBUII ONTUMAaAbHOCTU IIEPBOTO IOpsigKa U MCCAeAO-
BaHBI CAy4all UX BBIpOKAeHus (ocoOble caydan [13]).
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B HpezmaraeMoﬂ pa60Te n3y4daeTcs O4dHa HeA0KadbHasl 3ada4da OIITUMaAbHOIO yIIpaBAe-
HMSI AVICKPETHBIMU CHCTEMAaMM ITPpU HAaAMYINN (byHKLH/IOHaAI)HI)IX OI‘paHI/I‘IEHI/Iﬁ TUIIa Hepa-
BEHCTB Ha TPaeKTOPMIO CHUCTEMBI ,Z',OKaSaHO H€O6XO,ZI,I/IMO€ ycaoBye OIITMMAaAbHOCTNM THUIIa
AVICKPETHOTO IIPMHIINMIIa MaKCIIMyMa HOHTp}IFI/IHa IIpn 1IpeAIr10A0>KeHNN BbIITYKAOCTY, MHO-
>KecTBa 40ITyCTUMBIX CKOpOCTeiI paccMaTpmBa€MOIO YPpaBHEHIIL.

ITocTanoBka 3agadvdn. PaCCMOTpI/IM AVICKPETHYIO CHICTEMY YIIpaBA€HINSI AVHaMMKa, KO-
TOpOI7I OIIMCBHIBAETCSI CUCTEMOV OOBIKHOBEHHBIX Pa3HOCTHBIX ypaBHeHI/Iﬂ

x(t+1)= f(t,x(t)u)), teT ={,t, +1....t, =1} (1)
C HeA0KaAbHBIMU KPAaeBBIMIU YCAOBUSIMU
Lo X(to)+ L x(t)= . 2)
3aece T = {'[o,t0 +1...,t —1} KOHEYHOe MHOKECTBO I10CJAe]0BaTeABHBIX UliCe], IIpuIeM
to u '[l 3a4aHBbI, LO, L1 3aJaHHBIE (nxn) IIOCTOsIHHbIE MAaTPUITHI, { — 3azaHHBIN n—MeprIi[
IIOCTOSIHHBIII BEKTOP, X(t) — BEKTOP COCTOSIHI, f(t, X, u) 3asgaHHas N-MepHas BeKTOp-(PYyHK-
LIMsI HEIIpePbIBHAS 110 COBOKYIITHOCTU II€PEMEHHBIX BMECTe C YaCTHBIMY IIPOU3BOAHBIMI IIO

X mpm Beex t, u(t) — I'-MepHBIII BEKTOp yIPaBAAIONINX QYHKUINI yAOBAETBOPSAIOINIas orpa-

HUYEeHNIO
ult)eU cR", teT,(@3)

rae U  R" Hekoropoe Herycroe orpannyensoe noAMHoectso 13 R' .
Taxyio ynmpaBAsIoniyio (pyHKIIMIO Ha30BeM AOIYCTUMBIM yIIpaBAeHNeM.

IIpeAnioa0XuM, 4TO IIpM KaXKAOM 3aAaHHOM AOITyCTMMOM yIIpaBAeHUM u(t), Kpaesas
3agaua (1)-(2) umeeT eagHCTBEHHOE AVICKpETHOE pellleHNe X(t).KOTOpyIO B CBOIO ouepeab Ha-

30BeM JOIIyCTUMOII TpaeKTOpueli.

Ha MHOXecTBe 40IyCTUMBIX TPaeKTOpuIl (COCTOSHMIT) pacCMOTPUM 3aJady MUHUMMU3a-
1y QyHKITMOHaAa

S (u ) =% (X(to )' X(ti )) “4)

IIpY OTpaHMYeHMsIX
Si(U)=m(x(t) x(t)<0, i=1p ()
rae @, (XO, Xl), i =0, p —3aganube HeIlpepbIBHO A epeHnpyeMble cKaaspHble (PYHKIIIN.

JomyctuMoe ynpasaeHne AOCTaBAsIollee MUHMMaAbHOe 3HaueHue (PyHKI[MOHaaAy (4)
npu orpanndennsx (1)-(3), (5) HasoBeM ONTMMaAbHBIM yIIpaBA€HUEM.

BorrunicaeHnne crenyaabHBIX HpUpamennii GyHKIIMOHAAOB 3ajalolye OorpaHmIde-
HINs, a TaKxXe Kp]/ITepI/IIO KavecCTBa 1 HQO6XOAI/IMO€ yCZlOBI/Ie OIITUMAaAbHOCTMN. HyCTI)
u(t), teT - agomyctumoe ynpasaenne, a X(t), t eT UL, — cooTsercTByIONIas €My AOITyCTH-

Mast TpaeKTopus, T.e. peleHne Kpaesou 3agaun (1)-(2).

[Ipearr0a0>KyM, 4TO MHO>KECTBO (MHOKECTBO AOITyCTUMBIX CKOPOCTEI)
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ft,x(t)U)={a: o= f(t,xt)v) v(t)eU,teT}

BBIITYKAO IIpu Beex L.
Hapsaay ¢ kpaesoii 3agaueii (1)-(2) paccMOTpUM BO3MYILIEHHYIO KpaeByIo 3a4ady
x(t+1¢)=f(t, x(t; &) u(t, ) = f(t, x(t, ) ut)+ & (f(t, x(t, &) v(t)) - (¢, x(t, &) u()), (6)
L, X(ty, &)+ L x(t, &) =1, (7)
rAe € € [O, l] IIPOM3BOABHOE YIICAO, V(t) €U, t eT mpomussoapHOe A0IIyCTUMOE yIIpaBA€eHNe.

B cnay mpearioaoxenus O BBIITYKAOCTM MHOKeCTBa f(t, X(t),U) BO3MYIIIEHHasI TPaeK-

TOpuUs X(t, 8) SIBASIETCS AOITYCTUMOIA.

Boruncanm CrienaapbHoe IIpupameHms1 CIDYHKL[I/IOHaAa

Si(u(tvg)):¢i (X(tmg)! X(tl’g))’ i=0,p.

6X(t g)

P U MICIIOABb3YsI Cl)OpMYAy Ter?mopa I1oay4aeM, 94To
&
=0

BBeast o0o3HaueHms a(t)

S (u(t.#)-S, (u(t) = gawi'(xét;)o), M) oy, ) ga%'(x(a‘;l)' Do)+ ofc)- ®)

B cuay ycaoBuit raagkocty HaA0KeHHbIe Ha IIPaByIo 4acTy ypasHeHus (1) u Ha kpaeBbie
ycaoBus (2) mmoaydaem, 4To a(t) SBASIETCS PellleHNeM AMHENHON KpaeBou 3aJadyy (aHaaor

ypaBHeHM: B BapUallsXx).

a(t+1)= f, (&, x(t).u®)alt)+ (f (& x(t) v(t) - f (& x(t).u(t), ©
Ly alt,)+ Lalt,)=0. (10)
Ilycts v, (t), A, 1= ﬁ IIOKa IIPOM3BOAbHbEIE N-MepHBIe BeKTOP-PYHKIIUN ¥ ITOCTOSH-
HBbIE BeKTOpr COOTBETCTBEHHO.

B aaapneitmem () mTpux OyAeT o3HadaTh 4451 BEKTOPOB OIlepaIiiio CKaAspHOTO IIpOu3-
BeJeHIs, a A4l MaTPUILI-OIlepaliiio TPaHCIIOHMPOBaHNASL.

N3 annennon kpaeson 3agaun (9)- (10) moaygaem, uto

Zz//, at+1) =Yy (O)(f,(t, x(t) ut)alt)+ (f (t, x(t). v(t)- f(t, x(t)u(t))), (11)

t=ty t=ty
ALalt)+ AL alt)=0.(12)

Herpyano aokasats, 4To

-1 -1
Zl//l t+1 l//i,(tl_l) (t) WI t _1 ZWl t— 1 (13)

t=t, t=t,

Beegem anaaorn ¢pynkunn 'ammasrona-IlonTpsruna s suje

H(t,x,u,w, )=y f(t,xu),i=0,p.
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C yuetom toxgects (11) - (13) u BBegeHHBIe 0OO3HaueHMUs pas3AoxkeHue (8) PpyHKIMO-
Haza S;(U) 3amuceiBaeTcs B Buae

si<u<t,e>>—si<u<t>>=ewaa o e 220D 0y e -1)att)-

X, ° X,

—ewilty ~Dal,) o3 (HE XDV, 0)- HE X000 )+ 3yt -Dal)- 19

t=t, t=t,
t-1

—eY H' (t,x(t)u(t)y (t)alt)+ & 4 Ly alt,)+ A L at )+ o(e).

t=t,

Ecan npeamnioaarats, 4To W/, (t) SABASIETCS pellleHreM KpaeBol 3ajaun
wi(t=1)= H,(t x(t) u(t) v (t),
o)), ) o,

—+L'ﬁ,
ox ol ~Vi

0

a(pi(x(at;l)’ X(tl))+ L4 +w(t,—1)=0,

TO pasaoxxeHue (14) npumer Bu4,

-1

Si(ult.2)- ))=-¢2(H )i (U)=H (& x(t) u(t) v (V) +ole), i1=0,p. (15)

t=t,

Aaaee Aas AOIyCTUMOTO yIPaBACHUS u(t) 1 COOTBETCTBYIOIEN €My TPaeKTOpUU X(t)

Kpaesol1 3agauu (9)-(10) BBeaeM MHO>KeCTBO MHAEKCOB aKTV/BHBIX OTpaHUYeHU

Su)={i: ie{.2,.. p} ¢ (x(t).x(t,))=0}

U IPeAII0A0KMM, 4TO

J(u)={o}us(u).
[1pu nomomu pasaoxenns (15) gokaswiBaeTcs
Teopema 1. (HeoOxoaumoe ycaosue ONTMMAaAbHOCTU II€PBOTO mopsiaka). Ecan Baoap
rporecca (u(t), X(t)) MHOXKECTBO AOIYCTUMBIX CKOPOCTeli cucTeMsl (1) BBIIyKA0, TO 445 OII-

TUMAaAbHOCTY AOITyCTMMOTO YIIpaBAeHNs u(t) B paccMaTpuBaeMON 3ajaye HeoOXOAMMO,
4TOOBI HEPABEHCTBO

min 5 (0 () H (X000 (0)=0 16)

BBIIIOAHSIAOCH A4S BCEX V(t) eT,teT.

Aokazareanctso. Jomyctum obpartHoe. Ilycrs cymiecTByer aorycTuMoe ylipaBaeHue

V(t) TaKoe, 4TO

min z( ., x(t) ) (1) H (¢, x(0) ) ) 0.
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ITo anaaormnu c (6) —(7) paccMOTPUM BO3MYIIIEHHYIO CUCTEMY
X(t+1Le) = f(t,x(t;€)u(t;e)) =
= £ (t, X(t;£), u(D) + £ ( F (t, (& 7), V(D)) — F (&, X(t;£), u(L),

LoX(to; &) + Ly x(ty;8) = 1. (18)

(17)

IToaoxxnum

58 =0

N3 (17), (18) moaygaem, uTo é(t) SABASIETCS pellleHrieM KpaeBol 3ajaun
alt+1)= f,(t,x()u(t))+(f @ xt)v(t)- ft xt)u) 19
Loa(to)"' Lla(tl) =0.(20)

YuaureiBas kpaesylo 3agauy (19)-(20) goxaspiBaeTcs, 4TO

-1

Si (\_/(t; £))—S; ) =g, ()_((to , g)’ )_((tl’ 5))_ o, (X(to )! X(tl)) =—¢ ; (H (t' X(t)’ \_/(t)’ v, (t))_
—H(tx(t).u(t). (1)) + ole).

C y4eTOM HTOIO pa3zA0>KeHM: 1 CA4€AaHHOTO ITPeAII0OAO0KEHNS, B CMAY IIPOM3BOABHOCTN

£, IPU AOCTATOYHO MAABIX &£ IIOAy4aeM, 4To IIpu | = 1,_p
o (X(t,,£), X(t,, £)) <0,
vpu i=0
Sy (v(t; £) = So (UV) = ¢ (X(t5, ). X(ty, £))— 5 (X(t, ) X(t, ) < O.
A 5TO IPOTUBOPEUNT ONITUMAABHOCTH yripaBaerus U(t).
Teopema goKa3aHa.

3aMeTuM, YTO TPajULIMOHHO IpU (POPMYAUPOBKE HEOOXOAUMBIX YCAOBUI OIITHMAaAbHOC-
TU TUIIa TpUHOMIIA MakcuMyMa [loHTpsrnHa B 3agayax oNTHMaAbHOIO YIIPaBAEHUs C pas-
AVYHBIMU OTPpaHMYEHMSIMM MCIIOAB3YIOTCA MHOXUTeAn Tuna /larpamxka. B mpeaaaraemort
pabore caeays u 1o aHaaoruu c [7] HeobxoAMMOe ycAOBMe ONTUMaAbHOCTU cPOPMYAUPO-
BaHO B HECKOABKO MHOJ, HO SKBUBaJAeHTHON [7] nmpuniniy makcumyma IlonTpsaruna. Takas
DKBIBaJeHTHas (popMyAMpoBKa NMpuHIUIA MakcumyMma IlonTpsarnna B gaapHeiiIeM I03B-
OAMTD MICCAEA0BATH CAyYasl €r0 BRIPOXKAEHA.

‘ZI,OKaSaHHa}I TeopeMa A0ITyCKaeT cleayrorgee

CAeACTBMG. HYCTI) BBITIOAHSIIOTCA YCAOBUSI T€OPEMBI. Ecan AOIIyCTIMOE YyIIpaBAeHlEe
OIITIMAaAbHO B paCCManI/IBaGMOf/I 3aga4e, TO HEpaBEHCTBO

min A,H (0,x(0),u(6),w,(9))<0

seimoansercapu Vel un O eT.
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AoxkaszareabcTBO. VICmoap3yst Ipou3BOABHOCTD v(t),teT oIpeJeAuM €ro CAeAyIOIIM

oOpaszoMm:

v, t=6,0¢eT,
V(t)={u(t), t£0,teT, e

rae @ €T a, V npoussoapHas Touka u3 U . Yaursias (21) 8 coorHomennu (16) moayanm ao-

Ka3aTeabCTBO CA€ACTBIIA.

N S 9k »

10.

11.

12.

13.
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XULASO

informasiya anlayisi,miiasir elmlords fundamental,informatikada ise baza terminlorinden biridir. Infor-
masiya proseslari informasiyalar iizerinda yerina yetirilon miixtalif proseslarin macmusu kimi basa diisiiliir.insan
0z foaliyyoti prosesinde otraf alomden informasiya almadan kegins bilmaz ve bu asasda onu ohate edenlarla
informasiya miibadilesinda olur,hamin proseslora siiurlu hartorafli vo mentiqi yanagir.informasianin tesvir for-
malar1 miixtslifdir:isars,matn ve qgrafik.ilk informasiya texnologiyalari hesab qurgularindan ve yazidan istifads
etmaye osaslanmisdir.informasiya texnologiyalari-bu informasiyanin emali {iciin insanlar terafinden istifads
olunan iisul vo qurgularin toplusudur.informasiya texnologiyalar1 biitiin hesablama texnikasim ve rabito tex-
nikasini ohato edir,buraya hamg¢inin, moisat elektronikasy televerlislor vo radio verlislori do gismen daxildir. Infor-
masiya texnologiyasi-informasiya ehtiyatlarindan istifade olunmasi proseslorini asanlagsdirmag,onlarin etibarli-
gin1 vo operativliyini ¢oxaltmaq magsadile informasiyanin toplanmasi,étiiriilmasi,saxlanilmasi,emal: va istifada-
gilors catdirilmasmi tomin eden ve vahid texnoloji zencirde birlosdiron metodlar,istehsal proseslori vo texniki —
proqram vasitalari toplusudur.

Acar sdzlari: informasiya, texnologiya,informasiya cemiyyati, hesablama texnikasi, qurgular,signal, diskret.
THE CONCEPT OF INFORMATION, INFORMATION TECHNOLOGIES
SUMMARY

The concept of information is one of the fundamental terms in modern science and one of the main terms in
computer science.Under the information processes means a series of various processes performed on information.
A person cannot exist without receiving information from the environment in the course of his/ her activity and
on this basis he/ she shares information with those who surround him/ her,treats these processes consciously,
comprehensively and logically.Descriptive forms of information are different:sign,text and graphics. The first
information technology was based on the use of accounting devices and writing.Information technology is a set of
methods and devices used by people to process this information.Information technology covers all computational
and communication methods,it also partially includes consumer electronics,television programs and radio prog-
rams. Information technology is a combination of methods,production processes and software tools that collect,
store, process and transmit information into a single technological chain to simplify the use of information resources,
increase their reliability and efficiency.

Keywords:information,technology,information society,computer engineering,devices,signal,discrete.
IMOHSITUE NMHOOPMAIINU, THO®OPMAIIMMOHHBIE TEXHOAOI' I
PE3IOME

IonsaTe nugopMan Uy ABAsIETCA OAHUM 13 PyHAaMEHTaAbHBIX TEPMIHOB B COBPEMEHHOI HayKe ¥ OAHUM
13 OCHOBHBIX TepMMHOB B mHpopmartuke.lloag mHPOpManmMoHHEIMHI IIpoIjeccaMy ITOHMMAaeTCs COBOKYITHOCTD
Pa3ANYHBIX IIPOIIECCOB, BBIIOAHAEMBIX HaJ MHQpOpManueir.Je10BeK He MOXKET CyLecTBOBaTh 0e3 II0AyYeHNs
nHpopMaIuy OT OKpy>KalOIlleli cpeAbl B IIPOLIecce CBOel AesATeAbHOCTH M Ha DTOI OCHOBe OH AeAuTcs nHpopMa-
IIMeif C TeMI,KTO eTO OKpYy>KaeT,TpaKTyeT BTU ITPOIIeCCHl OCO3HAaHHO,KOMILAeKCHO U Aormdecku.OmmcaTeAbHbIE
$opmbl MHPOpMAaIUM pa3ANYHBL 3HaK,TeKCT U rpaduka.llepsrie MHGOPMaLIMIOHHbIE TEXHOAOTHM OBLAY OCHOBaHbI
Ha JICITOAb30BaHMIYyYEeTHBIX YCTPONCTB 1 nrcbMa./IHpopMaIimoHHbIe TEXHOAOTHUH - 9TO COBOKYITHOCTh METOAOB 1
YCTPOVCTB,ICTIOAB3YEMBIX AI0OABMMU 4451 00paboTku 9101 MHPOpMary.VIHPpopMaIMOHHbEIe TeXHOAOTUN OXBATbI-
BaIOT BCe BHIYMCAUTEABHbIC ¥ KOMMYHIUKAIIMOHHbIE METOABI,CI0Aa TaKKe JaCTUYHO BXOAAT ObITOBas ®AeKTPOHMKA,
TeAeNporpaMMBI U pajnonporpaMMeL/IHpOpMaIIOHHEIe TEXHOAOTHUH - DTO COBOKYITHOCTH METOA0B, IIPOM3BOAC-
TBEHHBIX ITPOIIECCOB U IIPOTPaMMHEIX CPeACTB,KOTOpble cOOMpalOT,XpaHAT,00pabaTeBaIOT U MepejaloT nHPOpMa-
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Oouio B €eAMHYIO TeXHOJAOIM4YeCKYIO LIeHO‘IKy,‘{TO6I)I YHOPOCTUTDL MCIIOAb30BaHNE I/IH(I)OpMaLU/IOHHbIX pecypco B,
IIOBBICUTH UX HAAESKHOCTDb U 9(1)(1)6KTI/IBHOCTI).

Karogesble caoBa:mHOpMaII, TEXHOAOTVIS, MHPOPMAI[MOHHOE ODIIIeCTBO,BEMICANTEABHAA TeXHNUKa, yC-
TPOIJICTBa, CUTHAA,AVICKPET.

Informasiya miixtalif ciir qiymatlondirilo bilor.Bu giymatlandirma informasiyani gebul
edan soxsin diinyagoriisii maragi,meylliyi ve s.ilo slagodardir.Informasiya kodlagdirilma va-
sitosilo bir formadan diger formaya kegirilo bilor.Informasiya sifralomonin kémayilo maxfi-
lasdirs biloar.

Har hansi bir malumat orfaqrafiyaya gore do miitslif informasiya dasiya bilor,miixtalif
moana kasb eds bilar.Informasiyamin saxlanilmasi iigiin informasiya dastyicilarindan istifads
edilir.Informasiya dastyicist kimi kagizdan (perfokart,perfolent) va elektron tipli dastyicilar-
dan (magqnit lenti;maqnit diski,yigcam disk,reqomal-video disk,flos yaddas ve s.) istifads
edilir.

MBbslumatlarin verilmasinda prinsipial cohat ondan ibaratdir ki, onunla slagedar fiziki
komiyyet doyisikliklori zamana gore bas verir.Odur ki, malumat dasiyicist kimi zamana gora
doyisen fiziki kamiyyetlorden (tozyiq, temperatur,ronglor va s.) istifads edilir.

Molumat va ya informasiyanin dasiyicisi bir qayda olaraq,signal adlanir.(latinca ,signum
—isare demokdir.) Signal melumat 6tiiran ve miiayyen istiqameatlorde malumati yaymagi oks
etdiran fiziki prosesdir.

Signallarin isi1q,ses,istilik,mexaniki,elektrik vas.kimi novlari vardir.

Insan iigiin informasiya —insan terafindan bilavasits ve ya xiisusi qurgularm komayi ilo
alinan,insanin atraf miihit ve orada bas veran proseslor haqqinda biliklorini genislondiren
signallarin (malumatlarin) mezmunudur.

Molumati-informasiyani 6tiirmayi temin edan har hansi fiziki kemiyyetin zamana gorsa
dayismasine siqnal deyilir.Bu vaxt malumatin canlanmasi iigiin signalin miixtalif xassalerin-
don istifads olunur.Signalin malumati taqdim etma xassasine signal parametri deyilir(mase-
lon amplituda,tezlik vo s.) Informasiya parametrlarinin strukturundan asli olaraq signallar,
asason diskret vo kosilmoaz formada ola bilarlar.Diskret formada otiiriilen signallar reqemli
(rogemsal),kasilmaz formada gebul edilen signallar ise analoq novlii siqnallara aid edilirler.
Signalin kesilmazliyi onun istanilen verilmis ki¢ik zaman kasiyinde miiayyen kigik kemiyyat
gadar dayismasi demoakdir.Signalin diskretliyi onun ancaq ciddi tayin olunmus son ¢argive-
sinda Otiiriilmasinin miimkiinliiyti demakdir,yoni signalin 6zii kasilmaz funksiyani deyil,
signalin amplitudunun ardicil diskret giymatlorini teaqdim edir.Signal verilon parametra na-
zaran o vaxt diskret(kasilon) hesab olunur ki, bu parametrin ala bilocayi giymatlarin say1 sonlu
va vo ya hesab1 olsun.Parametrin ala bilacayi biitiin miimkiin giymatler ¢oxlugu kontinuum
(haqiqi adadler ¢oxlugu ils eyni giiclii olan) olduqda iss,siqnal hemin parametrs nazaran ke-
silmaz adlanir.Yeni, kasilmaz signal har hansi intervalda (diapazonda) sonsuz giymatlar gox-
luguna malik olur.Onun aldig1 giymatlar arasinda kasilma olmur.Belalikls,informasiya iki
formada (sokilda) otiiriils bilir:diskret(raqomli,ragomsal) va kasilmaz (analoq).

Diskret informasiya har hansi kemiyyatin miisyyen anlardaki ardicil daqiq giymatlori
ils, kesilmaz informasiya iss har hansi kemiyyetin deyismesinin kesilmaz prosesi ilo xarakte-
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rizo olunur. Diskret informasiyan istonilon roqemsal indikatordan(mesalon,elektron saatlar-
dan, maqnitofon saygaclardan ve s.)almaq olar.Kesilmaz informasiyani, masalen, atmosfer
tozyiqi ve ya avtomasimnin vericilari vasitesils almaq olar. Diskret informasiya insan terafin-
dan emal {iciin daha rahatdir,ancaq praktik islords tez-tez kasilmaz informasiyaya rast geli-
nir.Buna gore do kasilmez informasiyan: diskret gokils gatirmak (diskretlagdirms) va tarsine
kegirmoayi bacarmaq zaruridir.Modem bu kegidlori (modulyasiya vo demodulyasiya) hayata
kecirmak iiclin istifads olunan qurgudur.Bizi shats eden alomdes gordiiyiimiiz tasvirler,
obyektlar,miiayyan zaman arzinds esitdiyimiz saslar analoq tipli informasiyalara aid edilir.

Xiisusi kodlarla qurgulara verilon dayisen signallar-analoq, diskret olaraq deyisen adadi
giymatlar coxlugundan ibaret informasiya reqemli (reqemsal) tipli informasiyaya aid edilir.

MBasolan, kagiz tizerinds oks olunan matn vo ya sokillor mikrofondan daxil olan signallar
analoq tipli informasiyaya, kompiiterlards aks olunan matn ve ya sokiller, esidilon saslor ve
ya miisahide edilon harakatlar isa roqomli (reqomsal)tipli informasiyaya aiddir.

Informatika néqteyi-nazerince informasiyanin asagidaki xassolorini daha vacib hesab
etmak olar:

<\

obyektivlik;

tamhgq;

daqiqlik;
adekvathg;
movcudlug;
alcatanlig,alyetorlik;
etibarlihg;
faydaliliq;

aydinlhg;

NN N N N NN

qiymatlilik;

\

aktuallg.
Informasiyanin obyektivliyi ve subyektivliyi anlayiglar1 nisbidir.

e Informasiya o vaxt obyektiv hesab edilir ki, o heg kasin fikir ve mithakimasindan asil1
deyildir.Az subyektiv elementloro malik metodlardan istifads edilon informasiya daha ob-
yektiv sayila biler.Oger nazars alsaq ki,metodlar subyektivdir,onda bu nisbilik tam agkar se-
kilds 6ziinii biruzs verar.Masalan,”kiigada istidir” mslumati subyektiv,”kiigads havanmn tem-
peraturu 22°C-dir” mslumat: ise obyektiv (ager termometr diizgiin isleyirse)informasiya-
dir.Basqa bir misal tebii obyektin fotogoakilislo miisahidesi daha obyektivdir,nainki ham ob-
yektin insan tarafinden ¢okilmis rosmlari asasinda miisahida aparilmasi.Demali, obyektiv in-
formasiyani 6l¢gma cihazlari(egor cihaz diizgiin islayirse)vasitasilo aparmagq olar.

e Informasiyamin tamhgi dedikds,onun bizi maraglandiran verilonlari 6ziinds comlog-
dirilmasi ve gerar gabulu {igiin kifayst qeder olmasi basa diisiiliir.Bu informasiyanin keyfiy-
yotini xarakterizo edir va eyni zamanda onlarin ssasinda yeni verilonlarin alinmasinin kafili-
yini toyin edir.

e Adekvatliq informasiyanin isin real obyektiv vaziyyatine uygun olmasi daracasidir.O
informasiyan1 daha ¢ox adekvat hesab etmak gabul olunmusdur ki,oraya daha az subyektiv
elementli metodlar daxil edilir.
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e Informasiyamin daqigliyi- lazimi signalin vaxti-vaxtinda qeyd olunmasidir.

e Etibarli informasiya bize diizgiin qarar gebul etmays komak edir.Etibarli olmayan in-
formasiya bu hallarda ola bilor.

v" Qoasdan (gozlonilmaz) tohrif halinda;

v' Ses-kilytlin (muidaxilenin )tasiri naticesinde ( masalan,”xarab olmus telefon”);

v" Real faktin gqiymeotinin kigildilmasi va ya sisirdilmasi zamarnu (sayislor,reklam va s.)

e Informasiyann faydalilign onun har hansi masslenin hallinde faydali rolu il giymat-

londirilir.Informasiyanin faydaliliginin qiymetlondirilmesi hamise subyektivdir.Belo ki bir
obyekt {i¢iin tamamils faydasiz ola biler.

o Informasiyanin aydinligi onun els sokildos ifadesidir ki,o informasiyani alan saxs tore-
finden basa diisiilon olsun.

e Qiymatlilik alinan yeni informasiyanin hamin anda onu alana verilon problemin hal-
linde lazim olmast demakdir.informasiya ona gére giymaotli olur ki,o qarsiya qoyulmus maq-
sadlars catmaga komak edir.9gar informasiyanin giymatlandirma meyar1 kimi,onun miixts-
lif magsadler {iciin istifads edilmasini gabul etsak,onda informasiya dogrudan da miixtalif
giymotlara malik ola bilar.

¢ Alinan informasiyanin car1 vaziyyests uygun olmas: onunn aktualligimin gostaricisidir.
Informasiya malumatlar soklinds her hansi informasiya manbayinden onu qabul edens

(gobulediciya) onlar arasindaki rabite kanali vasitasiloe otiiriiliir.(sokil 1)

Malumatlarin

Kodlagdiran qurgu

Rabita kanal

Kodagan qurgu

_ﬂ
_@
_il
F

Melumatlar: gabul edan ‘

Sakil 1. informasiyanin &tiiriilmasi sxemi

MBanbes otiirtilon signalla kodlagdirilan malumati géndaerir.Bu signal rabite kanali vasite-
silo otiirtiliir.Naticads gabuledicide gabul olunan signal yaranir ki,bu da dekodlasdirilaraq
gebul edilon malumata gevrilir.Masalon,hava prognozu haqqinda informasiyadan ibarat ma-
lumat gebulediciya (televiziya tamasagisina)manbaden (meteorolog-miitoxasisden) rabite ka-
nali (televiziya Otiiriici qurgusu va televizor) vasitasi ilo otiiriiliir.Rabite kanali vasitasile in-
formasiyanimn otiiriilmasi bir ¢ox hallarda informasiyanin tahrif olunmasina va itirilmasina
sabab olan manealarin tasiri ilo miisayist edilir.
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Insanlar informasiyani atraf alomden,hiss (duygu) iizvleri vasitasile qobul edilir. Kom-
pliter vasitesila gebul edilan informasiyanin matn,reqom, multimedia,mantigi kimi formalar1
vardir.Belaliklo,informasiya giindalik hoayatimizdaki olagealorimizds,esasen,iimumi halda
asagidaki sokillorde vo miixtalif formalarda mévcud ola biler:

v" Matnlar;
Sekillar,certyojlar,fotolar;
Radio dalgalars;

Elektrik vo sinir impulslari;

Jest vo mimikalar;

v

v

v

v Magqnit yazilary;
v

v Iy va dad bilma (hissetma orqanlar: vasitasi ila);
v

Irsi slamatlarin ve orqanizmlarin xassalsrinin 6tiiriildiiyii xromosomlar va s.

Predmetlar,proseslar,material vo ya qeyri-material xassalarinin tasirlori onlarin informa-
siya noqteyi -nazarinden baxildig1 zaman informasiya obyektlori adlanirlar.Miiasir diinyada
informasiyanin toaqdimolunma formalar: miixtalifdir.

v" Vizual miisahids,oxuma vasitasile alinan informasiya video (gorintiilii) adlanir.

v’ Insanlarin iinsiyyatlerinde sas informasiyasi (audio) istirak edir (sifahi nitq,musiqi
soslori vo s.)

v Unsiyyaetlords xiisusi digget yazili informasiyaya verilir.

v" Yazili informasiya sifahi nitqin seslare uygun olan simvollar (harflar ve s.) vasitasilo
tosviridir.

Olbatts,sifahi informasiya yazili informasiyadan daha zengindir.Hissetma orqanlar1 va
onlar1 isi.Hissetma orqganlar1 (gozler,qulaglar,dil,burun ve deri) malumatlarin verilmasi vo
gobul edilmasi {igiindiir.Bu bes hissetma orqaninin komoyi ile insan atraf miihit hagqinda
informasiya alir:gormo,esitma,dadbilms,iybilma,toxunma vasitesils.

Praktik olaraq,insan informasiyanin 90 faizins yaxinini gérma (vizual),toxminan 9 faizini
esitma (auidio) ve ancaq 1 fazini qalan hiss etms orqanlari (iybilms,dadbilms,toxunma) vasi-
tosilo alir.

Otraf miihit hagqinda biitiin melumatlar: biz hissetma (duygu) orqanlari vasitesile alde
edirik.Hissetma (duygu) orqanlar: iki ciir olur: effektor (6tiiriicii-verici orqan) ve reseptor
(gobuleici organ).

MBbslumatin fiziki dasiyicisi kimi ses signallarindan, isiq dalgalarindan, tezyiqden, tem-
peraturdan,qaz ve maye molekullarinin konsentrasiyasindan,tacilden v s.istifads edilir.Ma-
lumatin gebuledilms vasitalari kimi ise hiss orqanlari,esitma,gdrma (optik) ve taktil (korlarin
dili) istifadoe edilir.

Bilavasite danisiq dili ile {insiyyetdan savay1 alatlorden istifads edilon dillar do var. Me-
salan,hayacan signal,fit sesi,tongal yandirmaq vo s.

Hissetma orqanlarimin funksional gabliyystinin miisyyan sarhadi vardir. Masalen, insa-
nin akustik (sas impulsu) ve optik (lampanin yanmasi) signalina qars: reaksiya vaxt: 140-250
msan-dir,gostorilon sozii oxuma 350-550 msan,ev ogyasmnmn adim1 dems 600-800 msan-
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dir.Buradan gortiniir ki,qavrama prosesi he¢ do ancaq reseptorlarin funksiyas: deyil. Bura-
ya,hamginin asab yollar1 iloe oyanmanin bas vermasi,onun beyninds emali ve cavabin effek-
tora verilmasi dos aiddir. S6zii gedan proses gabuledici organ kimi goéza 40 m/san,qola 50 msan-
yo golir.

Beyinds qiciglanmalarin emali.Effektor ve reseptorlarin funksiyalar1 hissetme orqanlari-
nin psixologiyasi ilo daha darinden Oyrenilir,esab yollari ile hayacanlarin oyanmas: neyrofi-

ziologiya vo neyroanatomiya elm sahslorinds dyrenilir.Hayacanlarin cavablanmasi ise beyin-
do bas verir.

Rabite qurgulari.Xarici qurlusuna gors,rabits qurgular1 (RQ) gabuledici va otiiriictiden
ibaratdir.Daxli qurlusa gore ise RQ heg bir {imumi miilahizaye uygun gelmir.Mslumat: giris
va ¢ixasda giliclondirmak vo ya regenerasiya etmak olar (bunlar geviricilor vasitasi ilo aparilir).
Otiiriiciilorden gebulediciye verilarken istifade olunan mealumat dastyicist kanal adlanir. Ma-
lumati manbadan alana (qebul edens) “rabits kanali” adlanan har hansi miihit vasitesi ile
ottriliir.

Informasiya —texniki qurgularda ve sistemlards.Informasiya miibadilssi tokcs insanlar
arasinda bas vermir.Miiasir hayat onu asanlasdiran ve miixtslif masalalorin hallinde insanlar
avaz edon clirbaciir qurgu ve masinlarsiz tesavviir edilmir.Eyni zamanda masinlarin islori
informasiyanin emali proseslori olmadan miimkiin deyildir.

Informasiyanin novleri: Informasiyanin névleri (tipleri) dedikds onun tesnifati basa
diisiiliir. Tesnifat,iimumiyyatls,miisyyan slamatlors gors qruplara bdlmok demakdir. Infor-
masiyanin novlari (tiplari)-materiyanin miixtalif sahalarine informasiya yonlii yanasmanin
naticesidir.Informasiyanin névleri:

e Montiqi;

e odadi;

e motn;

e audio (sasli);

e qrafiki;

e video (goriintilii);

¢ multimedia.
Informasiyanin taqdim olunma (verilms) iisullar1 asagidakilardar:

= Mbotn;

= 5dadi;

» qrafiki;

" s9s;

* kombinasiyali.

Camiyyat ve informasiyanin inkisaf marhalalari- insan coemiyyastinin yeni inkisaf marha-

lasi kimi gabul edilen informasiya cemiyystinds informasiya texnologiyasindan bacariqla is-
tifade edilmasi comiyyoet tizvlerinin hayat torzinin yiiksaldilmasinde miihiim yer tutmalidur.

Insan comiyyatinin praktik olaraq biitiin marhalalards inkisafi texniki teraqqi asasinda
bas vermisdir.Omok moahsuldarliginin daima artirilmas: avtomatlasdirmani labiid edir. Omak
kollektivlarinin formalasdirilmasi prosesinda biliklerin miibadilssine ehtiyac duyulur.ilkin
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morhalada qazanilmis biliklor sifahi sakilde nitq vasitesi 1lo nasilden-nasile 6tiilardi.Sonrak:
moarhalads yazi madeniyyatinin meydana gelmasi bu biliklarin informasiya saklinds forma-
lasmasinda miihiim yer tutdu.

XX asrin 40-c1 illarinds informasiya emalima olan taleb va taklif arasindaki ferqlerin ciddi
sokildo artmasi ekstensiv faktor kimi harbi-sonaye kompleksinin inkisafina mane olurdu.
Buda 6z novbesinds informasiya emalinin yeni texniki vasitasi olan EHM-larlo hoayata kegi-
rilmasi zaruretini meydana ¢ixardi.Neticads ,informasiya comiyyati informasiya sanayesinin
intensiv inkisaf marhalosi kimi togokkiil tapd.

Informasiyanin shamiyystinin artmasi insan comiyyatinin tabii yolla tokamiilii prosesi-
nin naticasidir.Hal-hazirda informasiya an qgiymaotli resurs ve kapital hesab olunur.Bu ise
amok ehtiyatlarinin maddi istehsaldan informasiya miihitine axininda 6ziinii bariz sokilda
biliruzs verir.

Iqtisadiyyatin oksar subyektlorinin siyasi,iqtisadi vo madeni maqgsadleri informasiya co-
miyyetinin yaradilmasina xidmat edir.Bu magsad ve meramlarin hayata kegirilmasi ¢ox sayl
milli strateji layihslorin ve proqramlarin iglonmasi ile saciyyelanir.

Informasiya comiyyatinin yaradilmast sahasindaki goriilocok isler hal-hazirda calbedici
vo istiqgamatverici foaliyyot sahasine ¢evrilmokdadir.

Informasiya comiyyetinin yaradilmasi ve inkisafi konsepsiyalar kifayet qodor abstrakt
formada hayata kegirilmokdadir.Bu konsepsiyalari mahiyyatce {i¢ marhalaye ayirmaq olar:

1.Informasiyanin gatdirilmast texnologiyalarimin iglonmasi;

2.Informasiya ve kommunikasiya texnologiyalarinin qarsiliqht inkisafi naticesinds infor-
masiya texnologiyalari comiyystinin yaranmasi;

3.Informasiya comiyyetinin 6zayi hesab olunan informasiya kontentinin mazmun v for-
ma baximindan zanginlasdirilmasi hesabina informasiya madaniyyaetinin togakkiil tapmasi.

Informasiya comiyyetini farqlandiren esas amillar asagidakilardir:
v' comiyyetin hayatinda informasiya ve biliyin artan rolu;

v" informasiya kommunikasiyalarinin ,meshsullarinin ve xidmeatlerinin daxili satis mah-
sullarinda artan payy;

v' insanalar ti¢lin asagidakilar: tamin edan global informasiya miihitinin yaranmast:
- somoroli informasiya qarsiliql alagasi;

- diinya informasiya resurlarina al¢atanliq;

- informasiya mahsullarina ve xidmatlerine olan talsbatlardan memnunlugq.

Informasiya comiyyeti miiqayiseedilmaz daraceds daha yiiksok istehsal samaralliyi ilo
forqlonir.Informasiya texnologiyalari insan resurslarinin inkisafin1 keyyfiyoatco doyisir.Ogor
avvellar istehsal giiclari (yoni,istehsalat va ona calb olunan insanlar) asas hesab edilirdiss,
indi-miiasir soraitds an ¢ox mobil olan intellekt vo maliyyadir.

Informasiya comiyyati anlayis1 dedikds,asasan,asagidakilar basa diisiiliir:

% informasiya comiyyetinds asas faaliyyaet sahasi:informasiyanin istehsal1 ve istifadesi,
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% informasiya comiyyetinde an giymatli resurs:informasiya resurslari,

% informasiya cemiyyatinin baza texnologiyalar1 ve texnikasi:yeni informasiya va
telekommunikasiya texnologiyalar1 va texnikasi,

% informasiya cemiyyatinda informasiya miihiti:vahid informasiya miihitinin
formalasmasi vo inkisaf etdirilmasi perspektivlori.

Informasiya comiyyaetina kegid {i¢ marhoaloden ibaratdir:

1. Kompiiterlosma morhaloasi,

2. Informasiya infrostrukturlarimin yaradilmasi marhalasi,

3. Osas informasiya talabatlarinin inkisafi ve tamin edilmasi marhalesi.
I marhale- kompiiterlosmoa marhalosi.

Bu marholada:

* elmi- texniki taraqqinin onciil istiqamatlari nazearden kegirilir,

* yeni informasiya texnologiyalarinin yaradilmas: ve effektiv sokilde tatbiq olunmasi
masalaleri ciddi formada tadqiq olunur,

* informasiya vasitalari ve elementlarinin istehsali ii¢iin shamiyyatli olan konstruktor,
texnoloji ve sanaye bazalarinin modernlagdirilmaesi hayata kegirilir,

* hesablama vemikroprosessor texnikasimnin insanlarin miixtelif faaliyyet sahalarinde
tatbiqi tiglin alinmasi,paylanmasi ve kiitlovi sakilds istifads olunmasi {i¢iin miixtalif layihala-
rin va dovlet proqramlarinin realizsiya olunmasi iglari basa catdirilir.

IT marhals- informasiya infrastrukturlarmin yaradilmasi marhalasi:

2-ci marhalada,mahoalli qaydada informasiya infrostrukturlar: yaradilaraq diinya iqtisadi
sistemininn terkibinds olan beynslxalq infrastrukturlara inteqrasiya edilir.

Bu marhoalade hayata kecirilon asas tedbirlsr asagidakilardir:

* ohalinin informasiya texnikasi vasitalaring,ilk novbadas fardi kompiiterlora va perife-
rik qurgulara olan telabatlarinin teminati;

» genis profilli informasiya verilonlarinin bank va bazalarinin yaradilmasi;
* lokal va korparativ informasiya sebakalarinin yaradilmasi;

* informasiya comiyyaetinin dayaq zonalarmin yaradilmasi ve onlarin qlobal sebokalara
gosulmasiy;

* genis zolaql inteqrasiya olunmus telefon sebakalarinin va reqemsal rabitenin yaradil-
masl.

Bu morhals hamginin :

= olds olan informasiya fondlarinin kompiiterlors manimsadilmasi ve onlarin birlagmis
lokal va korporativ sebakalardaki verilanler bazasina yiiklanilmasi ile xarakterizs olunur;

* ohalinin informasiya madaniyystine yiyslenmeasi ticiin tadbirlar hayata kecirilir;

* informasiya fondlarmin fordilesdirilmasi ve informasiya sebakalorine inteqrasiyasi
dovrii kimi de xarakterize olunur.
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III marhals- asas informasiya talabatlarinin inkisafi ve tomin edilmasi marhalasi.
Bu moarhoalads hoayata kegirilasi todbirlar asagidakilardan ibaratdir:

e informasiya infrastrukturlarinin yaradilmasimi basa catdirmaq ve onlarin iimumdiin-
ya infrastrukturlarmna inteqrasiya edilarak qovusmasini tamin etmak;

e yeni informasiya vasitalorinin,sistem vo texnologiyalarinin insan faaliyystinin biitiin
saholorino kiitlovi sokilda totbiq etmak;

e comiyyetin hor bir tizviiniin giindalik foaliyyati, istirahati ve maiset zominindas zaruri
ehtiyac duydugu biitiin miimkiin informasiyalara olyetoarliyini tomin etmok;

e ohalinin informasiya madaniyyatine yiyslonmasini tam gokilds basa catdirmaq.Bu
moarhale hamginin,insan comiyyatinin alde etdiyi biitiin informasiyalara sarbest miidaxile
edilmasi ilo do xarakteriza oluna bilar.Bels ki,bu informasiyalardan tekce istifadaci kimi yox,
ham da sohar dovlet veo timumdiinya seviyyesinda informasiya fondlarinin zenginlosdiril-
moasindoa avezsiz xidmotlorin heyata kegirilmosi nazerds tutula biler.Informasiya fondlari
praktiki olaraq har bir dovlstin vetendasina maxsus olaraq,milli sarveti hesab edilacak saviy-
yada inkisaf etdirilmalidir.Bu manada informasiya fondlarinin aktuallagdirilmas: ve daima
zanginlagdirilmasi nazarden qagirilmamalidir.

Camiyystin informatlagdirilmasi- informasiya comiyyetine kecid marhalasinda strateji
cohatden prioritet istigamat kimi gotiiriiliir.Comiyystin informatlagdirilmas: konsepsiyalari-
nin islonmasi ve hayata kegirilmasi yasindan,cinsinden,dilinden, irginden,aqidasinden, di-
nindan,diinyagoriisiindan, siyasibaxislarindan,iqtisadi veziyystinden,madani saviyyesindaen,
fiziki durumundan,saglamligindan va s.asili olmayaraq har bir vetandas: shate etmalidir.

Camiyyetin informatlasdirilmas1 —miiasir comiyyetin yeni inkisaf merhslesina qadem
goyaraq informasiya comiyyatine qovusmasinda halledici faktor rolunu oynayar.

Informasiya comiyyetinda yeni informasiya ve telekommunikasiya texnologiyalari vo
vasitalorinin yiiksak seviyyoada tatbiqi naticasinds comiyyatin har bir tizviiniin hayat torzinin
genastbaxs saviyyads temin olunmasina gors real imkanlar yaradilir.

Kec¢mis sanayelasdirilmis texniki- teraqqi comiyystinden yeni informasiya comiyyatina
kecid strategiyas1 miiasir insan sivilizasiyasmin tekamiilii prosesinin {istiinliiklsrine istina-
den yaradilmalidir.

Informasiya cemiyyatina kegid saviyyalarini bir neco alamate gora ciddi sekilds farglen-
dirmak olar:

7
0'0

informasiya talabatlarmin saviyyasi;

X3

8

informasiya madaniyyatinin saviyyasi;

X3

8

igtisadiyyatin informatlagmasi saviyyasi;

X3

8

tohsilin informatlasmasi saviyyasi;

K/
0‘0

diinya informasiya miihitine giris saviyyasi;
% globallasma va inteqrasiya saviyyosi.
Informasiya comiyyatinin xarakterik xiisusiyyotlori kimi — comiyyatin biitiin {izvlerinin

lazimi gokilds, kifayst qodar informasiya ile tominati yiiksek saviyyade informasiya xidmat-
larinin hayata kegirilmasi hallarin1 gostormak olar.
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Informasiya comiyyetine xas olan saciyyevi xiisusiyyatlor:

v' vahid informasiya miihitinin formalagmas;

v' soboka informasiya texnologiyalarindan kiitlovi sokilda istifade olunmasi;
v" informasiya resurslarinin aparici rolunun artirilmasy;

v' muxtalif sahoalor tizrs infrastruktur soboalorin inkisaf etdirilmasi;

v' informasiya mahsullarina ve xidmatlorineartan telabatlarmnin vaxtinda ve yerindos
Odanilmasi;

v’ tohsil saviyyasinin yiiksaldilmasi;

v" informasiya miibadilslorinin artan siiratls inkisaf etdirilmasi;

v" informasiyanin soxsi,ictimai,moadani,siyasi vo dovlat saviyyasinde miihafizesinin tos-
kil edilmosi;

v" informasiya tohliikasizliyi qaydalarina riayat edilmasi;

v intellektual saviyyenin,texnoloji bacariqlarin ve professionalizmin yiiksaldilmasi vo s.
Informasiya comiyyetinin forqlondirici xiisusiyyetlori:

e comiyyoetds informasiya iqtisadiyyatinin tesekkiil tapmasi;

e comiyyet lizvlarinin yiiksok saviyyads informasiya telabatinin yaranmasi;
e comiyyatds kiitlevi sekilda informasiya ehtiyaclarinin 6denilmasi;

e comiyyatds yiiksak informasiya madaniyyatinin yaranmasy;

e comiyyat iizvler ii¢lin ac1q informasiya sabakalarinin genislonmasi;

e comiyyat lizvlari liglin informasiya tohliikesizliyi masalalorine diqgetin artirilmasi va s.

Informasiya comiyyati-qlobal,siyasi-igtisadi,antropososioloji ve texnoloji proyekt olmag-
la baraber,diinya ictimai quruculuguna idare edilen sivilizasiyal kegidini nazards tutur.

Informasiya cemiyyatinin biitiin sahalarinds hakim moévqeys Kiitlovi Kommunikasiya
Sistemlari (KKS) malik olaraq comiyyatin hayatinda shamiyyatli rol oynayacaqdir.

KKS-lor kompiiter telekommunikasiya texnologiyalari,o ciimladan,internet texnologi-
yalar1 vasitasil ie rahat gakilds relizasiya olunurlar.

Internetin yaranmasi ve vaxtasir1 geniglondirilmasi cohdlerinin informasiya comiyyetine
kegcid il tist-liste diismasi heg da tesadiifii deyildir.

MBohsul istehsalina asaslanan anenavi camiyyetde infrastrukturu yollar sebokasi taskil
edirdi.informasiya comiyyatinds iqtisadi gostaricilar (iqtisadi artim,pul axinlari,fond indeks-
lori )geyri-maddi formalarinda tezahiir etmaye baslayir,bunlardan bir ¢oxu informasiya te-
biatlidir ve Internetds yayilir.

Internet informasiyanin yayilmasi ve miibadilesinin giiclii kanalini,informasiya miihitini
toskil edir.Yayilan informasiyanin formati ¢cox miitslif ola bilar:yeniliklsrin (xebarlarin),adabi
asarlorin motnlori;kompiiter proqramlari;tasvirlar(fotoqrafiyalar,qrafika), musiqi osorlori-
kifayatdir ki,onlar reqamli(raqamsal)formaya cevrilmis olsun.internet elmds,tehsilds, mada-
niyyotds, kommersiya foaliyyotinds,idarsetmads,alis-verisds,iinsiyyatds va istirahatds infor-
masiya torkibine malikmiixtalif islarin goriilmasi tigiin istifads edilir. Kompiiter sobakalari ilo
alman informasiyanmn xiisusi hacmi durmadan artir,enanavi informasiya kanallariin rolu
iso azalir.
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Informasiya comiyyatindo soxsiyyatin formalagsmasi ve inkisaf etdirilmasi {igiin vacib
olan keyfiyyatlar i¢arisinde timda yeri zaruri hesab edilen informasiyaya alyetarlik tutur.

Informasiyalarin emalinin metod va vasitalorinin yeni marhalalarinin yaradilmast nati-
cesinda comiyyatin hayatinda edilen kardinal dayisiklikler informasiya ingilablar1 adlanir.

XX asrda baslanilan sonuncu informasiya ingilabi- shalinin aktiv hissesi tiglin algatan olan
instrumental asasin,informasiyanin 6tiiriilmasi vo saxlanilms: iisullarinin,hamginin informa-
siya miibadilasinin koklii deyismasini 6ziindas ehtiva edir.

Informatlagdirma vasitalori asasinda bagariyyatin intellektual qabliyyatlorinin birlogdi-
rilmasinin texnoloji asas1 yaradilir,birlikde tekamiil (koevolyusiya) formasinda inkisaf edan
kollektiv (inteqral) siiiir, tobii-elmi ve humanitar biliklorin imumi sistemi formalasir.

informasiya partlayisi- informasiyanin artim tempi ve comiyyatds onun toplanilmasmin
stiratlonmasidir.

Insan topladig1 informasiya,biliyin hacmi 1990-c1 ildan etibaran har 5 ildas ikiqat artmis-
dir. Prognozlagdirilir ki, 2020-ci ilden informasiyanin ikiqat artim1 har10 haftads olacaq.infor-
masiyanin ve biliklerls is texnologiyalarinin bol (ysni ¢ox) miqdarda olmasi comiyyetin he-
yatin1 daha miirakkeb edacak.

Insanin onu shato edan diinya vo comiyyst ilo qarsiligh miinasibatinin asasinda infor-
masiya proseslari durur.

Informasiya proseslerine informasiyanin toplanilmasi,otiiriilmasi,saxlanilmasi,emalr va
istifadagiye catdirilmasi aiddir.

Informasiya proseslari insanlarin hayat faaliyyetinds,elm vo texnikada vacib rol oynayur-
lar.Bagariyyarin inkisafi arafesinds bu proseslerin daxili mazmununun dayismamasina bax-
mayaraq,onlarin mexaniklasdirilmasi vo avtomatlasdirilmasi meyllori agiq sokilde 6ziinii
gostorir. Kompiiter texnikasinin yaranmas: ve inkisafi naticosinde bu proseslorin avtomat-
lagdirilmasi daha da siiratlonmis ve hazirda informatikanin asas problemins ¢evrilmisdir.

Informasiyanin toplanmasi prosesi — dyrenilon obyektin vaziyysti hagginda mealumat
alinmasi maqsadi ils aparilir.

informasiyamn toplanilmasi prosesi adi halda insan terafinden,avtomatlasdirilmis halda
iso texniki vasitalor vo sistemlar torafinden yerino yetirilir. Masalon,istifadaci qatarlarin ve ya
toyyaralarin haraketi hagqinda malumat1 cadvals baxmagla ve ya basqasindan sorusmagla ala
bilar.Avtomatlasdirilmis variantda ise o,u malumat: texniki vasitalarin komayile (avtomatik
arayis,telefon va s.) alds edas bilar.Texniki qurgularda va sistemlarde informasiyanin topla-
nilmasi ti¢lin miixtelif 6l¢li ve avtomatik geydedici cihazlardan istifads olunur.

Informasiyanin étiir{ilmasi- toplanilan informasiyanin emal edilmasi {igiin 0,emal vasite-
larina Otiirtilmalidir.

Informasiyanin toplanilan mantaqadan emal mantagasine qadar olan masafssindan ash
olaraq informasiyanin Otiiriilmasi miixtalif vasitalorls yerine yetirls bilor.Yaxin masafali otiir-
molorde kabellorden,uzaq mosafali Otiirmoalarde isa rabite kanallarindan( telefon,teleqraf,
peyk rabitasi ve s.) istifads edilir.Miiasir kompiiterlordeinformasiyanin telefon kanali vasits-
silo uzaq masafeden gebulu ve Gtiiriilmasi tiglin modem (modulyator- demodulyator) adla-
nan xiisusi qurgudan istifads olunur.
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Texnoloji proseslorin idarsedilmasi sistemlarinda toplanan informasiya ¢ox vaxt analoq
(kesilmaz) formali kemiyyatlar olur (temperatur,tezyiq,saviyys va s.).Movcud rabite kanal-
lar1 ve kompiiterlar isa diskret (reqemli,raqemsal) formali signallarla islayirlar.Odur ki bela
hallarda informasiya oOtiiriilmazdean avval analoq formasindan diskret formaya cevrilmali-
dir.Bu magsadls anloq kod gevricisi adlanan xiisusi qurgudan istifadas edilir.

Informasiya dastyicist kimi kagizdan,perfolentden, perfokartdan,magnit lentinden, miia-
sir kompiiterlords iss maqnit ve yigcam disklarden,flos yaddasdan ve s.istifads olunur.

Informasiyanin emali adi halda insan terafinden,avtomatlagdiriimis halda ise kompiiter
vasitosilo aparilir.

Moalumdur ki, emaldan 6nce informasiyanin axtaris: bas Verir.informasiyanm axtarisina
ayrica proses kimi do baxmagq olar.informasiyanin emal1 informatikanin asas problemlarin-
dan biri hesab olunur.Informasiyanin emali iiciin avvalcaden hazirlanmis alqoritmlardsn ve
programlardan istifads edilir.

informasiyanm emalindan alinan naticalar talab olunan formada istifadagilore ¢atdirilir.
Informasiyanin istifadagilors catdirilmasina da gox zaman ayrica proses kimi baxilir.

Avtomatlasdirilmis {isulla (kompiiterlo) emal olunan formada istifadacilors, adaton, kom-
pliterin xaricetma qurgulari il (monitor,printer,qrafikgokon qurgu ve s.) matn,codval,qrafik
vo s.gokilds ¢atdirilir.

Informasiya prosesisinin gedisinde miiessise vo ya toskilatda dovr eden informasiya
onlarin faaliyyet noviindan asili olaraq bu ve ya digar formada emal olunmaga maruz qalir.

* Yaranma menbayine gore informasiya asagidakilara ayrilir:giris ve ¢ixis,daxili ve xarici.
* Emal prosesina gora informasiya asagidakilara boliiniir:ilkin ve ikinci,araliq ve naticavi.

Bu zaman emal edilen verilonlar bir sokilden digarine gevrilir.Informasiya comiyyatinin
inkisaf1 saviyyasina gore verilonlorin emalina ayrilan is sarfiyyat: artir vo totbiq edilen infor-
masiya texnologiyalarinin tekmillagdirilmasi teleb olunur.

Texnologiya (yunanca,techne-ustalig,loqos-telim(6yratms),yeni,ustaliq haqqinda talim)-
emal edilon obyektlorin zaruri keyfiyyot doyismaleri bas veran istehsalat proseslarinin tisul
va vasitelari haqqinda biliklerin toplusudur.

Informasiya texnologiyalari- obyektin,prosesin va ya hadissnin veziyysti hagqinda yeni
keyfiyyotdo informasiyanin alinmas: {i¢lin vasitalorin vo verilonlorin toplanilmasiemals,
otlirtilmasi metodlarmin toplusundan istifads eden prosesdir.

Belos torifds vermoak olar:

Informasiya texnologiyalari- proseslardir,informasiyanin axtarisi, toplanilmast, saxlarl-
masl, emall,teqdimolunmasi,yayilmas1 metodlaridir,bu proses ve metodlarin hayata kegiril-
meosi {isullaridir.Informasiya texnologiyasmin magsadi insan terafinden analiz iigiin informa-
siyanin hasilati vo sonra har hansi faaliyyetin hayata kegirilmasi tiglin gorar goebul etmakdir.
Informasiya sistemi- verilanlar bazasindaki informasiya,onu emal etmayi tamin edsn infor-
masiya texnologiyalar1 ve texniki vasitalar toplusudur.

Sistemo xarici ve ya daxili menbaslerden daxil edilen informasiya emal olunur v istifa-
dagi tigiin rahat sokilds taqdim olunur,telabatgiya ve ya digar sistems Stiiriiliir.Emal edilmis
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¢ix1s informasiyast oks olaqe vasitesile giris informasiyanin tashihi (sehihliyinin yoxInilma-
s1)iigiin 6tiiriilo bilor.Informasiya sisteminin asasmda proqram kompleksi durur.Hamin prog-
ram bir terafden adi program mahsuludur, amma standart tetbiqi proqramlardan shamiyyatli
(6namoli) deraceds forqgi var.Diger terefden informasiya predmet sahasindan ash olaraq
funksiyalarina,arxitekturasina realizasiyasina gors bir-birinden ¢ox giiclii farglena bilarloer.

Informasiya miihafizesi-informasiya tohliikesizliyinitomin edon kompleks todbirlorden
ibaratdir.

Azarbaycan Respublikasinin informasiya tahliikesizliyi doktrinasinda informasiya resurs-
larina icazs verilmamis (icazesiz) daxil olma,informasiya vo telekommunikasiya sistemlari-
nin tahliikasizliyinin temin olunmasi masalaleri biitovlitkds informasiya miihitinde Azer-
baycan Respublikasinin vacib milli maraglari kimi geyd edilmisdir.Informasiya tohliikesiz-
liyi dedikds,informasiya miinasibatlorinds olan subyektlors,o ciimloden,informasiya sahib-
lari,ondan istifade edean,onu dasteklayen istifadagilors informasiyanin ve onu dastakayan in-
frastrukturun tebii ve ya siini xarakerli,tasadiifi ve ya bile- bils edilen yad tasirlorden miiha-
fizasi basa diistiliir.

Informasiya sistemlarinden istifads edan subyektlorin maraglar spektrini asagidaki kate-
goriyalara bolmak olar:informasiya resusrslariin alds edilmasinin,biitovliiyiiniin ve maxfili-
yinin tomin olunmasi ve mdcud infrastrukturunun deastoklonmaesi.Olds edilmomiioyyen za-
man miiddatinde lazim olan informasiya xidmatinin slds edilmasi demakdir.

Biitovliiliik dedikds,informasiyanin aktiv olmasi va ziddiyyetli olmamas1 nazards tutu-
lur, onun dagilmagdan qorunmasi va icaze verilmemis dayisikliye meruz qalmamasi basa
distiliir.Maxifilik- informasiyaya icaze verilmamis daxil olmadan miihafize demakdir.

Biitovliiyli statiki (informasiya obyektlorinin doyisilmaz gqalmasi) vo dinamiki (miirak-
kab harakatlarin daqiq yerina yetirilmasi) kimi 2 qrupa bolmak olar:Dinamiki biitovliiliik ne-
zarat vasitalori,asason,ogurlugu askar etmok ,ayri-ayri xobarlori gesidlomoak va ya tokraron
gondarmak magsadila maliyye xebarlar axininin analizi zamarn tatbiq edilir.Tehliike- infor-
masiya tehliikasizliyini miiayyen sursatds pozan potensial miimkiinliikd{ir.

Tahliikenin hoayata kegirilmasins cohd gostarmesine hiicum,bu cahdi hayata kegiran soxs
iso cinayatkar adlanir.Potensial cinayotkarlar tohlitke manbayi hesab olunurlar.

Informasiyanin miihafizasi iiciin moévcud informasiya tehliikesizliyi sisteminin torkibina
asagidaki lazimi kompleks todbirlar ve texniki hallor daxil olmaidirlar:

e Informasiya kanallar1 ve resurslarina yad tesirleri lagv etmak yolu ilsinformasiya mii-
hitinin normal islomasinin taminati;

¢ Informasiya miihitinden diizgiin olmayan gakilda istifads etmakls biitovliiliiyiin po-
zulmasina gatirib ¢ixara bilacok miixtslif cohdlorin agkarlanmasi va logv edilmasi yolu ils in-
formasiyanin icaze verilmamis (icazasiz) daxil olmalardan miihafizs edilmasi;

o Istifadagilorin vo xidmati heyotin salahiyyatsiz harakatlorini stibut edon daxili miiha-
tizs vasitelorinin dagidilmasinin qarsisinin alimasy;

e Proqram toeminati (software) vo texiki vasitelorin (hardware) normal islonmasine mane
olan biitiin “viruslarin” ve diger ziyanverici proqram moahsullarinin zararsizlagdirilmasi.
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Movciid texnologiyanin tahlil olunmas: ils baraber,informasiya tahliikasizliyinin infra-
strukturunun yaradilmasi iigiin asas sayilan informasiya tahliikesizliyi ve tagkilati —paylas-
diric1 senadlarin toplular: sahasinds siyasstin islonilmasi hoyata kecirilmsalidir.

Beynalxalq qanunvericiliys asaslanan bu senadler tshliikasizlik xidmatlari ve informasi-
ya miihafizasi sobalarine miihafize todbirlerinin biitiin spektrlorini aparmag,xarici toskilat-
larla qarsiligl alagaler yaratmagqla ganun pozanlar masuliyyata calb etmak {iglin lazimi hii-
quqi baza yaratmaga imkan verir.
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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 dith 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 olunmamis
orijinal asarlari vo miiallifin tadqiqat sahasi tizra yazilmis icmal maqalalari qobul edir.

Maqalalor Ingilis dilinds gobul edilir.

Yazilar Microsoft Word yazi programinda, (journal@beu.edu.az) invanina gonderilmalidir. Gondoarilon
mogqalolords asagidakilara nozors alinmalidir:

Mogqalonin bagligi, miisllifin adi, soyadi,

s yeri,

Elektron tinvani,

Xiilaso vo agar sozlor.

Magqalada bashq hor xiilasadan avval ortada, gara vo boyilik horflo xiilasslorin yazildigi hor ti¢ dilds
olmalidir.

Xiilasa 100-150 soz araliginda olmagla, 9 punto yaz: tipi bdyiikliiyiinds, moqalonin yazildig: dilde vo bundan
olavo yuxarida gostarilon iki dildo olmalidir. Magalonin har {i¢ dildo yazilmug xiilasasi bir-birinin eyni olmalidir.
Agar sdzlor uygun xiilasslorin sonunda onun yazildigi dilds verilmakls an azi1 ii¢ s6zden 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 méterze icorisinde gdstormoklo yalmz Latin alifbasi
ilo verilmolidir.

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

Manbalar motn igarisinde kvadrat moéterize daxilinds géstorilmoklo mogalonin sonunda motn daxilindoki
sira ilo diiziilmolidir. Eyni manbays iki vo daha cox istinad edildikds avvalki sira say1 saxlanmaqla miivafiq
sohifolor gostarilmolidir. Masalon: [7,s0h.15].

BOdobiyyat siyahisinda verilon her bir istinad haqqinda malumat tam vo deqiq olmalidir. Istinad olunan monbanin
bibliografik tesviri onun ndviindon (monoqrafiya, dorslik, elmi moqalos va s.) asili olaraq verilmolidir. Elmi ma-
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

Monbalar 9 punto yaz1 tipi bdyiiklitytinds 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 mosafo olmalidir.

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

Mogqalonin noasra toqdimi asagidaki qaydada aparilir:
Hor mogqalls an az1 iki eksperto gondarilir.
Ekspertlorin tovsiyalorini nazors almaq ti¢iin moaqalo miiollifo géndorilir.

Mogqalas, ekspertlorin tonqidi geydlori miisllif torafindon nozors alindiqdan sonra Jurnalin Redaksiya Heyati
torafindon ¢apa togdim oluna biler.
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8.

YAZIM KURALLARI

“Journal of Baku Engineering University- Matematik ve Bilgisayar Bilimleri” onceler yayimlanmamug 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. Génderilen
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 yazildig1 dilde verilmekle en az ti¢ sozciikten olugmalidir.

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 gostermekle 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 baslik, tablonun {iist kisminda
bulunmalidr.

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”,
Baki, 01-03 Noyabr, 2007, ss 384-391

Kaynaklarin biiyiikliigi 9 punto olmalidir.

9.

10.
11.

12.

13.

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

Orijinal arastirma eserlerinin tam metni 15 sayfadan fazla olmamalidir.

Makaleler dergi editér kurulunun karari ile yayimlanir. Editorler makaleyi diizeltme i¢in yazara geri gonde-
rilebilir.

Makalenin yayina sunusu asagidaki sekilde yapilir:

Her makale en az iki uzmana génderilir.

Uzmanlarm tavsiyelerini dikkate almak icin makale yazara gonderilir.

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

Azerbaycan disindan gonderilen ve yayimlanacak olan makaleler i¢in,(derginin kendilerine gonderilmesi za-
mani posta karsilig1) 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 u WHOOPMATUKH MyOIUKYeT OpUTHHAIBHEIE,
HayYHBIC CTAThU U3 00JIACTH UCCIICIOBAHKS aBTOPA U PaHee HE OITyOIMKOBAHHBIC.

Cratbu TIPUHUMAIOTCS Ha AHTJINCKOM SI3BIKE.

PykomucHu TOMKHBI OBITh HaOpaHs! cornacHo mporpammbl Microsoft Word u oTripaBiieHb! Ha 3JIeKTpOHHBIH
anpec (Journal@beu.edu.az). OtmpasisemMble CTaThH AOJIKHBI YIUTHIBATH CIICAYIOIIHE TPABHIIA:

HazBanue ctatbu, uMs U paMUIIHs aBTOPOB
Mecto paboThI

DICKTPOHHBIN a/ipec

AHHOTAIMS 1 KJIFOYEBBIC CIIOBA

3arjiaBue CTaThHU MHIICTCS I KOKIOW aHHOTAIMK 3arjlaBHBIMU OyKBaMHU, )KUPHBIMU OyYKBaMU M pacrioJiara-
eTcsl TI0 LEHTPY. 3arilaBue W aHHOTALINH OJDKHBI OBITh IIPEICTABICHBI HAa TPEX S3BIKaX.

AHHOTAIM, HAIICAaHHAS HA S3BIKE TPEACTAaBICHHON CTaThH, NOJKHA coaepkaTh 100-150 cmoB, HaOpaHHBIX
uipudToM 9 punto. Kpome Toro, mpefcTaBisSiOTCs aHHOTAIMK HA BYX JAPYTHX BBINIC YKa3aHHBIX S3bIKAX,
MepPeBOJT KOTOPBIX COOTBETCTBYET COJIEPKaHUIO0 OopUruHaia. KitoueBble ciioBa JOJKHBL ObITh MPEACTABIEHBI
mocyie KaXKI0i aHHOTAIMH Ha €T0 S3bIKE U COIep)KaTh He MEHee 3-X CIIOB.

B crarbe momxub! ObTh yKa3anbl kol UOT u PACS.

IIpencraBneHHble CTaThbU AOJKHBI COAEPKATh:

Beenenue

MeTton ucciaemoBaHus

OO6cyxneHne pe3yIbTaToOB HCCICOBAHUS H BEIBOJOB.

Ecmu ccrimmarorcs Ha paboTy Ha pycCcKOM sI3BIKE, TOTJAa OPWUTWHANBHBIA S3BIK YKa3hIBacTCsA B CKOOKax, a
CCBUIKA JJACTCS TOJBKO Ha JTATHHCKOM ai(haBUTE.

PuCyHKH, KapTHUHKH, TpaGUKH 1 TAOHIBI JODKHBI OBITH YETKO BBIMOJIHEHBI M Pa3MEIEHbI BHYTPH CTATHH.
TNoamucu K pUCyHKaM pa3MEIIaloTCsl MO PUCYHKOM, KapTHHKON Wi rpadukom. Ha3BaHue TaOIMIBI MHIIETCS
HaJ TaOJIHLEH.

CChUIKH Ha HCTOYHHKH JAI0TCA B TEKCTE IU(POH B KBaIPAaTHBIX CKOOKAX M PACIIONaraloTcs B KOHIIE CTaThH
B TIOPSIZIKE IUTHPOBAHMUS B TeKCTe. ECITM Ha OJIMH M TOT K€ HCTOYHMK CCBUIAIOTCS JIBa U GoJiee pas, Heo0X0-
JIMMO yKa3aTh COOTBETCTBYIOIYIO CTPAHHILY, COXPAHsS MOPAAKOBBIA HOMep mutupoBanus. Hampumep: [7,
crp.15]. bubmuorpaduueckoe OMMUCaHKUE CCHIITAEMOM JTUTEPATYPHI TOJKHO OBITH POBEIEHO C YUETOM THIIA
UCTOYHMKA (MOHOTpadust, y4eOHHK, HAydHas CTaThs U Jp.). [IpH CCBUTKE Ha HAYYHYIO CTAThIO, MATEPHAIBI CHM-
no3uyMa, KOH(GEPEHIINH WK IPYTHX 3HAUNMBIX HAYYHBIX MEPOIPHATHI TOJUKHBI OBITH YKa3aHbl Ha3BaHUE
CTaThH, JOKJIAJA WK TE3HUCA.

Hanpumep:

Cmamuws: 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, VVol.51, No.5, p.824-832,
2010

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

Kongpepenyusa: 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.

Pa3mepsb! crpanuubl: cBepxy 2.8 cM, cHu3y 2.8 oM, cieBa 2.5 u cripaBa 2.5. Tekct neyaraercs mwpudtom Pala-
tino Linotype, pasmep mwpudra 11 punto, uaTepBan-oauHapHbliid. [laparpadsl T0KHBI OBITH pa3lieicHbI
paccTosiHuEM, COOTBETCTBYIOIUM MHTEpBaIy 6 punto.

[TonHb1i 00beM OPUTHHAIBLHOM CTaThH, KaK IPaBHUIIO, HE JOJDKEH MPEBIIIATh 15 cTpaHuil.

IIpencraBneHue cTaThbu K MEYaTH NPOU3BOJUTCS B HIKE YKA3aHHOM IMOPAIKE:

Kaxxmas cTaTes mockIIaeTcss HE MEHEe ABYM JKCIIEpTaM.

CraTbs MochUTaeTCA aBTOPY AT yUeTa 3aMEeYaHni SKCIIEPTOB.

CraTps, TIOCIIE TOTO, KaK aBTOP yd4eN 3aMEYaHHs KCIEPTOB, PEIAKIIMOHHON KOJUIETHEH XypHama MOXET
OBITh PCKOMCH/IOBAHA K MICYATH.
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