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OB OAHO3HAYHOI PA3PEIIMMOCTV KPAEBOW 3A AU
AA451 OITEPATOPHO-ANDODPEPEHIINAABHOI'O YPABHEHMSI
YETBEPTOI'O IIOPJIAKA B IMTABBEPTOBOM ITPOCTPAHCTBE

I. M. DVIBA3/1bI
Cywmrantcknit l'ocysapcrsennsiii YausepcuTer
Cywmrant / ABEPBAVIZAKAH
aliyeva_gunel193@mail.ru

PE3IOME

B saHHOII cTaThe MCCAeAyeTCs OAHO3HAYHAS Pa3pelInMOCTh OAHON KpaeBoll 3a4aduy AAs OIlepaTOpHO-AUG-
(epenInaabHOTO ypaBHEHIS YeTBEPTOIO MOps Ka Ha KOHEYHOM OTpe3Ke B IMAL0epTOBOM IIpocTpaHcTBe. Aas 9Tol
LieAM CHavaAa MCCAeAyeTcs pelleHre KpaeBoil 3a4a4m 4451 COOTBETCTBYIOIIErO OAHOPOAHOTO yPaBHEHVSL.

HOKaSLIBaeTC;I, 4TO IIpN 3a4aHHBIX KpaeBbIX YCAOBMAX KpaeBasd 3adada 4451 OAHOPOAHOIO ypaBHEHII IMeET

TOABKO TpUBIaAbHOE peNIeHme.

[Toaw3y:sich MeTOAOM ITpeobpasoBaHist Pypre, J0Ka3bIBaeTCsl OAHO3HAYHAs Pa3perInMOCTh 3aJaHHON KpaeBolt
3aaun 4451 HEOJHOPOAHOIO OIlepaTOpHO-AN(epeHIIalbHOIO YpaBHEHUS YeTBEPTOIO MOPsiAKa B INAOEPTOBOM
HIPOCTpPaHCTBe:

Karouesble caoBa: rmasb6epTOBO IIPOCTPAHCTBO, OIlEPaTOP, OllepaTOpHO-AudPepeH-InalbHOe ypaBHEeHNe,
rpeobpasosanue Pypre, Kpaepast 3alava.

HILBERT FOZASINDA SONLU PARCADA DORDUNCU TORTIB OPERATOR-DIFERENSIAL
TONLIK ﬁCtIN SORHOD MOSOLOSININ BIRQIYMOTLI HOLL OLUNMASI

XULASO

Toqdim edilmis maqalade Hilbert fozasinda sonlu parcada dordiincii tertib operator-diferensial tonlik ticlin
bir sarhad masalasinin birqiymatli hall oluna bilmasi masslesi dyranilmisdir. Bu magsadls avvalca uygun bircins
tonlik ticlin baxilan sarhad sartlari daxilinds sarhad masalasinin halli aragdirilmisdir. Gostarilmisdir ki, baxilan
sorhad sortleri daxilinde bircins tenliyin yalniz trivial halli vardir. Furye g¢evirmasi iisulundan istifade edarak
geyri-bircins tonlik ti¢lin baxilan sarhad masalasinin birqiymatli hall oluna bilmasi isbat edilir.

Acar sozlar: Hilbert fazasi, operator, operator-diferensial tanlik, Furye ¢evirmasi, sarhad masalasi.

ON UNIQUELY SOLVABILITY OF A BOUNDARY-VALUE PROBLEM FOR FOURTH ORDER
OPERATOR-DIFFERENTIAL EQUATION IN THE HILBERT SPACE
ABSTRACT

A uniquely solvability problem of a fourth order operator differensial equation in the finite segment in Hilbert
space was studied in the introduced paper. For this purpose, at first, a solution was investigated for considered
boundary value conditions. It is shown that the homogeneous equation has a trivial solution under considered con-
dition. Using the Fourier transform a uniquely solvability of non-homogeneous equation is proved for considered
boundary value problem.

Key words: Hilbert space, operator, operator-differensil equation, Furier transformation, boundary-value
problem.

1. Beeaenmne. IlocTanoBka 3agaum

Ilycts H -cemapabeabHOe IMAbOEPTOBO MPOCTPAHCTBO CO CKAASPHBIM IIPOU3BeJeHNeM
(X,¥)y, rae X,y € H. ObosHaunm uepes L, ([0,1], H) IMABOEPTOBO IIPOCTPAHCTBO BCeX BEKTOP-

¢ynkumii, onpegeaennsix Ha[0,1] co sHauenusaMu B H , KOTOphle UMEIOT HOPMY
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I'. M. Diisasrvt

1 5 1/2
1o = ([l O]

ITycts A-camMOCOIpPsI>KEHHBIN 1T0A0KIUTeAbHO-OIIpeeAeHHbI oniepaTop B H ¢ 00aacTbio
onpegeaenns D(A).

Slcno, uto obaacTh onpedeaenus oneparopa A°(p>0) sABaseTcs rnaAbOEPTOBBLIM ITPOCT-

pancTtBoM H_ OTHOCHTEABHO CKaASPHOTO TPOU3BEACHMS (X, y)Hp == (Af, A )H XY e D(Ap).

I[Tpu p =0 xe cuuraem, uto H, =H, (X, y),, =(X, V), X, yeH.

Onpegeanm rmap0epToBO IIPOCTPAHCTBO:
W, (0], H) = ut); u e L0 H), Auct) e L (0] H)}

CO CKaASIPHBIM ITPOM3BEA€HNEM

U)o o }@“KUNMKHLdL+HAﬂKU,AWG»Hm

¥ C HOPMO¥L

L,[01]; H)}

+Auol;

lelygoonn = {0 O]

3 Teopemsl 0 caegax caeayert [1], uto ecam u(t) e([01];H), TO u® e H
4

Lo[0.1]:H)

(k) _
, Uy eH k=123
«% @ A—k—%

34ech 1 B JaabHelIeM, NpoussogHas u® = IIOHMMAeTCsI B CMBICAe TeOpUM OOOOIIIeHHBIX

dlu
dti
pyHKIIMIL.

PaccmoTpum KpaeBylo 3ajady:

du

Lu = u=f(t), te[0]]. 1)

u(@)=u@=0, u@=u'@=0. (2)

Onpeaeaenne 1. Ecan sextop-dynxrms u(t) eW,' ([0,1];H) yaosaetsopsier ypasaermio

IIOYTU-BCIOAY B [01], Toraa ee OyJAeM Ha3bIBaTh PeryAspHBIM pelleHneM ypasHeHus (1).

Omnpegeaenne 2. Ecau ipu aobom f (t) € L,([0,1]; H) cymecrsyer peryasproe pernerue

ypasHeHu: (1), 4454 KOTOpOro Kpaesble yCAOBY (2) BHIIOAHSIOTCA B CMBICAE

U Oz =0, M u®], e =0, limJu' ) =0,

t—1-0' t—1-0

lim

t—>+0

u()|,,.. =0, lim

t—>+0

TOrAa BeKTOp-PpyHKIs U(t) HasbIBaeTCs peryAspHBIM pellleHneM Kpaesoit 3agaqn (1)-(2).
Onpegeaenne 3. Ecau aas scex f(t) e L,([01]; H) xpaesas 3azaua (1)-(2) umeer peryasp-
HO€ pellleHIIe U BbIIIOAHSETCS OlleHKa

<const- ||f||

||u||W2(4)([0,1];H) L([01:H) *

TOoraa Kpaesas 3adava (1)-(2) HaspIBaeTCsl OAHO3HAYHO Pa3pelrMOI AN PeTyAsSpHO paspe-
IIMOIA.
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006 00Ho3HAUNOT pasperumocmu Kpaesoti 3a0avuu 0As onepamopno-oud Pepenyuaroiozo ypastenus uemeepmozo nopsdxa 6 luavbepmosom npocmparcmee

2. NccaegoBaHue penieHne KpaeBoii 3ajaun 4451 OAHOPOAHOTO YPaBHEHM s

YTO0OBI M3yunTh OAHO3HAYHYIO paspenmMocTsb 3agaun (1)-(2), Hago 1okasarth, 4TO KpaeBas

3azada
d;‘:ft) +AU) =0, te[0]] 3)
u(0)=u'(0)=0, u@=u'@=0 4)

MeeT TOAbKO TPUBMAaAbHOE PEIIeHIIEe.

VMeeT MecTo caeayiomiast Teopema.
Teopema 1. IIycts A caMOCOIIPSKEHHBIN IT0A0XKUTEABHO-OIIPEAEAE€HHBIN OIepaTop B

npocrpaHctse H . Toraa kpaesast 3agaua (3)-(4) MMeeT TOABKO HyA€BOe TpUBMAAbHOE pellleHNe.

AoxkasareabcrBo.tepes o, o,, o, », 0003HAYMM KOPHI YPaBHEHMS o' +1=0,T.€. , __ % @+,
2

)- Kak BUAHO Rew, <0, Rew, <0, Rew,; >0, Rew, >0.

@, :—%(14), o, :%(Hi), o, :%(Hi
OG1mM pertternieM ypastenust (3) B mpocrpascrse W, ([0,1]; H) nmeet caeayrommuii Bua;:
Uy (1) =e™x, +e?x, +e2( D, +e™ ™, te(0)).

34€Ch X, X,, X5, X, HEM3BECTHBIE BEKTOPbI, KOTOPHIE SBASIOTCS DA€MEHTaMU IIPOCTPaHCTBa
H.,,. Mb1 TpeOyeM, 4TOOBI BeKTOp-PyHKLI Uy (t) yA0BAETBOpsAa IpaHUIHBIM YCAOBVLM (4).

Toraa gas onpeseaeHns BEKTOPOB X, X,, X3, X, IOAy4aeM CAeAYIOLIYIO CUCTEMY ypaBHeHMIA:

X +X, +€ %%, +e %, =0

@, AX, + @,AX, + Aw,e ™ + v, Ae™* =0
e™x, +e”"X, + X, + X, =0

@, Ae™X, + @, Ae”"X, + @, AX, + wAX, =0

nan

—azA —ayA _
X+ X, +e %%, +e7"X, =0

X, + 0,87 "X, =0 (5)

@, X, + @,X, + @
oA @A —
eX, +e"X, + X, + X, =0

@™ X, + ©,”"X, + WX, + 0,X, =0
B npocrpanctse Hi, =H.,xH,,xH,, xH,, onpeieanm caeayiomyio orepatopHyIO
Marpuny A(A) u BexTop X :

E E e e A

—wgA —wyA

oE oE oe
e e”* E E

“* o,E  oFE

ACA) = ,8

oA

we™ we

>
I
N r—-><

X X X
o5
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I'. M. Diisasrvt

Toraa ypasHeHne (5) MOKHO 3aIucaTh B CAeAyIOIeM BUAe
A(A)X =0 ()

Uepes 4, 00O3HAYMM HUKHUII TpaHb CIieKTpa orepatopa A. B untepsaze [1,,») pacc-

MOTpUM MaTpuaHyio ¢pyHkuuio A(1):C* —C*:

rae
1 1 g g
AC) , 0w, 0™ woe
a e e” 1 1
[ 27y
we w,e™" o, ,

Yunreass ycaosusa Re(-w,) <0, Re(-w,) <0, Rew, <0, Rew, <O0npuy — o umeem;

e —>0, e >0, e* >0, e —0..

Toraa
1 1 0 O
imagy= 2 % 0 %\l
= = A(o0).
w0 01
0 0 w o
Ortcroaa umeem:
1 0 O
o o, 0 0] |1 11 1
detA(w0)=| " 7 = . = (0, - )0, - v,)
0 0 1 1 |o o o o

0 0 w o
|det A(c0)| = 2 > 0.
MoskHo HaitTi Takyio K,, 4To mpu |det A(y)| >c>0.
Teneps nokaxem, uto A(u) =0 pu Bcex u € L5, .

Aonyctum obpaTtHOe. [TpeArI0A0K 1M, YTO CYIIECTBYET [ € [/40 , ko], takoe A(u)=0.

=
S

3

S

Toraa cymiecTByeT HeHyA€BOJ BEKTOp &£ = TaKOI, 4TO A(,u)&~ =0.

Ortcioga moay4daercs, 4To PyHKIIN
n) =G+ g +e Vg, 1o, ©)

SIBASIETCSI pellleHNeM KpaeBOﬁ 3adgadym

% +E'n() =0, te(0)) @)

n(0)=7'0)=0, n)=7'QY=0 (8)
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YMHOXas1 00e CTOpoHBI ypaBHeHUsA (7) Ha (PyHKIUN. 77 (t) ¥ MHTerpupysl IO YacTsM Ha

nnrepsaze (0,1) moayyaem:

+ ﬁ4”77(t)”2|_2(0,1) =0.

L,(0,1)

d’n(t)
dt?

Orcioga caeayert, uro 7(t), T.e.
eaaﬁtgl + ewﬂé + emsﬁ(lfl)gg + ewAﬁ(l—t)§4 =0. (9)

Tax kak Qpynkumm e, g, e %Y ofpasyloT AMHeIHO-He3aBUCUMYIO CUCTEMY,
u3 paseHcTBa (9) caeayer & =&, =&, =&, =0. D10 mpoTUBOpeYNT HallleMy IIpeAII0A0XKeHNIO.
[To mpeAnIoa0>XKeHnIO |§| #0. Takum oOpasom IoaydaeMm, 4TO IIpU AU € [,uo, ko] A(u) #0.
TTosTOMY Tpu Beex i € [11,,+ ) cymiectsyer omepatop A™ (). Tak Kak orepatop A sBasietcs
CaMOCOTIPSXEHHBIM T0A0XUTEABHO-OIIPeAeASHHBIM OIIepaTopoM, TodToMy & (A) C [, 0] u

CYILLECTBYET OrpaHIIeHHbIT 0OpaTHbLiT oriepatop A™(A) u "A‘l(A)

< const. Orcioga caeayer,

4TO ypaBHEHIIE (5') " cAe40BaTeAbHO YpaBHEHNE (5) nMeeT TOAbKO TPpUBIaAbHOE pelieHme.

Teopema gokasaHna.
3. MlccaeaoBaHme pelieHNsI KpaeBOy 3aja4n
AAsl HEOAHOPOAHOIO YpaBHEHMSI

Teopema 2. [Iycts A caMOCONpPSIKEHHBIN MTOAOXKUTEABHO-OIIpeAeAeHHBIN OoIlepaTop B
npocrpanctse H . Toraa aas awoboro f(t)eL,(01];H) xpaesas szagaua (1), (2) mmeer
eAVHCTBeHHOe perrreHne U(t) eV(/g((O,l) ' H )

AokasareabcTBo. OnpeseanM cAeayonyio (pyHKINIO:

f(t), te(0))
f.(t) = _
0, R|(0,1) , R= (— 0, oo).

Scno, uto f,(t) e L,(R;H) u| fl(t)||L2(R;H) =| f (t)||L2([oyl];H - Byaem mccaeqosats 04HOZHAYHYIO

paspermmMocTb CAEAYIOIIEN 3a4a4yt Ha BCEIT OCIL:

d2v(t)

st Av(t) = (), teR=(-00,). (10)

[Tpumenss npeodpasosanue Pypre us (10) noaygaem

%T(§4E+A4)l f (&)e¥dt, t« R, £eR.
T —o

Bexrop-pynkums V(t) yaosaersopser ypasHenuio (10) moutu Bcrogy Ha R. Ilokaxkewm,

v(t) =

arto V(t)W, (R;H) . ITo teopeme I[Taanmepeas nmeem:

2 2

HVH\f\IZ"(R;H) = HV(A)

+ HA“V

ARG

+|A%9(&)

L, (R;H) L, (R;H) L,9R;H) L, (R;H) ’

3aech fl(f) n V(&) sBasgorcsa npeodpasoaHmsIMU Pypbe COOTBETCTBEHHO (PYHKIIVIIL
f(t) m v(t).
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3 ypasnenus (10) umeem:
EHN(E) + AN(E) = 1,(8), £eR
(FE+ AN = £,(8)
Orcioaa V(&) = (EE + AY) " £,(&)

Toraa nmeem:

YEE+AY) () +| At E + AT L (0)

(11)

—

Ly (R;H) Ly (R;H) .

OneHnm KakJ0e 13 cAaraeMbIX B IpaBoii yactu paseHcTsa (11).

HA4\7(§)H < sup A“(g“E+A“)’l | £,

L,9R;H) I3

—|A*(E*E+ A 1,1(©)

L(RH) L(RH)

HOABSY}ICI) CIIEKTPaAbHBIM Pa3410>Ke€HNMEM OIlepaTopa A, nmmMeem:

AY(EE+A) = sup 2+ 1) <1,
Toraa
9, 0 <15 =@l =1
Orcioaa
[AY] oy =IAEN gy < Il on

Te. Avel,(R;H).

AHaa0IM4YHO OIleHIBaeM ||v“‘)

=[&*v&)

Ly (R;H) L(RH)

(9, <[ E A R0 sswleteE ] )
Taxk xak
“(eE+A) sup e+ 1) <1
p—
99 ey By =IOl =1l

OkKoHuaTeAbHO IT0AyJaeM:
||V||\ilz4(R;H) S 2” f ||L2([0,1];H) !
T.e. V(t) eW,'(R; H).

PaccMoTpuM PyHKIINIO

v(t), te[0d]
a(t)z{ 0, R[0].
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V3 toro, uto V(t) eW,'(R;H) caeayer, uto a(t) eW24([0,1]; H). Oynknusa o) Asasercs

II04YTH BCIOAY PENIeHVEM YPpaBHEHII

d VA= f(1), te[oll.

Tak kak a(t) eW, ([01];H), Toraa u3 teopeMsl 0 cae4ax OAyIaeM, 4TO

a®@0eH |, a“@®eH
4-k 4-k—

2

o @), 2 <CCOulg

w3 ([0,1];H

A Taxke

le® @], <C(k)||u|| k=03.

ws ([01];H) ?

IToka>kem, 4TO peleHue 3ajaun (1)-(2) NpeACTaBAsSeTCs B BUAE

X3 +ea)4(t—1)A, (12)

_ tA A (t-1)A
u(t) = a(t) + e x, +e”*x, +e*¢

rae X, X,, X, X, € H;,, Hem3BpecTHbIe BEKTOPEI.

[Moap3ysch kpaesbimu ycaosusmu U(0) =0,u*(0) =0, u(l) =0, u'()) =0, aas ompeaeaeHus

HENM3BECTHBIX BEKTOPOB X1 X5, X5, X, IIOAY4INM CAEAYIOIIYIO CHICTEMY ypaBHeHI/IﬁI

X, + X, +8 X, +e X, = -a(0)

—m3A —3A AL 1
DX + @0,X, + 0,877 X, + e X, =—Aa (0) (13)
e X, +e”X, + X, + X, = —a(l)
@™ X + 0,67 X, + 0,X, = —Aa* ().

Tak kak —a(0), — A’ (0), —a(l), - A'a’(}) sBasmoTCsa DaemMeHTaMu ipocTpanctsa H, .,

TOrAa CucTeMy ypasHeHui (13) MoxxeM npeACTaBUTh B BIA€ MAaTPUYHOTO YPaBHEHIAS

AAX =4, (14)
34€eCh
X, ~a(0) E E e h gt
. — A0 u o,E o,E  we ™ et
' X27 P ' (0) A(A) = 1A zA 3 4
X, —a()) e ™ E E
X, -A'a* (1) o™  0e” oFE o,E

Brrre MBI 1Tokaszaan, uro oreparop A(A):H,, = H,,, uMeeT orpaHndeHHy10 0OOpaTHYIO.
[TosTOMY BEKTOPEBI X, X,,X;, X, € H;,, onpeaeasiorca ogHo3Ha4HO 1 perenne 3agaun (1), (2)
npeacrasasercs B Buge (12). Teopema 2 gokazana.

4. /l0Ka3aTeAbCTBO OCHOBHOV TeOpeMbl

IToapsysich Teopemoit 1 1 TeopeMoIt 2, 40Ka3bIBaeTCs CAeAyIoIias TeopeMa 00 OAHO3HAY-
HOI paspemmMocty 3agaun (1), (2).

Teopema 3. Ilycts onepaTtop A ABASETCS CaMOCOIPSIKEHHBIM I0A0XKUTEeABHO-OIIpee-
AEHHBIM OIlepaTOpoM B mpoctpancTBe H . Torga xpaepas 3agaya 04HO3HAYHO paspelnma B

IIPOCTPaHCTBe W g([O,l]; H )
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AokasareabcTBO. B mpocrpancrse W ;([0,1]; H) ompeaeaum orepatop:

du
dt*

LU =

3 Teopemsl 1 caeayet, uto Kerl ;= {0}, aus TeopeMBbI BhITeKaeT, uto JmL, =L, ([O,l]; H).
Taxum oOpasoM, orrepaTop L, B3anMHO O4HO3HAYHO A€IICTBYeT U3 IIPOCTPaHCTBa

w¢([04];H) B mpoctpanctso L,([01];H).

Tereps Xe IOKaXkeM OrpaHIYeHHOCTh orepatop L. Aas a1060ro ueW!([01];H) nmeem:

+“A4u

L([0.11;H)

d*u

|||—ou||i2([0,1]:H) - ||dt_4 A

L 0,1];H
Lz([O,l];H 2[ 1; ) [01

Wrak, MbI moay4aeM, 4To oneparop L, orpaHudeH 1 B3aMHO OAHO3HAYHO AeVICTBYeT 13
v 4
npocrpancrsa W 2([0,1]; H) B mpocrpanctso L, ([0,1]; H).
Aaaee, mpuMensis Teopemy banaxa 06 oOpaTHOM omnepartope, 3aBepliiaeM JOKa3aTeAbCTBO

TeopeMbl, TO ecTh omeparop L, ocymiecrsasger msomoppusm HpOCTpaHCTBW:([O,l];H) u
L(o1]:H):

|| L f

":’;‘([0,1]:H) < C" f ”Lz([Oyll;H )’

nan ||U||W4 ([o.2];H) " c| f ”l_2 ([oa;H) *
Orcioga moaydaemM B3alIMHO-OJHO3HAuUHYIO pa3pelMMocTb Kpaesol 3agaun (1), (2).
Teopema goxasana.

B 3axaioyennn sprpakaio rayOoKyIo 61arogapHOCTh HaydHOMY PYKOBOAUTEAIO IIpodec-
copy I'1. AcaaHoBy 3a IIOCTaHOBKY 3a4a4yl U IIOCTOSIHHOE BHIMAaHNe.
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HEAN®DOEPEHLIVIPYEMBIM KPUTEPUEM KAUECTBA
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AHHOTAIIMSI

Vsydaercs ogHa AMCKpeTHas AByXIlapaMeTpudyecKas 3ajada ONTHMaAbHOIO YIIpaBAeHMs C HeraaAKuM Kpu-
TepueM Kadectsa. [Ipy pa3anaHBIX MPeATIOAOKEeHNAX Ha JaHHBIE 3a4a4y YCTaHOBAEHDI PsJ HeOOXOAUMBIX YCAOBMIA
OITUMaAbHOCTH.

Kaiouesbie caoBa: paSHOCTHin[ aHaA0rI CCTEMbI prca—,ZI,ap6y, HEO6XOAMMOE ycaoBHue OIITMMaAbHOCTH, CIIe-
OraAapHOE IIpMpallieHre KpUTeprs Ka4eCTBa, BbIITyKAasl obaacTb yirpaBAeHus1, IIpon3BoAHasl IO HalTpaBAeHNIO.

NECESSARY OPTIMALITY CONDITIONS IN ONE DISCRETE CONTROL
PROBLEM WITH UNDIFFERENTABLE QUALITY CRITERION

ABSTRACT

We study one two-parameter discrete optimal control problem with a nonsmooth quality criterion. Under
various assumptions on these problems, a number of necessary optimality conditions are established.

Keywords: difference analogue of the Goursat-Darboux system, necessary optimality condition, special incre-
ment of the quality criterion, convex control domain, directional derivative.

DIFERENSIALLANMAYAN KEYFiYYOT MEYARLI BiR DiSKRET IDARDETMO
MOSOLOSINDO OPTIMALLIQ SORTLORI

XULASO

Magqalade qeyri hamar keyfiyyot meyarli diskret iki parametrli bir optimal idarsetma masalesi Oyranilir.
Miixtolif sortlor daxilinde optimalliq tiglin bir sira zeruri sartlar isbat olunmusdur.

1. BBeagenme. MHorue ynpasasieMble IIPOLIECCH ABASIOTCS MHOTODTAITHBIMU M OIIVCBI-
BaIOTCPa3ANMIHBIMU AV PepeHIIaaAbHBIMU VI Pa3HOCTHBIMMY ypaBHeHVAMU (cM.Hamp.[1-12]).
BcraThe paccmarpuBaeTcs ogHa MHOTO®TallHasl 3agadya ONTHMAaAbHOIO yIIpaBA€HMs OIMCHI-
BaeMas AVMICKPeTHBIMMU AByxmapameTpudeckucu cucreMamn.llpy pasanmyHbIx ycaoBusax raa-
AEOCTH Ha JaHHBbIe 3a4a4ll yCTaHOB/AEHHI ps14 HeOOXOAMMBIX YCAOBUI OIITUMaAbHOCTI.

2. ITocranoBka 3agaun. PaccMoTpum 3agady o MUHMMYyMe (PYHKIIMOHAAA

S(ug,up) =@y (7 (8, X))+ @5(2,(t,, X)), 2.1)
IIpM OIrpaHNMYEeHNAX
u(t,x)eU; cR', (t,x)eD;, i=12, (2.2)

(D, ={(t,x): t=t,_,,t ; +Lt , +2,..,t, =1, X=X, X, +1,..., X =1}),
z;(t+1, x+1)= f;(t,x,z(t,x),z; (t +1,x), z, (t, x + 1), u; (t, x)), (2.3)
(t,x)e D, ={(t,x): t=t,;,t, ; +Lt, ; +2,...,t =1, X=X, %, +1,...,X =1}, i=1,2,
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2,(t,%)=Bt), t=ty,t; +1...t, a(x,)=42(t). (2.4)
Z,(t, X)=G(z,(t,, X)), X=Xy, Xy +1,..., X,

(t Xo)=/Fo(t), t=t,t,+1..t,, G(z,(t, %)) = o (t,)-

3aech f. (t X,Z;,q; ,bI yUj ), i =12 -3agaHHbIe COOTBETCTBEHHO I, i =1,2 MepHBIe Bek-

TOP-(PYHKIINM HeIIpepbIBHBIE 110 COBOKYITHOCTY IIepeMeHHBIX BMeCTe C YaCTHBIMU ITPOMU3BOA-
HBIMM TIO (z;,8;,b;), i=1,2 COOTBETCTBEHHO, a(X), Bi(t), 1=1,2-3aaaHHble AUCKpETHbIE BEKTOP-
pyHKIMI COOTBETCTBYIOIINIX pPa3MepHOCTeI, G(Zl)-SaAaHHa}I N, -MepHas HeIrpepLIBHO AuQ-
depennmpyemas sekrop-dyskips, U, | =1,2-3a2aHHbIe HelycTble 1 OrpaHIYeHHbIE MHO-
JKeCTBa, ui(t,x), I =1,2- I, -MepHbIe COOTBETCTBEHHO BEKTOP-(PYHKLINMI YIIPABASIOLINX BO3-
aeitcrsui, by, t, t,, X;, X - 3azans, CI)i(zi), I =1,2-3aaanHble cKaaspHble GYHKITUY YAOB-
AeTBOpSIIOIINe YCAOBUIO IUTIIIINITA U MMeIOIIIie IIPOM3BOAHBIE 10 AI000MY HaIlpaBAeHUIO.

Hapy u(t,x)z(ul(t,x), uz(t,x)), YAOBAETBOPSIIOIIYIO BBIIIEIPUBEA€HHBIM OrpaHuye-
HISIM, Ha30BeM AOIIYCTUMBIM yIIpaBAeHMeM, pelleHye z(t, x): (zl(t, x), zz(t, x)) 3agaun (3)-
(4), cooTBeTCTBYIOIIEE HTOMY AOMYCTUMOMY YIIPaBA€HUIO — AOHYCTUMBIM COCTOSIHMEM, a CO-
OTBETCTBYIOIIIMII ITPOILIecC (u(t, X), Z(t, X)): (ul(t,x), uz(t,x), zl(t,x), z, (t,x)) — AOIIyCTUMBIM
IIPOIIeCCOM.

JormyctuMoe ypasaeHue u(t,X):(ul(t,X), uz(t,x)), AOCTaBASAIOIINIT MUHUMYM (PYHK-
umnoHaay (2.1) npu orpanmdenusx (2.2)-(2.4), HazopeM OITMMaAbHBIM YyIpaBA€HMEM, a CO-
OTBETCTBYIOIIUII IIPOIlecc (u(t,x), z(t,x)), (ul(t,x), u2(t,x), Zl(t,X), Zz(t,x)) — OITVIMAAbHBIM

IIponeccoM.

Kak BUAHO MeXAy Zl(t, X) u Z, (t, X) IMeeTCsI CBSI3b BIAA

2,(t;, )= G(z,(t;, x))-

Taxne 3agaum ONTMMAaABHOIO YIIPpaBAeHUS Ha3bIBAaIOT MHOTIO®TAITHBIMMICTYIIEHYATHIMU
MAN Ke COCTaBHBIMU 3ajadaMll OITMMaAbHOIO ylipasaeHus (cM. Hanp. [1-12]).Mer nusyuaem
caydJaii Heraaaxoro ¢pyHKImoHaaa[13,14] B MHOTO®TaITHOI 3a4aye yIIpaBAeHMsl.

3. BcmomoraTteabHbie ¢pakThl. IlycTs (ul(t,x), uz(t,x), Zl(t,X), Zz(t, X)) — (¢ukcuposan-

HBITT AOTTYCTUMBII1 ITpotiecc. Beeaem ob6o3HaueHmst
Ay filts X]= £t %, 2, (6 %),z (t+1, x), 2, (6 x+2), v, (t, %)= £ (6, %, 2, (8 ), 7, (t+1 x), 2, (£, x+2),u; (8, X)),
ofift, x] _ ofi (6, x, 2 (6, %), z,(t +1,%), 2, (t, x +1)u; (£, X))

aZi 52i
o, x] of; (£, %,z (t, ), 2 (t + 1,x), 7, (t, x + 1), u; (t, )
6ai 6ai
o [t, x] _ oy (t,%,z;(t,x),z,(t +1,x),z; (t, x + 1), u; (t, x)),
ab, b,

rae V; (t, X), I =1,2 — Ipon3BOAbHbIE AOITYCTIIMBbIE YIIPABASIONIVe PYHKIIVIL.
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B aaapnerimem mrpux () OyaeT o3HauaTh OIlepaliuio TPaHCIIOHUPOBAHI.
Ilycts MHOXKeCTBa
f.(t, %,z (t,x), z; (t +1,x), z; (t, x + 1)U, )= (3.1)

={yi, 7, = f.(t,x, z;(t,x), ; (t + 1, %), z, (t, x + 1), v; (t, x)), v, (t, X) eU;, (t, x) e D; }, i =1,2
BBIITYKABI.

UYepes Ui('[,X; 8), 1=1,2 oBosnaunm ITPOM3BOAbHBIE AOITYCTMMBIE YIIPABASIONIVIE
JpyHKIIUM, TaKMe 4TO

(t+1 x+1g)=f (t x,2,(t,x;€)z;(t +1,%¢), 7, (t, x + L e)u; (t, x;€)) =

( (txe),7,(t+1,%¢)2 (t,x+1;g),ui°(t,x))+ (32)
+e fi(t,x,zi(t,x £)z (t+1 x;e)z,(t,x+Le)v(t,x¢)), (t,x)eD;, i=12,
2,(ty, %; &)= a(X), X=Xy, % +L...X,7,(t,%; &)= £,(t), t=ty,ty+1...t (3.3)
2,(t;,% €)=G(zy(t;, X; €)),  X=Xg,Xg + 1000, X, Z,(t, %5 &)= S5 (1), t=t,t +1,...1,

IToaoxuM 1o onpeaeAeHNIO

)= "lxe) iz 64

3 (3.2)-(3.3) moayuaem, uto Bekrop-dyHKumn vy, (t,x) u V;(t,x), i =1,2 sBasorcs pere-
HISIMU, COOTBETCTBEHHO CAeAYIOIINX 3a4a4
1 )= 00y o By 50 IO a0 65)

Vi(te,X)=0, X=Xg, %X, +1.... X, y,(t,x,)=0, t=ty,ty+1...1t, (3.6)

Y, (t, X)=G, (z(t,, X))y, (t, X),  X=%g, %, + 1., X, Yo(t,%)=0, t=t,t +1...t,
CaeaosareanHo, n3 (3.4) caeayeT, 4TO
Z;(t,x; €)=z (t,x)+ ey, (t,x)+ o(e), i=1,2. (3.7)

4. Heo0xoamMoe yca0BMe ONTUMAaAbHOCTU. BrrancanM npupanienne (pyHKIMOHaAA
(2.1), cooTBETCTBYIOIIIEE AOIIYCTUMBIM YIIPABAEHSIM u(t, X; 8), U(t, X), 1=12.
S(uy (t,; &)U, (8, X; €)= S(uy (t, ), U, (t, X)) =[@, (2, (t,, X; ) — D (2, (t,, X))]+
+ [q)z(zz(tz X, 5))_ (Dz(zz(tZ’ X ))]: [cbl(zl(tl' X )+ 3 yl(tl’ )+ 0( ))
= Dy (2 (ty, X))+ [@5(2,(t,, X ) + £ Y, (t,, X )+ 0(e)) - @, (2, (t,, X))] =
= [q)l(zl(tll X)+ &y, (t, X)) - @, (z,(t, X ))]+ [‘Dz(zz(tz X)+eY,(ty, X))-
— D, (z,(t,, X ))] + [q)l(zl(tl’ X;¢))— @y (z,(t,, X )+ £y, (ty, X ))] +

+[@,(2,(t,, X5 6)) = @, (2, (t,, X ) + £ Y, (t,, X))].

[To mpearnoaoxxeHN0 QyHKINN CI)i(Zi), =12 yaoBaeTBOpsIOT ycaoBuio wuminiia.

(4.1)

DTOo O3HayaeT, YTo

@ (2 (t, X;6))— D (2 (6, X) + £ i, X)) < 0(e), i=1.2.
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ITosTOMYy B C11Ay TOTO, 4TO (PYHKLIUU CDi (Zi ), I =12 nmeror IIPOU3BOAHBIE II0 AI000MY
HampaBaeHMIO 13 (4.1) nmeem
2
S(uy(t,%: £)U, (6 x: 2)— S(uy (6 x)u, (61) = 23 22 XD) (42)
5 onlt.x)
Ecan mpeanoaoxurs, 4to gomycrumoe yrpasaerne u(t,x)=(u,(t, x),u,(t,x)) ornrumaas-
HOe, TO U3 pa3aoXeHus (4.2), B cuay NpousBOABHOCTU € € [0,1], caAeAyeT, 4To
iaq)i(zi(tiix))zo. 4.3)
= oyt X)
HepaseHnctso (4.3) sAABAsI€TCSI 40BOABHO OOIINM HEOOXOAVIMBIM YCAOBMEM ONTMMaAbHOC-
Tn. KoHKpeTusupyem 1oAyJdeHHBIN pe3yAbTarT.

Kak Bmano, ypasHenue B Bapuanusx (3.5)-(3.6) siBAseTcsl AMHENHBIM HEOAHOPOAHBIM
pasHOCTHBIM ypaBHeHMeM. [losTomMy Ha ocHOBe (POPMYyAB O IIpPeACTaBAEHUN peIleHNi
IIOAOOHBIX ypaBHeHMI1 (cM. Hamp. [14]) moaydmm:

t-1 x-1

it )= 2 2Rt x7,8)A, o fulz, 5] (4.4)
T:t05:XO
-1 x-1
Y, (t,x)= 2 2R (t'X;TaS)AvZ(r,s) folr.s]+ Ryt Xty —Lx 1)y, (t,, x) + (4.5)
=t S=Xg .
x-1 —
+> {Rz(t,x; t, —1s-1)-R,(t,x; —1,5)6](2['[11'5]} Y, (t,,s).
s=Xo da,

3aech (I"Ii xn )-MeprIe MaTpuyHble PYHKINU Ri (t, X;T,S), I =1,2 sBasorcs coot-

BETCTBEHHO PEeIIeHVSIMU CAeAYIOIINX 3a4a4:

Ri(t,x;7-1s-1)= Ri(t,x;r,s)afi[ri’sh Ri(t,x;r—l,s)afi[gz;l’sh @6)
+Ri(t,x;r,s—1)afi[f'b‘°_‘_1], i=12,

Rit,x7-1x-1)= Ri(t,x;r,x—l)afi[gb)_(_l], i=12,

Ri(t,x;t—l,s—l):Ri(t,x;t—l,s)afi[ta;l's]z =12, (4.7)

1
Rit,xt-1,x-1)=E;, i=12,
( Ei 1 =12 (ni XN, ) - MepHbIe eAVHIYHbIe MaTPUIIBI).

Yunteisast (3.6) cootHOmIeHe (4.5) 3a1m1cpIBaeTCs B BUAE

16X =R (6 x tlflel)Wyl(g,xﬁ E{Rz(t,x; f-Ls—1)-R,(tx: tlfl,s)"’fz[tala*ls] aG(ZSZ(tl’S))yl(tl,s)+ (4.8)

=Xg
-1

1
+ ‘Z DR (X7.5)A, (o folrS].
=t 5=

5=Xg

x 0l

3aliMeMcs AaabHeNINM IpeoOpa3osaHueM IipeAcTaBaenus (4.8).
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IIpuuumas Bo BHuManue (4.4), us (4.8) noayunm

-1 x-1 oG(z,(t,, x
t0=5 5 Ryt 10 )P g e g fes)s
7=tyS=Xg 1
x=1 —
+> {Rz(t, Xt —1s-1)-R,(t,x t, —1,s)af2[2a L S]} aG(Zgz(tl‘s)) x
S=Xg 2 1

Xri XZ%Rz(tl’S 7, 5)A wes)f e, ,B]}' ZZR (t,x;7, S)AV2 (05) f,[z,s]. (4.9)

7=ty f=Xg T=l18=X%g

Aazee, Ha ocHoBe cootHomenus u3 [15, crp. 102-107] moayyaem, 4To

1 s _
3 {Rz(t,x;tl—1,5—1)—Rz(t,x;tl—l,s)afZ[tl 1’5]}66(21(“'5)&

el da, oz,
“Ro(t. %, ) p il A= (4.10)
x-1 x-1
=2 X {Rz(t'X; t, -1,8-1)-R,(t,x; 1, —1”3)af o[t — ,3]}
S=Xg f=s+1 aaz

x w Rl(tlaﬁ; 7, S)Aw(rls) fl[T' S] '

0z,
ITosTOMYy, MOAaras
Qultx78)= Ryt x: t, ~1x _1)‘96(2812“1“)) R.(t,x:7,5)+ 411)
1

L ¥ {Rz(t,X; L1 -1)-R,(txt 15 2t ,ﬂ)} aG(Zl(tl’ﬂ))Rl(tl,ﬂ;T,S)

PB=s+l 8a2 821

npeacrabaeHue (4.9) sanucbiBaeTcs B BuAe

Yo (t,x)= Hff@(txrs) u(es file, ]+§X§R2(txfs) ofales] (4.12)
7=tyS=Xo =t 5=Xg

Ipeanoaoxum, 410 v, (t,x)=u,(t,x), (t,x)e D,. B 9ToM cayuae npeacrasaenne (4.12)
[IPUHMMAET BUA;

-1 x-1

Yt x)= > > it x7,5)A, .o filr 8] (4.13)

T=ty5=X,

Ecan npearioa0xute, 4to V; (t, X) =U, (t, x), (t, X) € Dy, To u3 npeacrasaennii (4.4), (4.12)
COOTBETCTBEHHO IT0AYYMM, UTO

t-1 x-1

yi(t,x)=0, (t,x)e D, Yo(t,x)=> D R,(t, x; 7, S)sz(r,s) f,[z.s] (4.14)
7=t1S=Xg

[Toaoxum
t-1 X1

0,()= Y YRt Xt X)A, 0 Fult x]7 (4.15)
t=ty X=Xg
t1 X1

0,01)= ¥ Qut, Xt X)Ay o it X] (4.16)
t=ty X=Xg
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ty-1 X1

03(v2)= 20 2R (6, Xt X)A 0 Tt X] - 417)

t:tl X:XO
Ilpunumass Bo BHUMaHmMe (4.4), (4.12)-(4.18) B (4.3) HpuUxoAMM K cCAeAyIOLIEMY
YTBEP>KAEHIIO
Teopema 4.1. Ecan mHOXecTBa (3.1) BBIITYKABI, TO A4 ONTUMaAbHOCTU AOITyCTUMOTO
yIpaBAeHUs (u1 (t, x), uz(t, x)) B 3agaue (2.1)-(2.4) He0OX0AMMO, UTOOBI BBITIOAHSAAVICH COOTHO-
IIIeH
1) 00u(z,(t, X)), 0P,(25(t, X)), (4.18)
G ol ,(v)
aasseex v, (t,x)eU,, (t,x)e D,,
2) 0D, (2, (t,, X))
0r5(v,)

A5 BCEX vz(t,x)eUz, (t, X)e D,.

0 (4.19)

[\

JokazaHHas1 TeopeMa SIBASIeTCs 40CTaTOYHO 0011Ielt TeopeMoii. VI3 Hee MOXKHO ITOAYYNUTh
B YaCTHOCTY aHAAOT AVICKPETHOTO PMHIINIIa MaKCUMyMa AAs1 pacCMaTpuBaeMO 3a4a4lt.

5. Cayuaii BpIIyKa0¥ 00AacTy yrpasaeHus. IIpeanoaoxnm, uro B 3agaue (2.1)-(2.4)
muosxectsa U i, 1=1,2 BBIIIYKABI, a BeKTOp (PYHKIIUA fi (t, X, Z;,a; ,bi y Uj ), i =l, 2 Hempe-
PBIBHO AN PepeHnpyeMBl IO (Zi ,a;,b;, U, ), I =1,2 coorsercrpento.

PaccMOTpuM BO3MYIIIEHHYIO CCTEMY

z(t+1Lx+L &)= f.(t,xz(t,x;6)z,(t +1 %) z,(t, x + L) u; (1, x;8)) =

5.1)
=f,(t,x,z,(t,x;6), z,(t +1,x;6),2; (t, x + L &), & Vi (t, X) + (L — &)u; (t, X)), 1 =1,2,
C KpaeBbIMI/I yCAOBI/UIMI/I
2,(ty, X; €)= a(X), X=%g, %o +L,..., X, Z,(t, X5 €)= B,(t), t=15,t, +1,....1,, (5.2)

2,(t, % €)=G(z,(t,,X; €)),  X=Xg,Xo + L., X, 2,(t,X0; €)= B,(t), t=t,t, +1,...t,,
rae ¢ e|0,1] mpoussoabHOe uKca0, a v;(t,x)eU;, (t,x)e D;, i =1,2 IPOM3BOABHBIE AOIYCTHMbIE
yIpaBASIONye (PyHKIIUIA.

IToaoxxnum

qi(t,x)zazi(;:?‘f), i=1,2. (53)

3 kpaesoit 3agaun (5.1)-(5.2) caeayer, uto (; ('[, X), 1 =1,2, onpeaeasemsie popmyaamu
(5.3), ABASIOTCS PEIIEHMSIMU CAEAYIOIINX 3244
ot [t,x] of[t, x] of [t,x]
Al g %)+ S Mg (11, %) + S A
i a; (t,x)+ 5, 0t +1,%)+ &

+af(;[$;X](Vi (t,x)—u;(t,x)), i=12,

q(t+Lx+1)= q;(t,x+1)+

(5.4)
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0y(ty, X)=0, X=Xg,Xp +1,..., X, 0, (t,%,)=0, t=ty,ty+1..1t, (5.5)

QZ(tl!X)szl(Zl(tllx))ql(tl’X)! X=X, %o +1..., X
U, (t,%,)=0, t=t,t +1..t,

ITepeiigeM K BBIUMCAEHMIO CHIEIMAAbHOIO HNpUpalleHns KpUTepus KayecTba, COOTBETCT-
BYIOIIlee AOIIYCTUMBIM YIIPaBA€HUIM u(t, x) 178 u(t, X; g) = gv(t, X) + (1 - g)u(t, X), i=12.

S(ut,x; &) - Su(t, ) =[@:(z,(t,, X; ) - @1 (2, (t,, X))+ [@,(2,(t,, X; £)) -

_q)z(zz(tZ!X))]ZZ[q)i(zi(ti'X)+ &0 (i, X)+ole)) - @;(z; (4, X)) =

i=1

:Zzll[q)i(Zi(ti’X)Jrgqi(ti’X)+0(8))_q)i(zi(ti’X)+8qi(tiyx))]+
+g[q)i(zi(tivX)+€qi(ti,X))—(I)i(zi(tiix))]-

ITockoAbKY PYHKIIUM CDi (Zi ), 1=12 YAOBAETBOPAIOT yCAOBUIO umimmiia U MMeroT
IIPOM3BOAHBIe 110 AI000MY HallpaBAeHUIO, TO aHaAOTMYHO CXeMe U3 IIyHKTa 3, IoAy4yaeM, 4To

(0t 2)) - (0. )= 3 PRt X) iy, 56

= 09;(t,X)
N3 pasaoxenns (5.6) caeayeT, UTO B4OAb ONTUMAaAbHOTO yIIpaBAeHNA (ul(t, X), uz(t, X))
BBITIOAHSIETCSI COOTHOIIIEHVIe

200, (z,(t, X)) . (5.7)
S oot X)

HepaseHncrso (5.7) sBAsieTCA HesIBHBIM HEOOXOAVIMBIM YCAOBMEM OIITUMaAbHOCTHU IIep-

BOTO IIOpsIAKa B CAy4ae BBIITYKAOCTU U i 1= 1, 2, IIpu rIoMomyM KOTOPOTO MO>KHO ITIOAYYNTDH

Doaee a1eTKo MpoBepsieMble HeOOXOAMMBIe YCAOBU:S ONTUMAaABHOCTY IIepBoro nopsaka. Pacc-
MOTPUM DTOT BOIIpoc. Jas yero HamaeM npeacrasaenus pemenni (; (t, X), 1=12 ypaBHe-

Huii (5.4) c kpaeBbiMu ycaosusimu (5.5). Ilo anaaormnu c (4.4), (4.5) noayyaem, 4tTo

(0= S 3R 1 9) 0, r5)- . 5)y 68
G(tx)-3 3 R2<t,x:r,s>afg[jz's]<vz(as>—u2<r,s>>+Rza,x;tl—l,x—1>q2<t1,x>+
-5 st R D) 59)
Hocxonny )
o) O )
-5 5 g i) P )t )

To 13 (5.9), IO aHaAO0IMM C A0Ka3aTeAbLCTBOM (popmyasl (4.12) g0Ka3bIBaeTCsl, YTO
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0, (t.x)= ixz‘lR(txfs)afa[ (2.5 - u,(z.5))+

5% (5.10)

+ 85 0t r9) (6.0 ufes).

r=tyS=%g

3aecy R;(t,X; 7,8), i =1,2 - sBAsIOTCS peruenusimu 3a4ad (4.6)-(4.11), a Q,(t,x; z,S)
onpegeastercst 1o gpopmyae (4.11). Ipearoaoxum, uto v, (t,x) = u,(t,x), (t,x)eD,, a
v, (t, X) =u, (t, X), (t, X) e D,. Toraa popmyaa (5.10) npunmumMaeT Bua;

d,(t, x)= tlzfxzin(t, X; r,S)afla[J’S](vl(f,s)— u,(z,s))- (5.11)
IToaoxum

e )= 3 SR X500 2 000 000) G
c,(vy)= tli XZ_:lQl(tzv X;t, X)afgg’ X](vl(t, x) -y (t, X))- (5.13)

Ecan noaoxuts Vl(t,x)z ul(t,x), ('[, X)e D, v, (t,X)$ uz(t,x), (t,x)e D,, TO npeacTas-

AeHuns (5.5), (5.7) mpUMyT COOTBETCTBEHHO CAAYIOIINIA BUA!

q,(t,x)=0, (t,x)e D, U (t;, X), (5.14)
lt)- 3 5 Rl 9120 e5)-ut(es) 615)
[ycrs

e\(v,)= zzR (6, X: 1 x)afal[fz (i) 22, %) (5.16)

IIpuaumas Bo BHMMaHMe cootHoweHus:A (5.3)-(5.13) B (5.4) npuxoaum K caeayiomemy
YTBEP>KAEHUIO

Teopema 5.2. Ecan muoxecrsa U, j=1,2 Bbirtykasr, a fi(t,x, z;,a;,b; ), i =1,2 umeroT He
IpephIBHBIE ITPOM3BOAHBIE TakXKe 110 U;, i =1,2 COOTBETCTBEHHO, TO AAs ONITUMAaAbHOCTH A0-
IyCTUMOTO YIIpaBAeHIs (ulo (t, x), ug(t, x)) B 3agaue (2.1)-(2.4) HeoOXOAMMO, YTOOBI BBIITOAHSI-

AMCb COOTHOIIIEHMSI

2 o, (2°(t, x))>0, (5.17)

= oc(v)

aasseex Vy (t,x)eU,, (t,x)e Dy, v, (t,x)eU,, (t,x)eD,;

aq)z(z(z)(thx))ZO, (5.18)
acs(v,)

BBIIIOAHSLANCH COOTBETCTBEHHO A/ BeeX V, (t,X)eU,, (t,x)e D,.
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6. 3agaua Ha MmHMMaKc. [IpeanoaoxnM, uto B 3agade (2.1)-(2.4) ¢yHkuyn q)i(zi),

i =1,2 UMEIOT CAeAYIOIINII BUA,

q)i(zi):g]a/iﬁwi(zi’di)' 1=12. (6.1)

3aech Ac R™, i=1,2 — 3a4aHHbIe HEIIyCThle X OrpaHuYeHHble MHOXecTBa [M; -MepHbIX
BEKTOpOB ( i, i=12,a @ (Zi ,di ),i =1, 2-ckaAsspHBle PYHKIUU HeIlpephIBHBIE TI0 COBOKYITHOCTI
IIepeMEeHHBIX BMECTe C YaCTHBIMU IPOU3BOAHBIMU MO Z;, j =12 COOTBETCTBEHHO.

Ilycts (uf (t,x), ug(t,x), Zf (t,x), Zg(t,x)) SABASIETCS ONTUMAALHLIM IIPOLIECCOM B 3ajaye

(2.1)-(2.4), (6.1). D1y 3asauy HazoBeM 3ajadell Ha MUHMMAKC A4 AVICKPETHOI CTyIIeH4aToM
3agaueit yrpasaeHus (2.1)-(2.4).

B cnay teopemsr 5.2 yunrteiBas cooTseTcTBylomme gpopmyanl n3[12,13], moaydaem, 9To
0 0 0 0
BAOAD TIpOILIecca (Ul (t,X), Uz(t,X), Z; (t,X), Z, (t,X)) 2451 BCEX Vl(t,X)EUI, ('[,X)E D,

nV, (t, X) elU 2/ (t, X) € D2 BBITIOAHSIIOTCSI COOTBETCTBEHHO COOTHOIIIEHMS

S el x0a) 20 62)
(%j(vz)[g?gé(ﬂz(zz( X),dz)}zo- 6.3)

IMoaoxuwM [13, 14]:
AG)={d e Az el )0 - maxe (6, X))

Vcrioansys ussecTHyIO Gpopmyay (cM. Hamp. [12, 13]) o mpou3BoAHOI 110 HaIIpaBAE€HNIO
pyHKIIUM TUIIA MaKCMMyMa I10AyJaeM, 4TO

m a(”l,(zlo(tl'x)'dl)gl(v )+ max a‘ﬂé(Zg(tz-X)’dz)gz(vz)zo, (6.4)
dieA Z{)) 821 dzeAQ(ZZ) 622

6(p£(22(t2,X),d2)€ (v,)=0" (6.5)
dyehy(22) oz, R

N3 (6.1),yantsiBas BoIpaskeHUs 1(V1)' 4 2(V2 ), omnpegeasiemble popmyaamu (4.16), (4.17)

COOTBETCTBEHHO, 6y,£l,€M IMeTb:

0 Yo d 00,(z,(t,, X)d,) &
ey, LX) $ g ;1) Mmﬁﬂgg@¢“&;)Jzz@@xmmeWA=

dleAl( ) =t X=Xo a 2 t=ty X=X,
00l(z(t X)0) , 00i(t X)) | ¥ 0
= t, X5 6 X))A, o filts
glg‘gz((zoo)){ oz ’ 0z, tzt;‘xzx‘;[ tl X)+QZ( X)] (6. X) [ X]

Aaaee, ucrioansys soipaxenns (4.18) aas ¢ 3 (VZ) 13 HepaBeHCTBa (6.5), moaydaeM, 4ToO

0 _ 6(0;(22('[2,)(),(12) _ uilx’l@@é(zz(tzax)vdz) .
m{ﬂ‘g‘z %(Zz(tzv X)vdz)} = er!:a:Ezg) {7/3(\’2) - dETZTZg Z ZiRz(tzx Xt X)AVZ(t,x)fz[tx X] 20.

oz, ) (=1, x=xo oz,

Taxum obpaszoM, A0Kazaan, 4ToO B 3ajade Ha MuHMUMakc (2.1)-(2.4), (6.1) B40ab ONITHMAAD-
HOTO IIpoliecca (U (t, X), Z('[, X)) BBIIIOAHSIOTCSI COOTHOIIIEHIAST
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!

{aw;(zl(tl,><),oll)+ a«);(zz(tz,x%dz)} y
)

dieAlz 0z, oz, (6.6)
dzeAQsz
t-1 X1
x 3 D[Ryt X5 t,%) + Qy(ty, X tX)]A,, 1 Fult. X] =0,
t=ty X=Xp
AASL BCeX vl(t,x)eUl, (t,x)e D,,
C 095(2,(tp, X ), dy) (6.7)
max R, (ty, X t,X)A, ¢ 0 T2 [t X[ =07 :
dzeAz(zg) {tztixleo 822 2(2 ) 5 (t,%) 2[ ]

A5 BCeX Vz(t,x)eU , (t,X)e D,.

7. Cayuaii auddepenumpyembix d,(z,), i =1,2. [Ipeanosoxum, uto B 3asade (2.1)-(2.4)
bynkumn D, (Zi ), I =1,2 nenpepnisro auddepentmpyemsr. B 9T0M caydae cOOTHOIIEHs

(4.18), (4.19) npuHMMAIOT COOTBETCTBEHHO BII/,

6@1(Z1(tl, X))E (V )+ aq),Z(ZZ(tZ’ X))g (V )> 0’ (71)
oz, 1V oz, 2\V1)2

5‘D'z(zz(tz’x))€ (v,)>0° (7.2)
2, 3\V2)2

C yuyetom obosnHauenmit (4.16), (4.17), (4.18) nepasencrsa (7.1), (7.2) sanmchIBaiOTCs B
BILJE:

5 §|:8(D1(Zalz(tllx» Rl(t:l' Xit, X)Avl(t, x)fl[t' X]"‘WQA‘:Z' Xt X)Avl(t, x)fl[t’ X] >0 (73)
X-1t—1 Ay
> 8@2(252(5, X)) R, (ty, X;t,X)A, ¢ ) f,[t, x] > 0- (7.4)
X=X t=t 2

IToaaras

l//f(t, X): _Ri(tli X ‘1, X)aq)l(zl(tl’ X )) _Ql(tzv X 1, X)6®2(22(t2' X )) ’ (75)

0z, 0z,
w2t X)= —Ry(t,, X ;t,x)w , (7.6)
oz,
Hi(t’x’ Z;,8;,b, ’l//i):Wi' fi(t’X’ Z;,8;,b ) (7.7)

Avi (t,x)H i (t’ X) = l//i, (t’ X)Avi (t,x) fi [t’ X]’
HepaseHcTBa (7.3), (7.4) 3an1MCBIBAIOTCS B BUAe

-1 X1

> DA woHalt x]<0, (7.8)

t=t0 X=Xg
ty1 X1 79
Z Zsz(t,x)Hz[t'X]So' (7.9)
t:tl X=Xg

Ws (7.5), (7.6) yuntniBas (4.6)-(4.7), (4.11) MOXHO IIOAY4YUTh ypaBHEHUs AASL y/io (t,X),
i=12.
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XULASO

Isda qgarisiq v birge tips maxsus olan bir tenlik {iciin geyri-lokal sarhad sartlari daxilinde sarhad masalasinin
halli aragdirilmisdir. Baxilan tenliyin birgs tipe aid olan hissasi birinci tertib elliptik tip olan Kosi-Riman tenliyinin
qarisiq téromoasinden alinan tenlik, qarisiq tipe aid olan hisse ise Kosi-Riman tenliyi ile birinci tortib hiperbolik
hissadan ibarat olan tenlikdir. Hom Kosi-Riman tenliyinden hem ds birinci tertib hiperbolik tip tenlikden qarisiq
toromo alinmisdir. Ona gors baxilan qarisiq ve birgs tip tonlik tiglincii tortibdir.

Acar sozlar: Qarisiq tip tonlik, birgs tip tenlik, qarisiq ve birgs tip tenlik, geyri-lokal sarhad sarti, zeruri sertler,
fredholmlugq.

VICCAEAOBAHUE PEIIEHVV TPAHVYHBIN 3A AAYU AAST YPABHEHUSI
CMEIIAHHO-COCTABHOTI'O TUITA

PE3IOME

Vsaoraemas paboTa IIOCBAILEHO CCAeAOBAaHMIO pellleHNii TpaHMYHbIX 3a4a4 AAs YpaBHeHNsI CMeIIaHHOTO 1
COCTaBHOTO THUIIA C HeAOKAaAbHBIMM I'PaHUMYHBIMM YCAOBUAMMU. IlepBasi yacTh, COCTOBHOIO THIIa paccMaTpBaeMOIo
YpaBHeHMSI SIBASETCS CMelllaHHasl IIPOM3BOAHAs YPaBHEHIST SAAUIITYECKOTO TUIIa IepBoro nopsiaka Komu-Prumana,
BTOpasl YacTh CMEIIaHHOIO THIa sBAseTcs ypasHeHus: Komm-PruMana n ypasHeHns rurepO0AMIecKoro Tuiia epsoro
nopsiax0. OCHOBHOe ypaBHeHsI II0AyJaeTcsT C IIOMOIIIBIO TTOAYJeH s CMeIllaHHOI ITPOM3BOAHOI OT ypasHeHws1 Kormm-
Pumana m ypaBHeHU:A IIepBOIO IOPSAKO TIMiepOoAmdeckoro Ttuma. ITosToMy paccMoTpuBaeMoe YypaBHEHMs
CMEILIaHHOTO U COCTOBHOTO THIIA SIBASETCS yPaBHEHVEM TPEThero IOPsIAKO.

Karouessbie caoBa: YpaBHEHII CMEIIIaHHOTO TUIla, YpaBHEHNM:I COCTAaBHOTO THIIa, ypaBHEHIS CMeIllaHHO-COC-
TaBHOI'O TNIIa, HEAOKalbHbI€ I'PaHNYHbIE YCAOBUN, HEO6XO,Z],I/IMI)Ie ycaosny, (bpe,ﬂ,rOAbMOBOCTI).

ON A STUDY OF THE SOLUTIONS OF THE BOUNDARY VALUE PROBLEM FOR
THE MIXED AND COMPOSITE TYPE EQUATIONS

SUMMARY

In the work the solution of the boundary value problem with non-local boundary conditions is studied for
the mixed and composite type equation. The part of the considered equation belonging to the composite type is
obtained from the mixed derivative of the first order elliptic Cauchy-Riemman eqation, and the part belonging to
the mixed type, consists of Cauchy-Riemman equation and first order hyperbolic equation. The mixed derivative
has been taken from both Cauchy-Riemman equation and first order hyperbolic equation. So the considered mixed
composite type equation is the third order equation.

Keywords: Mixed type equation, composite type equation, non-local condition, necessary condition, Fredholm
property.

Girig: Malumdur ki, lokal sarhad sertlari daxilinds, qarisiq tip tenlikler tigiin baxilan mas-
salalars aid olan iglarden [1]-i, birgs tip tonliklar {i¢iin [2]-ni, nahayat qarisiq ve birgs tip ten-
liklar iglin iso [3]-ii gostomak olar. Bels ki, bu islards elliptik hissade hamise Laplas tenliyi
gotiirtilmiisdiir. Laplas tonliyi ikinci tortib oldugundan onun {igiin bir lokal sart vermak kifa-
yatdir. Bizim bagladigimiz elliptik tip tenlik birinci tortib oldugundan onun ticiin bir lokal sart
daxilinde masals korrekt olmadigindan (masalenin hslli olmaya bilsr) biz geyri-lokal serhad
sartine baxmaq macburiyyetinds oluruq [4]. Ona gore baxdigimiz hem qarisiq tip tenliklor
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Qars1q va birgo tip tanlik iigiin sarhad masalasinin hallinin arasdirilmasi

ticiin sarhad masalalari [5], ham da birga tip tenliklor {iciin serhad masalaleri [6] geyri-lokal
sorhad sartlari daxilindadir.

Bu ciir masslalardan birge ve ya qarisiq tip tenliklar {iciin miixtalif oblastlarda baxilan
masalalardan [7]-[9] islorini gostara bilarik.

Masoalanin qoyulusu: Asagidaki kimi qarisiq ve birge tip olan {igiinctii tortib

Bus(x) | .g03us(x)
9x10x% dx20x,

=0,x = (x1,x3) € Dg,s = 1,2, (1)

tonliyi ti¢lin geyri-lokal,

P U (x)

2 apPtdy (x)
Zm:1205p+q52 {akpq( 1) 5P 9xPoxd T

X2=Ym(x1)

} =ar(x1), (2

X2 =0
k=16; x; € [a,by],
sarhad gartlari daxilinds masalaye baxaq.

Burada i = V-1, D, = {x:, %, € (ay,b;),x; € (¥1(x1),0)},D; = {x:, %, € (a5, by), %, € (0,7,(x,))}, oblastlar1
X,- istiqgamatinda gabarig, mahdud olub, y,(a;) ==y (b)) = 0,m = 1,2; y,(x;) <0, y2(x1) > 0,x; €
(ay, by), ak";)q(xl) ﬁ,ﬁ’;‘fl(xl) vo ay (x;) verilonlori k =1,6; 0 < p + ¢ < 2,m = 1,2 olduqda kesilmaz funk-
siyalar olub, (2) serhad sortlori xatti asili deyil, vs iso Ds -in sorhaddine ¢okilmis xarici

normaldir, s = 1,2.

Fundamental hallar: Malumdur ki, (1) tenliyinin fundamental halli

3Us(x-8) | .5 03Us(x—
20 4 s OB _ s —£)8(x, — &), %1, ER, 55,8, ER, 3)

dx,0x2 dx29x,
tonliyini 6demalidir. Burada 6(x; — &) k = 1,2, Dirakin delta funksiyasidir.

Bu ise 0 demakdir ki, s = 1 olarsa (3) tenliyinin fundamental halli ii¢lin
Ul(x—f)=—i[xz—fz+i(x1—fl)]-{ln[x2 & il =&l -1}, 4)
ifadesi,

s=2 olduqda iso
Uy(x — ) = 3 e —E2)+(x1—&1)]

Xi- 0()0(xz —$z +x, — & — O)dt, ©®)
ifadasi alinmig olur.

Osas miinasibotlar:

Verilmis (1) tonliyinde s = 1 gotiirmakls, onu (4) fundamental holline vuraraq, D; ob-
last1 boyunca inteqralina Ostroqradski-Qaus formulunu tatbiq etmakls (hisss-hisse inteqral-
lamagla) alariq:

2 2 —
f{[a uy (x) U, (x — &) +u1(x)a Up(x—98) aul(x)aUl(x 3]

0x,0x; 0x,0x, - 0x, cos(vy, xz) +
+ [ atslx(zx) 6U1§J;2— $) axlzla(;) Up(x — &) + iug (x) M] cos(vy, x1)} dx =
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Qalan asas miinasibatlor s = 1 olduqda (1) tenliyini (4) fundamental hallinin x; vo x,-yo
nazaren ikinci tartibs qader toramalarine vurub, D; oblast1 boyunca inteqrallamaqla, Ostro-
gradski-Qaus formulunu tetbiq edarak alinr.

Zaruri sartlar ve onlarin requlyarlasdirilmasi

Burada avvalce (1) tenliyine qayidib, s = 2 olduqda aldigimiz tenliyi x,—ya nazaran 0-dan
¥2(x1) -0 godar inteqrallasaq:

9%u,(x) _ 0%u,(x) _0%uy(x) _ 9%u,(x) (7)
2 = 2 .
0x10x; xzzyz(xl) axl xzzyz(xl) 0x10x3 X2=0 axl X,=0

sokilli zaruri sort almis olurug.

Yuxarida soyladiyimiz asas miinasibatlorden asagidaki zoruri sortlor alinir.
8%uy (§) PLACRC))

= ... (8)
0000 empey 0 lgene
9%u,(§) - 9%u4 (§) _ ..
A N oo )
2 2
2 g=p(&) §10%2 &=y,(&)
0%u, (%) - 0%us ()
—== +i—== (11)
083 g =0 0§,0&; -
burada (...) ile sinqulyar olmayan hadlarin comi isars edilmisdir.
Noahayat s = 2 olduqda (1) —dan alinan tenliyi
O(x_1-¢&1)6(x2—-¢&2),
ifadasina vurub D, tizrs inteqrallasaq, alariq:
_ by Bzuz(x)_azuz(x) _ _ ’ _
Jo (G G| 000 = 60002 0) = £2) i), =
?uy(§) _ %us1 ()
- €D
05 ogog, S € P .
B 1(62u2(s> _ aZul(a) £eap (12)
2\ 08 05,08/’ >
Buradan da
?uz(§) _ 9%uz(§)
— =0 11
( 083 651652) §2=v2(§1) ’ ( )

requlyar zaruri gorti alinmis olur.

Belalikla goyulmus masale tiglin aldigimiz zaruri sartlarden (7), (8)-( 11) ve (13) kimi alt1
requlyar ifadalarini almis olurugq.

Bu requlyar ifadslar (2) sortleri ils birlikde 12 miinasibat vermis olur.

Aldigimiz 12 requlyar miinasibatdan

Uq (x1: V1 (x1)); Uy (x1,0), uz(xq, 0), uy (x1: V2 (x1)),
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Ouq(x) ouq(x) ou,(x) 0u,(x)

, , : : (14)
0x2 X2=y1(x1) 0x2 x2=0 0x2 Xx2=0 0%z X2=Y2(x1)
0%u,(x) 0%u,(x) 0%u,(x) 0%u,(x)
2 2 4 2 4 2
6362 x2=y1(x1) 6362 x2=0 axz x2=0 6x2 x2=y2(x1)

kimi asas machullar toyin olunmalidir. Qalan machullar, analizden malum olan

, duq (x) duq (x) ,
Dwy (X1IV1 (x1)) = Tax + 9x y1(x1),
1 x2=y1(x1) 2 x2=y1(x1)
ouq(x) , ou,(x) ,
2) —- = uj(x1,0), 3) — = u}(x,0),
1 lx,=0 1 lx,=0

Hu2™N (x_1,y2(x_1)) = F(0u_2 (x))/(0x_1 )4 |_(x_2
=y 2(x 1))+ FOu2 x)/(0x2H|(x 2=y 2(x1))y 2" (x_1)

5)0/(0x_1) (F(Ou_1(x)/(0x2)H|.(x2=y_1(x_1)))
= F(0"2u_1(x)/(0x_10x_2)|_(x_2
=y 1(x_ 1))+ FO0"2u_l(x)/(0x2"2H|.(x2=y_1(x_1))y_1" (x_1),

F6) (072 u_1 (x))/(0x_ 172 ) |_(x.2 = 0) = u_1*" (x_1,0)

7)03/(0x_1) (F(Ou2 (x)/(0x2H|.(x2=y2(x1)))
= F(0"2u2 (x))/(0x_10x_2)H|_(x_2
=y 2(x 1))+ FO0"2u2 (x)/(0x2"2H|.(x2=y_2 (x_1))y_2" (x_1),

8)(0"2u_2 (x))/(0x_1"2)H|_(x_2 =0) =u_2"" (x_1,0)

9)d/(0x_1) (F(Ou2 (x))/(0x2)]|_(x2=0))= F(@"2u_2 (x))/(0x_10x_2)4]|_(x_2
=0),10) 9/(0x_1) (F(Qu_1 (x))/(0x2)H|_(x.2=10))
= F(0"2u_1(x))/(0x_10x_2)|_(x_2=0)(15)

(1) u 17" (x_1,y_1 (x_1)) = F(0"2u_1l (x))/(0x_1"2 ) |_(x_2
=y 1(x1))+2y 1" (x.1)9/(0x_1) (F(Qu_l (x))/(0x_2)1|_(x_2
=y 1(x1)))-

0%uy (x)
0x2

duy (x)
dx,

y1 (x1)

x2=y1(x1)

V{Z(xﬂ +
x2=y1(x1)
n2yu) 27" (x_ 1,y 2(x_1)) = F@"2u_2 (x))/(0x_1"2)1|J _(x_2
=y 2((x1))+2y 2NN (x_1)0/(0x_1) (F(0u_2 (x))/(0x_2)|_(x_2
=y2(x1)))-

0%u,(x)
dx2

duy (x)
dx,

v2 (x1)

X2=Y2(x1)

YiZ(x) +

X2=Y2(x1)

ifadslarindan tapilir.
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Indi yuxarida aldigimiz (7)-(11), (13) ifadalarine verilmis (2) sarhad sertlarini qogsag, alariq:

a:ul(‘f) +I,a:ui(fj — ..
aflaf: E=yu (8,0 aff L=y () ’
a:ul(‘f) I,a:“'j_(‘fj — ..
9¢.,0¢; £=0 o £.=0 ’
3*u, (&) 9%u,
- I I’
% oy 991982 Loy,
a:ul(f) +i a° Uy (&) — ..
d¢,09¢, - '
32“': €3] a:u: €39 _ 8215: (&) _ a:u: €39 -0
aflaf: E=ya () aff £&=0 aflaf: &L=0 aff Ex=ya (8,
Pu)| _Pu .
92 e %19%2 I
(1) a uy (§) (1) pra uy (§)
(£ ] + B, (f] +
os;s"[ e B 3{"13{’? E=rl80) e 981043 L.=0
getag,. getay,
e R k=2 | {:aktm k=15

§:=}‘;'\§; £,=0

Bu verdiyimiz 12 ifadslards (15) miinasibatlorini nezars alaq:

[1-2y}(£)i]0 (aul(a ) 2N e N 0P ()
+ [y CDi—r1(6y) = (16)
0, 0% lgymyi(e) i@ = il =5 =11
0 ouq(§) 7 — ...
a_fl< 08, Ez=0>+lu1 (fro) = "
1-] (€] (02u, (&)
AN o o) ) "
g S IR S S 21GY
9%u, (§) 9 [ou(® _
22 §2=0+‘afl< 28, §2=0>_ (19)
9 (auz(f) ) GRING yi(Es) — (t?uz(f) )
9 _ T /(& _
afl afz &2=v2(&1) afz &2=v2(&1) El 652 &2=0
2y5(£1)8 [ duz(§) 8%u, ()
- |- 2 (220 20 ]— 20
[ 061 ( 0¢2 fz=yz(f1)> ! 93 &2=v2(&1) ( )
1-y; 92
[ n(fla)](z u(9)) _a_<a1;2(g> >: 0, 1)
o A B S S TV

[—al) o (€)2yi () + al)  (6)]0 (0w, (§)
&, 9¢,

) + [t Cvi* () —
&=v1(§1)

uy ()
a3

+[~2r3 e (&) +a ()] %
$2=v1(§1)

1 d
I GUAGY]
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i 0u, ($) (2) @ z(f)
o (—afz ) m)) aBoE V1) ~ aB @] g -
a0 (0m @], A0 (0un(©) RO NG
9 952 g0 9% 952 gm0 TS og &=n (&)
'e)) a? @ 0%u,(§) ) 0%u, () _ ..
+:8k,0,2 (fl) afzz 52=0 k 0,2 (61) 6522 gzzyz(gl) +ﬁk,0,2 (61) 6522 eo )
k = (1,6). (22)

Belalikla asagidaki hokmii almis olurugq:

Teorem. Ogor D_1,D_2- x_2 istigametindoe qabariq, mohdud miistovi oblast olub,
sorhadlari hissa-hisso Lyapunov xattidirse, xatti asili olmayan sorhad sortlorinin amsallar1 vo
sag toroflori kasilmoz funksiyalardirsa, (16) —(22) sistemindon (14) asas machullar1 tayin
olunursa, onda (1)-(2) sarhad masalasi Fredholm tiplidir.

Qeyd 1. (16)-(22) kimi verilmis 12 xatti cobri tonliklar sistemindon Kramer tisulu ila

uy (xl' V1 (xl))' uy (xl,O)' uy (xl,o)r uy (xlr V2 (xl)),

d <6u1(x) ) d <6u1(x) ) 0 (6u2(x) ) i} (auz(x) )
0x;\ 0xy XymyaCr) 0x; \ 0x, 2,20 0x;\ 0x, %,=0 0x;\ 0x, x2=y2(x1)‘
62u1(x) 62u1(x) 62u2(x)| azuz(x)
axzz x2=Y1 (1) ax% x2=0 axzz |Xz:0 axzz X2=Y(x1)

machullar tayin edilmsalidir.

Qeyd 2. Qalan 12 sarhad giymatlari (15)-den teyin olunurlar.

d
Qeyd 3. ul(xl,h(xﬂ) u1(x10) uz(xl 0) uz(xl,)/z(xﬂ) (xy) 1(;;(;") i
X2=Y1(X1 X2=
Gl L C) funksiyalari qeyd 1-da tapilan funksiyalart inteqrallamagla alimub.
sz x,=0 axz xZ=y2(x1)

Qeyd 4. Qeyd 3-ds tapilan funksiyalar ixtiyari sabitlorden asili olurlar ki (inteqralla-
madan alinan sabitler) hamin sabitlori uy (x), u (x), uj (1,0 ), w3 (x10), wi (1, 1 (x1)), ws (31, 72 (x1)),
ouy (x) duq(x) du,(x) du,(x)
dx, dx, dx, dx,

’

x2=0

x2=Y1(x1) X2=0 x2=Y2(x1)

funksiyalarimi K(a]l,o) \C) (b1,o) noqtalarinde verilmasi ils tapilirlar.

Qeyd 5. Qeyd 4-da sOylenilen sortlor ¢ox zaif sertlardir. Belo ki, iki dlgtlii fozada sifir
olctilii coxluqda (noqtalerda) verilmis sartlordir.

Qeyd 6. Biitlin serhad qiymeatlori toyin edildikden sonra masslonin hellinin analitik
ifadasi asas miinasibatlorden toyin olunur.
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BIR SINIF IKINCI TORTIB XUSUSI TOROMOLI OPERATOR-
DIFERENSIAL TONLIKLORIN BUTUN FOZADA HOLL
OLUNMASI HAQQINDA

R.F. HOTOMOVA

Sumgqayit Dévlat Universiteti

hetemova_roya@mail.ru

XULASO
Toqdim edilmis maqalods biitin R" fozasinda ikinci tertib xiisusi téramali operator-diferensial tonliklarin
korrekt hall olunmasi dyrenilmisdir. Bu maqgsadle avvalcs tenliyin bas hissesine uygun tenlik arasdirilmisdir. Bas
hissays uygun operatorun\W,’ (Rn; H )faza51 il |_2(Rn; H )faza51 arasinda izomorfizm yaratdig: isbat edilmisdir.

Araliq torome operatorlarinin normalar1 qiymetlondirilmisdir. Son naticode verilmis tonliyin korrekt hall
olunmast {iclin emsallarla ifads olunan kafi sertlor tapilmisdir.

Acar sozlar: Hilber fazasi, operator, operator-diferensial tonliklar, korrekt hall olunma, izomorfizm, spektr.

O PASPEHIVMIMOCTHN O4HOTI'O KAACCA OITEPATOPHO-AVNPPEPEHIINNAABHOI'O
YPABHEHISI C YACTHBIMMU ITPOMN3BO AHBIMU BO BCEM ITPOCTPAHCTBE

PE3IOME
B aaHHOIT cTaThe MccAeAyeTcsl KOpPeKTHas Pa3pelnMOoCcTh OAHOTO KAacca orepaTopHO-AudQepeHInaabHbIX
ypaBHEHMiT BTOPOTO TIOPsAKA C YaCTHBIMM IPOU3BOAHBIMU BO BeeM rpoctpanctse R . Aas oToit mean cHauaza
AOKa3bIBaeTCs TeopeMa 00 nsoMopdu3Me orrepaTopa I1aBHOI YacTy ypaBHeHV 13 rIpOCTpaHCTBoW22 (Rn; H )Ha
IIPOCTPaHCTBa Lz(Rn; H ) Haiigena oljeHku orepaTtopoB IIPOMEKYTOUHBIX IPOM3BOAHBIX, MCIIOAB3YsI KOTOPBIX

ITOAy4eHBI A0CTaTOYHBIE YCAOBUS A4 KOPPEKTHON pa3pelIMMOCTH ypaBHEHNs], BhIpaskeHHbIe Ko PUIIeHTaMU
YPaBHEHU:L.

Karouesble caoBa: [1116epTOBO IIPOCTPaHCTBO, OIlepaTop, orepaTopHO-AuddepeHIInalbHOe YpaBHEeHNe,
KOppeKTHasI pa3peIMOoCTh, NI30MOP(PU3M, CIIEKTp.

ON CORRECT SOLVABILITY ONE CLASS PARTIAL OPERATOR-DIFFERENTIAL
EQUATION SECOND ORDER IN WHOLE SPACE

ABSTRACT
In this paper the correctly solvability one class of operator-differential equation of second order with partial
derivative in whole space R" is investigated. For this is begining theorem about izomorphisme of head part of
equation from space W, (Rn; H) to space |_2(Rn; H ) is proved. The estimates betwenn derivatives of operators is

finding. For this is used sufficiently conditions for correctly solvability of equation which determined with coeffi-
cients of equations.

Key words: Hilbert space, operator, operator- differential equation, correctly solvability, izomorphism, spectr.

Tutaq ki, H -separabel Hilbert fozasi, C iso bu fozada toyin edilmis 6z-6zilina qosma mdis-
bat-miisyysn operatordur.Malumdur ki, CP(p>0) operatorunun tayinolunma oblastiH

(x, y)Hp :(C”x,Cy" ) skalyar hasiline nazeran Hilbert fazas: togkil edir. Burada p=0olduqda
H, = H oldugu gebul edilir.
I_Z(R;”; H)ila qiymetleri H fazasina daxil olan, sanki biitiin xeR", X =(X,X,,..., X,) {igiin

toyin olunmus f(X,,X,,..., X,) vektor-funksiyalarindan ibarat Hilbert fozasini isars edok. Bu
fozada elementin normasi
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= 1765 )
kimi tayin edilir.

D(R”; H) ilo R"fozasainda tayin edilmis, kompakt dasiyiciya malik olan sonsuz diferen-

siallanan vektor-funksiyalar coxlugunu isars edak. Bu ¢oxluqda elementin normasin

n |l %u &
oi-($|%e] e

kimi toyin edak. Bu normaya gors D(R”; H) xotti ¢oxlugunun gapanmasini WZZ(R”; H)kimi
isaro edak.

H fazasinda asagidaki operator-differensial tonliye baxaq:

éak 6x(2 )+Zn_‘1R ulx )+Tu( )+C?u(x)= f(x), xeR" (1)

Burada f(x)= f(x,%,,..., X, )vou(x)=u(x,X,,..., X, ) giymatlori sanki biitiin x € R" iigiin H
fozasina daxil olan vektor-funksiyalardir.
Tonliyin amsallariin asagida gostarilan sartlori 6dadiyini forz edirik.
1) Istonilon k =1,2...n tcln a, >0;
2) C-H fazasinda toyin edilmis 6z-6ziine qogsma miisbat miioyyon operatordur.
3) R -C*'=Q,, k=12..n operatorlar1 H fozasinda mahdud operatorlardur.
4) T-C?=FoperatoruH fozasinda mshdud operatordur.

Toarif 1. Ogor f (x)e L, (R”; H )ﬁgﬁn elou (x)eW; (R”; H )funksiya31 varsa ki, (1) tenliyini
R" fazasinda sanki har yerdes ddasin, onda u(x) funksiyasima (1) tenliyinin requlyar halli deyilir.

Torif 2.9gor istenilon f(x)e LZ(R”;H )ii(;ijn (1) tenliyinin requlyaru (x)eW}?(R ( )halh
varsa vo bu hall ti¢lin

Ju

< C" f||l_2(R H)

w;} (Rn; H)
giymatlondirmasi dogru iss, onda (1) tonliyine korrekt hall oluna bilen tenlik deyilir.

Toqdim olunan isda (1) tenliyinin korrekt hall oluna bilan olmasi iiglin tenliyin emsallar:
ilo ifade olunan kafi sortlor tapilmisdir. Qeyd edoak ki, a, =1, n=2 olduqda (1) tonliyi [5] isin-
da baxilmisdir. a, =1, n=2, C -normal operator oldugu halda oxsar masals [6-8] maqalslarin-
da Gyranilmisdir. Xiisusi toramali yiiksak tertibli operator-differensial tenliklsrin birqiymatli,
normal vo fredholm manada hall olunan olmasi masalalari [1-3] maqalslarinds baxilmigdir.

Asagidaki isaralari qabul edak:

L[S um-fa Bcu 0, uew: (rin)

OX i

Ll(aju:iRm S—U+Tu, u(x)eW; (R";H)

OX X,
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Bir sinif ikinci tortib xiisusi toramali operator-diferensial tanliklarin biitiin fazada hall olunmasi haqqinda

ovvalca

L(aaxju— kzn;a k+Cu—f(), xeR" ()

tonliyinin hallolunma masalasini aragdiraq.
Asagidaki teorem dogrudur:
Teorem 1. Tutaq ki, a, >0 voC - 6z-0ziine qosma miisbat-miiayyan operatordur. Onda

(2) tonliyi korrekt hall olunandr.

Isbati. f (x)= f(x,,X,,..., X,) funksiyastmin Furye cevirmasini F(cf) F(fl,éz,..., & )ilo isare
edoak.

u (x)=u (%%, zﬂy Ja(g)ed 3)

-1

gobul edak, burada (¢)= (Zn:ak fz + Cz] F(f) , (X, E) =X &%, &+t X, &

Gostoro bilarik ki, (3) diisturu ils toyin olunanU (x) funksiyasi R"-do sanki har yerda (1)
tonliyini 8dayir. Gostarak ki, u (x) e W, (R”; H ) Bunun iiglin avvalce.

&%u (x)

—el, (R” H ), C?u(x) e L, (R” H )oldugunu gostarak. Planserel teoremina gora
Xk

&0 (¢)el, (R” ; H) vo CA (&)el, (R” ; H) oldugunu gostormak kifayetdir.

Asagidaki barabarsizlik dogrudur:

| (4)

&ha (&)

L(R:H)

(Zak & +c H f(

& (iak & +c2]1f(§) <sup| ¢
k=1

HL R";H =
(RH) ey

Diger torafden C operatorunun spektral ayrilis diisturuna gors istenilon & € R" tigiin alariq:
n n -1

i (3aq-c) ¢ (3 e a )
k=1 k=1

Onda (4) barabarsizliyindan alariq ki,

<sup| & (& a+ 4 )] <t k=121

uea(c)

= sup

peo(c)

(S - =3 OOl e (5)

basqa sozla, £ (&)elL, (R” : H) , k=12...nalargq.

Digor torafden

[T o = Cz[iakéﬁ c? j f() < sup CZ( > a, & +C? j ) ©6)
k=L L(R;H) fERn k=1 ’

Spektral ayrilis diisturundan istifads etmokls istonilon & € R" {i¢iin alariq:

n -1
Cz(Zak §f+C2j < sup < 1,
k=1

peo(c)

-1
n
ﬂz( Tag §k2+ﬂ2]
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naticada (6) barabarsizliyinden
”C2 l"I(g)”LZ(R";»-c)S ” f LZ(R“;H) (7)

alirig. Son naticads (5) va (7) barabarsizliklorindenu (x) eW; (R" 'H )Va

2

_ & d%u(x)
e = 3 2

+HC2u(

L(R";H) ZHék

+HC

< (al:2 + l)H f Hiz(R";H)

L(R";H) LZ(R":H)

L (R";H

oldugunu aliriq. Bu berabarsizlik (1) tenliyinin korrekt hall oluna bilan olmasini gostarir. Teo-
rem isbat olundu.

Indi iso araliq térome operatorlar1 adlanan ifadslorin normasmin giymsatlon-dirilmasi
haqqinda asagidaki teoremi isbat edak:

Teorem 2.Tutaq ki, u (x) e W, (R”; H ) Bu halda asagidaki berabarsizlikler dogrudur:

coux) <c, Lo[aju k=12..n
0%, L(R"H) ox L(R":H)
o
|0, 0ol [ 2 0
(R:m) 0 OX L)

buradaC, =a,*, C,=1, k=1,2,...n.

»
2|

Isbati.Tutaq ki,u (x)eW(R";H) L, ( Ju = f isara etsak alariq:

”V (kz )1 F)d e

Plangerel teoremins gore yaza bilarik:

B @ - o (Saaec] T
Xl fozm) LRH) (8)
—sup QC(iakéfwzj LG .
£eR" k=1 :

Istonilon & € R" iigiin asagidaki berabarsizlik dogrudur:

N E] g 11 g

C'(Zak & +C2j =Sup |« # [zak & +u j <sup ‘étk H (akgkz +,U2)1‘ <sup|a’-a; sou (akgkz +,uZ) <

k=1 H ueo(c) ueo(c) ueo(c)
Y 1 NI
<a’sup | & &ou (ak§k2 +u ) s ak (ak'fk +u ) (aksz *Nz) SEakz )
ueo(c) ueo(c)
Noticoda
1 l
H E 3’ ” L(R";H) ©)
X
L(R"H)

alariq.

Digor torafden alariq:
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[S2u (o) = 17T oy = C[Za éf+02]7 f© <sup

L(RH) geR”

’ H f (X)Hile".H)'

c?[gak §§+c2ji : HF@)HLZ(R";H): (10)

CZ(Zak §f+c2j
k=1

=sup
cer"

C operatorunun spektral ayrilisindan istifades etsok istonilon & € R" tiglin alariq:

Onda (10) barabarsizliyinden alariq:

”C2 u (X) ||L2(R”;H) < ” f

N -1 N -1
Cz(kz_lak §f+C2) =sup yz(kz_lak §f+y2j <1

,uecr(c)

L(RH)

ogar f(x)zg(gju(x) oldugunu nazars alsaq teoremin hokmiiniin dogru oldugunu

alariq. Teorem isbat olundu.
Indi isa (1) tenliyinin korrekt hall oluna bilmasi haqqinda teoremi isbat edak.
Teorem 3.Forz edak ki, girisde gosterilon 1). - 4). sartleri 6danilir, bels ki, Q, ve F ope-

ratorlar1 ti¢in

n L
2a’ Q|+ F[ <1

N |-

q:

sorti 0donilir.
Bu halda (1) tenliyi korrekt hall olunandr.
Isbat. (1) tonliyini asagidaki sekilda gosterak:

LO[%jUJrLl[%ju:f(x), xeR"

burada f (x )eL, (R";H), u(x)ew?(R";H).
Teorem 1-don alinir ki, || ( aaj operatoruW,’ (R” ; H) fozasmi L, ( R"; H) fozasina izomorf
X

inikas etdirir.

Ogor L, [ %ju =w(x)isars etsak, bels ki, w( x )eL,, (R" 'H ), asagidaki tonliyi ala bilerik:

000+ 2 15[ 2 Jol)= 1)

OxX OX
Bu tonliyi L, ( R";H ) fozasinda

ROLE)

operator tonliyi soklinds gostara bilarik.

e
—~
>
N—
Il
—y
—~
x
—

L, (;xj operatorunun izomorfizmindan istifade edarak istonilon «(x)e I_Z(R" ; H) i¢iin alangq:
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n

Src| o2

o o 0
O P L I 11 P R DoLE e *
8X 8X LZ(R”;H) 6)( LZ(R";H) k=1 Lz(Rn?H) L( 'H)
reflen g Batfeg| dretienl

Araliq téroma operatorlarinin normalarinin giymotlondirilmasi hagqinda Teorem 2-don
istifado etsok, alariq:

0 4 i y 1 - i
H L [HJ L (5)() L(rR7H Sé_ ‘QKH 261k b (axju L(R”:H)+
a 1 n 1 a
Arnju (&) |, EEs e |s(E)] -

L =] @(x)

L(rR™H)

1o 1
(3 et Ha IRl ot

Teoremin sortins gora <1 oldugundan E+ Ll(g

5 jLol (%) operatorunun LZ(R”;H) fo-
X

zasinda kesilmaz tars operatorunun oldugunu aliriq.

corlen(EJe(3)] 0
(el S2)] o

oldugunu alariq. Buradan isa

Noticads

yaxud

u

)_constH f

W2(R";H L(rR"H)

oldugunu alariq. Bu ise (1) tenliyinin korrekt hall oluna bilmasini gostarir.
Teorem 3 isbat olundu.

Sonda magqalads hall edilen masslanin qoyulusuna ve masalenin halli zaman gostardiyi
kdmaye gors elmi rohbarim professor H.I.Aslanova 6z derin minnatdarligimi bildirirem.
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AHHOTAL VST

Paborte nccaesyercs ogHa AMHEIHas AByXIIapaMeTpudeckas AVICKpeTHas 3aJada OITHMaAbHOTO YIIPaBAEHI C
HeTAaAKuM KpuTepreM KadecTBa. Y CTaHOBAEHBI Psi/J HeOOXOAMMEIX YCAOBMI ONTUMAaAbHOCTY IIEPBOTO ¥ BTOPOTO
HOPSIAKOB.

Karouesble caoBa: 3agaya oNTUMaAbHOIO yIIpaBA€HUs AVCKPETHBIMU CHICTeMaMl, HeoOXo4uMoe yCcAOBue
ONTNMa/AbBHOCTHY, 0cCO0Oe yIIpaBAeHe, HerAaAKni PYHKIVIOHAA.
ON ONE TWOPARAMETRIC LINEAR NOSMOOTH DISCRETE OPTIMAL CONTROL PROBLEM
ABSTRACT

The paper investigates one linear discrete optimal control problem with a nonsmooth quality criterion. A
number of necessary conditions for optimality of the first and second orders are established.

Keywords: optimal control problem discrete systems, necessary optimality condition, singular control, nons
mooth functional.
XOTTI HAMAR OLMAYAN BIR DISKRET OPTIMAL IDAROETMO MOSOLOSI HAQQINDA
XULASO

Magqaglads bir xatti hamar olmayan keyfiyyst meyarli diskret ikiparametrli optimal idarsetma masalasi tod-
qiq olunmusdur. Optimalliq {i¢iinbir sira birinci ve ikinci tertib zaruri sartlar isbat olunmusdur.

Acar sozlar: Optimal idarsetma problemi diskret sistemler, zoruri optimallik vaziyysti, tek nazarat, qeyri-isiqh
funksional.

1. Bsegenme.Bpabore craButcsa ogHa AMHalHas 3ajada ONTUMMAAbHOTO yIIPaBAEHIS
omnuchiBaeMasl AVCKPeTHBIMU ABYXIapaMeTPUYeCKUMM CUCTeMaMy IIpU IIPeATIOA0XKeHUN
4TO yIIpaBAseMbIli IIPOLeCC SBASeTCs CTylneHdaToi.PaccMorpuBaeMas pasHOCTHas cucreMa
YPaBHEHUIA SBASETCS AVICKPETHBIM aHAaA0TOM AMHEHOTO TUIIepOOANYECKOTO ypaBHEHMUS C
KpaeBbIMH ycaoBusamu I'ypca.llpy 9TOM cumTaeTcs 4To0 MUHMMU3MPYEMBbI, TEPMUHAABHOTO
Tuma, PyHKIMOHAA SIBASeTCsl Heraaakoi.Psaj 3a4ad onTUMaAbHOTO YIIpaBAeHMs AVICKPETHBI-
MU AByXIlapaMeTpU4ecKUMU CUCTeMaMI U3y4JeHbl Harmpumep Bpadore [1].

2. HOCTaHOBKa 3aaa4vn. PaCCMOTpI/IM 3a4aqy (0] MI/IHI/IMyMe TepMI/IHaAbHOTO Cl)yHKI_];I/IOHaAa
2

S(u)=>@;(z(t, X)) (2.1)
i=1

IIpn OTpaHMYIEHIIIX

u,(t,x)eU, cR", (t,x)e D;, =12, (2.2)

92



06 00noti Aunelinoii HezAadKo1l d6yxnapamempu4eckoi UcKpemmnot 3a0ave OnMUMAarbHoz0 YNPasAeHUs

z,(t+1, x+1)= A(t,x)z; (t,x)+ B, (t,x)z, (t +1,x) + 23)
+Ci(t,x)z;(t,x + 1)+ ,(t,x,u;(t,x)), =12,

2,(ty,x)= a(x), x:xo,x0+1,...,X,

7(t %)= A1) t=to,ty +1...t, alx)=Ai(t), (2.4)
2,(t,%)=G(x)z,(t,, x), x:xo,x0+1,...,X,

2,(t.%)=Fo(t), t=tity+1..t, By(t)=Glx)z(t,%).

3aecy D, (Zi ), I =1,2 - sapanusie CKaAsipHbIe (PYHKIIUM, MMeIOI/e IIPOU3BOAHLIE I10
HaIlpaBAEHNsM A0 BTOPOTO MOPsAKA BKAKOYUTEABHO, A (t, X), B, (t, X), C, (t, X), 1=12-
3a/ZaHHBIE (ni XN, ), i=1,2-MeprIe MaTpuuHble (QPYHKLNIM COOTBETCTBEHHO, fi(t,x,ui),
I =1,2 - zagannsie n;, =1, 2-Mepr1e BeKTOP-(PYHKIINY HeIIpephIBHBIE 110 COBOKYITHOCTH
IIepeMEeHHBIX, G(X) — 3aJaHHasd AVCKpeTHas MaTpudHas QyHKINs, O (X), 181 (t ), ﬂz (t) - 3a-
AQHHbIE AVICKpeTHbIE BEKTOP-PYHKIIMI COOTBETCTBYIOIMX pasmeprocreir, U i, 1=1,23aaau-
HbI€ HEITyCThIe ¥ OTPaHIMIeHHbIe MHOXKECTBa, U; (t, X), I =1,2 I -MepHBIe AUCKPETHBIE BEKTOP-
byskuun, a O, (t), I =1, 2 3agannsre CKaAsipHble (YHKLINIM MMeIOIINe IIPOMU3BOJHBIE IIO
A1000My HallpaBA€HMIO A0 BTOPOTO IOpsigKa BKAIOUUTEABHO.

Ormernwm, uto ot Qpyrkimit D; (Zi ), 1=1,2 ne TpeOyeTcs BBIIOAHEHUs ycAoBus u-
InIa.

ITapy U(t, X)= (ul(t, x),uz(t, X)) C BBIIIEIIEPEeYNCACHHBIMY CBOVICTBAMM Ha30BeM JAOIIyC-
TUMBIM yIIpaBACHUEM, a Z(t, X) = (Zl(t, X), Zz(t, X)) — AOIIYCTUMBIM COCTOSHVIEM.

34ech OyayT IOAy4deHBI HEOOXOAVIMBIE YCAOBISI OIITMMAABHOCTY IIEPBOTO U BTOPOTO IOpP-

SAKOB B TEpPMIUHAX IPOU3BOAHBIX IIO HampapaeHuaAM(cM.Hanp.[2,3]). B cayuyae auneitnoro
KpUTepus KayecTsa 40KazaHO HeODXOAMMOe 1 A0CTaTOYHOE YCAOBME OIITMMAaAbHOCTI.

3. ®opMyaa npuUpaneHns: 1 HeOOXOANMBIE YCAOBYSI OIITUMAaAbHOCTH. [1ycTh
(U (t, X), Z(t, X)) (dUKCMPOBaHHBII AOIYCTUMBII ITporLiecc. Yepes
(U(t, X) = u(t, X) + Au (t, X), Z(’[, X) = Z(t, X) + AZ(’[, X)) 0003Ha4MM ITPOU3BOABHBII ITPOLIeCC.

Toraa sicHO, uTO TIpMpaleHNe Az(t, x) COCTOSIHMS z(t, x) OyaeT pellleHNeM caeAyIOLIein

REVE Il
Az (t+1, x+1)= A (t,x)Az (t,x) + B, (t,x)Az, (t +1,x) + o
C,(t,x)Az; (t,x +1)+[f, (t,x, T (t,x)) - f,(t,x,u;(t,x)], =12,
Az (t,X)=0, X=Xg, % +1... X, Az (t,%,)=0, t=tyt,+1...1, (3.2)
AZ,(t,X)=G(X)Az,(t;,X), X=X, X%, +1,..., X

)
AZ,(t,%,)=0, t=t,t +1...t,

Yepes R;(t,x; 7,5), i=1,2 obosHaunm (n; xn;),i =12 MaTpudaHyio GYHKIMIO SBASIOLLY-

I0Ci perenneM ManM‘{HOﬂ paSHOCTHOIﬁ CIICTE€MbI
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Ri(t,x; 7 -1s-1)=Ri(t, x; 7,5)A(z,8)+ B,(t —1,5)R;(t,x; 7 —1,5) +

(3.3)
+Ci(z,s=DRi(t,x; 7,5 -1),
C KPaeBBIMU YCAOBUAMMU
Ri(t,x; 7 -1 x-1)=R;(t,x; 7,x-1)C,(r,x - 1),
Ri(t,x;t—1,s—-1)=R(t,x;t —1,5)B,(t - 1), (3.4)

Ri(t,x;t-1,x-1)=E,.

Toraa pemenne kpaesoii 3agaun (3.1)-(3.2) mo anaaorun [1] MO>XKHO IIpeACTaBUTD B BiAe

-1 x-1

Az (t,X)= 2" D Ry(t, % 7,5)Ag (o) fulz.S) (3.5)

T:to S=Xg

t-1 x-1

Az, (8, %)= D Ry(t, % 7,5)A, (o) Falr, 8]+ Ry (t, X 1y =1 X = 1) 7, (1, X) +
7=t 5=Xy (36)

+ SRt =15 —1)= Ry (t, X t=15) A, (t=15)]Az, t,.5).

5=Xg

C yuerom (3.5) u3 (3.6) OyaeM mmeTh:

t-1 x-1
wzt)= 8 SR, £5)A 0 o]
T=t; S=Xp
-1 x-1
+ 2 YRt X; b, ~LXx—1)G(X)R, (. X; 7,5) A, ) Fy[7,5]+
=ty$=Xg

+ §[R2(t,x; t, —1,5—1)— R,(t,x;t, —1,5) A, (t —1,5)|G(s)x

-1 x-1
x| 2 ZRz(th; T’ﬁ)Aﬁl(r,ﬂ) fl[f’ﬁ]}-
=ty B=Xo

IToaaras

Qt,x;7,5)=R,(t,x; t; —1L,x —1)G(X)R,(t;,X; 7,8) +

1 (3.7)
+ 2[Rt %t —1 8 -1)=Ry(t,x; t, =1 B)Ay(t, ~L8)|G(B)Ry (11, B 7.5),
pP=s+1
BBIIIIEIIPYBEA€HHOE IIpeACTaBAeHIe 3aIlMIChIBAeTCs B BIAE:
t-1 x-1 t=1 x-1
Az,(t,x)= 12 YOt X 7.5)Ag (o) fulrs]+ 2 YR, (1% 7,5)Ay o) o7 8] (3:8)
T=t5=Xp =t $=Xg
Orcroaa s1ICHO, 4TO
-1 X-1
Az, (t, X )= 2" 3 R(t, X; t,X)Ag . fult X], (3.9)
t=ty x=xXo
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t,-1X-1 ty-1X-1
Az,(ty, X)= 2 2ty X5t %) Ag i Fult X1+ 20 2R, (6, X5 7,8) Ay ) Fol7 8]
t=ty x=Xo r=1oS=Xg

HpeAHOAOH(I/IM, 4YTO MHO>KeCTBa

BBIITYKABI ITPU BCEX (t, X).

!

CrienmaspHOe TIPUpaIeHne AOIYCTUMOIO YIIPaBAEHMs U(t, X) = (Ul (t, X), Uz(t, X))

onpeeauM 1o gopmyae
Au,(t,x;8)=v,(t, x; ) —uy(t,x), (t,x)eDy,
Au,y(t,x;6)=0, (t,x)eD,.

(3.11)

34ech € € [0,1] ~ POU3BOABHOE 41Ca0, a Vj (t, X; 8) eU,, (t, X) € D, - npoussoasnoe

AOIIyCTHMOE yIIpaB/AeHle TaKoe, 4TO
Avl(t,x;g) fl(t’ X) = gAvl(t,x) fl[t’ X]' (3.12)
(DTO BO3MOXKHO B C1AY BBIITYKAOCTY MHOXKecTBa (3.10)).

Yepes AZ (t, X; 8) = (AZl (t, X; 6‘), Az, (t, X; 6‘)) 0DO3HAYMM CIIeIMaAbHOe MpUpaIeHe
COCTOSTHUS Z(t, X) = (Zl (t, X), Z, ('[, X)) , oTBevarolee rpuparenuio (3.11) yripasaeHust.

N3 npeacrasaennii (3.9) scHoO, 9TO

-1 X1

A1y, X; €)= 3, D Ryt X; t’X)Avl(t,x) fult, x].

t=t0 X=Xp

t-1X-1

Azy(t;, X €)= 3, 2 Oty X5 t, X)Avl(t,x) fult, x]

t=t0 X=Xg

IToaoxxum

-1 X-1

El(vl) =22 R (t, X; t, X)Avl(t,x) fl[tv X]’

t=ty X=Xg

-1 X1

0,(vy)= 2 ZQ(t21 Xt X)Avl(t,x) fy[t, x]-

t:to X=Xg

Brruncanm CrieniaapHOE IIpupalleHne ClDYHKI_II/IOHaAa Ka4JecTBa C y4eToOM Bpra)KeHI/If/i
aas ((vy), 1=1,2;

AS, (u(t,x))=S(u(t,x)+ 4u(t,x; £))— S(u(t,x)) =
310115, X)+ 416, X )~ 3 4, )]

=[@,(z,(ty, X) + £ £,()) - @y (2, (ty, X))+ [@,(2, (t,, X ) + £, (vy)) - @, (2, (8, X))

Orcioga, ¢ yueToM Ha OcHOBaHUM (POPMYABI 13 paboT, Harpumep, [2, 3] umeem:
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5, (u(t x)= 3, 2l X) éiww(gz). (3.13)

= ati(v) 23 (v

N3 pasaoxxenns (3.13) cpady caeayer, 94To

iaQi(Zi(ti X))o, (3.14)
2 oli(w)
Aaaee, o anaaornu c (3.11) moaosxmum
Auy(t,x; 4)=0, (t,x)eD,, (3.15)
Auy (1, 1) =V, (t, % 1) = U, (t,X), (t,X)€ Dy,
Tae e [0,1] IIPON3BOABHOE UICAO, a vz(t,x;g)eUZ, (t,X)e D, npouspoapHOE 4Mca0
Takoe, 4TO
sz(t,x;y) 1:2 [t’x]:;Usz(t,x) fz[t’x]- (3.16)

3aecp V, (t,X)eU , (t,x)e D, — IpOU3BOABHOE AOIYCTUMOE YIIPAaBAEHIE COOTBETCTBYIO-

Iiee yrpasaeHnio V, (t X; ,u)

Yepes AZ(t, X; ,u) ( ( X; ,u) AZz(t, X, ,u)) 0003HaUMM CIlellaAbHOe IIpupalieHne
COCTOSIHIMS Z(t, X) ( (t ) Z ( X)) V3 npeacrasaennii (3.5), (3.8) sicHo, uTO
Az, (t,x; 1)=0, (t,x)e D, U(ty, X),

t-1 x-1

42, (t,x)= 11 3 3 Ry (1% 7,8) A, ) Fo[r.5].

=t =X

(3.17)

IToaoxxum
t, 1 X1
€3(V2 ) => >R (tz X5 T, S)sz(r,s) f [T’ S]
7=tpS=Xy
U BBIYMCAUM CIIeIIMaAbHOe ITpUpalieHne KpUTepus KadecTsa
48, (u(t, x))=S(u(t, x)+ au(t, x; £)) - S(u(t, x))=D,(z,(t,, X )+ 4z, (t,, X; 1)) -
- @z(zz(tz’ X ))= ¢2(Z (t2: X )+ ﬂfs(vz))_ ‘pz(zz(tz’ X))=

0D, (2,(t,, X)) | p® 3°D,(2,(t, X)) 2 .
0l4(v,) = 2 od(v,) ol o

IIpn gocraTouHO MaabIX LI u3 pasaoxeHus (3.18) caeayer, 4TO BAOAb ONTUMAABLHOTO
poriecca (U ('[, X), Z(t, X))

0P,(25(tp, X)) _ . (3.19)

0l 3(v,)

Cdopmyanpyem pesyabTar.

Teopema3.1. Ecan muoxecrtsa (3.10) BBIITyKABIL, TO A4S ONTUMaAbHOCTH AOITyCTUMOTO
yIIpaBAeHIL u(t, X)z (ul(t, X), uz(t, X)) B 3agaue (3.2)-(3.5) He06X0A1MO, YTOOBI BHITTIOAHSAVICH
cootHotteHus (3.19), (3.24) cOOTBETCTBEHHO A5 BCeX Vl(t, X) elU,, (t, X) eD nv, (t, x)e u,,
(t,x)e D,.
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Jaaum noHsTIIEe 0COBOTO YIIPaBAEHMsSI B PacCMaTpUBaeMoil 3ajade.
Onpeaeaenne 3.1. JonycTumoe yIipaBAeHue u(t, X) = (u1 (t, X), uz(t, X)) Ha30BeM OCOOBIM
[IepBOTO MOpsiAKa yIIpaBAeHreM B 3agade (2.1)-(2.4), ecan aas Bcex Vq (t, X) ey, (t, X) e D,

uVv, (t, X) elU,, (t, X) € D, Boimoansiores cootsetcTBenHO coOTHOIIEHIST

2, 00;(z(t;, X))

=0

igll GIAY

0D, (z,(t,, X)) 0. (3.20)
05(v,)

ITpu Beimoanennn ycaosuii (3.20) u3 paszaoxenui (3.13), (3.18) cooTBeTcTBeHHO, caeayer,

4TO
2, 0%, (z(t;, X)) -0 (3.21)

T o)

0*®,(2,(t2, X)) . . (3.22)
or3(v,)

CdopmyanpyeM 1oaydyeHHbII pe3yabTar.

Teopema3.2. /a5 onITMMaAbHOCTY OCOOOTO, ITEPBOTO MOPsAKa yIIPaBAeHNs
u(t,x)=(u,(t,x),u, (t,x)) B 3aaaue (2.1)-(2.4) B cayyae BbITyKAOCTU MHOXKecTBa (3.10) HeoGX0AMMO,

4TOOBI HepaBeHcTBa (3.21), (3.22) BRINOAHAAMCH COOTBETCTBEHHO A4 BeeX Vy (t, X) € Ul,

(t,x)e D, u v,(t,x)eU,, (t,x)eD,.

Hepasencrsa (3.21), (3.22) aBASIOTCS HEOOXOAMMBIMU YCAOBUAMM ONTUMaAbHOCTHU
BTOPOTO MOPsigKa B TEPMUHAX IPOM3BOAHBIX 110 HaIlpaBACHU M.

4. Heo6x0aMMOe 1 AOCTaTOYHOE yCAOBMe ONTHMMaabHOCTH. IIpearnioaoxum, 4ro B
3agade (6)-(9) MUHUMU3MPYEMBIiT (PYHKIIVIOHAA SIBASIETCS AUHEVHBIM, T.€.

S(u):izzl‘,girzi(tiix)’ (4.1)

rae §;, | =1,2 - zaaanuse n;, I =1 Z-MeprIe COOTBETCTBEHHO, ITIOCTOSIHHbIE BEKTOPHI.

B sTOM cayuae npupamienne Kpurepus Kadectsa (27) 3aI/CBIBAeTCA B BUAE
2
AS(u)=>"g/ Az;(t;, X)-
i=1

Yumnrsisas nipeacrasaenus (2.5)-(2.8), orcioga OyaeM MMeTb:
-1 X-1 -1 X-1

AS(U)=>" D01 Ry(ty, X, t,X)Ag 0 Fult X]+ X D 95 Oty X1, X)Ag o Fult X[+

t=ty X=%g t=ty X=Xg
'[2 -1xX-1

Hh-1x-1
+2. 2.0 R, (t,, X; t'X)AUZ(t,X) f,[t, x]= > Z[gi Ry(t, X5t %)+ g5 O (t,, X, t, %) ]x

t=t; X=Xg t=tyX=Xq

t,—1X -1

X Ag, t,x) Rt x]+ 3 2092 Rolto, X5 t, X)Aﬁz(t,x) fo[t.x].

t=t; X=Xq
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IMoaoxum
Hi(txui v )=y fitxu), =12,
v (tx)=—Ri(t, X;t, x)g; —Qi(t,, X,t,X)g,,
‘//2('[1X):_Ré(t21xit,x)92- (4.2)

Toma cl)opMyAa IIpupaleHns 3alCbIBa€TC B BIIA€e

t,-1 X1

88(U)= =3 XAy 0Haltx 2 (6 DL 6 Xy (60) -
t=ty X=X, 4.3)

t-1X-1 o o o
-2 ZAUZ(I,X)HZ(t’X’ 23 (t, x),u3 (t, X), w3 (t,x)).
t=t; X=xg
ITpnu nomomm ¢popmyanl npupamenus (4.3) paccy>KAeHUsAMY, aHaAOTMYHBIMM HaIlpU-
Mep u3 [1], s0Kka3biBaeTcs

Teopema 4.1. s ONTUMaAbBHOCTU AOIYCTMMOrO ympasaenus (u(t,x),z(t,x)) B 3aaaue

(2.1)-(2.4), (4.1) HeOOXOAMMO U AOCTATOYHO, YTOOBI HEPABEHCTBO

-1 X1

Zt:o X:ZXOAvl(t,x)Hl(t’ X, 23 (t, ) Uy (t, )y (t, X)) <0, (4.4)

t,-1 X1

2 2 Ao Ha (X, 2t x) U, (t x) v, (t, X)) < 0

t=t; x=xg

BBIITOAHAAMCH COOTBETCTBEHHO 4451 BCeX V; (t, X) eU,, (t, X) e Dy, v,(t,x)eU,, (t,x)eD,.

AUTEPATYPA
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HEOBXOAVMMBIE YCAOBUS CYIHECTBOBAHNS TOUKU
PABHOBECHSI I10O H3IIY B MUHMMAKCHOM 3AAAYE
YIIPABAEHUSI CUCTEMAMU I'YPCA-AAPBY

I'IIl. PAMA3AHOBA

baxuncknii ['ocygapcTBeHHbIN YHUBEPCUTET

Mucruryr Cucrem Ynpasaennsa HAH Asepbaitaxana

AHHOTAL VST

PaccmaTtpuBaeTcs 3ajava ONTHMMAaABHOTO VITpaBAeHN: 60./ee yeM IpU ABYX Y4aCTHUKaX, OIVIChIBaeMast CYC-
TeMO¥ HeAMHEeNHBIX TUIIepOOANIecKIX YpaBHEHNI C KpaeBhIMU ycaoBuaMu I'ypca, a Tak)ke MHOTOTOYEUHBIMM
Heraaakumu (QpyHKIMOHalaMM KadecTBa TUITa MakcMyM. IToaydeHBI HeoGXOAMIMBIE YCAOBMS CYIIeCTBOBAHIS TOU-
KM paBHOBecus 1o Hemiy turma npuniuna Makcumyma Ionrpsaruna.

Karouesble caoBa: 3agaua Ha MUHIMaKC, cucreMa I'ypca-ZapOy, MpMHINMIT MaKCUMyMa, aHaA0T YpaBHEH
Ditaepa, aHaaor ycaosust Aexxanapa-KaeOra, Touka pasHoBecns 1o Hamry.

NECESSARY CONDITIONS FOR THE EXISTENCE OF A BALANCE POINT AT NESH
IN THE MINIMAX CONTROL PROBLEM OF GURSAT-DARBUX SYSTEM
ANNOTATION

An optimal control problem with more than two participants is considered, which is described by a system
of nonlinear hyperbolic equations with Goursat boundary conditions, as well as multipoint nonsmooth quality
functionals of the maximum type. The necessary conditions for the existence of a Nash equilibrium of the type of
the Pontryagins maximum principle are obtained.

Keywords: minimax problem, Goursat-Darboux system, maximum principle, analog of the Euler equation,
analog of the Legendre-Klebsch condition, Nash equilibrium point.

QURSA-DARBU SiSTEMLI MINIMAKS MOSOLOSINDS NES MONADA TARAZLIQ
NOQTOSININ OLMASI HAQQINDA ZORURI SORTLOR
XULASO

Maqalada Qursa sarhad sertli, qeyri-xatli hiperbolik tip tenliklerls tosvir olunmus, maksimum tipli goxndqtali
hamar olmayan keyfiyyst meyyarli, ikiden ¢ox istirakc olan optimal idarsetma masalasine baxilmigdir. Nes mana-
da tarazliq néqtesinin varligi haqqinda Pontryaginin maksimum prinsipi formasinda zaruri sartlor alinmigdir.

Acar sozlar: minimax problemi, Goursat-Darboux sistemi, maksimum prinsip, Euler tonlikinin analogu, Le-
gendre-Klebsch vaziyyatinin analogu, Nas balans: noqtasi.

1. BBegenmne. Passutie MaTeMaT4ecKOl TeOPUM ONTUMAaAbHOIO YIIpaBAeHNs CUCTeMa-
MM C paclipejeJeHHBIMI ITapaMeTpaMl HaulHaJach C M3y4eHUs! ONTUMMU3AIIMOHHBIX 3adad
AAs yrpasaseMblx cucteM I'ypca-Zdap0Oy.

Aas 3agau onrrumumsanyy cuctemsl I'ypca-JapOy AV EroposbiM ObLAM IIOAY4YeHBI, OAHUM
U3 IIepBLIX, B KAacce paclpejeAeHHBIX CUCTeM HeOOXOAMMBble yCAOBNS ONITUMaAbHOCTY TUIIA
npuHuuia Makcumyma Ionrpsaruna (cm. [1, 2]). Bnocaeactsum Borpocs! BEIBOa U MCCA€AO-
BaHI: HEOOXOAMMBIX YCAOBUI ONTMMAaAbHOCTM THUIIa HpuHIUINIa MakcumymalloHTpsruna
AAsl 3a4a4 ONTUMAaAbHOTO yrpasaeHus cucreMamu I'ypca-JapOy npu pa3andHbIX IIpeaIioao-
JKeHMSIX paccMaTpuBaAuch B padorax [3-11] u ap. (cM. obzopsr [7, 11-14]).
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B I1I0CcAedH1re roabl 0oabIIIOe BHUMAaHNE yaeAseTcs: 1CCA€A0BaHUIO HEKOTOPBIX 3adad
OIITIMAaAbHOTO YIIpaBA€HN I HETAaAKMMU CUICTEMaMI (C He,ZI,I/ICl)Cl)eIDEHLU/IpyeMI)IMI/I IIpaBbIMMN

qacTsiamMumu ypaBHeHI/Iﬁ CBsI3N1 N1AN 2Ke qDYHKLH/H/I KadyecCTBa IIO BeKTOpy COCTO}IHI/I}I) (CM. Hanp.
[15-19]).

OB630p cooTBeTCTBYIOIINX pabOT MMeeTcsI, HarmpuMep, B [15-19] n ap.

B aannoi1 crathe paccMaTpuBaeTcs O4Ha 3ajada ONTUMAaABHOTO yIIPaBA€HUS 445 HeAU-
HelTHOM yIpaBaseMoli cucteMsl I'ypca-JapOy 6oaee yeM mpu A4ByX ydacTHMKAX C HETAaAKM-
MM MHOTOTOYEUYHBIMY KPUTEPUAMU KadecTBa.

HOAy‘IeHI)I pasanm4Hbie H€O6XO,ZI,I/IMI)I€ yCa0BIYLSI CyHIeCTBOBaHNMA TOYKIM paBHOBECH: IIO
HBH_Iy B (bopMe nprHIOUIIa MakKCMyMa HOHTP}IFI/IHa. M3y‘IeHbI OTA€eAbHbl€ YaCTHbIE CAy4dall.
HOAyLIeHI)I pa3an4HbIE HeO6XO,ZI,I/IMI)Ie YyCAO0BIMSI OIITUMAaAbHOCTY IIE€PBOTO ITOPsIAKa.

2. ITocTaHoBKa 3ajgayvn. HYCTB yiipasasieMas CucreMa OIINMCbIBA€TCI CIICTEMOU HeAU-
HEeIHBIX l"I/Il'Iep60/lI/I‘~I€CKI/IX ypaBHeHI/Iﬁ[

ZtX: f(taszlzt!leullu21u3""’um’y)’ (1)

C Kpa€BbIMM YCAOBUAIMMU prca

Z(tO’X7 Y) = a(X1 Y)’ X € [XO'Xl]’
Z(t,XO,y):b(t, Y)v te[to’t1]7

a(xo’ y): b(t01 Y)~

3aech f(t, X,2,2,,7,,U, y) - 3ajaHHasl N-MepHas BeKTOp-QyHKLNS, HeIIpephIBHasI 10 CO-

(2)

BOKYITHOCTH IlepeMeHHBIX BMeCTe C YaCTHBIMU ITPOM3BOAHBIMU 10 (Z, z,, Zx), yeY cR" —ma-
paMeTp 13 HEKOTOPOIO OIPaHMIEHHOTO U 3aMKHyTOro MHoxecrsa Y < R™, a(x, y), b(t, y) -
3agaHHbIe HellpephIBHbIe BeKTOP-(PYHKITUM 110 COBOKYITHOCTY IIepeMeHHBIX BMecTe € a, (X, y),

b(t,y), u =u (t,x), i=1,m — I -MepHas ynpasasionias GyHKINs yA0BAETBOPSIOIIAs YCAOBIIO

ui(t,x)eUi <R, (t,x)e D=[ty,t,]x[%,, %], i=1,m,
rae U, 3agaHHOe orpaHmnIeHOe MHOKECTBO.

Caeays, nanipumep, [6, c. 1158] BekTop-pyHKLINMIO ui(t,x) Ha30BeM AOITyCTUMBIM YIIPaB-
A€HEM, eCAU OHA YAOBAETBOPSIeT CAeAYIOIIM YCAOBUSM:

1) (t,X) HellpepbiBHa Ha D 3a mckaroueHneM, MOKeT OBITh, KOHEUHOTO YMCAA AVHUL, TAe

AOIIYyCKaIOTCs pa3phIBLI IIEPBOIO poJa.

2) Kaxgas aunus paspsisa U; (t ) X) KyCOUHO-HeIIpephIBHa U ee IlepeceyeHne ¢ 4100011 1psi-
MOJ1, TIapa/AAe/AbHOl CTOpPOHaM IpsAMOyroasHuka D, cocrout m3 koHewHOro 4mcaa To-
9eK AN OTPE3KOB.

[Ipu BRIIOAHEHNM DTUX YCAOBUI KaXKA0MY AOITyCTMMOMY yIIpaBA€HUIO U (t,X) COOTBETC-

TByeT HellpepsIBHOe peruenye z(t,x) cucremsl (3)-(4) mpideM, IPOU3BOAHEIE Z, (t, X), Zx(t, X)

MOIYT UMETDb pa3pbIBbI IIEPBOIO pOda ANIIb Ha XapaKTeplUCTUKaX YpaBHEHIISI (1), I1apaaaeab-
HBIX KOOPAMHATHBIM OCSIM.
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HYCTB 3a4aHbl (l)YHKI_II/IOHa/H)I

S, (sl ) = K, (201, X,) 20T, X2, X)), =1, @

rae ¢,(z,,2,,...2,,y) -3adaHHas HenpeprBHO Anddepertmpyemas 110 (2,,2,,...,2,) B R" xR"

ckaaspHas Qyukuus, a z(T,,X;), i=1n (to <T, <T, <..<T, <t, X, < X; < X, <..< X, le), 3

i =1,k 3azaHHBIE TOUKM.

JoIycTuM, 4TO yHnpaBaeHue uj(t,x) HAXOAMTCSL B PacCIOPsDKEHMN | -TO AuIja (Urpoka

F’j ), IpU4eM KasKAbIV UTPOK F’j CTPeMUTCSI MUHUMU3MPOBATh (PYHKIIMOHAA S J.(ul,uz,...,um).

Caeays nannpumep padoram [20-22 | BBeaem

Omnpeaeaenne. HaGop A0MyCTHMBIX yIIpaBAeHNMIT (uf ,u;’,...,u;) Ha30BeM IIOYKON pas-
Hosecwst 10 Homty aas sagaum (1)-(3) (urpa (1)-(3)) ecan aast kaxxaoro j, j = 1, M BHIIOAHSAETCS

COOTHOIIIEeHIe

(o] o o H o o o 0o (0]
Sj(u1 U, ,...,um): min Sj(ul Uy e Y10l ,uj+1,...,um). 4)
J ]

Hirxe aokasbiBaercs psi4 HEOOXOAMMBIX YCAOBUI CyIIIeCTBOBaHMS TOUKM paBHOBECHs 1O
Homy aa:a urpsr (1)-(3).

3agaun aHaAOTMYHBIe paccMaTpuBaeMoii 3agade (1)-(3) B cayyae OOBIKHOBEHHBIX AMHa-
MIUECKUX CUCTeM C IAajKUM KpuUTepueM KadecTBa paccMaTpMBaANCh HaIlpuMep B paboTax
[21, 22].

3. OcHoBHbIe pe3yabTaThl. B gaabpHenmem c,unrtaeM, uTo B 3agade (1)-(3) cymecrsyer
o - (o] . "
ylIpaBAeHue u‘j’(t,x), COOTBETCTBYIOIIee CeMeNICTBY pelleHNI {z (t,x, y), y €Y | KpaeBon
zagaum (1)-(2).
Bsesem B paccmoTpeHne MHOXKecTBa MaKcMyMOB [16,18]

Yy = {y ey : (pj(z"(Tl, Xio Yoo 2°(Ts X0 ), y)}: rTyEy)(¢'i(ZO(T1' X0, ¥ ) 2°(T, X, V), y).
Mo>KHO 1TOKa3ats, uto Y, j €CTb OTpaHIYEHHOE 1 3aMKHYTOe MHOXeCTBO [18].

Tlycrs (6,&) ety t,)x[%. %), (6,&)=(T,,X,), i =LK mpoussoapHas Touka HerpephBHOCTH

YIIpaBA€HII U?(t,X), ae>0 AOCTaTOYHO MaAao0€ IIPpON3BOAbHOE 9N CAO.

Yepes
v, (t,x)e D, =[0,0+¢&)x[£,& +¢),

5
u?(t,x), (t,x)e D\D, )

0 (t,x;)=us(t,x)+ Auj(t,X;g)z{

o1peaeaAnM «BO3MYIIIEHHOE YIIpaBA€HVEe».

(o] uO

Brruncanm crierinaabHoe npupaienne QyHKIIMOHala S j(uf uy,..,us u

’ j,1! ] ’
Yepes Z(I,X; y,e)z Zo(t,x; y)+ AZ(t,X; y,g) 0003HaUMM «BO3MYIIIEHHBII» BEKTOpP COCTO-

STHUST Z(t, X; y).
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M3 (3)-(4) sicHO, U4TO Az(t, X, y;g) SBASIETCS pellleHreM AVHeapu30BaHHOM 3a4a4n
Az (t,x, yie)= f,(t.x, y)Az(t. X, y; )+ T, (t, %, ¥)Az,(t, X, y; &)+
+ £, (6% Y)AZ (6%, Y5 8)+ Ag 0 F (6% V) + A 0 F (6 X y)AZ(E X, )+

+Ag 10 (t,x, y)Az,(t, %, y)+ Aginfs, (t, X, Y)AzZ, (t, X, y)+ ©
+o,(|Az(t, x, y; &)+ Az (&, x, y; )| + Az, (t. %, y; £)),
Az(ty, X, ¥;6)=0, x[X5, %],
Az(t,%,,Y;€)=0, tetyt,]. 7)
34ech 1 B JaabHeNIIIeM MCII0Ab3YIOTCSI OOO3HaYeHMsI TUIIa
f,(t,x,y)= fz(t,x,z"(t,x,y),zf(t,x,y),z;’(t,x,y),uf(t,x) ..... ur‘;(t,x),y),
f, (t.x,y)= fzt(t,x,z"(t,x,y),zt"(t,x,y),z‘x’(t,x,y),uf(t,x),...,ufn(t,x),y ,
f (%)=, [x2°x y) (6%, ¥), 2%, V)7 (E.X), .. 0 (£, X)),
oftxy)=
= f(t, x,2°(t, %, y), 2°(t, x, y), 22 (t, X, y), uy (t, X),..US (6 ), T (t X), Ul (8 X),.. ud (8, X), y)—
- f(t, X, 2°(t, %, y), 22 (t X, y), Zg (t X, y) uf (t, X)), (8 X), T (8, X),uS, (, X), ... ug (t, ), y),
a BeAn4dlHa 01 () OIIpeaeas1eTcs 13 pa3dA0>KeHNs
F(t,%,2(6,%,Y),2,(6.%,Y), Z, (6%, Y)U2 ()08, (1, %), (€68 )08 4 (t,X),0.., U8, (£,%)) -
- f(t,x,z°(t,x,y),zf(t,x,y),z;’(t,x,y),uf(t,x),...uj?fl(t,x),ﬁj(t X)U® 4 (£, ),.... u;(t,x)):
= £, {t.x,2°(tx, ), 20 (X, ), 2 (b, y )l (t X1 (6,30, (£,5),U0 4 (t,X),.... 08 (£, X))Az(t, X, y) +
+ le(t,x,z"(t,x, V) 228, %, y), 28 (t X, Y) U (t, %) 08, (6, %), T, (8, ), U4 (t, X), - U2 (¢, X)) Az (t, %, y)+
+f, (t, %, 2, %, y), 20 (6, %, Y), 2208 %, ) U2 (t, ), (8 30, T, (8 X), U2, (8, X), ..., UG (8, X)) Az, (8, X, y) +
+o,(|azt, x, y)| + |Az,(t x, )| + Az, (&, x, ).
V3 onieHOK, YCTaHOBAEHHBIX B paboTax, Hanpumep, [4-7] 1 ap. caeayeT, 4TO
|Az(t, x, y; )| < {OL’gz(’t’ )((t),i)Del’Dg D, LD, UD,,
0, (t,x)eD,
|az,(t, %, y;¢)|<q{Le, (t,x)eD, uD,uUD,, 8)

Le?, (t,x)e D,

0, (t,X)eDl,
|Az, (t,x, y;e)|<{Le, (t,x)eD, uD,UD,,
Le?, (t,x)e D,

rae D, D, D,, D;, D, — moamuoxxecrsa npsiMoyroasHnka D mzobpaskeHHsle Ha pricyHKe 1.
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Pucynox 1.

v

> !

Vlcrioansys onjenkn (3.4), Ha ocHOBe (OPMYABI 0O MHTETPAABHOM ITpeACTaBAEHUN pellle-
HUJI AVHEMHBIX TMIIepOOAMYEeCKIX YPaBHeHUI C HyAeBBIMU KPaeBbhIMI YCAOBMAMMY, (CM. HaIIp.
[13, c. 71; 24, c. 118]) npeAcTaBaeHNs pellleHsl KpaeBoll 3adaun (3.2)-(3.3) 3ammcpiBaeTcs B BIAe:

t X
Azt x,y;e)=[ [RUX; 7,8,Y)Ag (o0 f(z.5,y)dsd7 +0fs; 1,X).

ty Xo
Orcioga 110 TeopeMe O CpesHeM CAeAYET, UTO
AZ(Ti Ky Ys 5): & R(Ti W Xis gafaY)ai(e’g)Avj f(g’ég’)’)+0(32)~ )

3aech q(t, x)-xapakrepucrideckas GyHKIms 06aactu [t T,]x[x,, X,], @ R(t,x; 7,,y) = (nxn)
MarpuuHas GpyHKIMs PuMana, A1MHeapu30BaHHON CHCTEMBI, ABASIONIAsCS pellleHeM AByMep-
HOTO MHTEIpaAbHOTO ypaBHeHs BoabTreppa ¢ ognomepHbIMu caaraembeiMu [24, 10].

t X

R(t,x; 7,5,y)=E +”R(t,x; a,B.y)f,(a,B,y)dads +
e (10)

+ [Rtx; a,8.9)1, (a,s,y)da+j‘R(t,x; 7.8.y)f, (z.B.y)dB.

T

Toraa ncroan3yst csorictsa PyHKLIMIL TUIIa MaKCUMyM, (cM. Hatp. [16, 23]) mpu momoru
(9) cnenmaarHOe npuparrenne QpyHKIMOHaAa S J.(uf U3 Y, Y, ,y;’+l,...,u;) IIpeACTaBAsIeTCs B

BILE
AgSj(uf,u;’,...,u;)zSj(uf,ug,...,u‘]{l,uj.’+Auj(t,x;g);...,ur‘;)—Sj(uf,ug,...,u}{l,uj’,...,u;): (10)
_ 2 : afpg(z"(Tl,Xl,y),...,z°(Tk,Xk,y),y) _
=" maxd e (0.¢) 5 R(T,. X; 0,6,Y)x
xAvjf(H,f,y)+o(82).
IToaaras

(22T Xy V) 2° (T, X YDV Y)
0z

5's, u}; e,é,vj,y)=iai 0.5 R(T, X5 0.£,y)7, f(6.6y) (11)

crenuaapHOe pasaoxxenne (10)pyHKIIMOHaAa KauecTsa 3aIllChIBAaeTCs B BIAe

ASSj(uf us ,...,ur‘;)z g? ryr;%?(&Sj(uj’; 0.5V, ,y)+ o(gz).

Yepes K; 0003HauMM MHOKECTBO HETIPepPBLIBHBLIX (PYHKIIMIT g j(y), OTpHUIJaTeAbHBIX Ha

Yo, K, =1g,(y): 9,(y)<0,yeY,}.

103



I'.IIl. Pamasanosa

3 ycaoBuit T1aaK0CTH, HaAOKeHHBIe Ha daHHbIe 3adaun (1)-(4), pyHKL 5lsj(u; 0.8V, ,y)
HerpepbiBHa 110 Y . Kpome toro, ona ne npunagaexut muoxectsy K. ITockoabky B ipoTus-
HOM CAy4ae, He BBIIIOAHSAA0Ch OBl yCAOBME ONTUMaAbHOCTU Agsj(ulo,ulo,_,,,uom)z 0, Ipu AocTa-

TOYHO Maabix & >0.

Scno, uro muoxectso K Bpimykao. [Tockoabky §1Sj(u?; 0.£.v, ,y) ne npunagaexut K,
TO IO TeopeMe 00 OTAEeAMMOCT) BBIIIYKABIX MHOXKECTB HaliAeTCsl AMHeNHbIN HellpepbIBHbIN
dynkimonaa L eC*(Y,) Takoi, 4To

L(dlsj(u‘j’; 0,5V, ,y))z L; (gj(y)) (12)
BBITIOAHSAO0CH A4S BCeX (y)e K;.

MoskHo 1mmoKasarth, uto (cm. [18, c. 1385]) L i 2 0. Aaaee, ucioassys reopemy 06 obuiem

BlIA€ AMHEIHOTO (PyHKIIMOHAaAa, (cM. Hamp. [25, c. 436]), u3 HepaseHcTBa (3.9), moaydaem, 4TO
CyLLIECTBYET HEKOTOpasi Mepa [; (y), cocpeAOTOYeHHasl Ha MHOXKecTBe Yy, 4TO

L(s's, (us: 0.6v,.y)= [ 5%, (s 0.6, y)d (i (y)) 2 0 (13)

s coornommenns L; >0 caeayer, uto y; (y)=o0.

IMToaoxum
[0.6.y)=
K 0 (14)
:_; R(T,, X,; gyéyy)af/?j(Z(Tl,Xl,y)g)./,z (Tk7xkry)’y)ai(9’§)’
H (915’2129,25 LU T ,l//?)z w?’ f (9,§,Z,Zg,§g,ul° u’ ,_,,,um",y)_
Toraa cootnomtenue (3.10) 3armceiBaeTcs B BuAe
[H(O.2.2°0.£.9)23(6.£.y).220.£)2(0.0),..03(0.E0r3(6.£.y).y )0 ()=
= max H(@,e:, 2°(0.¢,y).25(0.£,y),22(0.£,y).u0(0,8),..u5,(0.€)v,, (15)

vieU
i€
Yoi

U84(0.6),...03(0.) w2 (0.2,y).y)duy(y), j=Lm.

3aech | (y) - HexoTopas HeoTpuITaTeABHAS MEpPa COCPEAOTOUEHHAs Ha MHOXKeCTBe Y, -
Aazee, ucrioansys (3.6) mokaspisaeTcs, uTo BeKTOp-QyHKINs v, (0,£,y), onpeieaennas ¢Gop-

myaon (3.11), ssBasieTcs pelieHneM 3ajgadm

Kk o0p'\z° T11X11 s o quxk, ,
W?(@,f,y):_z a,i(gyg) ¢J(Z ( y)az VA ( y) y)+
I (16)

+ H Hz(r,s,z"(r,s,y),zf(r,s,y),z;’(r,s,y),uf(r,s),...,u}’(r,s),z//}’(r,s,y),y)drds +

X

+ j H, (6?,5,2"(49,3, y).22(0,5,y).22(8,5,y).uf (6,5),...u3(0,5)w(0.5,y), y)ds.
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CCl)OpMYAI/IpyeM HOAyTleHHLHZ pesyabTar.

Teopema 3.1. IIpn xaxxaom j= 1,_m AAsl TOUKM paBHOBecus 1o Hamry uj’(t,x) B 3aJdaue
(2.1)-(2.4)c HEOGXOAMMOCTHIO BhiTIOAHsAETCs yeaosue (15), ipu eex (6, &) € [ty 1, )x[Xg, %, ).

Teopema 3.1 sBAsIeTCSI AOCTATOYHO OOIIMM HEOOXOAVMMBIM YCAOBMEM OITUMAaAbHOCTU
IIepBOTO IOpPsIAKA.

3ameuanne 3.1. 3ameTuM, 9TO ; (y) 3aBUCKT, BoOOIIIe ToBOps, oT 6, &,V ;- Ho, xax or-
MeueHO B [18, c. 1386], ¢ TOMOIIILI0O MHOTOTOYEYHON MIOABYATON BapMallMy MOKHO ITOKa-

3aThb, 4YTO ,u(y) MO>KHO BBIOMpATh He 3aBucser ot 6, &, V i

Teneps mpeAI0A0KNUM, YTO BeKTOP-PYHKIILS f(t X,2,Z2,,Z, ,ul,uz,...,um,y) HeIIpepPLIBHO

AnddepeHipyemMa TakKe 110 BEKTOpPY yrpabaeHus U j @ MHOXeCTBa y , j =1,m BBIIyKABIe.

Torga nmpu nomommm reopemsr 3.1 A40Ka3bIBaeTCA

Teopewma 3.2. IIpu caeaaHHBIX TPEAIOA0KEHIISIX AAsI TOTO YTOOBI COBOKYITHOCTD
(ulo ,u;’ ,...,u; OpL1a TOUKOI paBHOBecys 110 Haiy Heo6Xoa1Mo, 4TOOB! IpU Ka’KA0M

1=12,...m ycaosue

J‘6H ’(t,x,z°(t,x,y),zf(t,x,y),zf(t,x,y);f(t,x),ug(t,x),...,u?(t,x),y/j’(t,x,y),y)u?(tlx)dﬂj(y) _

Yo

- max oH (t:X’Z (t.x.y).z (t:X’y),Zx(t,X,y)ayul (£, x)u3(t, x),...,u; (t, x).§ (t,X,Y),y)vj d,(y) (17)
Vi€ i, U

BBITIOAHSIAOCH AASI BCEX (0,§)e [to,tl)x[xo, xl), rae y;(y) — HEKOTOpas HEOTpUILIATeABHAs Mepa,
coCpeJOTOUYeHHAsI Ha MHOXecTBe Y, y/j’(t,x, y) — pellleHNe CONPsI)KeHHOM cucTeMsl (16).
Hakoner paccMOTpyM caydait OTKpBITON 004acTu yripasaeHns. Vimeet mecto
Teopema 3.3. Ecan muoXectsa U OTKDHITEIE, TO 4451 TOYKM PaBHOBECHS (u1° uy ,...,u;)

I10 HE)U_Iy BBIITOAHAIOTCS COOTHOIIIEHA

J-@H (t,x,z°(t,x,y),zf(t,x,y),z;’(t,x,yéﬁf(t,x),u;’(t,x),...,u%(t,x),t//}’(t,x,y), y)dy(y): 0 (18)

Yo i

CoorHoruenve (3.15) ects aHaa0r ypasHeHs1 Ditepa B pacCMaTpUBaeMoil 3ajade.
Caeactsue 3.1. Ecau ripasast 4acTh CICTEMBI YPaBHEHMIT HE 3aBUCUT OT Y, TO A4Sl TOTO
4TOOBI TOUKA (ulo uy ,...,u,‘;) ObL4a TOUKOII paBHOBecyst 110 Hoarry B paccMaTpuBaeMoit 3ajade
HEOOXOAMMO, UTOOHITIPY KaXA0M Aast iouti Beex (1, X) € D Bhimoansiaocs aHaaor ypasHeHist
Diiaepa
oH (t,x,z°(t,x,y),zf(t,x,y),z;’(t,x),uf(t,x),...,u;(t,x),y/;’(t,x))20, (19)
ou;

]

rae w? (t,X) SABASETCS PellleHNeM COIIPSIXKeHHON CUCTEMBI

o(t%) ﬁlaH 7,8,2° )zf(r,s),z;’(r,s),lgz(r,s),ug(r,s),...,u;(r,s),z//}’(r,s))

+T6H (r,s,z (r,s),z,(r,s),z;’(r,s),uf(r,s),u;’(r,s),...,u,‘;(r,s),z//]?(r,s))

oz

t X

drds+

dr+
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+]16H (r,s,Zo(r,s),Zf(r,s),Zf(r,s),uf(r,s),ug(r,s),...,u%(r,s),t//}’(r,s))
0z,

_Jai(tlx)aqo,-(z"(n,xl,y),...,z°(Tk,xk,y),y)
YO

ds —

X

dg, (y).
. u(y)

Caeactsue 3.2. OnTuMaabHbIe yIIpaBAeHN: ,TO €CTh TOUKa paBHOBecus rmoHsimy, B sagaue
y Y,
(2.1)-(2.4) c otkpuITOI 004acTBIO U yA0BAETBOPSIOT IIPY IOYTH BCEX (t, X) € D nepasencrsy

J‘W" 82H(t,x,z"(t,x,y),zf(t,x,y),z‘x)(t,x),uf(t,x),ug(t,x),...,ug(t,x),w}’(t,x), y)W‘ due () <0 (20)

2
% ou ;

PV KKAOM AAsL BCeX W; € R".

CoorHomienne (19) ects aHaaor ypasHeHMs Diiaepa, a HepaBeHCTBO (20) ecTh aHaA0T ycC-
aoBus Aexxanapa-Kaebira, B paccMaTpusaeMoll UTPOBOIL 34ade B IIpolieccax OIVChIBaeMble
HeAVHelIHbIMU cucteMaM I'ypca-JapOy.
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XULASO

Maqalads internet protokollari,onlarin is prinsiplari, asas xiisusiyyatlari, TCP/IP komponentlari, onlarin ne-
zarat sahosi, istifade {invanlari, protokollarin teyinati, dinamik va statik IP adreslari sorh olunmusdur. Qeyd edil-
misdir ki, TCP / IP protokollar: Internetds bir neco ara sobokalor, sliizlor ve marsrutlasdiricilar vasitosilo kompii-
terlor aras1 marsrut tapmaga mosuliyyet dasiyir vo bu marsrutlar boyunca mealumat bloklarinin ehtibarl kogtirtil-
masini tomin edan vasitodir.

Acar sozlar: IP — Internet protocol. TCP — Transmission Control Protocol -Malumatlarin 6tiiriilmasini idare-
edan protokol. OCI-Object Content Information. UDP-Istifadaci Datagram Protokolu. HTTP — HyperText Transfer
Protocol — Hipermatin 6tiiron protokol

VHTEPHET-UAEHTUOPUKAIVSA (ITPOTOKOA TCP / IP)
PE3IOME

B craThe ONMCHIBAIOTCA MHTEPHET-IIPOTOKOABI, MX IIPVHLNIIB PaOOTHI, OCHOBHEIE (PYHKI[MM, KOMIIOHEHTHI
TCP / IP, obaacts yrpasaeHus, ajpeca UCII0Ab30BaHNMsI, Ha3HAYEHIE IIPOTOKOAOB, ANHAMITIECKIE I CTaTHYeCKIe
IP-agpeca. brrao ormedeno, uto rmpotokoasl TCP / IP oTsegaloT 3a OMCK MeXXKOMIIBIOTEPHBIX MapIIpyToB B VH-
TepHeTe yepe3 HeCKOABKO ITPOMEKYTOUYHBIX CeTeli, IIAI030B M MapIIpPyTU3aTOPOB U SABASIOTCS MHCTPYMEHTOM,
obecrieunBalOIINM Mepeady MHPOPMAIIMOHHBIX 010KOB 10 STUM MapUIpyTaM.

Karouesbre caosa: IP - nntepuer-mpoTokoa. TCP - mpotokoa ympasaenns nepegaueir.OCI - IlpoTokoa ymi-
paBaeHns cogep>kuMbiM o0bekra.UDP - mporokoa geitrarpamm noasszosateas. HTTP - mporokoa nepejaun ru-
IepTeKCTa - IIPOTOKO/ IlepeAadyt TUIIepTeKCTa.

INTERNET IDENTIFICATION (TCP / IP PROTOCOL)
ABSTRACT

The article describes Internet protocols, their principles of operation, basic functions, TCP / IP components,
management scope, usage addresses, protocol assignment, dynamic and static IP addresses. It was noted that TCP /
IP protocols are responsible for searching intercomputer routes on the Internet through several intermediate net-
works, gateways and routers and are a tool that ensures the transmission of information blocks on these routes.

Key words: IP -Internet protocol. TCP-Transmission Control Protocol-protocol providing data transmission.
OCI - Object Content Information.UDP - User Datagram Protocol. HTTP — Hyper Text Transfer Protocol.

Giris
Protokol- miixtalif qovsaqlarda eyni saviyyade sebake komponentlori ilo miibadils edan

xobarlarin ardicilligini ve formatini toyin edon qaydalardir. Sads dilde desak, protokol seba-
kada kompiiterloarin bir-biri ils tinsiyyat dilidir.[ 1, 5.388.]

Yoni, miixtalif tipli, miixtalif emaliyyat sistemli kompiiterlarin {insiyati naticasinds orta-
ya uygunluq problemi ¢ixir. Bu problemi aradan qaldirmaq magsadi ile informasiya miibadi-
lasinin tagkili tiglin vahid qaydalar, yeni vahid standart (protokol) islonmisdir.Bu protokolda
TCP/IP protokoludur.
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Internetda iinvanlasdirma(TCP/IP Protokolu)

TCP / IP (Seboka Idarsetma Protokolu / Internet Protokolu) Internet vo digar oxsar sebe-
kalar ticiin istifads olunan gsabaka protokolu yi1gimidir (masalen, bu protokol LAN-da istifads
olunur). TCP / IP miiddati iki protokolu - Transmission Control Protocol (TCP) ve Internet Pro-
tokolu (IP) adlarmni tomin edir. TCP / IP tok bir proqram deyildir, ¢tinki bir ¢ox istifadaci soh-
von inanir. Oksina, TCP / IP bir seboks tizorinde moalumat otiirmak iliglin nazorda tutulmus
birbasa alagali protokollarin biitiin ailesine aiddir ve eyni zamanda sebokenin vaziyyati hag-
gqinda malumat verir. TCP / IP sabakenin bir proqgram komponentidir. TCP /IP ailonin har bir
hissasi xiisusi bir vazifani yerins yetirir: e-pogt gondarmak, uzaq giris xidmatlarinin gostaril-
moasi, fayl gondarilmasi, marsrutlasdirma mesajlar1 ve sabake ugursuzluglarini idare etmak.

TCP / IP protokollariinternetda bir neca ara sebakalar, sliizlar ve marsrutlasdiricilar
vasitasila bir kompiiterdan digarine marsrut tapmaga masuliyyst dasiyir vo bu marsrutlar
boyunca malumat bloklarinin ehtibarli kéciiriilmasinitamin edir [2].

TCP /IP ad1 iki an miihim protokoldan galir:

IP (Internet Protokolu) - malumat paketini node-dan node-a 6tiirmokden masuliyyat
dasiyir. IP hor bir paketin dord bayth toyinat tinvani (IP tinvani) asasinda gondarilir..

TCP (otiiriilon idarsetma protokolu) - miistoridon servers molumatlarin ehtibarlicatd-
irilmasina mosuliyyet dastyir. Malumatlar ara gaboakads ite bilar. TCP/IP protokolusshvlori
va ya itkin malumatlar agkar etmak imkanina malikdir. Naticads, melumatlarin dogru ve tam
gebul edilacayi qadar bir tekrar 6tiirms teleb etmak qgabiliyyastine malikdir..

TCP / IP protokolunun asas xiisusiyyetlori asagidakilardir.
e Taninmus istifadaci xidmatlari tigiin istifads olunan ytiiksak saviyyeli standart protokollar.

e Program ve avadanhglardan asili olmayaraq standartlar1 inkisaf etdirmek ve deyisdirmek
imkanini yaradan agiq protokol standartlari;

e unikal tinvanlagma sistemi;

e istifads olunan fiziki kommunikasiya kanalindan miistaqillik;

TCP / IP protokolu istifadasinin prinsipi OSI modelinda oldugu kimi eynidir, yuxar1 se-
viyyoeli malumatlar asag1 saviyyali paketlors daxil edilir.Paket yuxaridan asagiya dogru hares-
kot edarss,har saviyyads xidmat malumati bir bagliq ve ehtimal ki, bu pakets slave olunur
(mesajin sonunda yerlagdirilon malumat). Bu proses encapsulation adlanir. Xidmat mealumati
uzaq bir kompiiterds eyni saviyyads bir obyekt ii¢iin nazardas tutulub. Onun formati va toyi-
nat1 bu saviyyenin protokollari ilo miiayyen edilir.

Bu dafapaket asagidan yuxar1 qalxarsa,xidmat malumati basliq ve malumatlara boliintir.
Ovvoalce paket baghgr analiz edilir sonra xidmat malumatlar1 ayrilir ve ona uygun olaraq me-
lumat yiiksak saviyyali obyektlorden birine yonaldilir. Yiiksek saviyys 6z novbesinds bu me-
lumatlar tohlil edir va onlar1 bir basliq ve malumatlara boliir sonra bashq tohlil edilir ve yiik-
sok saviyyali xidmat malumatlaria ayrilir. Bu proses biitiin xidmat malumatlarindan azad
olan istifada¢i malumatlar totbiq seviyyesine ¢atdirana qadar yenidan tokrarlanir.Ancaq pa-
ket totbiq seviyyasine catmir. Xiisusils, ager kompiiter gondarici ve alic1 arasinda yolda ara
stansiya kimi iglayirss, obyektin miivafiq saviyyada xidmat malumatimni tahlil edsrkan, bu ss-
viyyada paketin ona tinvanlanmadigini miisyyanlasdirir. Naticads obyekt paketin yonlendi-
rilmasi {iglin zaruri tadbirler goracok hamin {invana gondara biler vo ya sohv mesajla gondo-
rona qayidir. Amma bir ve ya digar sekilde mealumatlarin yuxari seviyyeye catdirilmas: haya-
ta kecirilmayacok.
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TCP /IP hamginin digor iki sas Internet FTP vo Telnet totbigleri ilo yaxindan slagalendi-
rilir. Nohayat, Internetin bir sira asas konsepsiyalarmin biliklori, bu sistemin miirekkebliyinin
daracasini tam olaraq giymatlondirmaye komoak edacak, eyni zamanda, daxili yanma miihar-
rikinin iglomasi ideyas1 avtomobilin qurgusuna hormat hiss etmayinize komak edir.

TCP / IP saboka tizro malumat kommunikasiya protokollarinin ailonin adidir. Protokol,
istehsal olunmus avadanliq ve program teminatinin uygunlugunu temin etmak iigiin biitiin
sirkatlora uygun olmalidir,bu protokolun bir sira qaydalardir. Bu qaydalar, TCP / IP ¢alisan
bir Digital Equipment masininin TCP / IP ils ¢alisan bir Compaq PC ils {insiyyet qurmasini
tomin edir. Biitiin sistemin iglomasi {i¢iin miiayyan standartlar taqib olunarsa, programin va
ya proqramin istehsalgisi olan kimsenin shamiyysti yoxdur. Agiq sistem ideologiyas1 standart
avadanliq ve proqramlardan istifade edir.

Protokol, bir totbigin basqa bir iinsiyyat ilo nece slage qurdugunu miisyyanlasdirir. Bu
program linki dialoga banzayir: "Man size bu mslumati gondariram, sonra meni gondaorir,
sonra onu gondarirem. Biitiin bitlari slave etmak ve timumi naticani geri vermaliyam va prob-
leminiz varsa, mane gondarin miivafiq mesaj. " Protokol, paketin miixtalif hissalarinin malu-
matin Otiiriilmasini necs idare etdiyini miisyyenlagdirir. Protokol, paketin e-poct mesaji, xabar
qrupu moagqalasi vo ya xidmat mesaji olub olmadigmi gostorir. Protokol standartlari, gdzlenilon
gozlonilmaz hallar nezars alinmagq]la tartib edilir. Protokol hamg¢inin sehvlerin idars edilmasi
qaydalarini da shate edir.

TCP / IP-nin istifadasi qlobal Internet ilo mohdudlasmur. Diinyada an ¢ox istifads edilon
sobaka protokollar1 ham boyiik korporativ gabakalards ve hem ds az sayda kompiiter ils yerli
sobakalards istifades olunur.Qeyd edildiyi kimi, TCP / IP bir protokol deyil, ailasi. Niya TCP /
IP termini istifads edirsiniz, baxmayaraq ki, bu TCP ve ya IP-dan basqa xidmate aiddir? Sebe-
ko protokollarmin biitiin ailonini miizakirs edarken adsten {imumi adi istifads olunur. Ancaq
bazi istifadagilor, TCP / IP-ya istinadan, ailenin protokollarinin yalniz bir hissasini nezars alir-
lar: onlar dialogdaki digar terafin na oldugunu basa diisdiiyiinii giiman edirlar.

Oslinda sdhbat movzusuna daha daqiqlik gatirmak {i¢iin xidmatlarin har birini adindan
cagirmaq daha xeyirlidir.

TCP / IP komponentlari

TCP / IP-ye daxil olan miixtalif xidmatlar ve onlarin funksiyalar1 yerins yetirilon tapsiriq
novlarina gors tesnif edils biler. Asagidaki protokol qruplarinin tesviri ve onlarm magsadi.

Noagliyyat protokolu iki masin arasinda malumat 6tiiriilmasini nazarat edir.

e TCP (Transmissiya Idarsetma Protokolu). Kompiiterlarin géndarilmasi ve qabul edilmasi
arasinda mantiqi bir alage asasinda melumat Gtiiriilmasini dastoklayen bir protokol.

e  UDP (Istifadaci Datagram Protokolu). Mantiksal bir slage yaratmadan malumatlarin &tii-
riilmasini dastoklayan bir protokol. Bu, alic1 ve gondaricinin kompiiterlori arasinda avvel-
lor alage yaratmadan mealumatlarin gondarilmasini nazards tutur. Bu mesajin he¢ bir mov-
cud olmadig: teqdirds heg bir zemanat olmadig1 zaman, bazi tinvana poct géndarmakls
bir analoq ¢caka bilarsiniz. (Iki masm ham Internets baglidir, hem ds mantiksal bir slage
vasitasils bir-biri ils {insiyyat etmayacaklor.)

Routing protokollar1 malumatin iinvanlanmasin idars edir ve toyinatin an yaxs: yolunu
miiayyan edir. Onlar hamginin bodyiik mesajlar1 bir ne¢a qisa mesaja bole bilerlar ki, bu da
ardicil otiiriilen ve tayinath kompiiterds vahid bir vahid halina getirilir.
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IP (internet Protokolu). Haqiqi malumat &tiiriilmesini tamin edir.

ICMP (Internet Control Message Protocol). IP-lorin statusu mesajlarmni, masalon, marsrut-
lar1 tasir edan seboake donaniminda olan sshvlar ve dayisikliklar.

RIP (Routing informasiya Protokolu). Bir mesaji ¢atdirmagq {i¢lin an yaxst marsrutu mii-
ayyen edan bir ne¢s protokoldan biri.

OSPF (Open Shortest Path First). Marsrutlar: miiayyan etmak {i¢iin alternativ protokol.
Sebaka tinvani dasteyi, unikal adad va ad1 olan bir magsin miiayyan etmak tigiin bir yoldur.
ARP (Unvanli Coziiniirliik Protokolu).

Agdaki masinlarin unikal adadi tinvanlarini miieyyen edir.

DNS (Domain Name System). Nomralarin tinvanlarini masin adz ile tayin edir.

RARP (Adres Coziiniirliik Protokolunu Geri Qayit). Agdaki masinlarin tinvanlarii mii-
ayyon edir, ancaq ARP-nin tarsina.

Orizo xidmeatloari bir istifadagi (ve ya kompiiter) miixtolif xidmatlora ¢ixis alde etmok {igiin

istifade etdiyi proqramlardir. (Daha atrafli malumat ticiin, bu bélmanin sonraki "TCP / IP
Proqramlar” a baxin.)

BOOTP (Onyiikleme Protokolu), serverden ilk dnyiikleme malumatini oxuyaraq soboka
masinini ¢akir.

FTP (Fayl Aktarimi Protokolu) kompiiterlor arasinda fayllar: 6tiirtir.

TELNET sistema uzaqdan terminalin girisi tamin edir, yoni bir kompiiter istifadagisi bas-
qa bir kompiitera qosula va uzaq bir masin klaviaturasinda ¢alisir kimi hiss eda bilor.

Gateway protokollar1 marsrutlasdirma mesajlarini vo soboke statusu malumatlarini sabe-

ka vasitasils, habels lokal sabakalar {igiin proses malumatlarmi 6tiirmaye komak edir. (Gate-
way protokollar1 hagqinda daha atrafli melumat tigtin bu bélmanin sonrak: "Gateway Proto-
kollar1" na baxin.)

EGP (Xarici Gateway Protokolu) xarici sebokslor ii¢iin marsrut malumatim1 Gtiirmek
uclin istifads olunur.

GGP (Gateway-to-Gateway Protokolu) sifralor arasinda marsrutlasdirma malumatlarmni
otarmoek {ictin istifads olunur.

Daxili sabakalar i¢iin marsrutlasdirma malumatlarin 6ttirmak tigiin IGP (Daxili Gateway
Protokolu) istifads olunur.

Digor protokollar yuxarida gosterilon kateqoriyalara daxil deyil, sebekada miihiim rol oy-

nayir.

NFS (Saboke Fayl Sistemi), uzaq bir kompiiterds yerli masinda oldugu kimi dizin ve fayl-
lar1 istifads etmayo imkan verir.

NIS (Sebaka Informasiya Xidmati) seboks iizerinde birden cox kompiiter istifadagilari
haqqinda mealumat saxlayir ve parollarin daxil olmasini asanlasdirir.

RPC (Remote Procedure Call) uzaqdan tetbiq olunan proqramlarin sads ve effektiv bir
sokilda tlinsiyyeat qurmasimna imkan verir.

SMTP (Simple Mail Transfer Protocol) elektron poc¢tu masinlar arasinda 6tiiran bir pro-
tokoldur. SMTP, ch hagqinda daha atrafli miizakirs olunur. 13 "Internetds e-poct neca
isloayir?"

SNMP (Simple Network Management Protocol) sebake ve onunla alagali qurgularin ve-
ziyyoti barada mesajlar gondaran bir idareetma protokudur.
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TCP protokolu xebarlari porsiyalara boliir. Xsbari iinvana ¢atdirmagq ticiin onu iinvanlas-
dirmaq lazimdir. TCP/IP protokolunda 3 tip invandan istifads edilir: lokal(aparat {invani da
adlanir), IP(internet Protocol) {invan va isara domen adlanir. DNS (Domain Name System) [3].
Internet saboakesina qosulmus har bir kompiiter unikal iinvana malikdir.Internetds verilanlo-
rin otiiriilmesi ticlin raqem IP ve isare tipli tinvanlardan istifads edilir. Sebeks saviyyasinds
paketlar IP tinvanlar vasitasi il otiiriiliir. IP tinvanlar bir-birinden néqts ilo ayrilan ve okted
adlanan 4 adadden ibaratdir. Har bir adad 255-i asmamalidir.Masalen, 104.24.74.190 har hansi
bir kompiiterin IP {invani ola bildiyi halda, 104.258.76.185 isa IP {invani ola bilmaz. Har hansi
miiassisade ofisda sirketds kompiiter interneto qosulmaq iiciin miitlaq IP iinvan1 olmaldir.
IP {invanlar soldan saga oxunur.Unvanin 1-ci hissesi sabokenin, 2-ci hissosi ise qovsagmn ném-
rasini tayin edir. Sabake némrasi xiisusi internet markazinin InterNIC (Internet Network Infor-
masion Center) zomanoti ils tayin edilir.Baglangic iinvan marsrutizatora kompiiterin hansi
sobokoaye aid oldugunu gostorir.Regom tinvami kompiiterlorin miibadilosi zamani istifada
olunur.insanlar arasinda g¢ox zaman isars tipli iinvanlarindan istifads olunur. Onagdra do
sobokada kompiiterlors adlar mansub edilir. Internetds kompiiterlarin {invani DNS(Domain
Name System) adlanan adlarin domen sistemindan istifads olunur. DNS internetds islonmo
prosesinda istifadagilorin isini asanlagdirilir. Internet adlari DNS serveri vasitasila rogom
formasinda ifade olunan haqiqi {invanlara gevrilir. Homin {invanlara IP tinvanlar1 deyilir.
DNS serveri aks ¢evirmani do, yoni IP tinvanin1 domen adina g¢evirmeni des aparir. Bu zaman
kompiiters miiraciat edarken qovsagin rogom tinvanlarini Protokollarin toyinati:

Protokolun ad1 Aclis1 Tayinat1

HTTP Hyper Text Transfer Protocol Hiber matnin 6tiiriilmasi protokolu

FTP File Transfer Protocol Fayllarin 6tiiriilmasi protokolu

SMTP Simple Mail Transfer protocol | Elektron maktublarin étiiriilmasinin sade protokolu
POP3 Post Office Protocol-3 Elektron maktublarin alinmasi protokolu

NNTP News Net transfer Protocol Telekonfrans protokolu

IP iinvan nadir? IP - kompiiteri sabokeds tanidan, miiayyean eden bir menali unikal ném-
radir. IP-iinvan dérd oktetden (raqgemdan) ibarat, noqtalarle ayrilmis raqemlar toplumudur.
Misal {iciin 194.67.67.97 (sonuncu raqemdan sonra noqta qoyulmur). Cadvel 2.7[ 4 ].

Bels iinvanm agcilis1 soldan saga dogru aparilir. Birinci reqem — internet sebekads movcud
olan an iri gebakenin nomrasidir. Ikinci ve tiglincii ragemlar gebekenin ayri-ayri sahalarini
misal {iglin: regional ve ya lokal sabake olmasini gostarir. Sonuncu ragem ise, qosulmus kom-
pliterin 6z ndmrasini oks etdirir.

Har bir ragem 0-dan 255-8 qoadar intervalda movcud ola bilar, bu ise kompiiter dili ilo
desak hacmi 1 bayt ve ya 8 bit olan malumatlar tutumuna uygunluq teskil edir. Beloliklo IP
tinvan 4 bayt ve 32 bitden ibarstdir. Oger sade hesablamalar aparsaq, bir baytin komayi ila
2(8)=256 variant gondarmak miimkiinss, onda 4 baytin komayi ile 2(32)=4 milyard variant
gondarmak olar, bu o demakdir ki, eyni vaxtda internet sobakasine 4 milyard istifadaci qos-
magq olar. Ancaq miiasir tendensiyani, internet istifadagilerin siiratli artimin1 nazars alsaq, o
ctimladen nazars alsaq ki, miiasir texnologiyalar imkan verir ki, internets nainki kompiiter,
elace simsiz smartfonlar, telefonlar, plansetlasr, televizorlar hatta bels soyuducular qosulsun,
onda tinvanlar makani istar-istemaz daralir ve sixliq yaranir. Buna gore ds tinvanlar makani-
nin geniglondirilmasi massalasi ortaya ¢ixir ki , bu da interneti 128 bitli [P-tinvana kegirtmoak
zaruratini ortaya ¢ixardir.
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Birlosdirilmis kompiiterlarin IP {invanlari

D19 |&

192.168.0.1 192.168.0.2 192.168.0.3

IP iinvan teyinat:

Hor hansi bir kompiiter istor noutbooklar istarsade PC kompiiter sobokenin miixtalif qur-
gulari ils tinsiyyat qurmasi tigiin, miitlaq bir IP tinvan1 olmalidir. Iki ctir IP tinvani vardir.Di-
namik vo ya statik IP tinvani. Belo desok nadirstatik ve dinamik IP ve aralarindaki forglor na-
lordir?

IP iinvani va ya ndmra bir kompiiterin belo desok soxsiyyatidir.IP invam Internete qosul-
magq tigiin cihazlar1 birlsgdiran {invanlarmn sayidir.

Hor hansi kompiiteri yandirib ister noutbook olsun istar PC-si olsun har dafe internats
daxil oldugunuzda IP iinvaru sistem terafinden avtomatik olaraq cihaziniza verilir. Bundan
alava Interneto daxil oldugunuz zaman har bir cihaz iigiin IP iinvanlar statik vo dinamik, yoni
sabit vo dayison olur. Umiimiyyatle evlerds istifads olunan IP iinvani dinamik tiplidir. Sirkat-
lordo offislords har hansi miisssisalorda istifade olunan IP {invan statik tipli olur.Har hansi
internet xidmati provayderi (Aztelekom,Telnet,Azedunet va s.)olan miisssalorda sirketlarda
kompiiters uzaqdan daxil oldugunuz zaman IP iinvani statik olmalidir.Har zaman internet
xidmat teminatcisindan statik slaqe {iciin bir IP {invam qorunur ve eyni IP iinvanina daimi
olaraq baghdir.

Dinamik IP adresi

Internets har dafe qosuldugunuzda mévcud olan VPN saytlari torafinden taninan bog IP
tinvanlarma verilon addir.. Dinamik IP némraesi har kas tersfinden paylasila bilmaz ve heg bir
sokilds boliisdiiriils bilmaz. Buna gors, IP sorgu prosesinds kompiiterinizin biitiin msalumat-
larini IP nomrasi ils alds eds bilarsiniz.

Statik IP adresi

Statik IP {invani, daha boytik, offislor,miiassisalor sirkatlor torafinden iistiinliik verilon
IP néviidiir. Dinamik IP-do Internets har dafe qosuldugumuda miixtalif IP némraleri ilo gar-
silasirig,ancaq statik IP iinvaninda belo deyil. IP ndmraniz hamise sabitdir. Onlarin kompii-
terlorine uzaq olmag isteyen sirkatler tigiin, statik IP bu sasbabdan ¢ox vacibdir. Statik IP ve
Dinamik IP tinvanlar1 arasinda forq qoyan an vacib xiisusiyyetdir. Statik bir IP tinvani ilo kom-
pliterinizi FTP server va ya veb server kimi istifads eds bilarsiniz ve kompiiteriniza istonilon
yerda uzaq PC kompiiterlar ilo daxil ola bilarsiniz. Bu, islerini uzaqdan aparmagq idarsetmok
istoyon maggulluq programi olan insanlar {igiin ¢ox faydalidir. Statik IP har hansi miiessisada
sirketdo offislerde internet xidmati olan provayder vasitesiyle internets baglana bilir. Dinamik
IP iso evdalards daha gox istifads olunur ve sizin bagl oldugunuz modem vasitesiyle interneta
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qosula bilirsiz. Belo desak xususilads, internet iizarinden kompiiter, server ve ya kameraya ¢1-
x15 tomin etmak tiglin on optimal variant statik IP-nin istifadasi daha vacibdir ve bu menada
boyiik rahatliq tomin edir.

Statik IP istifada sahalori;

®  oyun server,

° web - domain adi xidmoti,

° e-poct server, uzaq masaiistii idara edilmasi,
° FTP xidmoati,

e video konfrans,

e  Drizo.

Statik IP iinvani iiciin ayrica bir tolab lazimdir statik IP unvanin némrasini har hansi sir-
kotdo miiassisads,ofisslords IT sObasindan olan administratorlar toyin edir va statik IP DHCP
adalan server vasitasiylo paylanilir. Statik IP {invani némrasi toyin olunmadiqda oks halda
kompiiterinize dinamik bir IP némrasi verilocokdir.
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XULASO

Koqnitiv neyrotexnologiyalar, kompiiter lingvistikasi, eloco do neyrolinqvistika bu giin kognitiv psixologiya
sahoasini daha da inkisaf etdirorak, yeni istiqgamatlorin yaranmasina sebab olmusdur. Bu istiqgamatlor son illords
daha da genislanarak, yeni modellarin, terminlorin ve elm sahalarinin yaranmasina serait yaratmisdir.

Qadim zamanlardan insanlar hamise daglarin, caylarin, mesalarin goriinmayen terafinde nalarin oldugunu
Oyrenmoak istomis, oraya gedib catmagin xayalin1 qurmusdu. Ke¢misda bels arasdirmalarin naticesinda yeni torpag-
lar kosf olunmus, xaritaloer yaranmais ve bir ¢ox soharlar salinmisdir.

Bugiin iss, alimlarin tadgiqat sahalarinden biri, bize an yaxim olmasina baxmayaragq, 6z sirli diinyasin bizden
gizli saxlayan, planetlimiz qoder fundamental olan bir obyekti aragdirmaqdir. Bu obyekt — insan beynidir. Umumi
¢okisi taqriban 1400 qram olan bu “qara qutu” inanilmaz giice, yaddasa ve emal siiratine malikdir.

Bu magqalada beyinin 6yrenma prosesi zamani va xarici dilin menimsenmasi zamani insane beynindaki ney-
ronlarin hansi marhelalordan kegdiyi konkret bir misal iizerinden arasdirilib analiz edilmisdir. Linqvistika sahasin-
da, kompiiter texnologiyalarimin genis totbiqi, kompiiter asash torciime proqramlarmin, liigetlarin, dil dyradici oyun-
larin yaradilmasina va siiratlo yayilmasina serait yaratmigdir.

Acar sozlar: kompiiter texnologiyalari, insan beyni, neyron, xarici dil.

THE USE OF COMPUTER TECHNOLOGIES IN LINGUISTIC STUDIES ON
THE EXAMPLE OF FOREIGN LANGUAGE LEARNING

ABSTRACT

Cognitive neurotechnologies, computer linguistics, and neurolinguistics have caused changes in today’s
cognitive psychology. These branches have transformed into more sophisticated and topical areas in recent years
and have given rise to new models, terminology, and scientific areas.

Since ancient times, people have always wanted to know what's happening on the other side of the mountains,
rivers, and forests, and have dreamed of going there. In the past, as a result of these studies, new lands were dis-
covered, maps were created, and cities were built. Today, scientists are investigating the object that is even more
fundamental than our planet, the mystery of all the universe, the closest to us, but keeping its dark world far from
us. This object is brain. This "black box" with a total weight of about 1400 grams has incredible power and proces-
sing speed. The stagesthat neurons in the brain of a learner pass during learning process have been analyzed over
the process of mastering the foreign language. The extensive use of computer technology in the linguistic field has
led to the creation and rapid dissemination of machine learning-based translation programs, vocabulary, and games
on language-learning.

Key words: computer technology, human brain, the neuron, foreign language.

VCIIOAb30BAHUE KOMIIBIOTEPHBIX TEXHOOTUM B AMHI BUCTUYECKUX
NCCAEAOBAHMIX HA IIPUMEPE NM3YUEHMSA MHOCTPAHHBIX SI3bIKOB

PE3IOME

KoruutusHbie HEI?IPOTE‘XHOAOFI/H/I, KOMITbIOTEpHAS AVMHIBUCTUKA U HeﬁpOAI/IHFBI/ICTI/IKa BBI3BAaA I3MEHEHVIST
B COBpeMeHHOﬁI KOTHUTUBHO TICUXOAOTUN. DTU OoTpacAn IIpeBpaTnAncCh B 00/€ee CAOKHBIE U aKkTya/bHbIE obaactu B
1ocaeAHye roApl ” IOpOANAN HOBbIE MOAEAY, TEPMIMHOAOIMIO I HAyYHbIE T€YEHII.

C apeBHIX BpeMeH AI0AM BCerAa XOTeAM 3HaTh, UTO IPOMCXOAUT Ha APYIOil CTOPOHe TOp, peK U AeCOB, I Mey-
TaAM ITOOBIBAaTH TaM. B mpoImiom B pesyabTaTe 9THXIICCAeOBaHNI, OBLAM OTKPBITH HOBBIE 3eMAM, OBLAM CO3AaHBI
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KapThl, 1 OBLAM ITOCTpoeHsl ropoda. CeroaHsa ydeHsle UCCAeAYIOT OOBEKT, KOTOPEIi Jaxke 6oaee pyHAaMeHTaleH,
JeM Hallla I1.1aHeTa, TalfHa BCell BCeA€HHO, KOTOPHIN K HaM OAVKe BCero, HO Aep>KUT HaC Ha PacCTOSTHUM OT CBOETO
TEMHOTO MUpa. DTOT OOBEKT - MO3T. DTO «JEePHBII AMMK» € OOIIM BecoM 0koa0 1400 rpamm 00AajaeT HeBepOosT-
HOJI MOIITHOCTBIO ¥ CKOPOCTBIO 06pabOTKI. DTaIIbl, KOTOPEIe MPOXOAAT HEMIPOHBI B MO3TY yJaIllerocs B IIpoIjecce
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Giris

Insanin unikal verbal (sifahi) iinsiyyst qabiliyysti onu diger canlilardan forqlondirerak,
miirokkab vo abstrakt anlayiglar1 asanligla digoer insanlara &tiirmaye imkan verir. Insanlar
hayatlarinda va tehsillarindeugur qazanmagq, karyera alds emak, basqa bir 6lkaye ko¢mak va
ya sadace olaraq bir dili ve onun istifadagilorinin madaniyyetini sevdiklari tigiin xarici dili dy-
ronirlor. Bununla yanasi, har hansi bir dilin 6yrenilmasi, agil ve beynin inkisafi tiglin olduqca
faydali hesab olunur. Maraqhidir ki, bir xarici dile mitkemmeal yiyslanmakdenss, bir ne¢s dili
orta saviyyoadoe bilmokdaha shamiyyatlidir.Yeni dillorin dyrenilmesi zamani beyinda bas veran
doyisikliklor, bu zaman insan beynindaki neyronlarin diiziilme marhalslori, hansi dillarin
Oyranilmasinin beyin inkisafina daha ¢ox tasir etmasi kimi problemlarin arasdirilmas: boyiik
shamiyyet kasb edir.Maqalada xarici dilin dyranilmesi zamani insan beyni neyronlarinin
tadqiqi ve analizi aparilmagqla slds edilon miiayyen qarsilagdirilmalar gostarilmisdir.

Siini intellekt alomindaki son arasdirmalarin naticasine asasen, yaslanmaga baglayan in-
san beyninin intellekt saviyyesinds bas veran dayisikliklor miixtelif insanlarda miixtalif xa-
rakterlidir. Masalon, idmangilarin maksimum natice gostors bilacoklari ortalama yas dovrii 20
hesab olunsa da, miisyyen vaxtdan sonra bu imkanlar xeyli agag1 diisiir. Insan intellekti iso
oziinlin tam formalasma noqtasine nisbatan gec yaslarda catir. Bszi manbalar insan intellek-
tinin maksumum daracasinin moakteb va universitet yaslarina tesadiif etdiyini, bazilari isa bu
dénamin mohz 40-50 yaslar arasinda oldugunu deyirlar. Umumiyyatls, intellektin dyranil-
masi masalasi, fransiz psixoloqu Alfred Bine tarafinden 1900-cu illerds dyranmsa prosesinds
aziyyet ¢oken usaqlarin {izerinds aparilan elmi diagnostikadan baslanmisdir[1].Homin dovr-
do psixologlar1 yalniz intellekti 6lgma problemi maraqlandirirdi.Alfred Bine 6z hoamkar1 T.
Simon ils birlikds usaqlarin qabiliyystlerini miisyysnlagdirmak {iciin, hal-hazirda Bine-Simon
skalasi adlanan testi hazirladi. Bu test sonradan Bine vo Simon taerafindon dafalarle tokmillas-
dirildi. Ingilis psixoloqu, faktor analizinin miiallifi Carlz Spearman 1904-cii ilds usaqlarmn ga-
biliyyetlarini miisyyenlaesdirmak {iclin iimumi intellekt ideyasin toklif etdi. Sonralar, 1983-
cii ilde Harvard Universitetinin professoru Hovard Qardnerin ¢oxtarafli intellekt nazariyyasi
IQ saviyyesinin &l¢iilmasinin cox mehdud oldugunu gostarmakls yanasi, 8 miixtalif intellekt
noviiniin moévcudlugunu siibut etdi. Bu intellekt névlarinin hamisinin eyni anda bir insanda
olmas1 vo onlarin inkisaf saviyyesinin miixtalif dovrlords forqli seraite uygun olaraq dayise
bilmasi gostarildi[2]. Masalan, Sini¢i Suzukiyapon sripkagisidir. O, usaqglarin musiqi tohsili
tiglin yeni tisul toklif etdirmisdir. Bu tisul, yeni dogulmus korpeys bir yasma gadar her giin
miiayyan klassik melodiyalar1 miitemadi olaraq dinleatmak ve onda klassik musiqgiys qars:
meyl oyatmaga asaslanir. Iki yasinda onlar musiqi alatlari ilo tanis olur, 6-10 yaslarinda iss
Vivaldi, Motsart kimi bastokarlarin asarlerini ifa etmayi dyrenirler. Suzuki musiqi intellektini
nece inkisaf etdirmayin yollarindan birini gostardi, bas diger intellekt névlarini inkisaf etdir-
moyi tohsilde neca totbiq etmak olar?O climladan, lingvistik intellektin rangarangliyi beyni-
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mizdaki neyronlar1 neca dayisir?Dogrudur, dil darslarinde matnlarin dyrenilmasi ve tarcii-
masi, s0z oyunlaryimla ve ingalarin yazilmasi kimi metodlar lingvistik intellektin yiiksaldil-
mosina xidmat edir. Bunlarin sirasina xarici dillorin dyrenilmasi do daxildir. Stibut olunmus-
dur ki, xarici dillerin dyranilmesi,insan beyninds yeni neyronlarin yaranmasina sabab olur,
beynin gipokapm hissasindaki beyin kiitlasinin artimina miisbat tasir edir,insanin diinyago-
riistiniin formalasmasinda énamli rol oynayir, malumatin beyin torafinden alinib emal olun-
masina va dyronma prosesinin yiingiillogdirilmasine gorait yaradir [3].

Maraqhdir, bas beynimiz ne vaxt daha yaxs: inkisaf edir: iki veya daha ¢ox dili orta seviy-
yada bilends, yoxsa bir dili mitkemmal dyrenmis oldugda?

iki dili eyni saviyyada bilon insanlar bilinqvalar, sadacs bir dili miikemmal saviyyada bi-
lonlar iss monolinqvalar adlanir. Yudit Krol (Judith Kroll) 6z eksperimentlarinda bildirmisdir
ki, yalniz bir dilden istifads etsalar ds, bilinqvalar avtomatik olaraq beynin har iki dils cavab-
deh olan hissalarini aktivlesdira bilir. Bazi alimlarin fikirlorine gors, mahz bu mexanizm biling-
valar1 monolinqvalarla miiqayisades idareedici funksiyalar: inkisaf etdirerak tiistiin koqnitiv
elastiklik qabiliyyatlori ntimayis etdirdiklerine gors forqlondirir[4].Nitqin deyilisini (maqsod-
yonlii nitq), hemginin musiqi haraki markezini ve nitqin intonasiya markazini sol yarimkiire-
nin agsag1 alin qirisigimin arxa hissesinds yerloson Broka haraki nitq markazi idars edir. Nitqin
esitmoa markazi iss Vernike markazi adlanir. O, beyin qabiginda sol yarimkiiranin yuxar1
gicgah qirisiginin arxa sahasinda yerlasir[5].

Ana batnindaki usagin beyin kiitlasinin biindvrasi, doliin ilk haftslerinds qoyulur ve usa-
gin beyin inkisafinin 70%-i ana batninds olarken bas verir. Korpaliys bu inkisafin 15 faizi,
moktebaqgadar dovre ise digar 15 faizi diisiir. Belalikls, 6 yasa qadar beyin strukturunun for-
malasmasi yekunlagir. Lakin neyronlarm inkisafi ve beyin kiitlasinin boyiime prosesi hals da-
vam edir. Anadan yeni dogulmus korpeanin beynindaki neyronlar miistaqil sekilds fealiyyat
gostarsalar do, beynin asas isi - ilk 3 il arzinda beyin hissalari arasindaki baglarin(sinapslarin)
mohkamlandirilimasi olur. Bu vaxt arzinds korpanin beynindaki neyronlar 1 saniyads 2 mil-
yona gadar yeni baglanti — sinaps — qurur. Beynin inkisaf miiddatinde sinapslar miirokkable-
sib budaqlanaraq agacsakilli bir formaya gevrilir (sokil 1). Buna gore de beynin an aktiv peri-
odu 0-3 yag donemina tesadiif edir. insan beyninds 100 milyarddan gox neyron var. Onlarin
har biri diger neyronlarla sinapslar vasitasile alage qurur ve bu sinapslarin say1 10 mine godar
ola bilir. Alimlarin hesablamalaria gors, beyin qabigindaki sinapslar1 saymagq {igiin bize 32
milyon il lazimdir! Beyindaki proseslari siini neyron sebekasi vasitasils ilemodellasdirmak va
har hansi bir emsliyyat1 yerine yetirmoleri {igiin modeli 6yratmok lazimdir. Burada, obyekt-
lorin daqiq taninmasiyla yanasi, insan sesinin diger lazimsiz ses-kiiyden ayrilaraq diizgiin
emal edilmasi va Otiirtilmasids boyiik shemiyyet kesb edir.

Sakil 1. Oyronma prosesinds beyin neyronunun inkisaf marhalalori

Beyindoki qavrama prosesinin sadslosdirilmis halini asagidaki addimlarla gostarmak
olar:
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1. Reseptorlar vasitosilo malumatlarin alds edilmasi avvalki tacriibalarle (orijinalla)miiqa-
yiso edilir;

2. Ogor alags yoxdursa, bu ses-kiiydiir ve ona gora do gobul edilmir. Ogar oslagsli bir sey
varsa, bu zaman faktlarin (orijinallardan birinin) taninmasi bas verir;

3. Fakt shamiyyoetlidirss, biz onu xatirlayiriq, yaxud timumilssdiririk. Sonra bu fakta uygun
haroakat edirik. Masalan, danisiriq (cavab veririk) ve ya kodu yaziriq (yaddasimiza yaziriq);
Yadda galan vo tahlil edilmis malumatlarin hacmini azaltmagq {i¢tin o timumilasdirilir;

Xiilase edildikdan sonra, malumatlar yens alagalendirilir va tehlil edilir[6].

Linqvistik, musiqi, mantiqi-riyazi ve ya har hansi digar intellektual gabiliyystlor miixtolif
yollarla aktivlasdirilir.Biz sada bir telim prosesi zamani beyinds na bas verdiyine nazar saldiq.
Ogor dil dyronma ilo bagli danisirigsa, bu proses beyinin sol yarimkiirasindo - Perisylvian bol-
gosinde lokalize olunur. Amma arasdirmalarin naticelarine gors bu prosesds har iki yarim-
kiironin neyronlari istirak edir.Bu sahonin 6n hissasi - Broka markazi, asasen qrammatika vo
sintaksis liglin masuliyyat dasiyir, arxa - Vernike markazi ise sozlarin seslendirilmasini anla-
maga komak edir. Masalen, bir adamin Broka merkazinds zadslenma varsa, o danisa bilma-
yacak va yaxud Vernike markazi zadslenarss, artiq esitdiklarini anlamayacaq (sokil 2)

Sakil 2. Bey?nda nitq zonasi
SO
RGN
)

A

Broka

bolgas

Vernike

@ <\\§\ bolgasi

Bir dil neca qavranilirve yadda qalir ?

Bu magamda dili yadda saxlamaq mexanizmi haqqinda da bahs etmak zaruridir. Hollan-
diyada Maks Plank Psixolingvistika Institutunun direktoru Uilyam Levelt giindelik iglonen
sOzlari yadda saxlama ve onlardan istifade etma zamanu ii¢ asas sistemi tosvir etmisdir:

1) leksik, 2) sintaksis va 3)fonetik.
Birincisi, leksik sistem yalniz biz bir sey demak istediyimizds aktivlesir ve sozlere gors deyil,
onlarin menalarinin izahina gors masuliyyst dasiyir. Buna gors bir s6z tapmaq istayerken
avvolca 0 sOziin manas: duygu orqanlari vasitesile birbasa duyulur.

Sintaksis sistemi danisilan dilin sintaksis qaydalarini (fellorin, hallarin birlosmasi) manaya
totbiq edir. Bu, insanlar arasinda ¢ox iglenen "dilin ucunda" ifadsesi tiglin mesuliyyet dagiyan
moarkazdir, sozii bildiyimizden aminik, lakin hale de onu xatirlaya bilmirik.Homin an soziin
monast bilinir ve sintaksis sistem o soziin aid oldugu dilin s6z formalarindan ibarat s6z segi-
mini igo salir.

Nohayot, li¢lincii markaz - fonetik sistem - saslorin monalara totbiqidir. Bu sistem ise dii-
sonda soziin talaffiizli bas verir.Bazan bir sozii unutdugumuz zaman onu sasler vasitesils xa-
n_nmn

tirlamaga calisiriq, masalon "s" sosi ils baslayir, yaxud icinds "z" sesi var va s. Xatirladigimiz
soslari toplayib sozlari tapmaga calisiriq.
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Yoni, ii¢ movzu var: manalar, onlarla slagali seslor ve ana dili gaydalari. Har {i¢ movzu-
dan biri digeri ils qarsiligh slagadadir.Indi bize xarici dilin niye ana dilimiz kimi asan manim-
sanilmamasi daha aydin olur. Dil yalniz bir s6z vahidi deyil ve onun biitiin hisselari (manasi,
formasi, saslari) beynin miixtalif yerlarinds saxlanilir. Bir xarici dil dyranmakls biz aslinda {i¢
forqli dil sistemini dyranirik.Bu hamginin dil dyrenilmasinds birterafli yanagsmanin-ya yalniz
qrammatika, ya da yalniz danisiq tizerindan dilin manimsanilmasinin niys ise yaramadigini
aydin sokilds izah edir.

Levelt hamginin hesab edir ki, yas ireliladikca bizim dil 6yranma qabiliyyatimiz ve siirs-
timiz azalmir, sadaca dyrandiyimiz dilin beynimizdas olan {i¢ sisteminde malumatlar va birlag-
molar artdigindan moévcud malumati beyinda isleyib hazirlamaq iigiin daha ¢ox vaxt talab
olunur.

Onun bu fikrini bilinqvalar {izerinds aparilan tacriibsler do tesdiq edir. Onlarin bir s6zii
toloffiiz etmo siirati adaton bir dilds serbast danisanlardan daha yavas olur.Lakin siirat, bu ve-
ziyyatds nisbi bir konsepsiya oldugu {iciin, bizim bir saniyada 10-15 hecadan ibarat 2-3 s6z
qura bildiyimizi ve har hansi bir meanani ifades etmak {iciin uygun gslen bir s6z tapmaga or-
talama 0,071 saniys sarf etdiyimizi nazare alsaq, bilinqvalar dark etma prosesinda insanlar heg
doe diger insanlardan yavasdiistinmiirlor[7].

Hazirda dyranilmakds olan dillar ve dil qruplan

Dillsrin roman, german, slavyan ve diger dil qruplarma boliindiiyti melumdur. Bakida
hal-hazirda dyranilmasine an ¢ox talobat duyulan dillori qruplarina gore ayirib onlarin mii-
rokkablik daracasine nazer salaraq bu naticeys gelmak olar ki, eyni qrupdan olan dillerin ve
garmmatikasi asan menimsanilen dillerin dyrenilmesinaiistiinliik verilir. Masalen, talobata
uygun olaraqrus dili(slavyan dili qrupunun sarq bélmasinas aiddir.Buna an yaxin olan isa be-
larus vo ukrayna dilidir.Bu qrupun biitiin tizvleri toaxminen eyni qrammatika, s6z va yazi sis-
temina malikdir),_ingilis dili(German qrupuna aiddir,dilin 6yranilmasi heg bir xiisusi prob-
lem yaratmur, ¢linki heg bir hal kateqoriyasi, sozlerin koordinasiyasi ve cinsiyyat anlayis1 yox-
dur. Ingilis dilinds sdzlerin tolaffiizii vo yazilisinda shemiyyaetli forgler, qaydasiz fellorin isti-
fads edilmasi va s. bu kimi maqamlar olsa da, olduqca asan qrammatikaya malikdir. Beynsal-
xalq alomdao istenilon 6lkada tohsil alma imkanlar: yaradir),alman dili(miiasir texnologiyalar
sahasinda an vacib dillarden biridir. Alman dilinin qrammatikasinin ¢atin manimsanildiyi ise
danilmazdir. Bu dili bazi millstler bir nege sababs gore dyranmakda ¢atinlik ¢akirlar, masalan,
fellor ctimlonin sonunda islonir, heg bir s6zonu yoxdur, onun avezins qosmadan istifads olu-
nur vo s.), ispan dili (roman qrupuna aiddir, kifayat godar sads bir qrammatikaya malikdir,
ham Ispaniyada ham Latin Amerikasi vo Meksikada istifads olunur), italyan dili (Hallarin
olmamas: ve sads talaffiizii onun genis sahalards populyarligini quruyub saxlayir. Bununla
yanast ham de memarliqg, dizayn ve moda sahalsrinda foal sokilds istifade olunmasi da bu dils
marag artirir), fransiz dili (bir nego sozii ingilis dilinds olan sozlers banzayir, ona gors onu
da sada hesab edirlar, fransizlar 18-ci asrds xiisusi populyarliq alds etmisler, ela bu giin ds bu
populyarligi qoruyub saxlayirlar. Bu dil, beynalxalq diller sirasina daxildir, hamginin incase-
nat ve moda dillarindan biridir), ¢in dili (herogliflerin yazilisinda an kigik c1z1q bels yazida
catdirilan malumatin manasinda ciddi dayisikliys sebab ola bilir.Cin dilinds an sads dyranile
bilen sistem onun qrammatikasi, an ¢atini ise toloffiizii oldugu hesab olunur.Bu dilds talaffiiz
zamani tonlar tez-tez dayisdiyindan, intonasiyaya xiisusi diqqst yetirmak lazimdir), yapon
dili (herogliflerin oxsar miirokkab sistemi mévcuddur. Bu dilin forqi ondadir ki, har birinin
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0z olifbasi olan {i¢ yaz1 sistemi var) kimi dilleri dyranmak ve ya dyranmamak har kas {i¢iin
fordi bir masoaladir, lakin gorar vermazdan avval bu xarici dil lehina bir ne¢o miihiim arqu-
mentlo tanis olmaq lazimdr.

Son vaxtlar daha genis talebat olan Azarbaycan dili- Altay dillari ailesinin tiirk dillari $6-
basinin Oguz sinfinin Qarb qrupuna daxildir. Azarbaycan dilini dyronmak bazi xarici vaton-
daslara sads, bazilarina ise ¢atin goriine bilar. Hal — hazirda rus dilli shali azerbaycan dilini
doyronmoak {i¢iin dil kurslarma miiracist edir.Dilimizds harflar ve saslar latin slifbasindan ol-
dugundan, Roman ve German qrupu dillerinde danisanlar Azarbaycan dilini menimsayarken
bir o goder gatinlikls {izlogmirler. Oyrenmsa prosesini asanlagdiran bir diger xiisusiyyat isa cins
kateqoriyasinin olmamasidir. Bu o demokdir ki, s6zlorin sonundaki soxs sokilgilori cinslars
gora forqlonmir ve har iki cinsds eynidir. Alman ve fransiz dillarinda ise hatta artikl bels cins-
lora gora dayisir. Bir diger sade cohati iso odur ki, Azarbaycan dilinds bir soziin igerisinda
ham com, hoam mansubiyyet, hom doa hal sokilgisi islona bilir. Masalan, “kitab-lar-in1z-dan” so-
ziinds bunu asanligla gérmak miimkiindiir. Ingilis dilinda ise bu szl {i¢ s6z avaz edir: “from
your books”. Bu xiisusiyyetts biz koreya ve yapon dillarinds do rast gola bilarik.

Dillari 6yreanmak beyin hacminin artmasina sabab olur

Xarici dil dyrenarken insanmn beyni soziin asl manasinda boytiyiir.Daha daqiq desak,
onun ayri-ayr1 bolgalari - hipokampus ve serebral korteksin bazi hissalari inkisaf edir. Pro-
fessional tarciimacilorin beyinlarinin aragdirma naticalarini derc eden tadqiqatgilar, an az1 {ig
ay bir dilin darinden dyranilmosi ilo masgul olanlar arasinda boz maddenin hacminin artdigin:
va xiisusi aragdirma istirak¢ilariin daha gox soy gostordiyini miisahide etmislor. Bunlarin noe-
ticasinds, boz maddanin hamin tarciimagilarde daha ¢ox nazere carpacaq daraceds artmasi
miisahids olunmusdur[8].

Xarici dillar insanlar1"Alzheimer sindromu"ndan qoruyur

Bilinqvalarda "Alzheimer sindromu"nun baglamasmin teqriban 5 il gecikdiyi deyilir. Ney-
ro-psixologlar komandasi bu naticoys gelmoazden avvel homin sindroma yoluxmus insanlar
arasinda kimlorin xarici dillari bilib-bilmadiyini ayird etmislar. Onlar1 iki qrupa béliib tadqi-
gat apardiqdan sonra, birinci qrupda demensiyanin ikinci kateqoriyadan toxminan 5,1 il daha
gec basladigini agkar etmiglar.

Hbalo avvallar hakimlar bels hesab edirdilar ki, beyni davamli inkisaf etdiren islorle masgul
etmak (buraya riyazi masalaler, davamli oynanan mantiq oyunlar1 va s. daxildir) Alzheimer
sindromunun giiclonmasinin siiratini azaldir. Bu soziigedsn tadqiqat da ele mahz hamin hipo-
tezin tosdiqi oldu. Onu da geyd etmak lazimdir ki, dil dyrenilmaesinin gostardiyi profilaktik
tosir bu xasteliyin miialicasi {igiin istenilon derman vasitalarinden daha giicliidiir [9].

iki vo daha ¢ox dil bilan insanlarin yaxs1 musiqi duymagq qabiliyyati olur

Xarici dil 6yrenmak, beynin 6zii tigiin daha avval izolyasiya edarak ve mahdudlasdiraraq
islomadiyi saslorin bollugunu askar etmasina sebab olur. Cin dilini dyranan bir avropals, "s"
sosi oldugunu diisitindiiyli seyin, aslinda ii¢ forqli ses oldugunu dyrenanda ¢ox teacciiblonir.
Rusca Oyrenan bir ¢inli, ciimlada intonasiya dayisikliklarinin zonginliyi sayasinds, bu dilin ¢in
dilinin heca ve ton miixtelifliyi ile qarsilagdirila bilecayinin sahidi olur.Xarici dilibilen saxs
soslari daha yaxsi tantyir ve daha sonra musiqi alstlarinin manimsenilmasinds daha gox ugur-
lar slds edir. Demali, biz 6z musiqi bacariqlarimiz {iciin esitms orqanlarimizla yanasi, beyni-
miza daborcluyug, ¢linki seslarin taninmasinda bilavasits beyin istirak edir[10].
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Dilcilar bir ne¢a tapsirig1 eyni anda yerine yetirmak bacariqlar ils farqlanirlar

Bir ne¢o dili menimsamis soxslar bir nego tapsiriq arasinda asanligla kegid yarada ve eyni
zamanda bir ¢ox miixtalif problemlari hall eds bilirlor.Bundan slavs, onlar, gozlenilmaz do-
yisikliklore daha siiratlo va asanliqla uygunlasmag: bacarirlar. Bu haqiqati tosbit edon arasdir-
manin miialliflori miixtslif tacriibalor aparmislar. Notice gozlonildiyi kimi olmusdur, genclar
mantiqi problemlari 45-50 va daha artiq yas1 olanlara nisbaten daha yaxs1 hall ediblar. Bunun-
la yanas, iki dilli olanlar ganc, yetkin ve yashilar arasinda els ds ciddi bir ferq ortaya qoyma-
salar da, yash olan iki dilli insanlarin eyni anda ¢ox sayda qarisiq tapsirig1 hall etmak bacariq-
larin1 gqoruyubsaxladiglar: diqgati celb edib. Tebii ki, tadqiqatcilar, insanlarin bu gabiliyyatlars
malik olmalari tigiin, onlarin usaq yaslarindan dillari yrenmaye baslamalarinin ¢ox vacib ol-
dugunu qgeyd edirlar[11].

Dillar yaddas: giiclondirir

Coxdilli bir miihitds boyiiyen usaqlar, kigik yaslarindan yalniz ana dilini esidon usaqlar-
dan daha yaxs1 yaddasa sahibdirler.Ustslik, tadqiqatcilar torafinden miisyyen edilmisdir ki,
bir qayda olaraqg, bu usaqlar beyinlorinda sarbast saya bilirler, daha yaxs1 oxu qabiliyyatlari
v diger bacariglar il diger usaqlardan segilirlor. Iki dil bilan usaglar, hamginin, har hanst
bir obyektin vo hadisalorin ardicilligini daha yaxs: xatirlayirlar. Onlar avvalcoden gordiiklori
bir yeri yadda saxlamaq ve bir isin yerine yetirilmasi ticlin goriilacak islarin siyahisini beyinls-
rinds saxlamaq bacariqglari ilo forqlenirler.Bu forq ilk 5-7 il arzinds 6ziinii gostorir va bir 6miir
boyu davam edir [12].

Iki dil bilan insanlar fikirlarini daha yaxs1 comlays bilirlar

Camiyyat, adatan, ¢ox dil bilon insanlar fikirlari daginiqg, beyinlari daim no ilase masgul
elm adamlar1 kimi tesavviir edir, halbuki bu stereotip haqigatden olduqca uzaqdir. Bunun
oksine, onlar énemli bir hadisenin eyni zamanda ham qaynagimi, hoam ds onun detallarim
hassas bir sokilde incalaye bilirlor. Masalan, iki dili bilon insanlar asas ideyan1 ¢ox tez qavra-
yirlar ve bununla yanas: hamin ideyanin detallarin1 da ayird eds bilirler. Multikultural mii-
hitds yasayaraq bir xarici dil dyranan ali tehsilsiz insanlar haqqinda danigiriqsa, onlarin 6z
ana dilindaki s6z ehtiyati xarici dilds bildiklerinden daha mahdud olur. Ancaq ¢ox dil bilan
insanlar, istonilon halda, ana dilinin mantiqini, xiisusile qrammatika ve soz-formalasdirma
tisullarin1 daha yaxs1 derk eden bir anlayisa sahibdirlar[13].

Kompiiter liigatlarinin dil 6yronmads istifadasi

Miiasir kompiiter texnologiyalariin inkisafi biznes, maliys, marketing, reklam, elm, toh-
sil ve kiitlovi informasiya vasitelarinin da stirstli inkisafina bilavasits tesir edir. Yeni texnolo-
giyalarim tetbiqi ils xarici dillerin Gyrenilmasi prosesinin ssmoraliliyinin artirilmas: tigtin hem
program tominatindan, ham da yeni avadanliq novlerinden genis istifade olunur. Tabii ki, dil
Oyranma prosesinds liigatlarin istifadesi labiiddiir. Hans: liigatlori tanidiqlarina dair dil oy-
ronmoak istayanler arasinda sorgu kegirilsaydi,stzsiiz ki, "Google Translate" cavabi birinci yeri
tutardi. Torctima proqrami hesab edilon "Google Translate"baza saviyyasi olan dil 6yrananler
tigiin bir vaxtlar tovsiyys olunmurdu. Ciinki, izahl liigst hesab edilmadiyi {iciin terciimagi ye-
rina dyradici Longman, Oxford ve Macmillan liigatlari maslahat goriiliirdii. Bu tip ligetlarda
sOzlarin sinonimlari, antonimlari, s6zoniilorle istifadasi ve diger genis qaydalar izah edilir.
Moalumdur ki, hal-hazirda "Google Translate" proqraminin giindslik tarciime bazasinda tox-
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minen 140 milyarddan ibaratsoz ehtiyatindan istifade olunur[14].Matnlarin torctimasinds 103
dilden ve masinli neyrotarciima metodundan istifads edilir.

Sakil 3. Dilin maginl torciimasi

Training

Enghieh Google Neural English
Machine Translation |
Japanese Japanese

Korean Korean

Neyron sebakasindan oncoki terciime metodunda sozlerin qrammatik qarsili§ini1 nazere
alaraq proqram onlar1 oldugu kimi tarciime edirdi.Hal-hazirda soziin terciimasini veran, bir
ne¢s sinonimini siralayan, hatta seslendirilmasini de dastaklayan "Google Translate" matnls-
rin torciims keyfiyyotini daha da artirmisdir.Google Masinli Neyrotarciimo (Google Neural
Machine Translation) asasinda iki istiqamatli rekurrent neyron seboakalari durur.Rekurrent o
demokdir ki, sistem s6ziin manasini bir dncoaki sozlarin sirasina uygun tapir. Neyron soboke-
nin iki istiqamatli olmasi ise onun analiz va sintez eda bilma qabiliyyatini gosterir. Har bir axin
vektor analizi aparan sokkiz tebageden ibaratdir. Birinci axin climleni mana elementlarine
bolerak analiz edir, ikinci ise terciimenin an yaxmn mena ehtimalini hesablayir. Neyron sistem-
larinda an kigik element soziin 6zii deyil, onun fraqmentlari hesab olunur ve bu sistemda
Google Masinlit Neyrotarciima otuz iki min bels fragment istifads edir. Onu da qeyd etmoak la-
zimdir ki, neyron sobakali torctimalarin insan torciimasine an yaxin oldugu askar edilmisdir
(sokil 4).

Belslikls, aydm olur ki, xarici dilin 6yrenilmasins yeni kompiiter texnologiyalarinin miis-
bat tesiri danilmazdir. Siini intellektin an aktual sahasi olan masinli terciimanin istifads etdiyi
modellor, miiasir liigstlarin ve kompiiter torciimos proqramlarinin tarkib hissasidir. Siini in-
tellektin banisinin tebii intellekt, yoni insan beyni oldugunu nazare alsaq, aminlikls deyas biles-
rik ki, xarici dil 6yrenmakls biz, lingvistik texnologiyalar1 daha da tokmillasdirs bilarik. Bela
ki, dyronma zamani yaranan ciddi talebatlar bizi buna sévq edacokdir. Bir ¢ox tadqgiqat¢ilarin
apardig tacriibalars asasen deyo bilarik ki, kompiiterlarin miiasir proqram teminati xarici dil
dyrananlars rahat tinsiyyet va serbastlik verarak, onlarin daxili motivasiyalarini artirir ve yas
moahdudiyystini aradan qaldirir. Bu ise 6z ndvbasinds genc, orta va yash tebaqeni xarici dil
Oyronmonin he¢ do imkansiz vo gec olmadigina inandirir.
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Sokil4. Maginli torciima prosesi

Encoder L5TMs

GPUB e : iy —>C] GPUB

Hlayers
GPU3
GPUZ GRU3
GPU2 GPu2
GPU1

GRUL |

gfix —> y, —F " =y, {

Buradan da har kas tiglin noainki xarici dili, hatta istonilon elm sahasini istonilon yerds

hayati boyu dyronmoyo sorait yaranir.

[11]

[12]

[13]

[14]
[15]

ODOBIYYAT

https://inosmi.ru/world/20150403/227268423.html

Prof.Dr.Vasif Nebiyev, Yapay Zeka Insan- Bilgisayar Etkilsimi, Seckin Yayimcilik, Ankara, 2012, 5.27.
https://infourok.ru/news/primenenie-teorii-mnozhestvennogo-intellekta-52.html
http://indigo-centre.ru/blog/kak-izuchenie-yazyika-vliyaet-na-mozg

“Normal Fiziologiya”, A.M. Mammadov, K.V. Sudakov, Tabib Nasriyyati, Baki, 2011, s. 255
https://habr.com/ru/post/436160/
https://corp.lingualeo.com/ru/2017/07/10/kak-izuchenie-yazyika-vliyaet-na-mozg/

Martensson et al. «Growth of language-related brain areas after foreign language learning». Neurolmage, 2012.
https://special.theoryandpractice.ru/language

J. Krizman et al. «Subcortical encoding of sound is enhanced in bilinguals and relates to executive function
advantages». Proceedings of the National Academy of Sciences of the United States of America, 2012.

B. Goldet al. «Lifelong Bilingualism Maintains Neural Efficiency for Cognitive Control in Aging». The Journal
of Neuroscience, 2013.

J. Morales et al. «Working memory development in monolingual and bilingual children». Journal of Expe-
rimental Child Psychology, 2013.

E. Bialystok, F. Craik «Cognitive and Linguistic Processing in the Bilingual Mind». International Journal of
Bilingualism, December, 2014.

https://ai.googleblog.com/2016/11/zero-shot-translation-with-googles.html
https://www.cossa.ru/trends/196086/

123



124



e o o o 00

>

s N o

INSTRUCTIONS FOR AUTHORS

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

Articles are accepted in English.

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

The name of workplace

Mail address

Abstract and key words

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

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

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

The article must consist of the followings:

Introduction

Research method and research

Discussion of research method and its results

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

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

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

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

a)

b)

10.

11.
12.

Samples:

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

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

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

References should be in 9-point type size.

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

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

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

The article is sent to at least to experts.

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

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



YAZI VO NO9SR QAYDALARI

“Journal of Baku Engineering University- Riyaziyyat vo kompiiter elmlori” - ovvellor nagr 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) iinvanina géndorilmslidir. Gondoarilon
mogqalolords asagidakilara nozors alinmalidir:

Mogqalonin bagligi, miisllifin adi, soyadi,

s yeri,

Elektron tinvani,

Xiilaso vo agar sozlor.

Mogqalads bashq hor xiilasadan avval ortada, qara vo boyiik harflo xiilasslorin yazildigi hor ti¢ dildes
olmalidir.

Xiilasa 100-150 s6z araliginda olmagqla, 9 punto yazi tipi boyiikliiyiindo, moqalonin yazildig1 dildo vo bundan
olavo yuxarida gostorilon iki dildo olmalidir. Moagalonin har ti¢ dilde yazilmis xiilasasi bir-birinin eyni olmahdir.
Agar sdzlor uygun xiilasalorin sonunda onun yazildig: dilds verilmokls an azi ii¢ s6zden ibarat olmalidir.

Magqalads UOT va PACS kodlar1 gostorilmalidir.

Mogqalos asagidakilardan ibarat olmalidir:

Giris,

Tadqiqat metodu

Tadqiqgat isinin miizakirasi vo onun naticalari,

Istinad adebiyyat: rus dilinds oldugu halda orjinal dili m&tarzo icorisinde gdstormoklo yalmz Latin alifbasi
ilo verilmolidir.

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

Manbalar motn igarisinde kvadrat moéterize daxilindo géstorilmoklo mogqalonin sonunda motn daxilindoki
sira ilo diiziilmolidir. Eyni monbays 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, darslik, elmi moqals va s.) asili olaraq verilmolidir. Elmi mo-
qalslora, simpozium, konfrans, vo diger niifuzlu elmi tadbirlorin materiallarina v ya tezislorine istinad edarkon
magqalonin, maruzanin va ya tezisin ad1 gostarilmalidir.

a)
b)

c)

Niimunolor:

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. Il International Conference. ”Higher Twist Effects In Photon- Proton Collisions”,
Baki, 01-03 Noyabr, 2007, ss 384-391

Maoanbolar 9 punto yazi tipi boyiiklitylinds 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 nosra toqdimi asagidak: qaydada aparilir:
Hor mogqallo on az1 iki eksperto gondorilir.
Ekspertlorin tovsiyslorini nazors almaq ti¢iin moaqale miiollifo gdndorilir.

Mogqals, ekspertlorin tonqidi qeydlori miisllif torafindon nozere alindiqdan sonra Jurnalin Redaksiya Heyati
torofindon ¢apa toqdim oluna bilor.
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8.

YAZIM KURALLARI

“Journal of Baku Engineering University- Matematik ve Bilgisayar Bilimleri” dnceler yayimlanmamus orijinal
galigmalari 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 yazildig: dilde verilmekle en az {i¢ s6zciikten 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 gdstermekle yalniz Latin alfabesi ile ve-
rilmelidir.

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

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

Referans verilen her bir kaynagin kiinyesi tam ve kesin olmalidir. Referans gosterilen kaynagin tiirii de eserin tii-
riine (monografi, derslik, ilmi makale vs.) uygun olarak verilmelidir. [Imi makalelere, sempozyum, ve konferanslara
miracaat 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, Vol.51, No.5, p.824-832, 2010
Kitap: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition, Prentice
Hall, p.386-398, 2002

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

Kaynaklarin biiytikliigii 9 punto olmalidir.

9.

10.
11.

12.

13.

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

Orijinal aragtirma eserlerinin tam metni 15 sayfadan fazla olmamalidir.

Makaleler dergi editér kurulunun karari ile yayimlanir. Editorler makaleyi diizeltme i¢in yazara geri génde-
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 igin,(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 MyOIHKYEeT OpUTHHAIBHEIE,
HayYHBIC CTAThU U3 00JIACTH UCCIICIOBAHKS aBTOPA U PaHee HE OITyOIMKOBAHHBIC.

Cratbu TIPUHUMAIOTCS Ha AHTJINCKOM SI3BIKE.

PykomuicH TOIKHBI OBITh HaOpaHs! corsiacHo porpammbel Microsoft Word u oTripasiieHs! Ha 37K TPOHHBIIH
anpec (Journal@beu.edu.az). OtmpasisemMble CTaThH AOJKHBI YIUTHIBATH CIICAYIOIIKE TPABHIIA:

HazBanue ctatbu, uMs U paMUIIHs aBTOPOB
Mecto paboThI

DICKTPOHHBIN a/ipec

AHHOTAIMS 1 KJIFOYEBBIC CIIOBA

3ariaBue CTaThH IIHUIIETCS JIJIA KaXKJI0M aHHOTAaIMU 3arjaBHBIMU 6yKBaMI/I, JKUPHBIMU 6yKBaMI/I U pacrioJjiara-
€TCA TI0 LEHTPY. 3arnaBue u AHHOTAIlMH JOJI?KHBI OBITH TMPEACTABJICHBI HA TPEX SA3BIKAX.

AHHOTAIM, HAIICAaHHAS HA S3bIKE TPEACTaBICHHON CTaThH, NOJKHA coaepkaTh 100-150 crmoB, HaOpaHHBIX
uipudToM 9 punto. Kpome Toro, mpefcTaBisSiOTCs aHHOTAIMK HA BYX JAPYTHX BBINIC YKa3aHHBIX S3bIKAX,
MepPeBOJT KOTOPBIX COOTBETCTBYET COJIEP:KaHUIO0 opUruHaia. KitoueBble ciioBa JOJKHBI ObITh MPEACTABIEHBI
1OCJIE Ka)KI0M aHHOTALlMU Ha €To A3BIKE U COJIEPKaTh 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 ccrmmarorcs Ha paboTy Ha pycCcKOM s3BIKE, TOTJAa OPWUTWHAIBHBIA S3BIK YKa3hIBacTCA B CKOOKaX, a
CCBUIKA JJACTCS TOJIBKO Ha JTATHHCKOM ai(aBUTE.

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

CChUIKH Ha HCTOYHHKH JAI0TCA B TEKCTE IU(POH B KBAIPATHBIX CKOOKAX U PACIIONAraloTcs B KOHIIE CTaThH
B TIOPSIIKE IUTHPOBAHUS B TeKCTe. ECITM Ha OJMH M TOT K€ HCTOYHMK CCBUIAIOTCS JIBa U GoJiee pas, Heo0X0-
JIMMO yKa3aTh COOTBETCTBYIOILYIO CTPAHHILY, COXPaHsS MOPAAKOBBIA HOMep nuTHpoBanus. Hanpumep: [7,
crp.15]. bubmuorpaduueckoe OMMUCaHKUE CCHIITAEMOM JTUTEPATYPHI TOJKHO OBITH POBEIEHO C YUETOM THIIA
UCTOYHKKA (MOHOTpadust, yIeOHHK, HAydHas CTaThs U 1p.). [IpH CCBUTKE Ha HAYYHYIO CTaThiO, MaTepHAIbl CHM-
no3uyma, KOH(GEPEHIINH WK IPYTHX 3HAYAMBIX HAYYHBIX MEPOIPHUATHI JOJDKHBI OBITH YKa3aHbl Ha3BaHUE
CTaThH, JOKJIAJA WK TE3HUCA.

Hanpumep:

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

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

Kongpepenuua: Sadychov F.S, Fydin C,Ahmedov A.l. Appligation of Information-Communication Nechnologies
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CHycoK IMTHPOBAHHOM JIUTEpaTyphl HabupaeTcs mpudToM 9 punto.

10.

11.
12.

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

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

IIpencraBienue cTaThbu K NEYaTH NPOU3BOJUTCS B HUXKE YKA3aHHOM IMOPAJKE:

Kaxnast cTathst mochlIaeTcss HE MEHEe IBYM dKCIIepTaMm.

CraThs MOCHUTACTCS aBTOPY IS yUeTa 3aMeUaHuil SKCTIEPTOB.

Cratbs, mocjie TOTo, KaKk aBTOp ydes 3aMedaHHUs dKCIEPTOB, PEAAKIIMOHHOW KOJUIETHEH XypHalla MOXKET
OBITh PEKOMEH/IOBaHA K MICYATH.
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