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Hoxasana meopema cywecmeoganus peueHus noumu 800y MHO2OMEPHOU CMeudHHOU
3a0auu 01151 00H020 Klacca OU@epeHyuaIbHbIX YPAGHEeHUll Mpembe20 NOPsOKa C HelUHEeUHOU
ONepamopHoll NPAgoU 4acmoio.

KiroueBble ciioBa: cMemanHas 3agada, Meto] dypwe, pelleHne o4ty BCIOLy, alpu-
OpHas OIICHKA.

B pabote n3yuaercss BOIpPOC CYHIECTBOBAHUS PELIECHUSI TOYTH BCIOAY
CJENYIOLIEH MHOTOMEPHO! CMELIaHHOW 3a1a4H:

%_gL(u(t,x)):fi(u(t,x)) (te[0,T]xe), 1)
U0 =p() (xe€Q), u(0,)=p(x) (xeQ), )
u(t,x)|r =0, o

rae 0<T <+00; X=(X...,X,), Q—N-MepHas orpaHuyYeHHas 00JacTh C JA0CTa-
TOYHO Tiaakou rpanuneir S, I'=[0,T]xS;
L 0 ou(t, x
L(u(t. ) - 267(% (0% )]—a<x)u(t, 9, @

=l OX;

npuuém dynxuun  a;(X) (i, ] =1,n) u a(X) M3MepHUMBI U OrpaHUUCHEl B Q) 1
B oOnactu ) yHOBICTBOPSIOT YCIOBHSIM

8,(0=a,(0, 20020, Ya,005, 2a-3 & (= const >0),

ij=l



&, - moOble NeMCTBUTENbHBIE YUCTA; ¢, | - 3aJaHHble QYHKLIMU; F - HEKO-
TOPBIii, BOOOIIIE TOBOPSI, HENMMHEHHBIN onieparop, a U(t, X) - uckomast pyHKIuSI.
[Ipu wuccnemoBanum pemieHus nodtu Beroay 3amadn (1)-(3) Oynem

HOJIb30BATHCS MPUBOJMMBIMU HIDKE KiaccaMu GyHKIUH & U 9, , BBeAEHHbI-

mu K.®@punpuxcom (cm.[8, ¢.38]).
3aMbIKaHHE MHOXKECTBA BCEX HEMPEPHIBHO AubdepeHiupyemMbix Gu-

HUTHBIX B Q (Qynkumii B Hopme W, (Q) HazoBéM kmaccom #(QQ) . OueBmaHO,

aro 9(Q) cW(Q).

O603naunm 4epes 7;(Q;) (Q; =[0,T]xQ) cOBOKYMHOCTH BCeX He-
npepbiBHO Iu(depeHIMpyeMbIX (YHKIMM, PaBHBIX HYJIIO B O -OKPECTHOCTHU
00KkOBOM MoBepxHOCTH ImnuHapa Q;, nMeromen Bua: Qr ; =[0,T]xQ;, rue

()5 ecTb COBOKYITHOCTb TOYEK (), yAan€HHbIX OT IpaHULBLI {2 Ha pacCTOSHHUE,
He Gonbure & . 3ambikanue 2,(Q;) B Hopme W, (Q;) oboznaunm %1(Q;) .

OueBuno, uto J1(Q;) =W, (Q;).
Onpenenenue. Pemennem mnoutu Bcrony 3amaun (1)-(3) HazoBéM

dynkuuo U(t, x) € 9 (Q;), mpuHamnexamyoo npocrpanctBy L,(Q;) Bmecte
€O BceMu cBouMH TiponsBoaubvu U, (t, X), U, (t,X) (i =1,n), U, (&%) (i =1,n),

U, (%) (0, J=1n), U (t.%), Uy, (t.X) (i, j=1n), yrosrerBopmomyio ypas-
HeHuto (1) moutu Bcrogy B Q; M NMPUHUMAOLIYIO HadajbHbIC 3HaueHHs (2)

MO4TH BCIOAY B ).

Crenyer OTMETHTb, YTO MHOTHE 3a/1a4 TCOPUH YIIPYTOCTH, B YACTHOC-
TH, 3aJ1a4a O TPOJIOJIBHOM KOJICOAHHH YIIPYTO-BSI3KOTO HEOJTHOPOIHOTO CTEPIK-
Hs, 3a7a4a O MIPOJOJBHOM yAape aOCOMIOTHO TBEPABIM TEJIOM IO YIPYro-
BSI3KOMY HEOJHOPOJHOMY CTEP)KHIO KOHEYHOH UIMHBI M MEPEMEHHOIo cede-
HUsI, PaclpOCTPAaHEHHE BOJH B BSI3KO-YIPYTrOM Telie, paclpoCTpaHCHHUE HM-
MyJbCOB BJOJb HEPBHBIX aKCOHOB (HEWPOHOB) U JIp., CBOIATCS K PEHICHHUIO
CMEIIaHHBIX 3a7a4 JUTsl Pa3InYHbIX YaCTHBIX CciIydaeB ypaBHeHus (1).

CHauaja OTMETHM HEKOTOpbIC paboThI, CBsi3aHHbIE ¢ 3anauci (1)-(3).

B pa6ore [4] paccMoTpeHa cMeliaHHas 3a1a4a il ypaBHEHUS

Uy (t, X) —aAu(t, x) — Au, (t, X) =
= f(t, x,u(t, x),u, (t, x), 2u(t, x), 2u, (t, X), 2°u(t, ), 2°u, (t, X)) .

IIpn omnpenen€HHBIX CHEHUAIBHBIX YCIOBUAX OTHOCUTEIIBHO HEJU-
HeiiHoW ¢yHKIMKM f 10Ka3aHO CyIIeCTBOBaHME pEIEHHs paccMaTpUBaeMO

3amaum ipu Bcex t>0.



B pa6ore [5] paccmoTpena cMmerianHas 3aaa4a Ui ypaBHEHUs
U, (t, X) —aAu, (t, x) — Au(t, x) = f (t, x,u(t, x))

o p-1
C HCJIMHCUHOCTBIO THUIIA |U| -U. VYka3zansl YCIO0BHUA CYHCCTBOBAHUA TJI0-

0abHOTO C1a00T0 PEIICHHS ATON 3a1a4H.

Hanee, B padorax [1,2,3] paccmoTpen yacTHbIi citydait 3amaun (1)-(3),
KOT/Ia orepaTop 7 , GUrypupyromuii B mpaBoii yactu ypaBuenus (1), sBisercs
orepatopoMm THmna GyHKIH, MopoxAEHHBIM ¢yHKmei f (t,X,u,u,,u,,u,,u,).
B pa6otax [1] u [2] uccinenoBan BOIPOC CYIIECTBOBAHUS U €IMHCTBEHHOCTH
pemienust oyt Bcroay 3agaun (1)-(3), a uMeHHO, KOMOMHHpOBaHHEM 0000-
MIEHHOTO MPHUHIIMIA CKAThIX OoToOpaxkeHuit ¢ mpuHiunom Ilaynepa ans sro-
OBIX pa3MEpPHOCTEH N JI0Ka3bIBACTCSI TEOpeMa CYIIECTBOBAHMS B MaJoM (T.e.
CIIpaBeUIMBas IIPU JIOCTATOYHO MAaibIX 3HAYEHHAX | ) M €IMHCTBEHHOCTH B
uenoM (T.e. crpaBeMBas Ui JIO00r0 KOHEYHOrO 3HA4YEHUs | ) pEIleHHMs
noutH Bcroay 3amaun (1)-(3), a ¢ MOMOIIBI0 METO/Ia aPUOPHBIX OLEHOK IS
Tr00BIX pa3MEepHOCTEH N J0Ka3aHa TeopeMa CYNIECTBOBAHHS B ILIEJIOM pellle-
HUs 1o4TH Beroy 3anaun (1)-(3). A B pabore [3] uccienoBan BOpoc CyIiecT-
BOBaHMs Kiaccuueckoro perrenus 3agaun (1)-(3) u ¢ momomipio mpHuHIUIA
CKaTbIX OTOOpa)KeHUH Ui JIOOBIX pa3MEPHOCTEM N J0Ka3bIBAe€TCs Teopema
CYIIIECTBOBAHHMS B MAJIOM KJIaCCHYECKOTO perieHus 3aaaqn (1)-(3).

C uesnpio UccaenoBaHus perieHus nodytu Bcroay 3amaun (1)-(3) mpu-
BeZIEM HEKOTOpPbhIC H3BECTHBIC (aKThl U YCTAHOBUM psiJi HOBBIX BCIIOMOTa-
TEJBHBIX (PaKTOB.

1. Kak m3BectHO, omepatop L, mopoxaéHHbI AuddepeHnnaTbHbBIM
BeIpakeHueM (4) u kpaeBbiM ycioBueM (3), UMeeT CYETHYIO CUCTEMY OTpHIla-
TENIbHBIX COOCTBEHHBIX YHCEIT

0>-A>-L>.>-2>. (0<A, —>+wnpu S—>o)
U COOTBETCTBYIOLIYIO HOJIHYIO OPTOHOPMUpPOBaHHYIO B L,(C2) cucremy 0600-
EHHBIX COOCTBEHHBIX GyYHKUUH 22,(X), mpuuéM mnox 0000mEHHON C€O00-

CTBEHHOU (pyHKuMei 22, (X) omeparopa L monmmaem Takyro He paBHYyIO TOX-
JIECTBEHHO HYIIO QyHKOUIO 22, (X), KOTopas HPHHAUICKUT Kiaccy Z(Q) u

s robor hyHkun D(X) u3 i/)(Q) YIOBJICTBOPSICT HUHTETPATILHOMY TOXK-

JIECTBY
I Zaij (x) or,(x) 20(x) +a(x)e, (X)D(x) pdx = Aﬁjvs (X)D(x)dx.
ol OX; OX; o
OueBHAHO, YTO KaKI0€ peleHne moutu Beroay 3amaun (1)-(3) umeer Bu:

u(t,x) = u, O, (4), 5)



rae  Uu,(t) =J.u(t,x)vs(x)dx (s=L12,..). Torma, mocie npumeHeHus Qop-
Q

MaJbHOU cxeMbl MeTona Dypbe, HaxoxeHne kKodhpunueHToB dypee U, (t)

HCKOMOTO pelleHus ouTH Bcroay U(t, x) 3agaun (1)-(3) cBoauTcs K penieHuo

cienyromeid CYETHOW CHUCTEMbl HENUMHEHHBIX HHTErpo-auddepeHnnaIbHbIX
YpPaBHEHUN:

u, (t) = o, +/1—:I'2(ZI.—e_)Lgt )l//S +

S

+%JT90Ka@Nb—e%“”}”J@®@T@=12m“€mID' ©)

e g =[p()e, ()i, = (e, (dx.

72N}

2. cxos U3 ornpeiesieHus pelieHus oYty Beroay 3aaayu (1)-(3), mer-
KO JIOKa3bIBACTCS CIIEAYIOIIast
Jlemma. Ecin u(t, X) siBisieTcs pemieHreM mouTH Beroay 3amaaqn (1)-(3)

1 000OMEHHBIE MPOU3BOIHBIC axiaij (x) (i, j,k =1,n) orpanmuenst B Q, TO
K
dyukuun U, (t) (s=12,...) ynonerBopsitor Ha [0,T] cucreme (6).

3. Obo3naunm uvepes By"7'.  cosokynHocTh Beex dymkumid U(t,X)

Buga (5), paccmarpuBaembix B [0, T]xQ, mms KOTOpbIX BCe (YHKIIUH

u, () eC”([0,T]) u
n=3[Ske ool <o

rre 20, 1<, <2 (i 0, I) HopMy B 3TOM MHOECTBE ONpPEACIUM TaK:

||u|| =J; (u) . OgyeBuHO, YTO BCE 3TH IpocTpancTBa Oanaxossl ([7, ¢.50]).

4. TIpumem creayroniue 0003HaYCHUS:

IOV (€)= [ [Zau( )‘3“(t X) VL X)+a(x)u(t,x)V(t,x)}dx,

| OX,; 8xj

9(u(t, ), u(t, X)) = 2(u(t, ) = [ {Za,,( )‘3“(t X) a“a(; X) 4 aul(t, x)}

i,j=1 j
Torma o4eBHIHO, YTO 115 J1t060ro S (S =1,2,...)

@(UZ—(X)J:%@(US(X)):L

S

Taxk kak j1st mo0O0ro HaTypaabHOTO yKcia N

8



0<f(z(t X) Z@(z(t 0, v()) (X)j

S

:@(z(t,x))—Zi{@(Z(t,X),%”s(X))} +

+i{_@(z(t,xxﬂivs(x»} J[ el )] 9(2(t,%) - z[ma ) v(x»}

s=1 s

00

Z[ﬁ(z(t X),— (x))} < P(z(t,x)). (7

s=1
AHaIOTHYHO (7) JTIOKA3bIBACTCSI CIPABEIMBOCTh CIICAYIOIIETO Hepa-
BEHCTBA:

S () < 9 (0w () (8)

Teopema. Ilycts
8;(x) e C®(@) (i,j=1n); a(x)eC?(Q); S eC?; cobeTBeHHBIE DYHKIIMH
2 (X) omeparopa L mnpu rpaHnYHOM yCIIOBUH Q}ZS(X)L =0 TpmwKasl He-
nipepriBHO auddepentmpyemsl Ha Q; o(X) eW,(Q), o(X), Lo(x) e fZJ(Q);
w(X) eW2(Q) N 2(Q) .
2. Oneparop # neiicTByeT u3 mapa JH' (“u W|| , < R) B L,(Q,) HenpepnIp-

HO # orpaHu4deHHo, rie 0 < R <+,

W(t X) Z{q)s-i_ﬂ];z _e;ét]ys}'@as(x)'

=1

<
<R

4. nst kaxgoro U e 91(Q;) F(u) e 91(Q;).
Torma 3amaua (1)-(3) umeer perreHue MOYTH BCIOIY.
Joka3zaTtejbcTBo. CHava a mpuMeM CIIeayolme 0003HaUCHHUS:

2(u(t, X)) = z%j [ue &0 @) L-e 0 lazd e (9, ©)

s=1 % 0 Q

o il



Q(u(t,x)) =W (t, x) +27 (u(t,x)) . (10)
W3 ycnosust 1 nanHo# Teopembl cienyet, uto W (t, X) € B;,T' Ecmu st

kaxaoro U(t,x) e & o6osmaunts 27 (U(t,X)) = ZLTS (t)ee (x), roe
s=1

LIrue e h-e s lozar,

S 00
TO JIETKO MOJYYHTh, YTO IS JIFOOBIX HaTYpaibHbIX S, N ¥ st mo0bix U e J
t<[0,T]:

T, @) S;t—lz-ﬁﬂo , 0 ) <T -a,, (11)

{Z(ﬂ max

s=N

2
N N

a (t)|)2}2 < ﬂ@-{ﬂ[ﬁ(u(t, x))]zdxdt}2 < zﬂ'a‘) , (12)

FW), (QT)} .

N3 cootnomenmii (11) u (12), B cuny teopemsl 1.1 pabotsr [6, ¢.45] o

rae a, = sup{
uesxt

KPUTEPUH KOMITAKTHOCTH MHOKECTB B IMPOCTPAHCTBAaX B ﬂ"w 4T CICIYCT KOM-

o 1
IAKTHOCTb MHOXecTBa #7/ B B;; .

Janee, st M1OOBIX U, 22 € J HMEEM.

Q I, <5
,11 L(Qr) — ﬂi—
S%?ﬂﬁﬂo—ghdh@), (14)

rae onepatop Q ompenenén coornomennem (10).

‘a, <R, (13)

U3 (13) BuaHo, uto onepatop Q npeobpasyert map J B ceds, a u3 (14)
CIIelyeT HEeMPEephIBHOCTH omepaTopa Q B miape J . Takum oOpa3om, orepaTop
Q BmonHe HenpepwIBHO MpeoOpasyeT mwap J B ceds. CrenoBaTeNbHO, B CHILy
npunuumna llaynepa, oneparop Q umeer B mape K C B;T 110 KpalHen Mepe
OJIHY HEeTOABMXKHYI0 ToUKy U(t, X) . ITo onpenenenuro onepatopa Q:

u=0Q(u).
U3 (9) u (10) BumgHO, uto U (L) = ju(t,x)@zs(x)dx , T.€. KO3 PHUIIHEHTHI
Q

dypoe ¢pynkmun U(t,X) mo cucreme {© (X)}., ynosunerBopstor Ha [0,T] cuc-
teme (6). Ilomp3ysick 3TUM, MOKakeM, 4YTO HaineHHas (GyHkmus U(t,X) =

10



:Zus(t)@zs(x) ABJISIETCS penieHneM moutH Bcroay 3amaun (1)-(3). Jlerko
s=1

nokasatb, uto U(t, X) € ¥1(Q; ). Torxaa, B cuity ycioBus 4 TaHHOH TEOpEMBI,

F(u(t,x)) € 21(Q; ) . Monb3ysics 3tim 1 cootHowennem Lo (X) = —A2e,(X)
npeobpazyem (I/IHTerpI/Ipy}I 110 yacTsaMm) cucreMy (6) K clieayroIeMy BUIY:

O e“)ﬂ”ﬁ—H{Za.,(x) 2 () a( S(X)j+

sog ij=1 j A
v (X)

S

+a(X)Z (u(z, x))- }-[1—e‘““”]dxdr, s=12,..;te[0,T].  (15)

W3 (15), none3ysick HepaBerctBamu (8) (s pynkumit w(X), Lo(X)) u
(7) (nns pynxmmnm  z(t, X) = 7 (u(t, X)) ), monydaem:

S (i po. O <3S -0} <50, v, F o7 ]

« %}YX)) : ai;j(—uji()()] +a(x)7 (u(r,x)) - }:X)} dxl df} =

S

< 3~{@(L(p(x), Lo(x) + 2w (), w(x) + T ~]i{@(9(u(r, x)),”;—(x)ﬂ dr} <

i OX OX

i ]

< 3-{ J [iai,- (9 200 20, a(x)(Lco(x»Z}oIX+

+j{2au(x)5w(x) 8;/)(( ) 4 a(y? (x)}dxﬂ j[zn_:aij (x).w_

Q J

: M +a(x)(# (u(z,x)))’ } dxd T} ! o

j

Z(ﬂ - max

s=1

u (t)|)2 <2. {Z(ﬂs W, )2 +% i(]‘{ia“ (X) - 87(2)((1', X)) %

o (”ﬂ( )) +a()F (u(z, ) -2

S

dXJ dr} <2 ||{|—‘//(X))”|_ @

11



+%i§;{@(yw(r'x))’”;—§@ﬂ dr}gz. i{%&%,(a” (X)'aaWT(jX)}—a(X)V/(X)} dx +
+%T£i{i ,( ) OF (U)((T X)) OF (;)ET X))+a(X)(y(U(T,X)))2}dXdT}_ (17)

i,j=1 i j

Taknm o6pasom, u3 (16) n (17) crexyer, uto U(t, X) € B5 ;.

[Mpumem cnemyromye 0003HAUCHUSI:
q
Upq (6 X) =D U (t) e, (%) (1<p<q).
s=p

Tenepb, nonb3ysice HepaBeHcTBoM (18) (mnst k =0,1,2,3) u HepaBeHCT-
BoM (21) (mis r=1) us [8, ¢.84, 88], momyuaem, uro mis mobsix t [0, T] u
1<p<q:

”up’q(t,x)\i’(g) Co 30U, )+ 3,(U, )+ 3,0, )+ 35 (U, ) | <
<C, (U, ) + I (Lu, )+ 3, (U, ) + 3, (Lu, ) | = {Iupq(t X)dlx +

+j(Lupq(tx)) dx+jza”(x) "gx(tx) aupa“(tx) jza.,(x)X

Qi j=1 j Qi j=1

oLy (%) oLy o (4. %) dx} <C, -{Zq:uf(t) EYE L) 2w+

OX: OX.
@)t e Ll (e max
= S s — Y2 6 ﬁf /111 O<teT

n®), @

[ j
A <p

rae C, >0, C, >0 - HeKoTOpbIE IOCTOSIHHBIE YHUCTIA.

u (t)\)z,

— 0 paBaomepno o t €[0,T] npu p,q — +o0.

N3 (18), B cmily CXOAMMOCTH YHCIOBOTO psiia Z(/i - max
0<t<T

CJIETYET, UTO Hu 0 @

CnenoBarenbho, psa  U(t, X) =Zu5(t)@5(x) U PSbl, TOJYYCHHBIC €0
s=1
HOYWIEHHBIM Ju(depeHInpoBaHueM 10 Xj,..., X, TpH pasa, cxomsarcs B L,(Q)
paBHOMepHO oTHOCcHTENbHO t €[0,T].
Janee, monb3ysichk HepaBeHcTBOM (18) (mst k =0,1,2) u HepaBeHCT-
BoM (21) (mns r=1) u3 [8, ¢.84, 88], nonyuaem, uto ans moobix t€[0,T] u
1<p<q:

12



ou,,(t,%)
ot

2
ou ou ou ou
oo s ), fo ).
W) ot ot ot ot

0 0 q s &
+30[L[ ;:'QJJ—I—J{ ;:'QJ}§C4.{Z(U;(:[)) +Z(ﬂ“s‘us(t)) N

s=p s=p

+ i(&s -u;(t))z} <C, {% +1+%} : Zq:(ﬂﬁ : rJ<1ta<>r<|ug(t)|)2 , (19)

rae C, >0, C, >0 - HeKOTOpBIE TOCTOSHHBIC YHCIIA.

U3 (19), B cuiTy CXOAMMOCTH YHCIIOBOTO Pssa Z(ﬁi - max|u (t)|)Z , cre-
1 <t<
ou,,(tx)
JyeT, 4To T — 0 paBHomepro o te[0,T] npu p,q — +o.
W7 (Q)

CnenosatensHo, pag U, (t,X) :Zu;(t)@zs(x) U DSIZIbI, TIOJIyYE€HHBIE €ro Io-
s=1

4IeHHBIM TH((GEepeHIIPOBaHUEM O X,,..., X, [Ba pasa, cxomarcs B L,(Q)
paBHOMepHO oTHOcuTenbHO t €[0,T].
Kak BuaHo u3 orenok (18) u (19):
ut,x) eCO.TIWE(Q)), u,(t,x) eC([0,TIW2 ().
Janee, u3 cucremsl (6) nerko monyunts, uto Vi €[0,T] u HaTypaabHO-
ro N, mouru Bcrony B (2:

—azugt(}x) —§<L<uNa,x>)=§( j W(U(t,f))vs(f)df}vs (), (20

rae uN(t,X)=ius(t)ws(X). Tak xak Vte[0,T] F(u(t,x))eL,(®), To me-

peiinsa k mpexeny no merpuke L,(€) B obenx wactsax (20), momydaem, 4to
Vvt €[0,T] moutu Bcroay B Q

ou(t,x) @ s
a2 o (L(u(t,x)) =7 (u(t,x)).

Orcroma cienyer, uto U, (t,xX) €L, (Q;) u dynkums u(t,X) ymosmerBopsier

noutu Bewoay B Q; ypaBHenuio (1). A HauanbHble ycnoBusi (2) yaoBieT-
BOPSIIOTCS B elié 6osiee CHIIBHOM CMBICIIE, @ HMEHHO:

uct, x) _(P(X)”w; @0 u, (¢, X)—W(X)”WZZ @ 0 mpu t—+0.
Takum obpasom, QyHkims U(t,X) SBISETCS PEIICHUEM MOYTH BCIOIY
3amgaun (1)-(3). Teopema gokasaHa.

13
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BiR SINiF UCUNCU TORTIB QEYRI-XOTTi DIFERENSIAL TONLIKLOR UCUN
QOYULMUS COXOLCULU QARISIQ MOSOLONIN TODQIQI

S.C.OLIYEV, A.Q.OLIYEVA
XULASO

Isdo sag torafi geyri-xatti operator olan bir sinif tiglincii tartib diferensial tonliklor tigiin
goyulmus coxodlcult garisig maselanin sanki har yerds hollinin varhigi hagqinda teorem isbat
edilmigdir.

Acar sozlar: garisig meselo, Furye metodu, sanki har yerds hall, aprior giymetlondirms.

THE STUDY OF MULTIDIMENSIONAL MIXED PROBLEM FOR ONE CLASS
OF THIRD ORDER NONLINEAR DIFFERENTIONAL EQUATIONS

S.JALIYEV, A.QALIYEVA
SUMMARY
The existence theorem of almost everywhere solution of a multidimensional mixed
problem for one class of third order differentional equations with nonlinear operator on the
right-hand side has been proved.

Key words: mixed problem, Fourier method, almost everywhere solution, a priori estimate.

Hocmynuna 6 peoakyuro: 03.02.2020 .
Tloonucano k newamu:. 22.10.2020 2.
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SORHOD SORTINDO PARAMETR OLAN STEKLOV TiPLI
MOSOL 9L ORIN 9DODi USULLA HOLLI

N.S.SULEYMANOV
Bak: Dovlat Universiteti
Bsu.edu.az

Mohdud oblastda geyri-lokal sorhad sortindo Steklov tipli mosolalor aragdiril:b.Bir
sorhad mesolasinds mexsusi adadlar va mexsusi funksiyalar hesablan:b.

Acar sbzlar: Spektral parametr, analtik holl, adodi Usullar, geyri-lokal, moxsusi adadlor

Sorhad sortindo spektral parametr olan geyri-lokal masslalorin analitik
hallini tapmag ¢atin vo ya mimktin olmur. Ona gors bu tip masalalorin effektiv
hollari adadi Gsullarin kémayila olur. Misal Ucilin bu tip mesalalars [1]-[2]-do
baxilmisdir. Son dovrlarde mioyyan oblastda sorhod sortine parametr daxil
olan Steklov tipli moasalalorin moxsusi adodlarinin hesablanmas: [3]-do ve-
rilmisdir. Burada mioyyan oblastda bu tip mosolalari hall etmok Ugln vari-
yasiya integral tonliklarin, kompleks dayisonlorin Usullarindan istifads edilib.

Qeyd olunan is [4]-Un davamidir.Asagidaki mosoloys baxaq:

AU=0 BD (1)
oy =AU, (2)
on |-

ou

—1 =0, 3
anl. (3)

harada D - n 6lclll fozada mohdud oblastdir,sorhod iki hissodon ibaratdir:
oD =TUS;
n - D oblastimin sorhad normalinin ortudur. Gormoak olar ki, (1)-(3) mosolasi
Uclin sonsuz sayda 0<A4 <..<A, <.. moxsus ododlori var va A, > o,
n — oo olduqda.

Variyasiya Usullarindan molumdur ki, (1)-(3) mosolosine asagidaki
funksionalin min-un tapilmasina ekvivalentdir.

F(U): J'uzds (4)
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harada ki, j udx =0 (5)
I

ortoqonalliq sarti 6donilmalidir. (4) funksional1 tgiin variyasiya mosslasini Rits
tsulu ilo holl etmok Ugln koordinatlar funksiyasi sistemi kimi harmonik
polinomlar: segok.

C. =b,,P"(cos@)cosmnR";

S, =b,,R"P,"(cos 8)sinmmn;
2"ml(n—m)!
(m+n)!
Polinomlar Gglin asagidaki rekurent disturlar dogrudur:
Cn =r"cosmnp; CI, =xCo;

m+1

harada ki,b__ =

! mn

Sy =r"sinmp;, SO

m-+1

=XS.;

mo_ 1
™ nem+l

[2n+1)xs™ - (n-m)r?s™, }

cr, = 1 [2n+1xcm - (n-m)r%Cr, }

n+m+1
toromalari Uglin iso
oS" oc)
“=(n-m)S;";; —~=(Mn-m)C),;
6X ( ) n-1 6X ( ) n-1
as:] m m ZmCI:n .
—:lz[nsn —(n—m)xSn_l]— s
oy r r
oSz ymC"
n=—|nS" —(n—m)xS", [+ n.
62 rz[ n ( ) n—1] rz
oc! 'y zmS”"
—2==InC" —(n—-m)xC, |+ o
ay rz[ n ( ) n—l] rz
oc, 'z

= = Zfney —(n-mpep,]-

harada ki, r=4y*+2z%; R®=x*+y*+7°
Moxsusi odadlori asagidaki tonlikdon toyin edok:
det(a; —48;)=0 (6)
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ay Vo fB; konkret formulails toyin olunur.

Qeyd olunan algoritm (4) mosolosinin hallinin S sorhod sartinds Gdomos tigtin
avvalcadan toyin olunan sissem koordinat funksyalarnmin qurulmasina osaslanir.
Demoali, I' sorhad sartini 6doyan Laplastanliyinin hallini do tapmag olar.

Tutaq ki, I'sothini saxlayan hor hansi D oblastinda ikigat kasilmoz
diferensiallanan u(x, y, z) harmonik funksiyasi verilib vo asagidaki sorti 0doyir

a—u:,uu npu X =0, (7
OX
harada ki,  u(xy,z)= w (X, Y, 2) 8)
X
w(0,y, Z)|r: 0, ©)

w(X,Y,2)- X dayisonino gbro Ucgat, y Vo z arqumentlorino goro iso ikigat
kosilmoz diferensiallanan, harmonik funksiyadir. y(x,y,z) funksiyasin vo u

parametrini tapmaq Ucgln asagidaki funksionalinin minumunun tapilmasi
mosalasini alirq

Y v : (Vi)
j(v deD+2yI(V o ,vl//diw [(vy)ydD

K(u)=2 S+T . S+T (20)
(%)

w(X,Y,2z) funksiyasi D oblastinda harmonikdir vo asagidaki sorti odayir:

(0,y,2)[=0 (11)
O e _
'r[ads =0 (12)

Qeyd olunan parametr iso homin funksionalimn minumunun zaruri sartindan
alinir.

KW _g (13)
ou
Buradan cixir ki,
oy
j v L uy |V dDzjVqudDzo (14)
D ax D

4 parametrinin verilmis giymotindo Rits Usulundan istifado etsok,
moselonin axtarilan halli asagidaki com saklinds tapilar:

N
PN =>"a W, (15)
k=1

Burada a, - sabitlordir vo (10) funksionalinin zaruri sartlarindan
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oK (u)

=0, i=12,..,N (16)
oa,
asagidaki cabri tonliklor sistemini alirq
Z(au (,Ll) ﬂ'(ﬂ)ﬂlj )a - O I : _N (17)

J*

harada ki, a; (1) = & + 2P + e,

@) _Iazwi MW 46 2@ — 2( oW,

azvv
. : i —Wds+ | —2Wds |;
I oxon ox ! oxon < OXon

oW. oW, 8W
(3) _ i aW d s;
% ! on Fi J x o

a’,al?, o, B; - ki sayda nogtalords integralin togribi hesablanmasi ligiin

i i &ij
Qaus va duizbucaglilar Usulu vasitasile analoji hesablanir.
(17) sistemini asagidaki kimi yazmaq olar:

(A +24A, + 1A, — 1B =0, (18)
harada A, A, A,B- o, al?,al?,pB;;- emsalarindan ibarst matrisdir, -
verilmis parametrdir 2 - axtarilan parametrdir, x-is ;- danibarst stitundur.

Rits Usulunda biz amsallara he¢ bir mohdudiyyst goymadig. Amma,
demok olar ki, (4) funksionaimn minumumu (10) funksionalinin minumu-
mundan ¢ox deyil. Amma (7) sarti birinci halda togribi, ikinci halda iso dagiq
odonir. Ikinci sort iso hor iki halda togribi 6donir. z2 parametrinin giymotini
tapmaq Ucuin cabri tonliklor sistemins asagidaki tonliyi slave etmok lazimdir.

N M
ZZ( Paa. +,ua(3)aa) 0, (19)
i=1 j=1
hansi ki, (16) sortindon alimir. Mioyyan hesablamalardan sonra i, A arasinda
asagidaki slagoni almag olar.

J'glrj]uds

A=p+———oi, 20
JZ juzds (20)
I

Demoali, agar S sothinds Z—E gismon sifirdan forgli olsa, onda 4 mox-

susi odadi 1 parametrinin giymatinoe yaxin olur. Ona gors (18) matris mosalo-
sindo p=A yazsaq, asagidaki moxsus ododlorin hesablanmasi mosolasinin
hall edilmasine golarik.
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(A +22A, + 2A, - IBJx =0,
Burada (1)-(3) mosolasinin tapilmus tagribi halli T sorhad sortini dogiq 6doys-
cayak.

Demoli, geyd olunan variyasiya Usulunun modifikasiya olunmus
variantindan istifads etmoklo dogiq hollo yaxin olan togribi holli tapmag olar.
Qeyd edok ki, bu modifikasiya olunmus algoritm vasitesilo alinmis moxsus
ododlar vo moxsusi funksiyalar avvalki variantlara nisboton daha dagiqdir, isti-
fado olunan yaddas sahosi, komputerds realizo olunma vaxti daha effektlidir.
Tortib olunan programlar C++ dilinds yazilmigdhir.
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YUCJIEHHBIE METO/bI PEHIEHUE 3AJTIAY C TAPAMETPOM
B KPAEBBIX YCJIOBHUAX

H.C.CYJIEUMAHOB
PE3IOME

WccnenoBanbl kpaeble 3aaa4un Tuna CTEKIOBa B OIpaHWYEHHOH 00JacTH ¢ Helo-
KaJIbHBIMH TPaHUYHBIMU YCIOBHAMH. Ha mpumepe ofHO# TIpaHMYHON 3a1a4d BBIYHUCIISIOTCS
COOCTBCHHBIC 3HAUYCHUS W COOCTBEHHOU (DYHKIIUH.

KnroueBrnle cioBa: CHCKTpaJ'II)HI:Jﬁ napaMeTp, aHAIUTUICCKOC PEIICHNUC HEJIOKAJIbHBIC,
YHUCJICHHBIC MCTO/bI.

THE ANALYTICAL SOLUTION OF TASKS WITH SPECTRAL PARAMETER IN
REGIONAL CONDITIONS BY MEANS OF NUMERICAL METHODS

N.S.SULEYMANOV
SUMMARY

Boundary problems of Steklov type are investigated in a bounded domain with nonlo-
cal boundary conditions. In the example of one boundary value problem the eigenvalues and
eigenfunctions are calculated.

Keywords: analytical solution, spectral parameter, numerical methods, nonlocal,
eigenvalues.
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WCCJIEJOBAHUE OCOBOTI'O CJYYAS B OJHOM TPAHUYHOMI
3AJAYA OITUMAJIBHOT'O YIIPABJTIEHUSI TP HAJIMYHAH
OYHKIIMOHAJIBHBIX OTPAHUYEHHUU TUITA HEPABEHCTB

C.T.AJIMEBA
baxunckuii I'ocyoapcmeennulii Ynuseepcumem

saadata@mail.ru

B pabome uzyuaemcsa oona epanuynas 3a0a4a OnmMuUMAaibHO20 YRPAasieHus OUcKpem-
HbIMU O8YXNAPAMEMPULECKUMU CUCTEMAMU NPU HATUYUY QYHKYUOHATbHBIX 02PAHUYEeHUT MU-
na Hepagencme na cocmosiHue cucmemsvl. JJokasan ananoe OUCKpemHo20 Ycao6us MakCUMyma.
Hccnedosan ocobulil criyuail, m.e. ciyuaii 8blpoACOeHUss OUCKPEMHO20 NPUHYUNA MAKCUMYMA.

KiaoueBble ciioBa: 3aJa4a ONTHUMAJIbHOI'O YHPAaBJICHUSA, NOIMYCTUMOC YIHPABJICHHC,
ycioBue ONITUMAJIbHOCTH, ocoboe YyiipaBJi€HHUEC, Z[I/ICerTHHﬁ MNPUHIUIT MAKCUMYMaA.

Hauunas cpeaunbl 60-x rooB XX Beka BHUMAaHHE MHOTMX CHEIHAAIINC-
TOB HAayaJIM MPHUBJIEKaTh MHOTOMIApaMETPUIECKUE, B YACTHOCTH, JBYXIIapaMeT-
pUYECKHE TUCKPETHBIE CUCTEMBI YIIPABJICHUS, KOTOPbIE B MPHIIOKEHUIX MOJIE-
JUPYIOT NMPOoOJIeMbl GUIBTPALUN HU(PPOBBIX MACCUBOB JaHHBIX 00pabOTKU U
BU3YaIM3al[M1 N300paKeHUI pa3IMyuHON MPHUPO/IbI, BOZHUKAIOT B TEOPUH KIle-
TOYHBIX MalIMH U ap (cM. Hampumep [1-4]).

Bce 310 nMKTyeT KaueCTBEHHOW CO3/IJaHUE TEOPUH SKCTPEMalIbHBIX 3aau
B MHOTONAapaMEeTPUUYECKUX M B YAaCTHOCTHU, ABYXIAPAMETPUUECKUX CHUCTEMax
ynpasieHusi. OJHUM U3 MEPBBIX pabOT MOCBSAIICHHON BBHIBOLY YCIOBUI ONTH-
MaJbHOCTH B JIUCKPETHBIX JBYXIApaMETPUUECKUX 3a/a4ax YIpaBJIeHUs, MIPe/-
CTaBJISIFOIIMNA cO000# nuCKpeTHBIH aHanor cuctembl ['ypca-IlapOy, sBusercs
cratbst O.B.BacuibeBa u @.M.Kupumiosoii [5]. B [6] Obuin mosydeHsr pas-
JUYHbIE HEOOXOAMMbIE YCIOBHUS ONTUMATIbHOCTH THUIA MPUHIIMIIA MaKCHMyMa
[loHTpsirnHa, a B yCTaHOBJIEH aHAJIOT IPUHLIMIIA KBa3UMakcuMyMa ["abacoBa-
KupunioBoi.

Pa3zpaboTka Teopuu 0COOBIX YNpaBIEHUH B JAUCKPETHBIX JIByXIapaMeT-
PUYECKHX CHCTeMaXxX MpeACTaBISIONMe COOOM JUCKPETHBIA aHAJOr CUCTEMbI
I'ypca-/lap6y Hauunaercs c padot [7, 8] K.b.Mancumosa.

Bo Bcex atux pabotax mpearnosaraiach, 4YTo yHpasistoliue (QyHKIUU
BXOJIST B MPABYIO YacTh CUCTEMBI, YpaBHEHH. Mex a1y TeM cpelu 3a/1ad ONTH-
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MaJIbHOTO YIPaBJICHUs] CUCTEMAaMH C PaclpeieIeHHbIMU NapamMeTpamMu OoJib-
II0I MHTEPEC BBI3BIBAET TAKXKE 3a/1a4M YIPABJICHUS, B KOTOPHIX YIIPABIISIONINE
(GYHKIMH, SBISAACH COCPENOTOYCHHBIM BXOIST B T'PAaHWYHbBIE YCIOBHS (CM.
Hamp. [9]). Takue 3amaum ynpaBiieHHsS HA3bIBAIOTCS TPAaHUYHBIMH 3aJadyaMu
yIIpaBICHNUS.

B paborax [10-13] momy4eHsl psii HEOOXOIUMBIX YCIOBHI ONTHMAIBHO-
CTH B T'PaHUYHOMN 3ajjaue YNpaBJICHUS IUCKPETHBIMH JBYXIapaMeTPHUECKUMHU
cucrteMamMu 0e3 (pyHKIIMOHAIBHBIX OTPAaHUYCHNUI HA COCTOSIHUE CUCTEMBI.

Hcxonst u3 sToro, B paboTe M3ydaeTcsl OAHA T'paHUYHAs 3aja4da ONTH-
MaJIbHOTO YIPABJICHHUS JUCKPETHBIMU ABYXIapaMETPUYEeCKUMH CHCTEMaMH
IpU HATMYMK (QYHKIIMOHATBHBIX OIPAaHUYEHHH TUIAa HEPABEHCTB HAa COCTOSTHUE
cucteMbl. Jloka3aH aHAJIOT TUCKPETHOTO YCIIOBHS MaKCHMyMa M HCCIIEIOBaH
cilydail ero BBIPOXKICHUS.

ITocranoBka 3aga4yu. PaccMoTpuM 3a1adyy 0 MUHIMYME TEPMUHAIBHOTO
(dhyHKIIMOHAA

So(u) =0, (alx )+ 0,V (2t %)), 1)
P OrPaHUYEHHAX

u(x)eU cR", xe {Xg,Xg +L..., % —1}= X, 2)
$i(W)=0" @)+ 0, (z(t;, x,)) <0, i=Ls, ©)
2(t+1,x+1)= f(t,x, z(t,x), z(t +1,x), z(t, x +1)),
(t,x)e D=TxX =
={(t,x):t=ty,tg +1,...t; =L, X = Xg, Xg +1,..x; —1}, (4)
2(t,,x)=a(x), xe X Ux,, 2(t, %) =b(t), te T UL,
a(x)=blto),
a(x+1)=F(x,a(x)u(x)), xe X, (5)
a(x,)=a,

3nech u(x)— I —MepHbIi BekTop ynpasisomux ¢yHkiuii, U —3ananHoe He-
MyCTOE W OTPAaHMYEHHOE MHOXKECTBO, j(i), i=0,s, j =1,2 —3a7aHHbIE JBAXK-
IBl HempepbiBHO uddepeHimpyeMble ckamspusie pyskmmm, T (X, z,1,m)
(F(x,a,u)) 3agannas N—MepHas BeKTOP-DYHKIHS HEIPEPBIBHAS [0 COBOKYII-
HOCTH TIEPEMEHHBIX BMECTE C YaCTHBIMH IpomsBoxubiMu 1o (z,1,m),(a) mo
BTOPOTO TOPSIKA BKIoUnTenbHO, b(t) — 3axannas N —MepHas IMCKpETHAS BEK-
TOp (YHKIMSA, 8, —3aJaHHBII TOCTOSHHBIN BEKTOp, YTpaBicHUE u(x) maso-
BEM JIOMYCTHMBIM, €CIi cooTBeTcTBYIomee emy peurenne (a(x), z(t,x)) cucre-

MbI (4)-(5) ynoBieTBopsieT orpanudeHusM (3).
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B pa6orax [10-13] usyduena 3amaua tuma (1)-(5) 6e3 QyHKIHOHAIBHBIX
OrpaHMYCHUH U TIPU OIPEJICIICHHBIX TPEANOI0KEHHSIX TOKa3aHO HEOOX0qMMOe
yCJIOBHE ONTHUMAJIBHOCTH TIEPBOTO MOPSAKa B (hOPME JUCKPETHOTO YCIOBHSI
makcumyMa. Ipeamaraemast paboTta MOCBSINEHA JOKA3aTEIbCTBY aHAIora JINC-
KPETHOTO YCIOBHSI MAKCHMyMa M CCIIEIOBAHO 0COOOTO CITydast.

Heo0xoaumoe ycjioBHEe ONTUMAJIBHOCTH. THNa JHCKPETHOr0 MPUH-

uuna maxenmyma. Cunras ( U(x),a(x), z(t,x) )- duxcupoBanmbiM mOMyCTH-
MBIM TIPOLIECCOM, I V(X) TIPOH3BONBHBIM IPOLECCOM.

Brenem 0003HaUEHUS
H(t, x,z,I,m)=y, - f(t,x,z,1,m)

M(x, a,u, p,)= p/F(x,a,u),
M ([x] = p.'A F[x]
() roi) 1u)=1i:s;u(x)=0, i=Ls)j

oH )[t, x] _OH(tx, z(t, x), z2(t +1,%), z(t, x + 1), (t, X))

H O, [t x] = = |
oz oz
H O\ [t x] = oH VTt x] _ oH (t,x, z(t, x), z(t +1,x), z(t, x+ 1), v, (t, X))
o 8I B ] |
H(i)m[t’x]_ Ort, X] _ oH(tx, 2(t, x) 2(t +1 x), 2(t, x + 1), (t,x))’
om om
M 0pq = M DX _ M (x a(x).u(x). pi(x)
T da da '

A,0MIX] _ oM (x,a(x).v, p,(x)) _ M (x,a(x).u(x). p, (x))

A\,M (i)a[X] = =
aa aa aa
3neck ¥ (t, X) u P, (X) SABJIAFOTCS COOTBETCTBEHHO PEIICHUSIMH CIIETYIONINX
3aj1a4
(i) ()
0z ol am
oH Ut —1X
vt —1,x-1)= [all]
aH t X —1
(i)
Vi (tl -1, —1) - _ a(pz (;(tv Xy )) : ©)
z
H O
X t X
pi(x—1)= aa[ Lyt —1x-1)- a[|0]
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a(/’l(i) (a(X1 ))

Pi (Xl _1)=_ oa TV (to -1 _1)- (7)
JlomycTuM, 4TO MHOKECTBO
F(x,a(x)U)={B:B=F(x,a(x)v), ve U} (8)

BBIIIYKJIO.
Ilycte €€ [0,1] IIPOU3BOJIBHBIA YHCIIO, a V(X)G U,xe X kak otme-
YEHO B BbIILIE IPOU3BOJIbHBIN BEKTOP YIPABIAIOLUINX BO31EHCTBUM.
UYepes (a(X;S),Z(t,X;S))- 0003HaUMM peIIeHHEe CIEIYIOIIEH BO3MYIIEH-
HOW CHCTEMBI
2(t+1,x+Le)= f(t,x z(t, x;e), z(t +1, x;€), z(t, x + L €)),
2(tg, x;e)=a(x;e), xe X Ux, (9)
2(t,xp;€)=b(t) te T UL,
a(xo :€)=blto),
a(x+1:e)=F(x,a(x:e)u(x:e))=F(x,a(x:e)u(x))+
+elF(xalx:e)v(x)-F(xa(x:e)u(x)) | (10)
a(x,: €)= a,.
MOJIOKHM 10 ONPEETICHUI0
oz(t, x;¢€)
=00 a= )|
y(t, X) u 0((X) SIBJISIIOTCS. COOTBETCTBEHHO PEIICHUSIMHU CICOYIOIINX 3a7ady,

COOTBETCTBYIOLIHUE JOIIYCTUMOMY IIPOLIECCY (U(X), a(x), Z(t, X))
y(t+1x+1)= f,[t, x]y(t,x)+ f[t, x]y(t +1,x)+ f[t, x]y(t,x+1), (1)
y(t,, x)=a(x), xe X ux,
y(t,x,)=0, te T UL,
o(x +1) = Fa[X]ou(x)+ Ay F[X],  xe X, (12)
a(xg)=0.
[lepeiieM K BBIYICIICHHIO IPUPAILCHHS (yHKIMOHANA S, (u), COOTBETCT-
BYIOIIECE CICHMAIIBHOMY TPUPAIIEHUIO AU(X; 8) = u(x; 8)— U(X) YHIpaBICHUSA u(x)
ITpu nomou popmysnsl Teitnopa nomyunm

S, (u(x£) -8, (k) = o, " (@(x;; ) - 9" (alx, )]+

’

0.l 5600, el )= 22 B0
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’

+ a(/)z(l) (azz(tl, . )) Y(tlv Xl) ]+ 0(8)- (13)

[Mpuaumas Bo BHEManue (11), (12) dpopmyny npupamenus (13) MoKHO
MIPUBECTH K BHIY

s, (u(x;e)~S, (U(x)) = g[—f’%(';(a(xl))a(x ), 00" ltx)) o

" ) = y(t, % )+
% -1 , %1 (i)
2P (arlx-+1)- Z[—aaMaa[X] (x)+
t-1 -1 , (i)
+22[ y(t+1, x+1) [t’x]y(t,x)_
t=ty X=X, 0z
(i
al[t LI 1,x)—a|_|an[;[’x]y(t, x+1) [+ ole). (14)
U3 Ttoxxnects
X =1 X =1
Z p’(X)a(x +1)=p’(x Z p(x -1 (15)

t-1x-1

S Sy = 5 Srl-x-1ytn=S Swl-1x-Dylx)+

t=ty X=Xg t:t0+1x Xg+1 t= tox Xo

t,-1 -1
+ 20 (-1 x —1)y(t X )+ Zw (t ~Lx=2)y(ty, x)- Z\v (to =L x=1)y(to, )+
t=t, X=X, X=X,
+ '//(tl _1’ Xy _1)y(t11 Xl)_ ‘//(to _1’ Xy _1)y(to 1 Xy )’ (16)
t-1x-1 t-1x-1
2 2DHIEXY(E+1Lx)= 3 Y H -1 x]y(t, x)+
t=t, X=X, t=t, X=X,
X -1 X1
+ Y H Tt —Lx]y(t, x)— X Hy [ty =1, x]y(to, x) (7)
X=X, X=X,
-1 %1 -1 x-1
EZH [t, x]y(t,x +1)= ZEH [t, x =1]y(t, x)+
t= totilx0 t=ty X=X, (18)
+ ) H It x —10y(t x, )
t=t,
SlcHo, 9TO
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-1 X =1 ,

Y b, (ax+1)= p; (x, ~Delx, J+2. i (x=Tar(x), (19)
- -1 x-1 1
YD v (LX)t +1x+1)=
t=ty X=X,
-1 x-1
=D Yy, t-Lx-1)y(t, x)+ Zl/llt 1% -1y(t,x )+
t=ty X=X, =t
-1 -1
+21//. -1 x- 1Y(t1,X)—ZWi (to —l,x—l)y(to,x)+
TYi (tl -1x _1)y(t1' X)_ Vi (to -1x _1)y(to d X)' (20)

-1 x—1 oH (i) t, X -1 -1 oH (i) t, X
ORIt x] y(t+1x)=)] 2# y(t, x)+

=ty X=X al t=ty X=X, ol

& oH It —1,x] = oH "t —1, x] 1)
+z . 1 y(tl’ )__2 g ’ Y(to, )1
X=X, al X=X, al
S oH"tX] & oH Tt x 1]
+1)= —Vy(t, X))+
ZZ S Yt x+d) ZZXO S y(tx)
& oH Ort, x, —1]
- = < - t, )
+; Syt
C yuerom toxzaects (19)-(21) u3z popmyisl npuparienus (14) nonyuum
EPYN0S 0
5, (u(ce)- 5, (u(c)= e 0% C0 o) S0 EbR) iy,
oa 0z
, %l oM V[x] S (i
+p (=Dl )+ X ] p (x~Der()- s o) 1= XA MU+
-1 x-1
+ 2 D (t-1,x-1)y(t, x)+ Zz//, t—1,x —1)y(t,x )+
t=ty X=X, =4
— oH O, —-1,x] (22)
+ 3 (-1 x-)y(t, x)- X Yex)-
G oH I, x -1 < oH Yt x, —1]
- — " =yt —1 =yt x )
ZZ el X)+§: Syt x)
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W3 pasnoxenus (22), ¢ yueToM Toro (pakra, 4to ¥; (t, X), p; (X) SIBJISIFOT-
CsI COOTBETCTBEHHO peI_HeHI/I}IMI/I 3a1ad (6), (7), nomydaum
S, (u(x;e))—=S; (u(x))=—¢ EA M O[x]+0(), i=0,s. (23)
X=X,

[Tpu nomoru pasnoxxkenuit (23) nokaspiBaercs
Teopema 1. Ilpu caenaHHBIX NPEANONOKEHHUSIX Ui ONTHUMAJIbHOCTU

JIOTTYCTUMOTO yIIPaBJICHUS U(X) B 3amaue (1)-(5) Heo6xoaumo, 4TOOBI Hepa-
BEHCTBO

min XfA M D[x] <0, (24)

i€d(u) x=x,
BBITIOJIHSIIOCH ISl BCEX V( )e U, xe X.

Heo0xoaumple yc10BHsI ONITUMAJBHOCTH 0COOBIX YIIPABJICHUIA.
IlepeiineM K uccieI0BaHUIO 0COOOrO cilydas, T.€. Ciiydasl BBIPOXKACHUSI HEO0O-
XOJMMOTO YCIIOBHUS ONITUMAIBHOCTH (24).

Cnenys [14] BBenem.

Omnpepgenenue 1. [lonycTuMoe yrnpasieHue V(X) Ha30BEM

KPUTHYCCKUM OTHOCUTCIIBHO SKCTpCMAJIN HOHTpHrI/IHa U( ) CCJIn
- l i
min Y A X)M(')[x]zo. (25)

Onpenenenne 2. Dxcrpemans [lonTpsruna u(x) Ha30BeM 0co0oi B
cMbIcie npuHiuna Mmakcumyma IlonTpsruna B 3agade (1)-(5) ecnu cymecTByer
COOTBETCTBYIOIIEE € KPUTUUECKOE TOIIYCTUMOE YIIPABICHUE V(X) # UlX).

B nanpneimeM uepes Jl(u) OyzneM 0003Ha4aTh MaKCUMaJbHOE IMOJI-

MHOKeCTBO HHIeKcoB i3 J(U) Takoe, 4To
X—1 .
YA M Ug=0, ie ;)
X=X

JUISL BCEX JOMYCTUMBIX YIPaBICHUH, KPUTUYECKUX OTHOCUTEIBHO u(x).

[TepeiineM kK BBIBOAY HEOOXOJUMBIX YCIOBHH ONTHMAIBHOCTH OCOOBIX
yIpaBJieHUH.

Honyctum, uro B 3anaue (1)-(5)

f(t,x,z,1,m)= Alt,x)m+ f,(t, x, z,1). (26)

3nech A(t,x)- 3aJaHHas NXN—MarpuyHas QyHKLuS, f(t,X,Z,I) 3a-
JlaHHasi N —MepHasi BEKTOpP-(QYHKIIMS, HENpepbhIBHAS 1O COBOKYIMHOCTU Mepe-
MEHHBIX BMECTE C YACTHBIMM MPOU3BOJHBIMU 10 (Z,I) JI0 BTOPOTO MOpsiiKa
BKJIIOUUTENBHO.
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Iycts ®(X,s)—(NXN) MaTpianas QyHKIWS, SBISIOMAs PEIICHHEM 3a-
Ja4qu

®(x,s — 1) = d(x,s)F,[s], ®(x,x-1)=E.
[Tonoxum
Qlt,x,s)= Xz_:l[ R(t,x:ty =1, 1-1)—R(t,x :ty —1,7)f, [ty =1 7]}P(t,5)+
T=s+1

+R(t,x 1 t, =1, x - 1)d(x,s),
3nech R(t, X;T, S) (n X n) MaTpuyHask GYHKIUS, SBIISIOMIASCS PEIICHUEM 3aaun
R(t,x;7-1,5-1)=R(t,x;7,5)f,[7,5]+ R(t, x;7 -1, 8)f, [t -1 8]+ R(t, x;7,s 1) [r,5-1],
R(t,x;7—1,x—1)=R(t,x;7,x—1)f [z, x-1],
R(t,x;t—1,s-1)=R(t,x;t =1,5)f, [t —1,5],

R(t, x;t-1,x—1)=E.
U BBe/IeM 00O3HAYCHHE

L(.5)=-0 06,70 0 5) 0, 0) 70 D g, )

%1 2n g (i) 214(@)
+ 3 [cp'(x,f)%cp(x,s)@ [Q’(t,x,r)%()(t,x,sh

x=max(z,s 1 a t=t,

(R et G

It : 9*HIt, X
a o Qt+1x,5)+Q(t+1x,7) 02

+Q(t+1, x,r)#Q(Hl, x,s) |l (27)

CrpaBennusa.
Teopema 2. Eciau mMHOxkecTBO (8) BBINYKJIO, TO A ONTUMAJIbHOCTU

0Cco00T0, B CMBICIIE PUHIIAIIA MAKCUMYMa, YIIPABJICHHS u(x) B 3amaue (1)-(5),
(26) HeoOX0aMMO, YTOOBI HEPABEHCTBO

mm[xixi A, F 1L (7,5)A, F[s]+

i€l
T=Xq5=Xg

Qlt, x,s)+

X1 x-1

+2) [ Y AM x1o(x,s)A o FIsT 1|<0, (28)

X=Xy =X
BBITIONHSUIOCH [T BCEX KPUTHUECKHX OTHOCHTEbHO U(X),X€ X momycTiMbIx
ynpasnennii V(X),xe X.

Jloka3aTesnbCTBO TEOpEMBI 2 IPOBEJEM B JiBa dTana. CHavana JoKaxeM,
YTO COOTHOIIEHHE (24) MMEeT MECTO Uil TaKUX KPUTHUECKUX JIOMYyCTUMBIX

ynpaBneHHﬁ V(X) , AJIs1 KOTOPBIX
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X—1

min Y A,..MP[x]<o0. 29
ieJ(u)\Jl(u)% oM IX] (29)

Homyctum ob6patHoe. IlycTh CyIIecTBYeT KPUTHYECKOE AOIYyCTUMOE
yIpaBlIeHUE V(X), Xe X. Takoe 4To

Y A M UIX] > 0. (30)

HO IIpHU 5TOM

X—1 % -1

min| > Y Ay, FT7lL (z,5)A, FIs]+

iedy(u) T=Xy S=Xo

+Z EA Ixje(x,s)A,F[s] ]> 0. (31)

X=Xy S=Xg
ITo onpeneneno
- oz(t,x: e - 2%z(t,x: e
it x)= 2URE) v 2 b))
o€ o€

a(x)= aa(axf) e a?,(“) (32)

W3 BBeeHHBIX 0003HAYEHUI Cpa3y CIEIyeT 4TOo y(t X) (t X) ( )V(X)

V(t,x)=

SABJIAIOTCA COOTBECTCTBCHHO peIJ_IeHI/IHMI/I CHeI[yIOH_[I’IX 3a1a4
y(t+1,x+1)= f,[t,x]y(t, x)+ f,[t, x]y(t +1, %)+ f[t, x]y(t, x +1),

y(to, X)=0(x), xe X ux, (33)
y(t,xy)=0, te T ULy,
Y({t+1x+1)= f,[t,x]V (t,x)+ f[t, ]V (t +1,x)+ f.[t, x]Y (£, x +1)+

+y/(t,x)f [t x]y(t, x)+ Yt x) f,[t, x]y(t +1, %)+ v/ (t +1, ) [t, x]y (t, x)+

+y/(t+1x)f, [t, x]y(t +1, x), (34)
Y(t,,x)=V(x) xe Xux; Y(t,x,)=0,te T Ut
a(x+1)=F,[X]a(x)+ A, FIXl,  xe X, o(xg)=0. (35)
V(x+1)= FIXV (%) + 24, F.[X]e(x) + o (x)F, [X]ex(x),
V(x,)=0. (36)

Hanee, ucionssys dopmyny Teiinopa u yautsiBas (13), momydaem, 9to
4 4

Si(u(x:e))-S,(u(x)=¢l 991, (x,) 18(:1()(1 ) a(x,)+ 99, gzz(tl’ %) y(t, %) |+

28



’
2

el e @) an @)
+ & @) B () 00 BRI ()¢

’

Vx4 222 (azz(tl’xl))'Y‘(tl,xl) J+ole?) @7

10°0, " (2(t, %)
a 2
Jlomyctum, garo i€ J(u)\Jy(u)

B sTom ciyuae, npuHuMasi BO BHUMaHUE (30) u3 (37) mosyyaem, 4To

S, (u(x:e)) SZA M [x] < 0. (38)

+y(t, %)

[Iycts Temepp i€ J ( ) Torma, ucnons3ys (14)-(15) uz (16) momyuaewm,

s aleie)-s )=l 2200, 20 Cloxd g,

0a 0z

7o) D g )

L ) o S0 bt s 0]

0z by

+ef til Xlz_‘l[ vt X)y(t+1,x+1)- Hz(i)[t,x]y(t,x)+ H,(i)[t,x]y(t+1, X)+
=, x=%,

Hm(i)[t,X]Y(t,x+1) ]+822[ Xli pi,(x)\T(x +1)- '\/la(i)[x}‘T(X)Jr

X=X( )

t x-1

+ 28y M o XJou(x)+ 0 (M g5 x]ou(x) ]]+—[ > X Wit xV(t+Lx+1)-

t=t X=X,
—lHZ ) [t,x]Y(t,x)+H [t XY (t+1, x)+H [t XY (t, x+1)+ y'(t, x)H ,, [t, x]y(t, x)+

F Y X)H It Xy (t+1 %)+ Y +1 x)H, [t ]y (t X)+ ¥+ 1 x)H, [t x]y(t +1,x) [+o(e?)
rae i (t, x), p; (X) sBasioTes penrenusvMu COprI)KCHHOﬁ CHCTEMBI

v (-1 x-1)=" (i)[t'X]ﬁH (i)[t—l,X] Ort, x— 1
I ! az al am
rg, —
it —1,x—1)= 27 Ta=1X]

al
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aH Opt, x, —1]

(i
vt ~1x —1)= 2% (2(t, %)
0z
_om Y oH Wptg, x]
Pi (X_l)_ oa +Wi(t0 _l’X_l)_T’

(i)
p (6 ~1)= =22 COD Ly )

OTcroz1a mociie HEKOTOPBIX MPEoOpPa30BaHUM, MOTYYUM

$,((x:£))-5,(ulx))=
28—22|:ﬁ'( )az(Pl (( ))C_Z(Xl) 7'(1. Xl\a (02 ((1’ 1))

= 1) 2O BB g ).

X =1

ST ML X (x)+ 28, M, Ddar(x) 1+

X=Xg

41 x-1
+3 Y[yt x)H [t Xy (t x)+
t=t, X=X,
+ (8, X)H [t X]y(t +1, x)+ V' (t +1, x)H [t, x]y(t, x)+
+y/(t+1x)H, [t, ]yt +1,x)+ o(gz) (39)
C npyroii cropoHsl, petienust 3a1a4 (33) u (35) gomyckaroT IpeacTaBIeHUs
x—1
= > Q(t,x,s)A; FIs], (40)
- X —1 0
a(x)= Y, ®(x,8)A; FIs], (41)
$=X,

rae Q(t,x,8) ompenemsercs mo opmyire
x—1

Qlt,x,s)= Y[ R(t,x:tg—1,1-1)—R(t,x:ty =L 1) [ty —L t]Id(z,s)+

T=s+1
+R(t, x:t, =1, x—-1)d(x,s),
a CI)(X, S)— (n X n) MaTpuuHas QYHKLUS, ABISAIONIAs PELICHUEM 3a1a4Uu
®(x,s —1) = d(x,s)F,[s], P(x,x -1)=E.
[Tpu momomu npeacrasnenuii (40), (41) nomyyaem, 4TO
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() @) 5y

0a’
X=1  x-1 a
- 2 ZAV(T F [T]q) (X T)wq)(xl’ S)Av(s)F[s] ]1
X —1 X =1 x-1 N4
ZA oM, [x]a 2 ZA M," [X]®(x,s)A, FIs] ]
. 02 (i) 2(t,, X-1 x-1
7o) 2 Dy )= S A PR

82 (I ( (tl’xl))Q(t X, S)A, F[S] ],

0z°
Za XM . [x]@(x)=
=1 x-1 X =1 M)
=Y ZAV(I)F’[T][ ] ;?;(X,T)Maa [XID(x,s) [Aye FIs] ]
s |
> D [y x)H [t XIy(E, x)+ 't x)H, [t xTy(t+1,x)+
t=t, X=X,

+y/(t+1,x)H,[t, x]y(t, x)
+y(t+1 x)H, [t, x]y(t +1,x) i XliA JFTrlx

T=X; S=Xo

{2 2 Q'(t,x, 7)H,,"[t, xIQ(t, x, )+

t=t, x=max(z,sHl

+Q/(t, x, 7)H ,"[t, xIQ(t +1,x,5)+ Q(t +1, x,7)H,, "[t, xIQ(t, x, s ) +

+Q(t+1,x,7)H,t, XIQ(t +1, X, s)J JA o FIs.

[Tpu momorm 3TuxX TOXIeCTB ¢ yderoM (27), [Ipu nomoum dhopmyiner Teitnopa
MOJTYIHM
5:(u(62))-S, () =|p," (@ €) - 0. a0+

0,9 (2lt,, %, £)) - 0, (2, %, )] = 8{Wa(xl)+

) 30, (azz(tl,xl)) vt %) J+ole)

paznoxenue (34) mpu i€ Jl(U)HpeI[CTaBJIHeTCH B BH/JIC

31



82

Si(U(X:g))_si(u(x)):_?[Av(r)F[T]Li (TvS)Av(s)F[S]JF

+2X1zl[ XZ_lA a(i)[x](IJ(x,s)AV(s)F[s] ] +O(82) (42)

X=Xy $=Xg
[TosTomy, mpuaumMas Bo BHuManus (29), (30), nosrydaem, 4to npu | € {R}\ J(u)
Si(u(x:¢)) € ZAW M DX+ o(e) = ¢, (@lx, )+ 0, (2(t,, x,)) -

X=Xg

X =1

—&Y Ay yMV[x]+0(e) <.
Ecmm xe 1€ OJ(u)\ J,(u)ro
S, (u(x:e))=—-£Y Ay, M V[x]+0(e)<O.

Anpu i€ J,(u)monydaem, uto

Si(@(x:&))-S;(u =——2 Xz_lxz_l Ay()FL7IL (7, 8)Ay (o) F[S]+
+2X§[ Xz_lA [X] D(X,5)A () F[s] ]+O(€2)<0.

X=Xy $=Xg
HOJ'IyLIeHHBIe COOTHOLICHHUA ITOKA3bIBAKOT, YTO INPH AOCTATOYHO MaJIbIX &£ —
CIIpaBCIJIMBbI HCPABCHCTBA

S,[le)) <0 i=1s;  Sy(a(xe))S,(u(x))
KOTOPBIC IIPOTUBOPECYAT ONTHUMAJIIBHOCTH YIIPABJICHUS U(X).

[lepeiineM k UCCIEIOBAHUIO OOILETO CIydas, CUATAs YTO V(X), xe X —
MIPOU3BOJIBHOC KPUTUYECKOC JOIMYCTHMOC YIIPaBJICHHUE.
Ecnu npeanonarats, 4To Vl(X), Xe X —KpUTHYECKOE IOIyCTHMOE YII-
paBineHue, ynosiersopsitoiiee (10), TO B cuily BBITYKIOCTH MHOXKECTBA
F(x,a(x)U)={B:B=F(x,a(x)v), ve U},

quis Masioro 4 € [0,1]MoskHO HaiiTi gomycTHMOE yrpaBienue U, (x),xe X —

KOTOPOE SIBJISICTCSI KPUTUYECKUM OTHOCHTEIBHO u(x), X€ X, ¥ yIOBJIETBOpPSET
yCIIOBHIO (2), a TakkKe COOTHOIICHHIO

A, (x)F[X] = MAvl(x)F[X] + (1_ M)AV(X)F[X]'
CnenoarenbHo, ipu modoM 4 € [0,1] mmeeT MecTo HEpaBEHCTBO:

X =1 x—1

minl > Y, a8, F Trl+ 0= ), F 2] I (5,5 o FIs1+ 0 o)A FIs] 1+

IeJ
r—xo 5=Xg
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+2X§ [[HAvl(x)M a(i)[X]Jr(l—H)AV(X)M D) 1Y @(x,5)x

X=Xg S=Xg

X [pA JF[s]+(@1-p)A V(S)F[S]JJS 0.
Otcrofa, mepexos K npeaeny npu | — 0, IpUxoauM K HepaBeHCTBY (8)

Teopema noka3ana.

HenocpeacTBeHHBIM ClIEICTBUEM TEOPEMBI 2. SIBISETCS CIEAyoIee yT-
BEpIKJICHUE.

Teopema 3. [Ipu BBINIOTHEHUH YCIOBUM TeOpeMbl 1. 1Jig oNTUMaIbHO-
CTH 0CO0O0TO B CMBICIIe TIPHUHIIUAIA MakcuMyMa [ToHTpsiTHHA yrpaBiIeHUS u(x)
B 3a1aue (1)-(5), (26) HeoOx0aMMO, YTOOBI HEPABEHCTBO

min i AFEILE.E)AFLE] j<0 (43)
BBITIONHTOCH st Becex Ve U n e X .

JI7st ToKa3aTenbCTBa TEOPEMbI 2 J0CTaTOYHO B (9) V(X) OTIPENIEITUTH IO
dbopmyie

v, x=¢&e X,
V(X):{u(x), x#Ee X.

3necy & e X —mpousBoibHAs TOUKA, a VE U — MpOU3BOJIBHBIN BEKTOP.
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BORABORSIZLIK TiP FUNKSIONAL MOHDUDIYYOT OLAN BiR SORHOD
OPTIMAL iDAROETMO MOSOLISINDO MOXSUSi HALIN TODQIiQi

S.T.OLIYEVA
XULASO
Isdo sistemin halina borabarsizlik tip funksional mohdudiyyst qoyulmus diskret iki
parametrli sistemlarls optimal idars olunan bir serhad masalesine baxilir. Diskret maksimum

prinsipinin analoqu isbat olunmusdur. Onun cirlagsdigr moxsusi hal todqiq olunmusdur.

Acar sozlor: optimal idroetmo mosslosi, miimkiin idars, optimalliq sorti, moxsusi
idara, diskret maksimum prinsipi

RESEARCH OF A SPECIAL CASE IN ONE BOUNDARY PROBLEM OF OPTIMAL
MANAGEMENT IN THE PRESENCE OF FUNCTIONAL LIMITATIONS OF TYPE
OF INEQUALITIES

S.T.ALIYEVA
SUMMARY
In this work, we study one boundary-value problem of optimal control of discrete two-

parameter systems in the presence of functional constraints such as inequalities on the state of

the system. An analogue of the discrete maximum condition is proved. A special case of its
degeneration is investigated.

Keywords: optimal control problem, admissible control, optimality condition, special
control, discrete maximum principle.

Hocmynuna 6 pedaxyuro: 04.02.2020 e.
Tloonucano xk newamu: 22.10.2020 2.
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Dord tortibli tonlik iigiin qarisig masalaya baxilmigdr. Bu moaSaloyo uygun spektral
masala tatqiq olunmusdur. Verilonlor Uzarina qoyulmus miiayyan sortlor daxilinda maxsusi
adadlarin asimptotikas tapilmis va masalanin Qrin funksiyasinin vacib xassalari dyronilmisdir.
Moaqalada ayrilis teorem isbat olunmus va garisig masalanin halli qurulmusdur.

Acar sdzlar. Fundamental holl, asimptotika, analitik funksiya, maxsusi odad, asimptotik
dustur

Dord tortibli tonlik iigiin garisig masalaya baxilmigdr. Bu mosalayo uygun spektral
masalo tatqiq olunmusdur. Verilonlor Uzarina goyulmus miiayyan sortlor daxilindo maxsusi
adadlorin asimptotikasi tapilmis va masalanin Qrin funksiyasimin vacib xassalari 6yronilmisdir.
Maqalada ayrilis teoremi isbat olunmus va qarisiq maSalanin halli qurulmugdur.

Acar sozlar: Fundamental holl, asimptotika, analitik funksiya, maxsusi odad, asimptotik
dustur

Isdo asagidak1 mosaloya baxilir:

augt(’t):i pa ;)(():’t)+q(x)a g)(()z(t) ,0<x<1,t>0 (1)

u(x,0)=g(x), )
0*u(0,t) 9Lt —

L (u)= axk(l )+ axk(l )=O,k=1,4,0<x<1,t>0 ?)

Burada p > 0 hogigi odad, g(X) vo ¢(x) kompleks giymotli funksiya-

lardir.
(1)-(3) qarisiq masalasins uygun spektral masalo asagidaki sokildadir

ipy" +q(x)y"—=2'y =—¢(x), 0<x<1 (4)
(4) tonliyina uygun Birkhof monada xarakteristik tonliyin koklori asagi-
daki kimi tapilir [2,3]
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.

e_§'1 a)z :| a)l’ w,=—ay, a)4:—i a)l

W, =
p

(4) tanliyinin fundamental hallarinin asimptotikasini tapmaq moagsadi ilo
kompleks mistovini asagidaki qayda ilo sokkiz sektora bolok:

S, :{ﬂ:ﬂltg:z[d—l)k/lz <Atg 58”} k=12,
{/1 ltg—< )4, < Atg } k=34,
{/1 ﬂtg(—) -1)4, </1th} k=56

ol sl -

Ogar g(x)e C*[01] olarsa S, (k :1,8) sektorlarin har birinds ‘ﬂ‘ -nin
boyuk giymatlorinda (4) tonliyinin fundamental hallorinin asimptotikasi
asagidaki gostoriso malikdir [6]

)
@, o

dx"”
A +00, A€ S, (1=18), n=14; m=03; )
(4), (5) spektral masalasinin Qrin funksiyasi
A(X,E,4) . —
G I 1/1 =~ /1 Sk ) k = 1,8 7
(x.¢.2) A (7)

kimi tapilir. [3]
A(A) xarakteristik determinanti adlanir vo asagidaki sokildadir [2]

L(y,) L(y,) L(y,) L(y.)
L) L(y,) L(ys) L(y,)

A=) L) L) L) ¥
L.(v,) L,(y,) L(y,) L,(y.)

A(x,&, 1) kémokei determinant: iso asagidaki gostoriso malikdir
9(x.&,4) y,(x,4) y,(x,2) y,(x, 2) y,(x, 4)
L(g), L(y,) L(y,) L(y,) L(y.)
Ax &, A)=| L(g), L(y,) L(y,) L(y,) L(y.)
L(g), Ly, L(y,) L(y,) L(y.)
L(9), L(y.) L(y,) L(ys) L(y.)

Burada g(x,&,4) Kosi funksiyasi [1]
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g(x, & A)=1 Ezkf/lyk(xl)
“47 5gor Ogézs X <1,“"ogor 0< x <& <1 kimi tapilir,

zk(f,ﬁ):vok((gf,ﬂ;;)' -

. (£, 1) funksiyast V (&, 1) Vronski determinantinin dordiincii satir ele-
mentlarinin cobri tamamlayicisidir.
(4), (5) spektral mosalonin moaxsusi adadlorinin asimptotikasini tapmaq

liclin asagidaki teoremi isbat edilmisgdir.
Teorem 1: Bgor p>0, q(x)e c'[04], olarsa, onda A(1) xarakteristik

determinantinin sifirlar1 yegana limit noqtosi 4 =oo olan hesabi ¢oxlugdur vo
bu sifirlarin asimptotikasi ti¢lin asagidaki gostoriso malikdir [7].

27mM+ 77 .
ﬂn: Ia n_)oo
2w,

A=y~ 4*# b,(1)+0(n) n—eo

(9)
Yuxarida tapilan (9) moxsusi edadlerin asimptotikasindan istifado etmaklo
ayrilis teoremini verak:

Teorem 2: Forz edok ki, q(x) vo ¢(x) funksiyalar asagidaki sortlori
6dayir. g(x)e C'[01], p(x)e C*[01]..9(0)=p(L)=¢'(0)=¢'(1)=0. Onda ¢(x)
funksiyasi li¢lin asagldakl ayrilig dl'jsturu dogrudur.

22 res ﬂ3JG x,E, Q) (5) d& (10)
k 1n—l
c, -sada kontur olub i-kompleks mustawsmde Qrin funksiyasinin ancaq bir

polyusunu 6z daxilinds saxlayir.
Isbati:

OVvvalca 6, (k=14) adadlarini els segak ki, har bir S (p:ﬂi) sektorlarda
ReGA<Ref,A<0<RefA<Re6,4, ic S, (p=18)
borabarsizlik 6danilsin. Bunun iigiin asagidaki kimi se¢imi aparmagq kifayatdir.
6’1=w3; b,=w,; 6;=0w,; 6,=a; AeS;

O=wy; 0,=0,; =0, O,=0; AeS,;
6’1 @, =w; G=w,; 6,=w,;, AeS;,
O=w,; =0, 6;=wy; O,=w,; A€,
b=w; 6,=0,; b=0,, 6,=; Ae€Ss;
b=w; 6,=0,; 6=0,; ,=0; AeSs;
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b=a; O=a; b=w5; 6,=0,; A€S;;
b=, =0 G;=m; 6,=0,; A€Sg;
A(x,&,1) determinantmm ikinci, ii(;iincﬁ dordiincti, besinci, siitunlarini

uygun olaraq Ezl(d_’," /1) 2,(E,1), - 23(5 A), —524(5 A) funksiyalarina

vurub birinci sutunun Uzmna galok. bu gewrmslerdan sonra birinci sutun ele-
mentlorini g,(x,&,1) vo gp(f,ﬂ.) (p =1,_4) isaros etsok alariq:

[z Ay (xA)+2,(£,2)y,(x,2).0< &< x<1
°‘X"f’*)‘{— o EAN (0 A)- 2(E AL )0 x<E <1

p+1§ﬂ'__zz‘,z fl)d yk( )

4 p .
S¥AE d’y,(x,4) p=03
x=1 k=3 pr
burada
1V 1% 1\ o
2, (&, 2)= \jk {1— 0, !q(f)dz'+0(?ﬂe NVIEES
res, (p =1,8)

V-86,86,, 6, 6, sdadlorindon dizelmis Vandermant determinantidir.
V,, - V -determinantinin (4, k) elementinin cobri tamamlayicudr.

A(X,f,ft) determinantin1 avvalca birinci satra gora, sonra alinmis deter-
minantlarin har birini birinci s[]tuna gors agsaq, alarlq'
Ax.&.4) _ A ()
=g,(x.§, )+ Y (%, 2), ( (11)
G el A Z 8262
A -kompleks mistavisindo markozlori koordinat baslangicinda radiuslar
monoton artan vo Lim r, =+ sortlorini 6dayan cevralorardicilligini O,

(k :1,2,3,...) ilo isaro edok. O, (k =1,2,3,...) cevralor ardicilliginin radiuslarini
elo segok ki, bu gevralor A(4) determinantinin sifirlarmin & otrafini kasmasin.
(11) dsturunun hor torafini (&) funksiyasma vurub, 0-dan 1-o kimi integral-
layaq:

j %@)df = ki_lyk (x,ﬂ)jzk (& ﬂ)(ﬁ(f)df—éyk (x,/i)jzk (& (&) +

(12)
+22ymxzjgkw

m=1k=1
(12) bsrabsrllylnln sag torofindoki inteqrallar hissa-hisss inteqrallasaq, alariq:
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1 .
(x,&,1) [ M(x,&, 4
[A0EDferag =18 o)+ IS
0 (13)
Burada M(x,¢&, ﬁ,) funksiyas1 [0,1] pargasinda x vo &-ya gdro mohdud,
A€, (p =18) sektorlarinda A - kompleks parametrina goros analitikdir.

lim -1 Jf’jG x,& A p(E)d&EA = zz res /13.[6 x,& 1) (5) dé

k—e 2|7Zp 0 k=1n= 1 p (14)

(X,f,/l) funks1yas1 [0,1] pargasinda X vo &-ya géro mohdud oldugunu
nozars almagla (13) dUsturundan istifads etsok, alariq.

nm—j;ﬁje X, & ()& = p(x) (15)

k —o0 2|

(14) vo (15) barabarllklerlnl tutusdursaq, ayrilis diisturunu alariq.
Teorem ishat olundu.

Molumdur ki, Req(x)>0 , 0<x<1 oldugda (1) tenliyi Silov monada

parabolikdir. Asagidaki teoremdo (1)-(3) masalasinin halli daha genis sinifdo
tapilmisdir. Xiisusi gqeyd etmoak lazimdir ki, hallin varhig: tigiin omsallar Gizarino
qoyulan kafi sort todgig olunan tonliyin Silov monada parabolik olmadig: hal-
lar1 da ohato edir.

Teorem 3. Forz edok ki, q(x) vo ¢(x) funksiyalar1 asagidaki sortlori

6doyir. q(x)e C'0d] , p(x)e C*[0], ¢(0)=0(1)=¢'(0)=¢'1)=0. Re_l[q(r)dr >0.

Onda (1)-(3) qarlslq masalasinin asagldah diisturla tapilan halli var.

22 res Ae ’“_[G x,E ) (5) dé (16)

k 1n—1
burada A4,, (k :1,4;n :1,2,3,...) adadlari uygun spektral masalasinin Qrin funk-

siyasinin biitiin sifirlart isara olunub. Harada ki, moxsusi adadlari asimptotikasi
(9) dusturu ils tapilib

Isbat1.

Qarigiq masalonin hallini

Z res /ﬂG x,E AR (Et, AE (17)

k=1 n—l
soklinds axtarilir. Burada z(f,t,ﬂ) namelum funksiyadir. Bu funksiyani tap-

maq ucin (17)-ni (1), (2)-do nazars alsaq parametrdon asili adi diferensial
tonlik ti¢lin Kosi masalasini alariq:
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w = F2(E ) (18)

1
2(5,0,/1)=E¢(<§) (19)
Asanligla yoxlamagq olar ki (18) va (19) Kosi masalasinin halli
1 »
Z(f,t,ﬂ)=ﬁe“¢(§) (20)

disturu ils tapilir.

(20) hallini (17) sirasinda nazors alsaq (16) diisturunu alariq. Asanligla
yoxlamagq olar ki, (16) sirasi (1)-(3) qarisiq masalonin formal hallidir.

(9) dusturundan istifads etsok asagidaki gqiymatlondirmani aparmaq olar.

1
—tz*n?[q(rdz+0(n
‘e/lﬁnt _ otReit _ o Ja(eXz+0(n)

Bu onu gostorir ki, agor Rejq(f)dpg , t>0, oldugda xe [0.1] oldugda (16)
0

sirast ilo toyin olunan u(x,t) funksiyasi vo onun X -o géro dordinci, t-ys géro

birinci tortib téromolari mitlag vo mintazom yigilir. Bu onu gostarir ki, (17)
disturu ils tapilmis sira (1)-(3) qarisiq masalonin asaslandirilmig hallidir.
Teorem isbat olundu.
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O PEIIEHUE OJHOM CMEINEHHOM 3AJIAYH
C AHTU IEPUOIJUYECKHUM I'PAHUYHBIM YCJIOBUSM

C.3. AXMEJIOB
PE3IOME
Paccmotpena cmemianHoe 3ajada Juisi ypaBHEHHE YETBEPTOBO mopsiaka. McciemoBana
COOTBETCIIBYIOIIAE CEKTpasibHas 3aAaua. [Ipu onpeneneHHbIX yCIOBUIX Ha JJAaHHbIE HalieHa
ACHMIITOTHKA COOCTBEHHBIX 3HAUEHHMH M M3yueHa BakHbIe CBOMcTBa (hyHKUMH ['pruHa mocras-
JeHHOH 3a1aun. B paboTe mana Teopema pasioKeHHs U HAHJCHO pelieHue 3a1a4u.
KiroueBbie caoBa: CoOcTBeHHBIX 3HaueHNsA, OyHkius ['puna, GpyHIaMeHTanbHbIC pe-
LIEHMSI, XapaKTEePUCTUUECKUN JETEPMUHAHT, CHEKTPAJIbHAS 3a/1a4a.
ABOUT THE SOLUTION OF ONE MIXED PROBLEM
WITH AN ANTIPERIODIC BOUNDARY CONDITION
S.Z.AHMADOV
SUMMARY
For the equation with four portion, mixed problem was reviewed. Spectral task appro-
priate to this task was investigated. At some condition on dates the asymptotic of eigenvalues
is found and important properties of Green’s function of the stated problem is investigated. In

article, separation theorem was proven and one solution of mixed problem was settled.

Keywords: Eigenvalues, Green function, fundamental solution, characteristic deter-
minant, spectral problem.
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O CKOPOCTH NOJITUHOMMAJbHOM AIIIIPOKCUMAIIANA
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B cmamve oaemcs xapaxmepucmuxa CKOpOCMU HAULYYUE20 DABHOMEPHO2O NpU-
bnudiceHUst 0000UWEeHHBIX AHATUMUYECKUX QYHKYUL 000OUEHHbIMU NOTUHOMAMU HA KOMNAKN-
HbIX MHOMCECMBAX KOMWIEKCHOU NJIOCKOCMU HA A3bIKe CKOPOCHU POCMA ee KO puyuenmos
Paziodicenuss 8 paod no  0O0OWEHHBIM NOTUHOMAM, U NPUBOOUMCS CPAGHEHUE CO CKOPOCHIbIO
NPUOTUICEHUS YACTHBIMU CYMMAMU PAO08 N0 000OUEeHHBIM NOTUHOMAM.

KaioueBnbie cioBa: 0000mIeHHBIE aHATUTHYECKHE (DYHKIUH, CKOPOCTH HAMIIYYIIEro
PaBHOMEPHOTO TIPHOIIKEHNS.

Ilycts E, (WG) - Hammydiee paBHOMEPHOE HPHOIIKEHHE (YHKIUH

W, 00001IIeHHON aHaTUTUYECKON B oOsactu G W HENpephIBHOW B G, 06006-
[ICHHBIMH TIOJIMHOMAaMHU CTereHu < N, T.e.
E.(w,G) = inf supjw(z) - B,(z)|.
P zeG

B [2] monydens onenku E (W.G) B 3aBHCHMOCTH OT CBOWCTB (hyHK-
ur W(Z) u rmagkoctu rpaduisl oonactu G (cm. 1.1,2). B HacTosieii craTbe
CKOPOCTh HAWJIY4IIEro PaBHOMEPHOTO MPHUOIMKEHUs 00OOIICHHBIX aHAIUTHU-
4ecKkuX (YHKIUI 000O0IIEHHBIMUA TTOJMHOMAaMH HAa KOMIIAKTHBIX MHOYECTBaX
K < C xapakrepusyercsi Ha s13bIK€ CKOPOCTH pocTa ¢e Ko3(hHUIIHEHTOB pas3-
JIOKEHUS B Psii 10 0OOOIIEHHBIM TOJMHOMAaM U CPaBHHUBAETCS CO CKOPOCTHIO
NpUOIMKEHNST YaCTHBIMU CYMMaMH PsJIOB 10 00001IeHHbIM nosimHoMaM da-
oepa.

B kauectBe MHOkectBa K paccmaTtpuBaercs OJHOCBS3HAs 00JIacTh
KoMmIuiekcHoi mockoct C co copsmusiemoit rpanmieit I'. Mbl moydaem
aHaJIOTH pe3yabTaToB [3] B Ki1acce 000OMICHHBIX aHATUTHYCCKUX (HYHKITHH.

PaccmoTpum cHadana ciyuaii, korna K =U, ={z:[z| <R}.
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Hanee U, (Ug), p>2, obosHauaeT Kiacc (yHKIHH, 0OO06IIEHHBIX

aHanuTHyeckux B kpyre U, u Henpepwiabix B U, ([1]); 06061ennbie nosu-
HoMmbl 111 U, obozHauatotes W, (z,0,R). @ynkiun W(z) comocTtaBiseTcs psj
110 0000IIEHHBIM OJIMHOMAM

W~ e, (z0.R), )
k=0
rie
i 1w
B = G+ = - l 5&’? dZ, k=012,. %)

T,(w) - o6o3Ha4yaeT N -fo yacTUuHyto cymmy psiga (1) must dyskmm w(z).
JInst onMcaHust CKOPOCTH TPHOJIMKEHHS 2JIEMEHTOB OYIyT MCITOIb30Ba-
HBI CJIEIYIONINE MHOKECTBA:

IT'={g €C*(0;0); g(x) >0, g"(x) <0, x>0, limg’'(x) =0, limg(x) = c}.

Jlnst kaxxmoit g € I1' cripaBeyTUBBI CIEAYIOIAE COOTHOIICHHMS:
1) g'(x) >0, x>0;

2) lim(g’) () = o0; )
3) lim 9% _g.

X—00 X

[3]

CnpaBeiuBa ciienyromas
Teopema 1. [Tycts W(z) €U p,Z(Ur)' p>2,r>0.Torma yis g ell’ u

R >r cnemxyromume cBOMCTBA YKBUBAJICHTHBI
r n+l
) E,(WU ,,(T,)=0 (Ej e | s oo

i) [a,| = Oe°® /R¥), k —oo;

n+l
i) [w—T,(w)], O = OL(%) eg(n+1)} N o0

Kpome Toro, eciu crpaBesIMBO OJJHO U3 ITUX CBOWCTB, TO (DyHKIHS
W(z) siBisieTcst 0000IMIeHHOM aHATUTHYIeCKOH B Kpyre U, .
Hoxka3zareibcTBo. [lycts crpaBemmmso (ii). ITokaxkem, uto W(z) pas-
naraercs B psiz (1), paBHOMEpHO cxomsiuiicsi BHyTpH Kpyra U .
Jlns obmero wiena psga (1) cipaBeIMBO MpeICTaBICHUE
CoeWoi (2,0, R) + Cpp o Wiy .4 (2,0,R) = 2¥(3,50,2). (4)
[9]
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OueHuBas ero, moJayyuM st Vz, |Z| =r<R

|C2kW2k (2,0,R) + Cyy Wy 4 (2,0, R)| = ‘Z “ (a0, Z)‘ <

k 9l r ‘
<Mla|lz]' < Me*®@/R*-r* =M] e =
rae M - mocrostHHas, 3aBHCAIIas oT mopoxkaaromiei mapel (F,G) [1].

VYuureiBas cBoicTBO (3) pynkuuu g € I1', BeiOepem & >0, Tak 4TOOBI
r
—e“=q<l. 5
R¢ = ()

Torna o6mwmii wieH psiaa (1) Makapupyercst OOLIMM YICHOM CXOJISIIEHCS Teo-
METPUYECKOM Tporpeccuu u, 3HauuT, psia (1) cXoauTcs paBHOMEPHO BHYTPH
U, u npexacraBnser GyHKIHIO W(Z), 00001meHHYI0 aHaTUTHYeCKY 0 B U .
[Monyuwnm Teneps oreHky (i).
Nmeem g r <R

E.(wWU ,,U))<|w-T, (W), = >.2%a;0,2) <
k=n+1 U p,z(Ur)
o n+1 o k
<M Z |ak|rk <M (Lj eg(n+l)zeg(k+n+l)—g(n+l) (Lj . (6)
k=n+1 R k=0 R

Hcnons3ys TeopeMy 0 cpeHeM, HailieM, 4To
eg(k-*—n-*—l)—g(r1+l) < eg

Torna (6) npumeT BH

n+l k
E.(wU ,,U,))< Meg("ﬂ)(ﬁj D e* (Lj , n>ng,
’ R) = (R

uro maet (i) u (iii), T.k. mocieanss cymma cxoaurcst B cuiy (5).
[Tycte Teneps W(z) obnanaer cBoiictBoM (i). [TokaxkeMm, 4TO OHa SIBJISI-

ercst 00001eHHON aHanmuTH4eckoi GpyHkiuei B kpyre Uy, R>r . meem

E,(wU ,,{,) <M [(%j eg(nm) @

OTKyJa il Z € Ur MOoJIy4Yum

w(z)-P,(2)| <M ((%)m eg(ml)] _

P2 -R(@) <wW(@)-R.(2)+W2)-R(2) <

Ho Torna
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+2 n+1
<M eg(n+2) +M eg(n+1) —
R

g(n+l)
e n+1 M + M( jeg(n+2) g(n+l)
R
g(n+l) r
< e nl M +M(—jeg .
R R

[TocnenHee HEPABEHCTBO BJICYET PABHOMEPHYIO CXOAMMOCTH IOCIIENO0-
BaresibHOCTH {P,(Z)} BHyTpH Kpyra U, K 0000IICHHOH aHATMTHYECKOH

¢ynkmuu. Ho na K {4, (2)} cxomurcs x w(z), ciemoBarensHo, W(Z) nomyc-
KaeT MpoJoJDKeHne 10 GyHKIMU W(Z), 0000IICHHO aHATMTHYECKOW B Kpyre
U;.

O6o03Hauas P, - 0606MEHHbIH MOJTMHOM HAMIYHUINEro TPHOIMKEHUS

byakuun W(z) B U,
N3 popmyser Kommu 1t 00001IeHHBIX aHATUTHYSCKUX QyHKIwmiA [9] u

(i) umeem
_p
a=|L | Z(kn[w(z) RA() dz,(wjg
Zﬂ‘z‘:r I

<E,(wU ,,(T,))/r =0(e*®/R¥),
4To mokas3biBaeT (ii).

[Tycts cnpasemmuso (iii). Torma cBoiictBo (i) cneayer u3 (iii) mo omnpe-
JICTICHHUIO.

Teopema 1 noka3zana.

0O600muM Teopemy 1 Ha ciyuaii 6osiee 00X MHOKECTB.

IIyctb K - 0IHOCBSI3HOE KOMIIAKTHOE IOJMHOKECTBO KOMIIJIEKCHOM
mwiockocti C co crnpsimitsiemoii rpanuneid [T, u mycTh | - €IWHCTBEHHOEC
KOH(OPMHOE 0TOOpaKeHNE BHELIHOCTH SIMHUYHOTO Kpyra Ha jonoinHenne K
¢ ycnoBueM (o) =0, y'(0)=c>0. IIycts [y, R>1, - nunus ypoBHs,
Iy ={z :|(D(Z)| =R}, rme ® =y, unycts E, - BHyTpennocts [y .

JInst paccMaTpuBaeMbIX MHOXKECTB mociienoBateabHocTh { %, (Z,K)} o,
P=012,... 06o0menubix nmonuaomoB dadepa &, (z,K) ompenensercs mo-

POXKIAIOMUMU QYHKIHMAMU
Ql(z,t,K)z//(t):%Z 2 (2.K) ~ iy (2.K)

k+1
k=0 T
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Q,(2,t,K)y/'(t) = %Z P2, K);klf’m(z, K)

k=0

Jns pynkumn wel |, (k) ee psan no 0600umennbvM nommnomam ®abepa onpe-

JCIISICTCS
W~ zczk‘ébZk(Z! K) + Co 1P (2, K) (8)
k=0
Yucna
. 1 w(y (t))dt
a, =C, +iC,  =— | ——2—
K 2 2k o 4 tJ;l £
U
W(o
a, = w(0) , keP,
k!

Ha3piBatoTCsl KO3 dunmenramn Pabepa 000OIIEHHON aHATMTHUECKONW (YyHK-
mun W(z), N-s gactuaHas cymma psina (8) obosznavaercs S, (W;z).
O600mmenHbIM onepaTopoM Pabepa Ha3BIBACTCS ONEPATOP BHUIA

w = (FW)(z,K) = zim.jﬂl(z,cf, K)W(D(&))dé -

— (2,6, K)W(D(E)dS

KOTOpHIH Kaxyro pynkmmio WeU ,(U,) mepesomut B pynxuuro wel ,(K).

OO6partHslii 00001eHHBIN oniepaTop Pabepa nMeeT BU
~ _ 1
W) = FH(w)0.Uy) = 5 [ Q07,6 U wly (0)dt -
r

—Q, (7,1, U )wy (t)dt
u nepeBouT Kaxkayro gpyrximmio Wel |, (K) B dpynxmmo We U p,z(Ul) :

MmuoxectBa K, 17151 KOTOpbIx 000011eHHBIN onepatop Pabepa orpanu-
4yeH, Ha3bBaroTcs PabepoBbIMH MHOXKECTBaAMHU. B nanbHeleMm, Mbl Oyaem
noJyiarath, 4to rpanuna [ - kpuBas Anbnepa, 4To oOecreunBaeT OrpaHUYEH-
HOCTb 0000111eHHOT0 oneparopa F .

N3 croiicTB 0000menHoro oneparopa F ciemyer
1) F(wy,)(2,Uy) = 9,,(2,K)

2) F(W2n+1)(z’ul) = 962n+1(z’ K)

3) F(T,)(z,U,) = %CZk"%Zk (z,K) + Cp 1854 (2, K)
(ew.[4]8]).

JUnst nanbHeNIero U30KeHust HaM MOTPeOyIOTCs CIIETYIOIIHIE TEOPEMBI.
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Teopema 2. Eciin 0006menHsIi mommaoM P,(z) Ha K ynosmerBopsier
HEPABCHCTBY
\Pn(z)\é L, zeK,
TO
IP(2) <MR" mus z nauBHyTpH [},
rae M - mocrosiHHas, 3aBUCsIas oT nmopoxkaaromieit maper (F,G).

Jloka3aTenbCTBO ITOM TEOPEMbI CIIEAYET U3 MPHHIMIA MOA00UsS U CO-
OTBETCTBYIOIIETO pe3yJsibTaTa Jyis ToioMopdHbIX GyHKImi [1].
Teopema 3. [Tycts 1<t <R, 1 peanonoxum, 9ro

w=P, . =0[™/R") n -0 (10)
nllu p‘Z(K)

st Hekoropoit dyrkimm g’ €I1’, rne P,(z) - mpon3BoibHBII 0000IIEHHBII

nosuHoM crerienn < n. Toraa

n+1
lw-PR, &) =0 [%) e’ n—o. (11)

Hoxka3zaTeibcTBo. U3 coornomenwus (10) ceayer, uro mis z € K
w(z) - P (2)|<M(e?™P/R™) n>n
n 0
W(z)-P,(2)|<M (eg("+2>/R"+2) n>n,
otkyna st Z € K

g(n+1) n+1

P P M g( 1) R 1 1 eg(n+2)_g(n+l) M e n+1 1 eg
7) — 7 S e n+. n+ - S + |
‘ n+l( ) n( )‘ / R R R

Torma no Teopeme 3 1st Z € E
g(n+) \"*

(e " } ¢ g(n+1) n

RL@)-PR (@M Rm[u eRJr ) Ml[e FrJ

(cM (i) B Teopeme 1).
W3 mocneaHero HepaBeHCTBAa CJEAYeT, YTO MOCIEAOBATEIBHOCTD
{P,(2)} cxomurcst paBHOMepHO BHYTpH E, m QyHkumus w(z) siBisercs 0600-

IIEHHOW aHanmuTU4Yeckol B Eg.

ITokaskeMm, uto crpaseminBo (11).
Nmeem
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-, Z(E)_sup(|P<z>|+2|Pm |j<sup|P<z>|
P 9k TGRS n+l P ok
+ MZ(_e k+1 <M _e n+1 Z —e k+1
k=n R k=1 R

n+1
-0 ew(fj .
R

TeopeMa noka3ana.
Crnenyromiasi Teopema sBIsIeTCs: 0000IeHneM TeopeMbl 1 Ha ciaydai
MHOeCTB K , Olpe/ieJIeHHBIX BHIIIIE.

Teopema 4. [Tycts K ®abepoBo MHOXkeECTBO Takoe, 4To F orpanu-
uen. Jlns kaxmoli 0600mennoi anamutudeckoid pynkumn W(z) eU ,(K),

g €IT" u R >1, cnenyromue yciioBusi SKBUBAJICHTHBI

i) E,(wU ,,(K)) = 0" /R™) n—o0;

ii) [a, (W) = O(e?®/R¥), k —>o0;

_ g(n+1) n+1

iii) [w—S, (W), = O(e /R ) n—o0.

Joxa3aTteiabcTBo. M3 ycnoBus (i), B cuiny Teopembl 3 cienyer, 4To
W(z) sBasercss 000OmIeHHOH aHanuTHueckod Qynknumeit B E; u, cienosa-
TensHo cymectyer WeU ,(U;) taxas, uro FW=w. Kpome Toro, u3
F(w,,) = %,,(2,K), F(W,,,,)=4,,.,(z,K) u orpanndeHHoct: 06001IEHHO-

ro oneparopa F ™ crenyer, uto
E,(WU ,,(0)) < ME, (WU , ,(K)) = 0e?™?/R™).
Takum 00pazom W sBJIseTCs 000OIIEHHOM aHATUTUYECKOM (QyHKIUEN
BU;u

)
k!
B CHIIy TeopeMmsbl 1.
Ho
w0
a (w) = kf ) : (13)

tak uro u3 (12) cnenyer (ii).
ITycts crpaBemmuBo (ii). [Mokaxkem, uro W(z) sBisieTcs 000OIMICHHOM

aHaIMTUYeCKON QpyHKumei B E; .
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BossMmem mpousBosibHOE I, 1< <R, u onenum ob6uuii wien psiaa (8).
HNmeem

|C2k‘962k (z,K) +Cpy 194 (2, K)| S|ak|0‘962k(z’ K) + %, ,(2, K)|)S
ORI
<Me'™®/RE.rf =M|e k —|.
Qe

BeiGepeM & cTONIB MalbIM, YTOOBI

I
ef . — | = 1.
( Rj =

Torna psix (8) cxonurest paBHOMepHO Ha E, , a motomy 1 Ha K k 0000mIeHHOI
aHanuTH4deckor GpyHkuuun W(z) u mno (i) w(z) sBusiercs 0000IICHHOW aHAH-
trdeckor pynkuued B E, . Ho Torna cipaseymso (13).

Teneps u3 Teopems! 1 umeem
[@=T, @), g, =0 /R ) n—co.

U3 (13) u cBoiicTB 00001IeHHOTO Omeparopa Dadepa moayInm
F(T,(W))=S,w, neP,

TaK 4To orpaHudeHHocth F maer (iii). U3 (iii) —>( i) cnmexyer TpuBHanibHO, U

TeopeMa JJ0Ka3aHa.
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UMUMILOSMiS ANALITIK FUNKSIYALARIN
COXHODLILORLO YAXINLASMASI HAQQINDA

M.9.TAGIYEVA
XULASO
Isdo Umumilosmis analitik funksiyalarin kompakt coxluglarda Umumilosmis
coxhodlilarla on yaxsi yaxinlasma siirsti xarakterizo edilir. Burada imumilogmis goxhadlilora
goro siraya ayrilis amsallarin artim tortibindon istifado olunur vo  Umumilogmis Faber
coxhodlilarine gors siraya ayrilisimin xtsusi comlarls yaxinlasma tartibi ilo mugayiss olunur.

Acar sozlari: imumilogmis andlitik funksiyalar, on yaxs1 yaxinlasma surati.

ON DEGREE OF POLYNOMIAL APPROXIMATIONS
OF GENERALIZED ANALYTIC FUNCTIONS

M.ATAGIYEVA
SUMMARY
In this paper the rate of best polynomial approximation of a generalized analytic func-
tion on a compact Faber set is characterized in terms of the rate of growth of its Faber coeffi-

cients and compared with the rate of approximation by the partial sums of the Faber series.

Key words: the generalized analytic functions, the degree of polynomial approxima-
tions.

Hocmynuna 6 peoaxyuro: 10.02.2020 2.
Ioonucano xk neuamu: 22.10.2020 ..
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VJIK 517.9.

O ITIPEJICTABJIEHUM PEIIEHUA JUHEHHOT' O PASHOCTHOT' O
YPABHEHUA TUIIA BOJIbTEPPA C 3AITIA3IbIBAHUEM

A.B. KEPUMOBA
bakunckuii cocyoapcmeennwlit ynugepcumem
aytac.mensimli@mail.ru

Paccmampusaemcsa oona cucmema AuHEUHbIX HEOOHOPOOHBIX PASHOCMHBIX YPAGHEHUL
muna Bonemeppa ¢ 3anazovieanuem. Haiioeno npeocmasienue pewieHusi OCHOBHOU HAYAIbHOU
3a0ayu 015 paccmampueaemozo ypasHeHus.

KiioueBble cji0Ba: pa3HOCTHOE ypaBHEHHWE, 3ama3/blBaHuE, JUHEHHOE YpaBHEHHE,
Bonsreppa, ananor 3agaun Ko, npeacraBieHue pemeHus.

IIpn uccnenoBaHUM Pa3NMYHBIX 33a4 ONTHUMAJIBHOTO YIPaBJICHUS HeE-
IIPEPBIBHBIMU WJIN K€ JTUCKPETHBIMU CUCTEMAaMHU CYLIECTBEHHYIO POJIb UTPAET
MIPEJICTABICHUE PEIIEHUN COOTBETCTBYIOUIMX CUCTEM JIMHEHHBIX WJIU K€ JIM-
HEapU30BAHHBIX ypaBHEeHHI (CM., Hatp., [1-3]). Mcxons u3 3TuX cooOpakeHui
B CTaThe PAacCMATPUBACTCSI aHAJIOT OCHOBHOW HavajbHOW 3amaud (cM., Hamp.,
[1, 3, 4]) anst omHOTO Kiacca JIMHEHHBIX Pa3HOCTHBIX ypaBHEHHWi Tuma Boub-
Teppa C 3ana3/bIBAHUEM.

Haiineno npencrasieHue penieHus paccCMaTpuBaeMOM 3a/1auu.

ITocTanoBka 3apaun. PaccMOTpuM cucTemMy JMHEMHBIX HEOAHOPOIHBIX
Pa3HOCTHBIX ypaBHEHUH TUNAa BonbTeppa ¢ 3ana3ablBaHuEM

y(t+1)= AQy(R)+ BOY(E—h)+ Y [Cl 2)y(e)+ Dt )yle — )]+ X £, 7),

T=t, =ty
teT ={t,t, +1..t -1} (1)
C HaYaJIbHBIMHU YCIOBHSIMH
yt)=olt)teE, ={t,—ht,—h+1..t -1}
¥(to)= o 2
31ech A(t), B(t), C(t, r), D(t, z') - 3a/IaHHBIC JTUCKPETHBIC (n X n) MaTpuy-
HbIe (YHKIINH, f(t, r) 3amganHas - MepHasi TUCKpeTHast BEKTOp QyHKIUS, Y, -

3a/IaHHBIN ITIOCTOSIHHBIM BEKTOp, a go(t) - 3a7aHHasg - MepHasl AMCKpeTHas
BEKTOP-(PYHKIIHS.
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[lenbro pabOTHI ABJISAETCS HAXOXKICHHUE TPEICTABICHUS PEIICHHs aHAIOTa
OCHOBHO# HavyanbHOU 3a1aun (1) -(2) ¢ momorikio aHamora Matpuilsl Koru.

[TycTs y(t) SBJISICTCS PEIIEHUEM OCHOBHOM HauanbHOM 3amaun (1) — (2).
Toraa sicHO, YTO UMEET MECTO TOKIECTBO

V(e +2)= Ae)y(r)+ By —h)+ S[Cs)y(s)+ D(T,S)y(s—h))]+s_itof(r18) )

,to
YmHOkast 00e yacth TokaectBa (3) ciieBa Ha TOKa MPOHM3BOJIBHYIO

N XN guckpeTHYrO MaTPUUHYIO QYHKIHMIO F(t, T ) U 3aTeM CyMMUDPYS 110 T
or t, 1o t —1 monmyuum

SE oy +1)= S F A+ Bo)y(z -]+

T:to T:to

+ 3 SR oXC( s)y(s)+ D(r,s)y(s—h)}+tii Flo)i(ns) (@)

=ty | s=t, 7=ty S=t,

Ha ocHose JUCKPETHOI'O aHajiora TCOpEMbI cI)y6I/IHI/I nojrydacm, 410

5 Sl syl 3 S0y

=ty s=t, s=t
Jlanee cnenas 3ameny nmepemeHnbix S—hN =, u yantsBas (2), momy-

qyacMm, 4ToO
t-1 ¢ t-1t-1

Zt:s; F(t,z)D(z,s)y(s—h)= E; F(t,s)D(s,7)y(r —h),

t-1-h

:jtlp(t,r)s(f)y(f_ )= (L nB(e + ()=

t-1-h

—Zth+h (z +h)p(z) Zth+h (z +h)y(z). (5)

r=ty—t =ty

[TycTh 10 ONpPEIEIEHUIO
t-1
= > F(t,s)D(s,7)

C Jcjias 3a1auy HepeMeHHHX T— h (04 HonyqaeM qTo

iQ(t,r)y( ZQtHh ZQtHh)go ZQtf+h (6)

7=t, r=ty-h r=ty-h 7=t,

Jlanee jerko gokasaTh, 4TO
t_ilF(t,r)y(r+1)=F(t,t—l)y(t)—F(t,tO Dy(t, )+ zF(t r-1)y(x) @)

VYuuteiBas Toxnaectsa (5) — (7) B (3) nomyuum, uro
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Ftt-1)y()-F(tt, -2y, + 3 F(t, r=1y(c)=

r=tg

= SF(t)AR)y(0)+ zF(t 7+ h)B(z + hp(z) +

‘l':to —tO

+t_i_hF(t,r+h)B(r+h) (r)+ tzl[tle(t sIC(s, r)} (7)+

+ £ Qlt.r+hlolr)+ ZQ(t e+h)y(e)+ £ SF(Ls) (s7)- ©)

prnrmpy;l 110JI00HbIE UJIEHbl UMEEM

Ft,t-1)y(t)-F(t t, 1)y, +"§h[F(t,r—1) CF(t, 7)A(r) —F (t, 7 + h)B(r + h) -

—gF(t,S)C(S,T)— (t r+h)]y(r)+ Z[F(t -1 -F(t,7)A(r) - ZF(t S)C(s,7)]y(r) =

r=t-h

_ STF@, 7z +h)B(+h)+Qt, r+h)](p(r)+z SF(s)f(s,7) (9

r=tg—h 7=ty S=1
Ecnu npeamnojgaratb, 4To MaTpHU4HasA (byHKI_II/I}I F(t, z‘) YAOBJICTBOPACT
COOTHOIIICHUSAM.

F(t,z 1) = F(t, 7)A(r)+ tglF(t,s)C(s,r), t-h<r<t-1,

F(t, T —1) = F(t, T)A(T)+ F(t, T+ h)B(T + h)+ F(t, S)C(S, T)+ iF(t, S)C(S, T)-I— Q(t, T+ h),

t, <t<t-1-h, F(tt-1)=E,
T0 13 (9) MoTydHM ciieylolIee peacTaBaenne s y(t).

y(t)=F(t,t, -1) y0+ZZFts Z[ (t,z+h)B(z +h)+Q(t, 7 +h))lp(r). (10)
=ty s=r 7=ty
Taxum 00pa3oM, 10Ka3aHO ClIEAYIOIIee YTBEPKACHUE.
Teopema. IIpu crenaHHBIX NPEIIIOIOKEHUSAX PEIIEHHME OCHOBHOM JIO-

KajabpHO# 3amaun (1) — (2) nonmyckaet npeacrasinenue B Buze (10).
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GECIKMOYO MALIK VOLTERRA TiP XoTTi FORQ TONLiYiNiN HOLLINiN
GOSTORILISI HAQQINDA

A.V.KORIMOVA
XULASO

Mogalada gecikmays malik bir Volterra tipli xatti bircins olmayan tonliklor sistemina
baxilir. Baxilan tonlik Uclin asas baslangic masalonin hallinin géstorilisi tapil misdhr.

Acar sdzlar: forq tonliyi, gecikmo, xotti tonlik, Volterra, Kosi masalasinin analoqu,
hallin gostarilisi.

ON THE REPRESENTION SOLUTION THE VOLTERRA
TYPE DELAY TIME LINEAR DIFFERENCE EQUATION

AV.KARIMOVA
SUMMARY
One system of linear inhomogeneous difference equations of the Volterra type with de-
lay is considered. A representation of the solution of the main initial problem for the equation

is found.

Keywords: difference equation, delay, linear equation, Volterra, analogue of the Cau-
chy problem, representation of a solution.

Hocmynuna 6 peoakyuro: 12.02.2020 2.
Tloonucano xk neuamu: 22.10.2020 2.

54



BAKI UNIiVERSITETININ XOBORLORI
Nel Fizika-riyaziyyat elmlari seriyasi 2020

YAK 517.97

3ATAYA BIgCTPOﬂEﬁCTBHH OTHOCHUTEJIBHO
OJHOT'O HEJIMHEUHOI'O TNINEPBOJIMYECKOI'O YPABHEHUA
BTOPOI'O TOPAAKA

I'®.KYJUEB, 3.P.CA®APOBA
bakunckuii I'ocyoapcmeennulit Ynueepcumem
Haxuueeanckuii I'ocyoapcmeennvlii Ynueepcumem
hkuliyev@rambler.ru, seferovazumrud@gmail.com

B pabome uccnedyemca 3a0aua 6vicmpooeiicmsus 015 00HO20 HeIUHEUHO020 2unepoo-
JUYECKO20 YPABHEHUs 6MOPO20 NOpsdKa. Jlokazvleaemcss meopema Cywecmeo8anus Onmu-
ManvHo2o ynpasienus, ougpgepenyupyemocms dynxkyuonaia no Ppeute u 8b1800UMCs HeOO-
X00uMOoe ycogue OnmuMaIbHOCMU 8 8U0e 8aAPUAYUOHHO20 HEPABEHCEA.

KoaioueBble cjoBa: 3a1ada ObICTpO/EICTBYS, HEIIMHEHHOE THUIIEPOOINIECKOE ypaBHe-
HHE, YCIOBHE ONTHMAILHOCTH

Kaxk u3BecTHO, 3a/1aua OBICTPOICHCTBHS SIBJISETCS TIEPBOM 3a7adeil Ma-
TEMaTUYEeCKOW TEOPHUH ONTUMAIBHOTO yrpaBieHUs. BO3HUKHYB Kak 00001ie-
HUE psfa MPAaKTUYECKUX 3a7ad IMOCTPOCHHS ONTHUMAJIBHBIX CHUCTEM YIIpaBJie-
HUs, B CUJIY YAQUHOT'O COUYETAHMS COJEPKAILIErOocsl B HEM KOMILJIEKCA BOIIPOCOB,
OHa CTajga OJHOW M3 OCHOBHBIX. B Teopuu ONTHUMAIBHOTO YIPABICHUS ISt
MPOIIECCOB, OMHCHIBAEMBIX OOBIKHOBEHHBIMH U (epeHInalbHbBIMI ypaBHE-
HUSIMH, 33/1a4d OBICTPOACHCTBHUS JOCTATOYHO Xopolo u3ydensl [1-4]. Ho ot-
HOCHUTEJILHO MPOIECCOB, OMUCHIBAEMBIX YPaBHEHUSMHU C YACTHBIMHU MPOU3BOJI-
HBIMH, 3TH 33J[a4ll CPaBHUTEIBHO Mayo u3ydeHbl [5-8]. [loaTomy mccienoBa-
HUA 3a7a4 OBICTPOACHCTBUS IJISl PA3IUYHBIX HECTAIMOHAPHBIX YPAaBHEHHM C
YaCTHBIMHM TPOU3BOAHBIMHU, KOTOPBbIE BO3HUKAIOT B MPAKTUYECKUX 3a/ayax,
HECOMHEHHO, SIBIIIIOTCS aKTyaJdbHBIMHU. JIJIs CUCTEM C pacrpeeieHHbIMUA T1a-
pameTpamMu HCCIe0BaHNE TaKUX 3a/1a4y HATAIKUBACTCS Ha Psii TPUHLUIUAb-
HBIX TPYAHOCTEH, MPU 3TOM CaMU MTOCTAHOBKM 33Ja4 MOTYT ObITh Oojiee pasz-
HOOOpa3HBIMU M COAEPKATb OCOOCHHOCTH, KOTOPHIX HET B CIy4yae CHCTEM C
COCpPEIOTOYEHHBIMU TTapaMETPaAMH.

B nacrosimieit pabote m3ydaercs 3amavya OBICTPOJACUCTBUS IJISI OJHOTO
HEJTMHEWHOTO TUNEPOOINYECKOT0 YpaBHEHUS BTOPOTO MOPSAKA, MPOTOTUIIOM
KOTOPOTO SIBJISIETCS YpaBHEHHE, BO3HUKAIOIIEE B PEISTUBUCTKON KBAaHTOBOMU
Mexanuke [9]. Jloka3piBaeTcsi TeopeMa CyIIECTBOBAHMS ONTHUMAIBLHOTO YIIPaB-
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JICHUSI U BBIBOJMTCS HEOOXOIUMOE YCIOBHE ONTHMAJILHOCTH B BUJIE BapHallu-
OHHOT'O HEPaBEHCTBA.
ITocTanoBKa 3agaun
Paccmotrpum cucteMy, cocTosiHie KOTOPOM OMpPENesieTcsl ypaBHEHHEM

2
ng:—Au+|u|u +vu=f(xt) s Q=Qx(0,T) (1)
C I'PAaHUYHBIM U Ha4aJIbHBIMU YCIIOBUAMHU
ou
ul, =0, u[_, =uy(x), —| =u,(x), xe Q, ()
dt g

rie A omeparop Jlammacamo X, Qc R", (N =3 wm N =4) - orpannucuuas
067acTh ¢ A0cTaTouHO ryaakoi rpanuueit I', Q - uumuaap B R™ S=I'x(0,T)-

0
GokoBas moepxHocTh wammHApa Q, U, e W, (Q), u e L,(Q), felL,(Q) -3a-
nansable QyHkyn, V= V(X,t) ¢bynkuus, onpenensonas ynpasieHus. Kioace
JOMYCTHMBIX yIPABICHHUI OMPEIESITUM MHOKECTBOM

V:{V(X,t)| ve L,(Q), asv(x,t )b mnourn sciony (m.B) Ha Q}, a<b,
a, b -3anannsie yncna.

OtMmeruM, uyTo aHajnoruyHo padore [9, 20-29] mMoxkHO MOKa3aTh, 4YTO
a1 xkaxaoro ynpasienus VEV 3amaua (1), (2) UMeeT eIMHCTBEHHOE pelle-
mue U =U(X,t) =u(X,t;V), npuuem

0
ue LM[O, T;W;(Q)m LS(Q)] ?)Ltj el (O,T;LZ(Q)).
Ho Mbl paccmaTpuBaeM ciydau, korna N=3 wmwm 4, mostomy U3 TeopeMbl
0
Broxenus [10, 83] crmemyer, uro W, (Q)c L, (Q) npu N= 3 u
0 0 0
W, (Q) = L,(Q) mpu N=4. Torma W, (Q)N L, (Q)=W,(Q) u, mosromy,

pemenne U= U(X,t) 3amauu (1), (2) anHaz[nemnT MIPOCTPAHCTBY

U —{u u(x,t)ue L, (o T;W; (Q)J b (0,T; LZ(Q))}

[Tox pemenrem 3amaun (1), (2) npu Kaxa0M (HUKCUPOBAHHOM YIIPaB-
newnu VEV 6Gymem nomumars ¢ynkmmio U =U( X,t)=u(X,t,v) uz U pas-

HYIO UO( X) npu t =0 u yI0BNETBOPSAIONIYIO HHTEIPATEHOMY TOKICCTBY

oudrn ~-0uad
({[_55 tha—xa |u|u¢7+vun]dxdt—_|'u1 (X, O)dx:£ f ndxat
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npu Beex 77€ U , paubix mymonpu t =T .
Amnanornuno pabore [9, 20-24] merogom Padrno — [NanépkuHa MOXKHO
JI0Ka3aTh, 4TO I pemenus U = U( X,t) 3agauu (1), (2) cipaBeqnBa olieHKa

ou
”u”V\(l)zl(Q) " g L(Q) SC|:||l"0”v321(0) +||u1|||_2(§z) +||f||L2(Q):|’ te [O’T]’ (3)

31eck u ganee yepe3 C Oyaem o003HAYaTh pa3iHyuHbIC MOCTOSHHBIC, HE 3aBU-
CAIIME OT OLIEHUBAEMBIX BEJIUYHMH U OT JOMYCTUMBIX YIIPABICHUM.
Paccmotpum cnenyromyto 3amady: TpeOyeTcss HAWTH Takylo Mapy

(V,T )e V X (O, T), 4TOOBI OHA 32 HaUMEHbIIEE BPEMs ITPUBOMIA CHCTEMY

(1), (2) u3 HaYaILHOTO COCTOSHUS (UO (X), Ul(X)) B 3a/IaHHOE MHOKECTBO
0

K, rze K - cna6o samxryroe moamuokectso B W, (Q) x L, (Q) (4)

[pennonoskum, 4To cymecTByer Takas napa (v,z)eV x(0,T) 4To s

COOTBETCTBYIOIIETO penieHus 3aaauu (1), (2) BeIMoNHSIETCs YCI0BUE

ou(Xx,zr;v
u(x,r;v),M e K. (5)
ot
OnrtuMalibHOE BPCMs OIIPCACIIACTCA U3 YCIIOBUS
7, =inf {7}, (6)

T.€. T, - HWKHSSA IPaHb BCEX 3HAYEHUH T, yIOBJIETBOPSIONIMX YCIOBHIO (35).

TeopeMa cylieCTBOBAHUA ONTUMAJIBLHON MOPbI
Teopema 1. IIycTb BBINOJIHEHBI BBILIE MOJOKEHHBIE YCIOBUS Ha JIaH-
weie 3amaun (1), (2) u ycnoBus (4), (5). Torma cymecTByeT Takas mapa

(VO ,TO)EV X(O,T),‘-ITO
u(X,7y;V,)
ot

JlokazaTeabcTBo. [IycTh mocnenoBaTeabHOCT ( Vi s Ty )e V X (O,T)

u (X,‘L’0 Vo ), € K u Bemonnero yenosue (6).

TaKoBa, 4TO JiJIs pemenuii 3a1a4 (1), (2) BEIMOIHAIOTCS:
ou (X7 ;v )
ot

[Monoxum U, =U (Vk ) =u (X,t;Vk ) Torna u3 (1), (2), 3anucaHHbIX

npu V=V, , YYUTbIBas OLEHKY (3), MOITyInuM

u(X,7;V ), eK, 1,57, V,—>V,cmbos L,(Q).
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el <eflu,
It L q)

Ortcrona cienyer, 4To

Ju

k
Uk (COOTBGTCTBCHHO—) OCTAOTCA B OIPAaHUYCHHOM IMOJMHOXKCCTBC IIPO-

+

”uk |V\721(Q)

i Il +1 o | te[0.T]

0
crpanctBa L_(0, T; WZl (Q)) (coorsercrBenno L_(0,T; L, (Q)))

n 4TO
”Uk (%)

CJ'Ie,I[OBaTCJIbHO, K3 IIOCJICA0BAaTCIBHOCTHU {Vk ’Tk ,uk} MOXHO H3BJICYb

au, (7,
ot

0
W;(Q)

<c||u,

L(Q)

V\(;zl(Q) + ||u1||L2(Q) + ” f ||L2(Q):|' (8)

TaKylo TOCJIeI0BaTENIbHOCTh, KOTOPYIO, HE yMalsisi OOLIHOCTH, O0O03HAYUM
CHOBA 4Yepes3 {Vk T Uy } , 11 KOTOPOH IpH K — oo

V, =V, cnabos L, (Q), VeV, 1, > 1, 9)

0
U —U, *-cmabosL_|0,T;W,(Q)
(10)
o, ouy
ot ot

W3 (7) B 4aCTHOCTH, CIEAYET, YTO U, NPUHAIIEKUT OTPAHUYCHHOMY

*—crmabo B L_ (O,T; LZ(Q))

MHOXeCTBY U3 W, (Q). Toraa B crily KOMIAKTHOCTH BIIOXKCHUS W21 (Q) B

LZ(Q)[IO, 84] , MOXKHO CuMTaTh, YTO U, —> U, CHIILHO B L,(Q)4 m.B. B Q

0
Ho B cuny Teopemsl Buoxenms W, (Q)c L, (), U, orpaHuyeHsl B

L.(0,T; L,(Q)) , mosromy |||uk |uk||L2(Q) <C. Toraa cormacuo nemme 1.3. u3

[9, 25] cnenyer, uTO IpU K — oo
U [u, = |ug|Ug cmaBo s L, (Q). (12)

0
IMockonbky onepartop Jlammaca A neiictByer us3 W2l (Q) B WZ_1 (Q) 9,

0
21], rae WZ_1 () comnpsKEeHHOE MPOCTPAHCTBO K MPOCTPAHCTBY W, (L), MMe-
eM

Au e L. (0,T; w;l(Q)) . (12)
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2

u
Tak xax, atzk =f+ Auk — |uk|uk —V, U, , To u3 coorHourenui (9),
(10), (11), (12) cnexmyer, uro npu K — oo
o%u, 9%
atzk - atzo = f + AUy —[Ug|Uy —VoU, c1aB0 B L, (0, T; W, () (13)

0
CornacHo oreHke (8), MOKHO CUHMTaTh, 4TO CjlIab0 B W, (Q) x L, (Q),

{0 nieK. (14)
ITokaxxem, 4TO

U, (Tk ) — U, (TO) cmabos L, (Q)

(15)
auka(trk ) - auoa(t% ) c11abo B Wz_1 (Q)
JleicTBUTENBHO,
Uy (7 ) = Uo (7o) = Ui (7 ) = U (75 ) + U (7)) — Ug (7)) (16)

CormacHo mepBomy u3 cooTHomeHuit (10), mmeeM, B YacCTHOCTH,
Uy (TO ) — U, (TO) cmabos L, (Q) u

Ty t
. J'auk( )dt

<clr, 7, * =0 npu k — oo

Otcrona u u3 (16) cnexyer, 4yTO CIpaBeUIMBO MIEPBOE COOTHOIICHUE U3

1/2

”Uk (7)) = (7 )”Lz( dtd =

”dt

Q71,

L(®)

(15).

AHanoru4Ho, npuMeHss cootHoueHue (13), MOKHO MOJIYYUTH BTOPOE
cootHomieHue u3 (15).

CpanuBas cootnouienus (14) u (15), 3axnouyaem, 4To

{Uo(fo),au0(7°)}—>{zo, FACES

ot

3anuiemM MHTErpajbHbIEe TOXKAECTBA 1 perieHui 3agaun (1), (2) npu
V=V
k

ou, 977 <= 0u, o7
s Sl & —x 1 dxdt — ,0)dx = | fndxdt
g[ pra +Z‘axi o + |uu 7 + vu, dx £UI(X)77(X )dx bf ndx

npu Beex 77€ U , paubix mymo mpu t =T .
Eciu B 3TUX MHTErpaibHBIX TOXKAECTBaX IEPEUTH K Iepeneny Ipu
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K — oo u yuects cootromenus (9), (10), (11) u, uro U, — U, CHIBHO B
L, (Q) , TOJTyYUM

au, 877 ou, dn
_To 2__ dxdt — ,0)dx = | frdxdt
i[ ot ot dx, X, ol + vt i g{ul(x)n(x ) i ™

npu Beex 77€U, pasubix mymo npu t=T. Orcroma crenyer, uto
U, =u (Vo ) =u (X,'[ Vo ) , T.e. QyHKIHS Uy, =U, (X, t ) SIBJISIETCS pELICHUEM
sagauu (1), (2) mpu V=V, (X,t ), MIPUYEM MPUBEICHHS CUCTEMBI U3 HaYallb-
HOTO COCTOSIHUS (UO (X), U (X)) B0 MHOKecTBO K paBHO T=7, € (0, T) .

Teopema 1 noka3zaHa.

HudpdepennupyemMocts GyHKIHOHANA J (V,T) = T(V) .

[Tockomnbky, ecnu pynakmus U = U (X,t;V) SIBJISIETCST 00OOIIEHHBIM pe-
wenrem u3 U 3agaun (1), (2) B wumaaape Q = Qx(0,T), To OHa sBIAETCH
0000MEHHBIM pElIeHHEeM 3TOW 3a7aud U B 00IacTH Qx(0,7), THe TX(O,T)

npousBoJbHOE QuKkcupoBanHoe Bpems. Toraa npu =0 Bemonnsercs ycno-
Bue U (X O'V) =u (X) M UHTErpaJIbHOE TOXKAECTBO

J-J-|:_8_u8_77 8_u8_77+|u|un +vun — fn:|dxdt —jul(x)n(X,O)dX=0
Q

ot ot ' ox ox
VneU, npuaem U(X,t)ZO, te[7,T].
ScHo, uTO
au 877 au an ~ ~
(v,7) .fdt+”[ ot .13X x + |u|uz + vur fn]dxdt iul(x)n(x,o)dx

[lycts ympapnenuto VEV cooTBercTByeT Bpemsi T € (O,T) puBe-

JOEHUS CUCTEMBbl M3 HAYaJIbHOT'O COCTOSIHUS (UO (X) y Ug (X)) BO MHOXECTBO
K, a ynpasnenuio V + oveV COOTBETCTBYET BpeMS 7 + OT € (0, T) [puBe-
JIEHUS] CUCTEMbI M3 HaYaJIbHOI'O COCTOSTHUS (Uo (x),u, (x)) B0 MHO%kecTBO K |
O6osnauny OU(X,t) =u(X,t; v+ V) —u(xt; V). Us (1), (2) cre-
nyer, uto OU (X,t) sBiseTcs 0606umennbM perenreM u3 U 3amaun.
9°6u
ot*

Jou=-udv, (x,t)e Q, (17)
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dou

5U|S=0, 5U|t:0=O, T

=0, xe Q (18)

t=0

e 0<6<L1.

JlokaxkeM, 4TO OTHOCHTEIBHO pemienus 3amaun (17), (18) cnpaBeanuBa
clenyolas JeMma.

JlemMma. [Ipu BbIlIe MPUHATHIX YCIOBUSX Ha naHHbIe 3amauu (17), (18)
CIpaBeJINBa OLEHKa

| 95ul’

LZ(Q
Hoka3zarennbcTBo. I[lycTh {Wk X)}k_1 €CTh TOJIHOE CEMEWCTBO JIM-

te[0,T]. (19)

2

0
o 1
HCUHO HC3aBHCHUMbLIX 3JICMCHTOB IIPOCTPAHCTBA W2 (Q) . B cooTBercTBUM C

metosom Dasdpo-I'anépkuna npubmmkenHoe perienue 3anaun (17), (18) mo-
panka N onpenenum cnenyroumM obpazom:

ngN  N=12,.

rac (I)YHKIII/II/I gkN ( ) TaKOBBI, 4YTO YAOBJICTBOPAKOTCA COOTHOLICHUS

J-aﬁu w;dx JZ ox. axj dx+2j|u+95u |§u de+Jv+5v )ou® w;dx =

Q Q i=1l

=—[uswwdx, j=1...N, (20)
Q

gkN( )= dgl:;lt(t) =0. (21)

CootHomenus (20) mpeACTaBISIIOT COO0M CHCTEMY HETMHEHHBIX OOBIK-
HOBEHHBIX U (PEpeHINATbHBIX YPAaBHEHUH BTOPOrO MOPsIKA OTHOCHTEIBHO

(le (t),...,fNN (t)) M3BecTHBIE PE3yJabTaThl OTHOCHUTENBHO HEIMHEWHBIX
CUCTEM TapaHTHPYIOT CYLIECTBOBAHME €IMHCTBEHHOro peuieHus 3agauu (20),
(21) Ha otpeske [O,tN ]; a W3 anpHOPHBIX ONEHOK ciexyeT, urto ty =T

[9,c24]

VMHOKHM ] -0e paenctBo (20) Ha 9% () u npocymmmpyem pe-
dt
synerar o j =1,...,N. Torza
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2 N N n N 2
[885tl21 E)é;: + zag)l: aafal:( ] :—2J'|u +6ou™ |5u —d(wu X —
Q i=1 i i
N
—_[(v +ov)su™ 9ou” dx — _[uév IOU__ .
Q Q

K 0benm qacCTiaM 9TOI'0 pPaBC€HCTBaA HpI/I6aBI/IM cJlaracémMoe

N
2”65u N |5u N %dx ¥ TIPOBEJIEM HEKOTOPBIE TIPE0OPa3OBAHMUS
t
o

(o)

2 2
%% [a(?:“ +2(833N] +%|§u”|3}dx32ﬂ|95u'“|—|u+05u“|”5u“| (;l:N X+
o i=1 '

+_[|v+§v”§u ‘ dx +J| ||§v|

OTCIOI[a HUHTETPUPYS 110 t B CUIIY yCJIOBI/II/I (21) HCTOJIb3Ysl DJIEMEH-
TapHbIE HEPABEHCTBA U OIpeIeJIeHHE Klacca I0NYCTUMBIX yIIpaBIeHUH, UMEeM

J‘[aauN 2 n19ouM ]dx<cj.j|u |5U |85U
Q

" +§, ox dxds +
+c“[‘§u ‘ 2|6‘§u |85u |]dxds+c||5v||2L4(Q),te[O,T] (22)

=0 | o]
U3 nepasenctsa ['énnepa cnenyer
ffngdx = C||§||Lp(g) |7 L (Q) ||g||LS(Q)’ (23)
rae ¢ >0, l+ 1+£:1
p r s
T N =3 unu 4 B HepaBeHCTBE (23) HOIOKUM p=n, r:ﬂ, s=2u
N
=1ul, 77:|5u’\'|,g=‘a§:

OTMeTuM, 4TO TP BBINOJHEHUHU YCIOBUM Te€OpeMbl, u3 Teopembl Co-

0
OoyileBa cIlemyeT, YTO BIIOKECHUE Wzl(Q)c L, (Q) HempepbiBHO, a 3HAYMT,
u CLm(O,T; Lr(Q)). Torma cnpaBemnBo BKimoueHne U C L (O,T; Lr(Q)).
VuuteiBas, uto N< T, ycraHoBum, urto UcC L_ (O,T; L, (Q)) [Tons3ysch

62



0
HEPABEHCTBOM (23), B CHJIy SKBMBAJICHTHOCTH HOPM B IPOCTpaHcTBE W, (Q),

u3 (22) umeem

NI FF Tl e [asu™ (s)
U LZ(Q)SCWS) o 1), ‘—at y ds +
tr N 2]
su® 2 dou (S) g 5
+c_£ _” u (S)Hvé’g(g)* = » s+cfov;,, <
o su™ (s)[ N ) _

0
crozia, B cuity BoxeHus W, (Q)c L, (Q), nmeem

2
o, +HMUN“ <of Jo o, +Ha5““<5>
Wa(Q)

~—
)

2
” I

0

L(a) L2(a)

OTKy/1a 110 jeMme [ poHyoIITa oTydum
2
asu™ (1)

24
. <clovf, . tel0.T] (24)

Jou (t)||201 N
)

2

L)

W3 nepaBenctBa (24) criemyer, 4TO MOCIEAOBATEIHLHOCTh {5UN (X,t)}

orpanuuena B U . Tloatomy MoxHO cuutath, uto pu N — oo, ou —ou *

0
-c1abo B LW(O, T;Wzl(Q)} 9ou” %@ * -c1abo B Lw(O, T; LZ(Q)).

ot ot

W3BecTHO, uTO HOpMa ci1a00 MOJyHENpephIBHA CHU3Y B 0OaHAXOBBIX
npoctpancTBax. Iloatomy s npenenabHON (QyHKUMH Su(X,t) BBIIONHSETCS
orenka (19).

JlemMa noka3saHa.

Berancnnm npupanienne ¢pyskuuonana J(v,r):

T+0T

A (v,t)=3(v+6v;T+07)+I(V,7) _[dt+

“el a(u+6u)g d(u+du) 9
+£E[ (at 1, ; )a7+|u+§u|u+§u)n+(v+§v)(u+5u)n—fndxdt—
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tfl au 877 au on
1

+ +vun - fn ldxdt=
ot _1axa -+ vur "}X

— j dt +”[_a5u o7 +Za5u o, 2Ju + 8Sujun + (v + 6v) Sun - u5vn]dxdt+
0Q
(

T Jt ot i=1 8X 8x
+07 0
. ! ﬂ d u;éu)aa?Jr;a(ua;éu 377 |u+6u| (u+0u)n+(v+0v)(u+du)n- fn}dxdt

Orcrona, yautsiBas, uto 77€ U, nmocne Hecnoxubix npeoGpasoBaHuii

IIOJIyYUM
T ou an ou an
Al (v,7)= ! i undvdxdt + [1+ g{[_ﬁﬁ 2378_ +|ulur +uvr - fn}dx 11 or +
tel odu an ddu In
+[ | -===21 + 2|u|Sunm +vdun dxdt + R (25)
B[E[[ ot ot z_;‘ X, oX ul 77]
3nech

R= ﬂZUu + 66u| - |u| Jsundxdt + “5u5vndxdt +
0Q

T+0T
'[ J[_@a_” ' 90U 91 +2|u + 88u|Sun +(v + 6v) Sun + udvn]dxdt +0(67).

ot dt T ax oX;
SIBIISIETCS. OCTATOYHBIM YJICHOM.
Ecnu B hopmyne (25) B kauecTBe MPOU3BOIBHON (HYHKIUU 77(X,t) BbI-

OepeM 0000IIEHHOE PELICHHE CIIEAYIOIIEH CONPSKEHHOM 3a1aun

82

81/2/ Ay +2)uly +vp =0, (x,t)e Qx(0,7), (27)
vl v(x7)=0,xeQ, (28)

TO JUIs npnpameHI/m (byHKIHOHANA OTYYHM:

ou(x,7) oy (x,7)
AJ ( ovdxdt dx |07+ R. 29
V,7) Huy/ vdx +( i o g X |07 + (29)

[TockonbKy ycrnoBus Ha (YHKUIUU AAL)) npu t =7 OTCYTCTBYIOT, TO
ot

conpspbkeHHas 3a7a4da (27), (28) nmeeT 0eCKOHEUHOE MHOXKECTBO PEIICHHIA.
OtmeTnMm, 4TO 10 0OOOIIEHHBIM pelieHrneM 3aaauu (27), (28) mpu 3a-

JTAHHOU Tape (V, t) noHMMaeTcst Takas GyHKuus y(x,t)e U, 9T0 OHA paBHa
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aymonpu { =7 n y,I[OBJIeTBOpHeT HWHTETPAIIbHOMY TOXJIECTBY

oy oy, Wag v(x,7) .
”[ ot +2|u|y/g+vy/g]dxdt+J—at g(x,7)dx=0

npu Beex g € U, nns xoropeix g(x,0)=0.
W3 BoIpaxkenus (26) cienyer, 4To

IR|<2 j j [ul* ] dxdt + [ [|ou]|6v]|y] dxdt +
0Q

’TTJ[IMUII@V/I |35U||8w|
| ot [[at| 5| ox ||ox|

+|0 5z'|.

+ 2|u]|ulfy] + 2|5u|2 |+ v + v 6ulw|+ |u||§v||z//|]dxdt +

ITpumenss HepaBeHcTBo ['€nnepa, orcroga umMeem

r 1/2 1/2 1/4 1/4 1/2
|R|£2J(J|§u|4 dx] [_ﬂl//| dx) dt +j[J|§u| dx} (J|5v|4 dx] (J|1//|2 dx] dt +

r+5¢0 ) 2 }? 2 V2 e, ’ , W2
+ }[ [E[ dx} L‘[ x] dt + 'I .Z;'[g‘[ ] [J %'/X/ dx | dt+
T+07 1/2

2] j|5u|2dx]1/2 j|u||y/|2dx] dt+27+ff(f|5u| dx] ( lwPox| de+
i

85u
adx;

96
ot

CLp
ot

ama(al ) | (J|§u| dx]ﬂz[ W dx] dtff( o dx) [j|y/| dx]lzdt+‘o (57)|

0
Ecnu 31ech yuectb, HENPEPBHIBHOCTH BIOKEHUMN Wy (Q)c L (Q)cL(Q)

ouenky (19), u toro, uro ¥ € U monyunm

2 2 2
R Sc[||§v||L4(Q (Q)] <c[|6} i, +10 |+ otor)). @0
Torma u3 dopmynsr  (29) u ouenku (30) ciemyet, uTo (PyHKIIMOHAT
J (V,Z‘ ) muddepenurpyem no Gepme Ha V x (0,T) 1 cripaseumBa popmyia

(3" (w),6w) = Huw&vdx + [1— Jau (a)t(f) 8‘”(_():’7) dx ]ar, (31)

rae W=(V,T).

Teopema 2. ITycTh BBINOJTHEHB HATOXKEHHBIC YCIOBUS HA JaHHbBIE 3a-
mauu (1), (2). Torpa st onrumanbHOCTH Hapsl (v, 7. )eV x(0,T) B 3aza4e

6BICTp0,I[eI7ICTBI/I$I HCO6XOI[I/IMO, YTOOBI BBIIOJIHAIOCE HCPAaBCHCTBO
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Tx

{gj;u*(x,t)l//*(x,t)(v(x,t)—v*(x,t))dde 1_;;3& (a:,f*)aw*g,f*)

V(v,r)eV x(0,T), (32)
rae U (X,t) u Y. (X,t) HeTpUBHaNbHBIC perienus 3aaad (1), (2) u (27), (28)

ox [(7-7.)20

COOTBETCTBEHHO IIPHU (V,T ) = (V* y T ) .

HokazarenbcTBo. MHOXeCTBO V % (0, T) BBIIYKIO B |, (Q)xR- Kpome
Toro, dynkumonan J(v,7) nuddepentmpyem no depme u ero auddepenmm-
a1 B TOYKE (V,T ) onpezensercss paseHcTBoM (31). Torga Ha onNTHUMaIbHOM

ynemente W, = (V* T ) HEO0OXOMMO BBITIOJTHCHIE HEPABCHCTBA
(I"(w) w—w)=0 Vw=(v,z)eV x(0,T) [4,c.28].

Ortcrona u u3 (31) cnexyet crnpaBenTuBOCTH HepaBeHCTBa (32). Teope-

Ma 2 IoKa3aHa.
3akioueHune

Takum oOpazom, B paboTe paccMaTpUBAIOTCA MPOOJIEMBI 3a/1a4 OINTH-
MaJbHOTO YIPABJICHHS B CMBICIIE OBICTPOJCHCTBHS B IMPOIIECCE OMUCHIBAEMOTO
HEJIMHEWHOTO TunepOoInueckoro ypaBHeHus. JlokazaHa Teopema CyIIECTBO-
BaHUs ONTUMAaNLHOTO yrpasieHus. [IpennoxkeHa cxema BBIBOJA HEOOXOIMMO-
ro YCIOBHS ONTHMAJIbHOCTH, 2 MIMEHHO BBIYMCIEH IuddepeHman GyHKIHo-
Hana, JI0KaszaH, yTo QyHKIuoHan auddepenuupyem no dperne U BHIBOAUTCS
HE00X0IMMOE YCIIOBHE ONTUMAIBHOCTH B BHJIE BAPUAIIMOHHOTO HEPABCHCTBA.
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BiR iKiTORTIBLI QEYRIi-XOTTi HIPERBOLIK TONLIiK UCUN
ON TEZ TOSIR MOSOLOSI

H.F.QULIYEV, Z.R.SOFOROVA
XULASO
Isdo bir ikitortibli geyri-xatti hiperbolik tonlik ii¢iin on tez tosir mosalasi tadgiq olunub.
Optmial idarsedicinin varlig1 teoremi, funksionalin Frese monada diferensiallanan olmasi isbat
olunub vo optimalliq ti¢iin variosional barabarsizlik soklindos zoruri sort gixarilib.
Acar sozlar: on tez tosir masolosi, qeyri-xoatti hiperbolik tonlik, optimalliq sorti
THE SPEEDACTION PROBLEM FOR THE ONE NONLINEAR
SECOND-ORDER HYPERBOLIC EQUATION
H.F.GULIYEV, Z.R.SAFAROVA
SUMMARY
The paper investigates the speed action problem for one nonlinear second-order hy-
perbolic equation. The existence theorem of optimal control is proved, differentiability of func-
tional in the Freche sense and derived the necessary optimality condition in view of a varia-

tional inequality.

Keywords: speed action problem, nonlinear hyperbolic equation, optimality condition
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TUkoanmanin son marhalasinda olan Ufligi yerlasmis tobagali geyri-bircins lay:n laylar:
aras ax:n oldugda vo olmad:qda yiksokkegiricilikli lay hissssindan suyun tacrid yerinin neftin
sixgderilma amsalina tasiri masalasi tadqiq edilmigdir.

Acar sozlar: Lay, kondensat, modellagdirme, neft, gaz-kondensat.

Neftgixarma sonayesinin inkisafinin muasir marhalasinin on vacib mase-
lalorindan biri neft vo gaz yataglarinin islonilmo samaraliliyinin artirilmasidir.
Neft yataglarinin islonilms tocribosi gostorir Ki, geyri-bircins kollektorlardan
yuksok templo neft hasilati vurulan suyun quyuya daha tez catmasina va hasil
olunan quyu mohsulunun sulasmasina[1,3-6] gatirir.

Bu iso baxilan yatagin islonilmosinin texniki-igtisadi gostoricilorini kifa-
yat godor pislagdirir. Bununla slagodar olaraq nefto goro hasilatin saxlanmasi
sorti hesabina quyuya daxil olan suyun tocrid edilmasi vo gixarilan mohsulda
suyun azalmasina garst mibarizo Usullarinin islonilmasi problemi asas masalo
kimi garsiya qoyulur.

Lay quyularimin vaxtindan avval sulasmasinin garsisimin ainmas: Ugin
bir sira Gsullar mévecuddur: suyun daxil olunmasinin garsisimn alinmast Uglin
maneanin yaradilmasimin fiziki-kimyavi Usullari; quyunun optimal is rgjiminin
vo mohsuldar horizontun sulasmis hissolorine minimal tosir yaratmaga
hesablanmis- hidrodinamiki tsullar [1-6] va s.

Tocrid etmanin hidrodinamiki tsullart ilo laya lokal tosir etmok yolu ilo
su vo neft aximnin istigamotini doyismoklo (idaro etmakls) neftveriminin arti-
rilmasi imkanlar: tanzimlanir.

Ufligi yerlosmis tobagali geyri-bircins layin laylar arasi axin oldugda vo
olmadiqda yuksokkegiricilikli lay hissosindan istismar quyusuna daxil olan su-
yun vurucu va hasilat quyusu otrafindan tacrid yerinin (gella) neftin sixis-
dirllma amsalina tasirinin prognozu masalasi praktik shomiyyatlidir vo onun
hall edilmasi zoruridir.
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Masalanin qoyulusu va hidrogazdinamik modeli
Kegiriciliya nazaron tobagoli geyri-bircins dfiqi layda aralarinda zoif vo
orta kegiricilikli aragati oldugda vo olmadiqda neftin su ilo sixisdiriimasi
mosalasina baxilir. Qabul edlir ki, vurucu vo hasilat quyusu ndqtavi monbo
soklinda layin saquli sorhadlorinin markazi hissalorinds koordinatlari uygun

olaraqg (IZX,O,IZ) Vo (IZX,Iy,IZ) noqtalords yerlosdirilmisdir. Layin xarici sorhadi

kecirmoz hesab edilir. Vurucu quyuda vurulan suyun hacmi miqgdar: verilir vo
hasilat quyusundan hasil olunan neft vo suyun hocmi miqgdarlar: tayin edilir.
Neft layimin islonilmasinin misyyan muddstindon sonra hasilat quyusunun su-
lasmasi bas verir vo notico etibar1 ilo neft hasilati azalmaga baslayir. Bundan
sonra, sulasmis istismar quyusunun vo ya vurucu quyunun otrafinda yuksok-
keciricilikli lay hissasindon tocrid yerinin yaradilmas: vo yenidon suvurma
proses aparilir.

Qeyri-bircins iki tobagoli Ufigi layin laylann arasinda axin oldugda va
olmadiqda neftin su ilo sixigdirmasi, sulasms istismar quyularimn vo ya
vurucu quyularin atrafinda yuksokkegiricilikli layin hissosindan tocrid yerinin
yaradilmasi vo tocrid edilmodon sonra suvurma prosesi ikifazali (su vo neft)
tckomponentli (su, neft, gel) stizilmo modeli gargivasindo asagidaki tonliklor
sistemi ilo tosvir edilir:

- neftin su ilo sxasdirilmast tonliklori
oms, . o Ky L . ., .,
at +dIVVei :(_1) h k 62 _vel)+ZQevi (t)g(x_xv’ y_yv’z_zv)+
i v=l

a 'l

+37(QL 1)+ QL O)S(x—XC, y—y2.2-22), =12, 012,

2.QLM =01, 2.Q. 1) =QL0), (1)
MJr divv, =(-1)” hki< Vv, _VHl)+ina. t)o(x-x.,y-VY.,2-12)),

i=12,
Qe(t), t<T

QL(), t>T°
-fazalarin birge com axininda su tadricedici tarkibin (gelin) balans tonliyi

©0=12,3040=Q.(0), Q- @

17~ 176l

& msc, +m@—)a (0)+ a,(5, )]+ dVEV, +0,6)V,) =

= 30 Qu O+ 0,0 IS - X, Y=y 2-2)+,
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0, t<T
i = C. (X, ,t =
+div[D,(s,,c;)gradc, |, i=12, (X Y,t) {c*i(x, J2Ot2T" (3)
- fazalarln horakot sirati
i s|(s|’C) (S,C) 1 —
6 gr d pgil Vm' =— L ra.d i1 I _112 1 (4)
T (py.6) (pe) P
- kapilyar tarazliq tsnliyi
pHi - pkl (SH |) |—12 (5)

burada t-zaman; T -su vurmann baslanglcmdan Istismar quyusuna suyun
daxil olmasina godar olan zaman; X, Y,Z - foza koordinatlar;; m -mosamolilik;

s, -su ilo doyma; V,; vo V,; -su va neft fazalarimin siizillme sirati; ¢;vo @ (c;)
-su vo neft fazalarinda gelin hocmi konsentrasiyalar; ; (S;, C;) -mosamoli mi-

hitin vahid hacmina hopmus gelin migdari; M;va M, -uygun olaraq vurucu vo
hasilat quyularimin sayr; (X),VY,,Z.)ve (X, Y.,Z.)-vurucu va istismar quyu-
larinin koordinatlary; Q. (t) -v -cii vurucu quyudan vurulan suyun layin vahid
hindurl Gytne dison hacmi sorfi; @’ t)ve Q2 (t) -¢ixarlan su va neft fazalarinin
€ -ci hasilat quyusunda layin vahid hiindrlGytns dison hacmi sarflori; Q- (t)-
€ -ci hasilat quyusunda vurulan tadric xammalimin vahid zamanda layin vahid
hindurlytns diisan hacmi; D, (s;,¢;) =(D, (S;.¢;), Dy (5;.¢;), D, (s;,¢;)) - todricet-
ma xammalinin effektiv diffuziya omsali vektoru; k; -masamoli muhitin mutlaq
keciricilik amsal; f,(s;,c)Vo f.(s,c)-mihitdo su vo neft fazalarinin nozori
faza kegiriciliklori; g, (p,,c), 1, (p,,C)-su vo neft fazalarmn o6zluluklori;
P, P, -su va neft fazalarinin tozyiglori; p, (S;,c;) -kapilyar tozyiq; i — 1,2

- indeksi uygun olaraq birinci va ikinci lay: ifads edir.
Baslangic vo sarhad sortlori

(XY, 2,0 =S (X, ¥,2), (X, Y,Z,t) Lo =Cip (X, Y, 2),

(0<x<l,; 0<y<l1,0<z<1,),i=12 (6)
agxﬁix_oylx:Q ag)zix_olez, aﬁx:o,lxzo’ O<y<l,0<z<lI,,
ap“‘y_ov,yzo, 8;);, y-o1, =0, ?;;‘y_ol,y=0, 0<x<l,0<z<l1,,

5552_%: , agz”‘z_o,f , gz o1 =0,0<x<1,,0<y<l,i=12, (7)

burada I,,1,,I, -uygun olarag layin uzunlugu, enive hiinddrl Gydddr.
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(1)-(7) tonliklor sisteminds su ilo doyma S;, su fazasinda gelin konsen-
trasiyasi C; vo tozyiq P, namolumlardir. (1)-(7) sistemindan V,, V. -faza-

larin sliztlmo siratlorini vo neft fazasimn P,; tozyigini yox etsok, P,i, S vo

Ci -y nozaran asagidaki mosalos alinar:

div(4,gradp, ) + div(4, gradp,;) + (-1)“ hki< (4; +4,)grad(p,, — p,) +

ai

[0} ka m1 H H H H
HED Aorad[(p,, — p)]+ D QUL S(x— X!, y -y, z—2!)+
a'Ni v=1
QL0 +QL O)(x—x, Y-y, 2-2)), 1=12,0=12 (8)
e=1

. K
=div(4,gradp, ) + (-1)° i grad(p,, - p,,) + )

ai

my My .
+ 2 QuOS(x=xy =y, 2-2)+ D QuOS(x =%,y -y, 2-2),1 =12, 0 =12,

v=l e=1

=div(4,,gradp, ) + div(1,gradp,;) + div(D;,(s;,c,)gradc,) +
+Z(C (0 +0,(€)Qus M) (X—X, Y-V, ,2-2.),1=12, (10)
S (%Y, 2,0) 1 = Sip (X, Y, 2), C(X,Y,2,1) (g =Cip (X, Y, 2),
O=<x<ly; OSySIy,ngsIZ),izl,Z), (11)
op,; 0S; oc;
oy O T 5 ko, =0, ax 0 =0, (0<y<l,0<z<I),
op,; os. oc.
ap; y=0,1, :O’ gl y=0,1, :O’ al y=0,1, :O, (OS XSIX,OS Z< IZ)’
an, as.i oc; :
5 o =0 e =0, o [0l =0, 0<x<1,,0< y<Il, 1=12 (12
Burada
A=A+, Ki M: o imzﬂmm Cidy + 0 (C) A, = A
"1, (p,i,Ci) i (P C)
mSiC +m(l S)(D,(C)+a(S,,C) ¢|(C) /1 /’Lfl

Qeyd: Kegiriciliya nazaran tobagali qeyrl-bl rcins uf|q| layin laylar: arasi axin
olmadiqda neftin su ilo sixigdirilmast zamant istismar vo ya vurucu quyularin
otrafinda yuksokkegciricilikli lay hissasindan islonilmanin misyysn muddstinds
todric yerinin yaradilmas: vo yenidon suvurma prosesi (1)-(7) masalasinds
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k, = 0va laylarin kontakt sorhoddinda suyun, neftin tazyiq v suratlarinin bara-

barliyi gobul edilmaklo modellosdirilir.
9dadi hall sxemi

P SiVva -ni tayin etmok Gglin foza vo zamana gors w=ow, -, -, -o,

sonlu forglor sabokasi daxil edok
= {xe, e=0,N,; X, =0, Xy, = L, X,y <X, <X, €=1LN _1}

a))’:{yj’ ij’Ny; y0:0’ yNy :Ly' yj—lgyj Syj+1' j:]-!Ny—l}’
o, =1z, k=0N,; 2,=0, z, =L, 3,<7,<7,, k=LN,,|

o, ={t, =nAr,n=012,.., t,=0,t, >t }

vo (8)-(12) tonliklor sistemina qeyrl-muntsmm sobokoda inteqgral-interpol-
yasiya Usulunu [2] totbig etmokls birinci tortib konservativ sonlu-farglor sxemi
ilo asagidaki sokildo aproksimasiya etmak olar:

n+1 n+1 n+1 n+l
1 n+l psie+l, jk psle jk ﬂ,ml peie,j,k - psie—l,j,k 4
sie+1/2, j,k — sie-1/2,j .k
AXe e KXo — Xq 0 X — Xoq
n+1 n+1 n+1 n+1
1 n+l pgie,j+l,k — Pai e,jk n+1 Pei ejk peie,j—lyk
+ | Agie jH12.k — Asie 12k +
A ' ' — ' ' _
Y Yia Y Yi—VYija
n+1 n+1 n+1l n+l
1 P! Paie jks1 — Paiejx _ Paic ik — Paie, jka N
AZ sie, j,k+1/2 7 7 sie,j, k-1/2 7 y
k k+1 ~ “k k — Yk
n+1 n+1 n+1 n+1
n 1 ﬂ,m—l pk|e+l j.k pkle j.k im—l pkle jk pkle—lj k
AXe Hie+1/2, j,k X . X Hioe-1/2, jk X _ X
B n+l n+l n+l n+l
4 l ﬂm—l pk|e j+1,k pkle j,k —lm—l pkle]k pkle j-1.k
Ay Hi e, j+1/2,K y y Hie, j-1/2,k y
iL j+l i -1
B n+l n+l n+l n+l
n l ﬂ,n+l pkle jk+l T pkle jk ﬂ,m—l pkle j.k pkle j.k=1
AZ Hie,j,k+1/2 7 _z Hie,jk-1/2
k k+1 k
n
+ (_1)a) ka e j.k (ﬂ,n + /1n ) 1 ( n+1l ANl .
hn kn sie, ],k Hi e, j K A p628+1,j,k p32e,j,k
a.e .k ie, jk Xe
n+1 n+1 n+l n+1 n+1 n+1
pele+1j k t pele j, k) + (nge,j+l,k - nge,j,k - pgle j+Lk + psle j, k) +

Ay

]

n+l n+1 n+1

n+1
+ Az (nge,j,k+l — Paze,jk — Pote,jka T Pate,j k):| +
k
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n

w a.e jk n 1 n+1 n+1
+(-1) e ik A (Pr2essjk — Peze.ji T+
e, ik Kie, j k X
1
n+1 n+1 n+1 n+1 n+1 n+1
~ Prier,jx T pkle,j,k) + 7Ay (kae,j+1,k — Prze,jx = Prae,jrak T pkle,j,k) +
]
1 n+1 n+1 n+1 n+1
+ Az (pkze,j,k+1 — Prze,jk — Prie,jksa t pkle,j,k) +
K
my o my o 13
2 el el el el
+D Q0 ()8 2 it 2 (Qua () + Qi (6.)5 2 0 (13)
v=l e=1
n+1 n+1
Sn+1 —g" + AT 1 n+1 psie+1,j,k - peie,j,k
ek = Siejk Ty o | Meierr2 ik -
mie,j,k AXe Xe - Xefl
n+l n+l n+l n+l
o Paicjk = Paietjk N R Paie jrk ~ Piejk
sie-1/2, ] k o e, j+1/2.k
Xe =Xy ij' yj+l_yj
n+1 n+l n
nsl Paie.jk — Paie,j-rx 1) ka,e,j,k n 1,
T Mg, j12k "‘(_ ) n n “Niejk r (p(;2e+1,j,k -
i~ Yia e, ik Kie, ik Xe
n+l n+l n+l n+l n+l n+l n+l
~ Pazejk ~ Peters ji + Pate i) + ry (Paze joik — Pazejk — Pete joak + Pate, i) +
j

1 +. +. + + - H oH u E) =9
+ E( p:zi,j,kJrl - p:Zi,j,k - p:lel,j,k+l + p:lel,j,k + ZQevi (tn)é‘evi’k + ZQsei (tn )59,1* } J (14)
k v=l e=1

n+l n+l n+l n+l
Moo At | 1| ont Ciejk ~Clejx _pm Ciejk ~Clienjk
ie,jk — Viejk 7L” 7AX iet12,jk —X _x ie1/2,jk X —X
ie,jk e e+l e e e-1
n+l n+l n+l n+l
1 n+l c ie, j+Lk _Cie,j,k n+1 c ie, j,k _Cie,j—l,k
+ 7Ay D ie, j+1/2,k y y - Die, i-1/2,k y y +
i RSP i Vi
n+1l n+1 n+l n+1l
n 1 n+l c ie, jk+1 _Cie,j,k _ DM c ie, j.k _Cie,j,k—l "
A7 ie, jk+1/2 7 ie, j,k-1/2 7 7
k k+l — 4k k — k-1
n+l n+l n+l n+l
. 1 icvﬂ Paet, jk ~ Paiejk _ Psie, ik — Paietjk N
o | Mwienz ik — o o wiel2, jk o o
Ax | M X, — X X, — X
e e e-1 e e-1
n+l _ n+l n+l
n 1 i Piejirk = Psiejk o Paie, ik = Paiej1k
wie,j+1/2 k e, 12,k
Ay; Yia =Y B T
i j+l J j i1
n+l n+l n+l n+l
N 1 [ﬂ”” Paie ik = Poicjk  na Paic ik ~ Paiejia
A7 wi e, j k+1/2 7 7 ~ Muie,jk-1/2 +
k k1~ “k L — L,
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n+1l n+1 n+l n+1
1 Pl P e+l jk Pui e, jk i pkie,j,k — Py e-1,j.k
+ A fi e+1/2, j k — Mie-1/2,j .k +
Xq Xe =X Xe = Xeq
n+1 n+l n+l n+1
1 P pkie,j+1,k - pkie,j,k et Py ejk Py e j-Lk
+ r fie, j+1/2,k — e j-1/2k +
yj yj+1_yj yj_yj—l
n+l n+l il il

pei e,j,k+l - psl e,j,k p{s’i E,j,k - p{s’i E,j,k—l

1 [na
+ =l
k412
Az,

e
_ fie,jk-1/2
L — L Ly~ L,

n+l

Sie,j _Sin j & n 5 n 5 N
- Mine,j,k %‘FZ(Cie,j,erd (tn) + (0ie,j,kQHei (tn))é‘e,ivk}’ (15)
T e=1
Sioe,j,k :SOi(Xe’yj'Zk)’ Cioe,j :COi(Xi'yj)l (0<e<N,,0<j<N,0<k<N,), (16)

n+l  _ an+l n+l _ AN+l . n+l  _ an+l n+1 _ AN+l
peil,j,k - pei 0,j,k? pgi Ny, gk — pei Ny-Lj.k? peie,l,k - pgie,o,k ! pgie,Ny,k - peie,Ny—l,ki

n+l  _ n+l n+1 _ N+l

Psic.i1= Paicjo: peie,j,Nz = peie,j,Nz—l;
Sr:Iljk = S?g,lj,k’ Sir:\ltl,j,k = Si?\ltl—l,j,k; S?e%k = SE)k ) S?j\ly,k = Sir:l{ly—l,k’
S?Jlj,lz S?c:,lj,o , S?eﬁ,Nz = ir:jl,Nz—li
ka = C?g,lj,k’ Cil?\lil,j,k = Cirl]\ltlfl,j,k; C?(jk = C?:,%),k ) Cri':]l-\ly,k = Cilzl%lyfl,k’
Civi2=Civior Cioin, =Cininai (0<E<N,0<j<N,0<k<N,).  (17)
Burada
Mir;,j,k = mi:,j,kcir;,j,k _mir:e,j,kgpir;,j,k +agri1e,j,k;
L?e,j,k = mir;,j,ksi:,j,k +mi:,j,k (l_sig,j,k)(pig,j,k +a::?e,j,k;

H

., O,ecnu X # X, ¥; # Yy, 2 # 2,
5e'j'k - H H H ’
Lewm X =X,Y;=Y,,2 =2,
-, O,ecnu X # X, ¥ # Yer Zy # Zo
5e'j’k - ) ) )
Lecm X=X, Y;=YerZ =2,
Tam asag1 indekslor sobakonin diyun ndqgtalarinds, yarimtam indekslor
iso hesablama bloklarimin sorhaddinds dayisonlorin giymatlorini isara edirlar.
(13)-(17) tonliklor sistemi Piie ;s Sk VO Claji (ich, j<i, 1eken)
namoalumlarina nozaron geyri-xattidir. Bu sistemin halli U¢lin iterasiya Usullarindan
[13] istifads edilmisdir. Toazyiq vo konsentrasiyaya gors iterasyal - noqgtovi Ya-
kobi Usulundan, suile doymaya gors iss Eyler Usulundan [2] istifads olunmusdur.

Quyunun modellasdirilmasi: Quyular: nozors alan Qg (t), (f =#,6)

funksiyasi tozyiglor P (Xew, Yju, Zurt) Vo Pa () = P (X ¥; 2, 1) oldugda
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(r,,z™)va (r,,z™) silindrlori ilo mohdudlanmis daxili oblastda axinin iki-

fazal1 kvazigorarlasmis olmasina baxilmagla modellasdirilir. [13,124]-don isti-
fado etmoklo yazmagq olar:

s Zgot)

Q) =9, (p,.5,0)Q. (1), (18)
burada
0 ﬂ'(paS,C) - —
i 191y Y ) = L , i giysiyci =1- i giasiacix
QJHI(pGl,SI,CI) X’Hi(pei’si’ci)+/Iei(pei’si’ci) gpg(p ) (0 (p )
af(pg!slc)zzafi(peilsilci)'
o & P - :
Q.(t) = r > I{j'ui(peiYsiYci)+isi(psi'si'ci)}dpai’rk:\W
[ P

w

I

Q,(t) -Umumi sorfiyyat; @, vo (56 -uygun olaraq axinda neft va suyun miqdar-

laridir. Lay soraitinds vahid hacme diisan Q, (t) debiti (6) tonliyinden bir-

giymatli tayin olunur.
Test hesablamanin naticalari

Toklif olunan hesablama Usulu ilo tobogeli geyri-bircins layin laylar
arasi axin oldugda veo olmadiqda yuksokkegiricilikli lay hissosindon istismar
quyusuna daxil olan suyunvurucu va hasilat quyusu otrafindan tocrid yerinin
layin neftvermo omsalina tosirinin test hesablamalar: aparilmisdr.

Neftin sixigdirilmas: su vurma yolu ilo sabit 2,4 MPa -a borabor olan
hidrodinamik tozyiq duskUstinds aparilir (sokil 1). Tobagali geyri-bircins layda
yuksokkeciricilikli lay hissasindan istismar quyusuna daxil olan suyun vurucu
Vo hasilat quyusu otrafindan tocridi (gells izolyasiya) modellosmoados izolyasiya
doracasi omsal1

_ f.(s,0)
© f.(s.0)
ilo nazera alimr. Burada k,, -izolyasiya amsal1; f (s,c)-izolyasiyaya godor
(tacridoa godar) suya gors nazori faza kegiriciliyi; f, (s,c) -izolyasiyadan sonra
(tacriddan sonra) suya gors noazori faza kegiriciliyidir. Gelin xassslorindan asilt
olaraq k;, -in giymoti muxtalif intervallarda dayisa bilor.

Hesablamalarda lay parametrlorinin giymotlori vo hamginin mayelarin
xassalari Ucglin, [4-7] islorinds istifade olunan asagidaki bazi verilonlardan
istifado edilmisdir:

3
I, =5004; 1, =250 1, =50a; QI (t) =320-2—; k =10""x"(0<2<22.50)
cym.
k, =10"*(225<2<275u); k,=0510"47(275<2<50m); @,(C;) =C;/2;
So(X,Y,2)=0.2; ¢c,(XY,2)=0; a(s;,c;)=0;1=12,
11, (p,,€)=1+055¢, —0.3¢? (mla-c); 1, (p,,C,)=14.6-14.7¢, +5.5¢2 (mlla-c);1 =12,
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fi(5,C)=14(s — 3 ;
4 (5,C) (s. 0.2)’ 02<s <1

0.81
B 3 3 3
(0.83—si j 7(0.74—si j ¢ +[0.74—si j . 0<s <074
0.834 0.715 0.74
s 1
fa(sic)=9[083=S ¢ 0.74<s, <083
0.834
0, s, >0.83
0.2(0.9-5,)

pki(si’ci):H"]i(si); ‘]i(si)z ; Di(Si,Ci)=DO-(2—Si), H=105Pa,

(1.2-5,)%(2s,-5,")
D,=10"°x"/c; C,(X,V¥,2,T)=0; C,(x2,y’,z2,t)=0.05;;k, >30.

iz =
K1>K2

—Pp K1
L'I.T“Ll,'l'l\l.'lli:l.lt% %ﬂuz’raumzuuurmxm
e P2 =P K2

LTLESLXFLETLEFELTSTAXNLTITTT  (ETVESTTEE LT O T TR LTy sreen

P1>P2

K1>K2

P1<P2
FTETTTRTTRTLTTL LT rml:rm IENAFFINENFa A F ]

Pz—p

Sek. 1. Lay modellnln sxemi

Asagidaki marhalalorin hesablamalar: aparilmisdir:

| Morhala. Bu baza morhoalosi olmagla, tabagoli geyri-bircins layin
laylart arasi axin oldugda vo olmadiqda neftin su ilo sxisdirilmast reliminds
islonilmasi ilo xarakterizo olunur.

I1 Morhala. Tobagali geyri-bircins layin laylart arasi axin olduqda vo
olmadiqda istismar quyusuna daxil olan suyun yuksokkegiricilikli lay hisso-
sindan vurucu vs hasilat quyusu strafindan tacridi prosesi tatbiq edilir.

11 Morhola.Tobagoli geyri-bircins layinlaylar: arasi axin olduqda va
olmadiqda yuksokkegiricilikli lay hissosindon vurucu vea hasilat quyusu
otrafindan suya garsi tacrid edilmadan sonra, su ilo sixisdirma rejiminds layin
istismara buraxilmas: arasdirilir.

| variantda iki toboagoli layda neftin su ilo sixigdirilmasinda (baza
variant1) laylar arast axinin oldugu vo olmadigi hallarin neftvermo omsalina
tosirinin hesablamalar1 aparilmisdir. Hesablama noticalori gostorir ki, laylar
arast axinin oldugu halda neftvermo omsalilaylar arasi axinin olmadigi hala
muqgayisods daha yuksok olur (cadval 1).

Il variantda iki tobagoli layda neftin su ilo sixisdirilmasinda istismar
guyusuna daxil olan suyun yuksokkegciricilikli lay hissosindoan vurucu ve hasilat
quyusu otrafindan tacridi va sonradan sixisdirma prosesinds laylar arast axinin
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oldugu va olmadig: hallarin neftverms amsalina tasirinin hesablamalar: aparil-
musgchr. Hesablama naticalori gostarir ki, laylar arasi aximin olmadigi halda neft-
verma omsal1 vurucuquyu otrafindan suyagars: tocrid halinda hasilat quyusu
otrafindan suya garsi tocrid hal1 ilo migayisods daha bdyik olur vo hasilat
guyusunun sulasmasi azaldigca bu boylmo daha da cox olur. Laylar arasi
axinin oldugu halda hasilat quyusu otrafindan suya garsi tocridds neftverma
omsali vurucu quyu otrafinda tocridlo muigayisode boyuk olur vohasilat
guyusunun sulasmasi azal digca bdyims daha intensiv olur (cadval 2, 3).

Coadval 1
Iki tabagali layda neftin su ila sixasdirilmas: naticalari
Sulasma, Axin nozors aindigda Axin nozoro dinmadiqda
% Neftverms amsal1 Neftverms amsal1
Tacrida godor Lay uzra Tacrida godor Lay Uzro
ortalagmis ortalagns
I lay Il lay giymoti I lay Il lay giymoti
96 0,4723 0,6131 0.5427 0,4937 0,5893 0.5415
50 0,1206 0,3896 0.2551 0,1103 0,3740 0.2421
38 0,1093 0,3726 0.2409 0,0998 0,3567 0.2282
Codval 2

iki tabagali layda suyun yiiksskkegiricilikli lay hissasinds vurucu quyu
strafindan tacridi

Sulas- Ax1in nazars alindiqda Ax1in nazars alinmadiqda

ma, Neftvermo omsali Neftverms omsali

% Tacridan sonra Lay Uzrs orta Tacridan sonra Lay Uzrs orta
(mbtarizads tocridin giymoti (métarizads tocridin giymoti
dorocasi gostorilib) dorocosi gostarilib)
| lay Il lay | lay Il lay

96 0,4502(30) | 0,6404(30) 0,5453 0,5741(30) 0,6405(30) 0,6073

50 0,139(30) 0,4308(30) 0,2849 0,5745(30) 0,6551(30) 0,6148

38 0,1306(30) | 0,4146(30) 0,2726 0,5746(30) 0,6567(30) 0,6156

Laylar arast axinin oldugu halda yuksokkegiricilikli lay hissosindan tocrid (ham
vurucu vo hom do hasilat quyusu strafindan) naticalarinin yekunu olaraq neft-
vermo omsal1 yuksokkegiricilikli laya nozoron zoifkegiricilikli layda az olur.
Laylar arasi aximin oldugu halda yuksokkegiricilikli lay hissosindon hasilat qu-
yusu otrafindan tocriddo neftverma omsali vurucu quyu otrafinda tacridin
naticalarina nazaran boyuk olur (cadval 3).

Codval 3

iki tabagali layda suyun yiiksskkegiricilikli lay hissasinds hasilat quyusu
atrafindan tacridi

Sulas- Axin nazars alindiqda Axin nozars ainmadigda

ma, Neftverms omsali Neftvermo omsali

% Tacridan sonra Lay Uzrs orta Tacridan sonra (mdtarizads Lay Uzrs orta
(mbtarizads tocridin giymoti tocridin dorocosi gostorilib) qiymoti
dorocasi gostarilib)
| lay 1l lay | lay Il lay

96 0,5053(30) | 0,6711(30) 0,5882 0,5745(30) 0,6416(30) 0,6080

50 0,4582(30) | 0,725(30) 0,5916 0,5745(30) 0,6407(30) 0,6076

38 0,456(30) | 0,7359(30) 0,5960 0,5745(30) 0,6404(30) 0,6074
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Hesablama sxemi asasinda tobagoli geyri-bircins layinlaylar arast axin
oldugda va olmadiqda yuksokkeciricilikli lay hissosindon vurucu vea hasilat qu-
yusu otrafindan suya garsi tocrid edilmadan sonra, su ilo sxisdirma regjiminds
layin istismara buraxilmasinda praktiki shomiyyatli olan tocrid materialimn su-
lasma doracasine gora yuyulma vaxtimn tayini aparilmis vo naticalor cadval 4-
do gotirilmisdur. 1ki tobagoli geyri-bircins layinlaylarn arasi axin olmadiqda
yuksokkeciricilikli lay hissasindon vurucu va hasilat quyusu otrafindan suya
gars1 tacridin yuyulma vaxti laylart arast axinin oldugu halla migayisads kifa-
yat godor yuksokdir. Bu zaifkegiricilikli laydan yiuksokkegiricilikli laya su axin
olmadiqda tocrid materialina birtorafli gaydada su basgisinin olmasi ils izah
oluna bilor va ona goéra do onun yuyulmas: kifayat godor long bas verir. Su
axim olduqda iso tocrid materiali iki torofli gqaydada su basgisinin tosiri altinda
oldugundan onun yuyulmas: kifayat qodar stratli olur.

Codval 4
iki tabagali geyri-bircins layda laylari aras axin oldugda ve olmadigda
yuksokkegiricilikli lay hissasindan vurucu va hasilat quyusu atrafindan

suyun tacridinin yuyulma vaxti

Sulasma, 1ki tobogoli layda yilksokkegiricilikli lay iki tobogoli layda yuksokkegiricilikli lay
% hissasindan vurucu quyu otrafindan suyun hissasindon hasilat quyusu otrafindan suyun
tocridi tocridi
Axin nazara Axin nozars AX1n nozars AX1n nozars
alindiqda alinmadiqda alindigda alinmadiqda
Y uyulma vaxti Yuyulmavaxti (gin) | Yuyulmavaxti (gin) | Yuyulmavaxt: (gin)
(gn)
96 134 217 169 218
50 78 294 141 298
38 76 324 135 299

Belaliklo, fluidlorin ikifazli tgkomponentli toklif olunan hidrodinamik
modeli tobagoli geyri-bircins layda neftin su ilo sixigdiriimast vo hasilat qu-
yusunun sulasmasindan sonra suyun yiksokkegiricilikli lay hissosindan vurucu
Vo ya hasilat quyusu otrafindan tocridini modellasdirmoys va suyun etibarli toc-
ridi i¢ln quyudibi zonaya vurulan tocrid materialimin hocmini, tocrid prose-
sinin baslanmasin va tocriddon sonra islonilmanin texniki-texnoloji gosterici-
larini tayin etmoaya imkan verir.

Naticalar:
1.Neftin su ilo spasdirilmasinda laylar arasi axin oldugda neftverms omsali

axin olmadig1 hala nozoran yuksok olur.

2. Laylar arasi axin olmaduqgda lay Uzro neftverma omsal1 vurucu quyu otrafin-
da tocrid zaman hasilat quyusu strafinda tocridlo miigayisods bdyuk olur va
onun giymati hasilat quyusunun sulasma faizi asagi olduqca daha yuksok
olur.

3. Laylar arast axin oldugda hasilat quyusu otrafinda tocrid zamanilay Uzra
neftverms amsal1 vurucu quyu strafinda tacridlo migayisods daha boyik
olur va onun giymati hasilat quyusunun sulasma faizi az oldugcadaha yUuk-
sok olur.
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4.Laylar arasi axin olmadigda yuksokkeciricilikli lay hissosindan vurucu vs ha-
silat quyusu otrafinda suyun tacridinin yuyulma vaxtilaylar arasi axinin ol-
dugu halla mugayisods kifayat godar ytksok olur.
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MMPOI'HO3 BJIMSAHUA MECTA BOJOU30JIALIUNA
HA KO3OOPUIMUEHT CKATUSA HE®THU

M.C.XAJ/INJIOB
PE3IOME
W3ydeno BiusHME H30ISLMU BOABl U3 BBICOKONPOHHUIAEMOrO IJacTa Ha CTENEHb
cKaTtus He(DTH NMPH HAIMYMM M OTCYTCTBHH TOTOKAa MEXIY TOPHU30HTAIbHO-CIOHUCTBIMHU

HCOAHOPOAHBIMU I1JIACTaMU Ha 3aKIIFOYNTEIIBHOM CTaIuH UCTOIICHUSA.

KiroueBble c10Ba: miacT, KOHACHCAT, MOACTHPOBAHUE, HE(PTH, TA30BBIA KOHICHCAT.

FORECAST OF WATER INSULATION IN PLACES OF OIL CONSERVATION
M.SKHALILOV
SUMMARY
The effect of water isolation from a highly permeable formation on the degree of
compression of oil in the presence or absence of a flow between horizontally-layered hetero-

geneous layers at the final stage of the source.

Keywords: Layer, condensate, modeling, oil, gas condensate.
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Toqdim olunan isdo su-neft garwsiginin xarici tosir olmadan va zorbadon yaranan
hayacanlanmalar:n emulsiya ayr:lma prosesine tosiri nazori va tocriibi olaraq arasd:rzlmesdir.
Hayacanlanmalar:n tosirinin artmas: ilo emulsiya ayrilmalarzn:n ¢ox olmas: misahida olun-
mugdur. Tadgigat:n naticalari quyudaxili mayenin demulsasiyas prosesini tanzimlormok Uclin
praktiki tévsiyalarin va metodlar:n hazrlanmasinda 2sas ola bilor.

Acar sbzlar: heterogen sistemlar, hoyacanlanmalar, emulsiya, amplituda

Neft yataglarinin istismart zaman ¢ixarilan mohsulda istismar muddo-
tindon asil1 olarag suyun miqdari doyisilir. Belo soraitdo neftin lay suyu ilo
garismasi Vo emulsiyaamala galmo prosesi bas verir.

Neft vo suyun garismasi zaman emulsiya yaranma lay daxilinds vo ya
guyu avadanliglarinin isladiyi zamam (nasosar) bas verir.

Emulsiyasu va neftin gox muxtalif nisbatlorinds ola bilir. Oksor hallar-
da emulsiyada olan su, dispers hissaciklar soklinds yaranmr [1, 2].

Fluidlarin quyuya axmasi zaman bir sira hallarda suyun nefti gabagla-
mast hali musahido edilir. Energetik noqteyi-nozordon, sistemin bu hali da-
yamqgli hal olmur.

Ogor quyuda mayelarin bir-birino nozaron yerdoyismosi, daha dogrusu,
suyun sixliglara gors yerdoyismosi bas verarso, sistemin islonmosinds Umumi
enerjis azalabilor.

Sistemin dayisdirilmasi Ugtin kigik hoyacanlanma kifayat eds bilar ki,
bunun naticasinds sorbast enerji mayenin gal dirilmasinda daha effektiv ol sun.

Demulsasiya prosesi hom xarici tesir olmadan, yoni gravitasiya qivve-
sinin tosirindon, hom do xarici zarbadon yaranan hoyacanlanmalarinin tasirin-
don bas vers bilor [3, 4].

Ogor sistem dayamqglt mivazinast halinda olarsa, hoyacanlanma zaman-
dan asili olaraq sonlr va emulsiya stabil galir. Dayamgsiz mivazinet halinda
IS0 hoyacanlanma zamanla artir vo bu da sistemin yeni hal1 ilo misayiat olunur.
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Masalanin goyulusu va halli. Fltidlarin quyuya axmasi zaman bir sira
hallarda suyun nefti gabaglamasi hal1 musahids edilir. Energetik ndgteyi nozor-
don, sistemin bu hal1 dayamigli hal olmur. ©gor sistem dayanigli mivazinst ha-
linda olarsa, hayacanlanma zamandan asil1 olarag sonur ve emulsiya stabil
galir. Dayamqsiz mivazinst halinda iso hayscanlanma zamanla artir va bu da
sistemin yeni hal1 ilo musayist olunur.

Bu mogsadls, aparilan todgigatda su-neft garigiginin xarici tosir olma-
dan vo zorbadon yaranan hayacanlanmalarin emulsiya prosesine tosiri arasdiri-
lir. Todgigatda istifads edilon neft quyusuna analoji olan qurgunun sxematik
tosviri sokil 1-do gostorilmisdir.

Burada asagidaki isarolomolori gobul edok:

m,, -gansiqdaki suyun cari kitlosi, H — garisigin hundurltiyt, A-am-
plituda {Azj] h,,(t) -su sttununun cari hdnddrlyd, p,, - suyun Six-

0
lig1, R - arxa borunun radiusu, I' - hayacanlanma yaradan borunun radiusu,

h,, (t) - su siitununun cari hiinddirltiyti boyu vibrasiya, h (t) - yalmz cazibs do-

racasina goro mdéveud su hiindirliyd, h!™(t) - yalmz vibrasiya giivvesine gora

su

moéveud su htndrl Gyudar.

Yag

1T

\
‘u

Sok. 1. Qravistasiyaquvvasinin tosiri altinda xarici tosirlor nozors alinmayarag su-yag
garisiginin emulsiyalasmasinin baglangic (a) vo sonlu (b) voziyyati.

Dorin quyu nasosunun tarazliq vaziyystinds oldugunu vo su-neft de-

mulsasiyasinin yalniz agirliq quvvesinin tosiri altinda bas verdiyini, yani M,
miqdarinin sabit oldugunu gobul edak.
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Su kutlosinin ayrilma intensivliyi m,(t) =— , garisigin ayrilma

deLI (t)
dt

intensivliyi [M_, —m_,(t)] ilo miitonasibdir.

Zarbadon qarisigin ayrilmasi prosesinin diferensia tonliyini belo yaz-

magq olar [5]:

botdir.

voya

dm,,(t
CT() = k[M su — Mgy (t)]' (1)
t
Sorhad sortinin asagidaki kimi toyin edok:
msu (to) = Mb ! (2)
Burada k- mitanasiblik amsal1 olub, malum oldugu gabul edilir vo mis-
Dayisonlorine ayirsaq (1)-don alarnq:
M su— Mgy (t) ’
d [M su — Mgy (t)] = kdt.
M su — Mgy (t)
Buradan nahayat, aliriq ki,
m,,(t) = M [L—e )], 3)
Saokil 1-don gorundiy kimi
M, =z(R*—r*)Ap,,; :
, (4)
H=A+ HO’ msu:ﬂ-(R -r )psu hsu(t)
(4) ifadosini (3)-do nozors alsaq,
2R =1*)p,h,(0) = 2(R* — ") p AL —e 0|
aling.
Natico olaraq,
hy,(t) = AlL— e 5)
alang.

Aydindir ki, mitonasiblik amili-k garisigin mixtalif faiz nisboti U¢ln

forgli say giymotlorine malikdir vo yalmz fiziki tocribslorlo muoyyon edilo
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bilor. k-m muoayyan etmok Ucgtin sabit temperaturda (5)-don asagidaki mtinasi-

boti oldo edirik:
1
k= |n{1—hsu(t)} e
A

Banzor bir sokilds, oldo etdiyimiz garisigin ayrilmasi prosesine tosir

edon zorbalari nozors alaraq, asagidak ifads Uglin zorba vaziyyatini arasdiraq:
] |

Burada n- garisigin ayrilmasi prosesine zarbolorin (vibrasiyalarin) tosi-
rini nazora alan mitenasiblik omsalidir.

Amplitudanin su-neft garisigi Uglin yuxaridaki dusturla hesablanmis
giymati ilo vibrasiya halinda suyun cari htnddrlGydnin doyismosi har bir za-
man aninda forgli olacagdr.

Su stitununun hindarltyanion amplitudamn mixtslif giymatlorinds zor-
bodon yaranan hayacanlanmalarin tosiri altinda zamandan asili1 olaraq doyisil-
mosini muayyan edon ifado asagidaki sokildo olacaqdir:

he(t) = A[l— g k() Ji A[l— e’”“"“]

Amplitudanin doyisan giymatlarinds zarbslorin sayindan asili olaraq su-

yun cari hiindurlGyUnin dayismoasi sakil 2-do gostarilmisdir.

1,2
1
0,8 /
S
€ 0,6
=
0,4 n=1, n=3
0,2
0
0 0,5 1 15 2 2,5

t,san

Sok. 2. Su stitununun htindarlGydntn amplitudann mixtalif giymatlorinds zorbodon yaranan
hoyacanlanmalarin tasiri altinda zamandan asil1 olaraq dayismosi.

Burada n=1 va n=3 zarobalorin sayint gostarir. Alinan nazari naticalor
eksperimental olaraq tadgiq olunmusdur.

Bu mogsodls daxilinds gubuglar va impuls yaradan avadanliglar yerlosdi-
rilmis boru kemori modeli neft-su emulsiya ilo doldurulmusdur. Sistemdoki
cubuglar dovri zorbolardon sonra hayacanlanmalar yaradir. Todqigatlarda fazalarin
ayrilmast prosesindoki suyun Soviyyas Vo tocriibs zamam ayrilmanin bas verdiyi
vaxt muayyanlagdirilir. Burada istifads olunan qurgu sokil 3-do gostorilmisdir.

83



Sak. 3. Tocrliba qurgusunun sxemi.

Burada darin quyu nasoslarinin is regjimini simulyasiya edon su-neft
emulsiyasina xarici “zorbo” tosiri ilo bagli tacribalor aparilmisdir. Eksperimen-
tal qurgu asagidaki elementlordon ibarstdir; 1-todgiq olunan maye tutumu (su-
neft emulsiyasi); 2-omzikli ¢ubuglarla boru kamori modeli; 3-6lcmo gabiliy-
yati; 4-dorin quyu nasoslarim harokato gotirmok tgln muhorrik; 5-darin quyu
nasoslari; 6-vibrasiya yaradan avadanliq; 7-klapan.

Su sttunun hiandarl Gydndn muxtslif tezliklords zarbadon yaranan hays-
canlanmalarin tosiri altinda zamandan asili olarag doyismasi oyrilori qurul-
musdur (sokil 4).

0.8
—o—n=1
g 06 —8—n=2
< 04 n=3
—o—n=4
0.2 n=5

0 0.4 0.8 1.2 1.6 2

t, san

Sak. 4. Su siitununun htindurl Gytnuin mixtalif tezliklords zorbadon yaranan hoyacanlanmalarin
tosiri altinda zamandan asil1 olaraq doyismoasi.

Qrafiklordon gorindiy kimi xarici hayacanlanmalarin tasirinin artmasi
ilo stitununda emulsiya ayrilmalarinin ¢ox olmast musahids olunur.

Natica. Belolikla, aparilan arasdirmalarin naticalori dorinlik nasoslari-
nin istismar: prosesinds yaranan zorbs hoyacanlanmalarimin va boru kemorls-
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rinds su-neft emulsiyalarimin ayrilma proseslarinin garsiligl alagesini gostorir.
Zorbolorin tezliklori no godar yuksok olarsa, bu cir ayrilmanin intensivliyi do
bir 0 godor yiksok olar. Bu halda zarbadon yaranan hoyacanlanmalar ayrilma
sothinds demulsasiya prosesini stimullasdirir.

Tadgigatin naticalori quyudaxili mayenin demulsasiyasi prosesini tonzim-
lomok gt praktiki tovsiyslorin vo metodlarin hazirlanmasinda asas ola bilar.
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NCCJIEJJOBAHUE ITPOLECCOB OTAEJEHUS SMYJbCUN MO/
BO3JIEVMICTBHEM BO3MYIIEHU S, BBI3BBAHHOI'O YIAPHOM HAT'PY3KOM

H.B.HATUEBA
PE3IOME

B HacTosmeii pabote ObUTH M3y4YeHBI TEOPETHUYECKHE M NMPAKTHYECKHE aCTEeKTHI BO3-
JIEHCTBHSA Ha TPOLECC OTHACNIEHHUS AMYJIbCHM BO3MYILICHHS, BBI3BAHHOTO yHapoM H 0e3
BHEIITHEr0 BO3JICUCTBUSI B BOJOHE(DTSIHOW cMecu. Bbicokast SMHUCCHs AMYJIbCHN HaOJII0AaeTCst
IpH YBEIWYCHUU BIMSHUS BO3MYIICHHA. Pe3ynbpTaThl HCCIENOBAHUS MOTYT IOCITYXHTh
OCHOBOW JJIsI PEryJMpOBAaHUS IIpOIecca AEIMYJIBIUPOBAHUS CKBAKMHHBIX (DIOMIOB TpH
pa3paboTKe MPAKTHUECKUX PEKOMEHAAINH 1 METO/IOB.

KiroueBbie cjioBa: TFE€TCPOr€HHBIC CUCTEMBI, BOSMYIICHUA, OMYJIbCHUA, aMILUIUTY/1A.

INVESTIGATION OF THE PROCESSES OF SEPARATION OF EMULSIONS
UNDER THE INFLUENCE OF PERTURBATION CAUSED BY SHOCK

N.B.NAGHIYEVA

SUMMARY

In the present work, has been studied theoretical and practical aspects of the effects on
the process of separation of the emulsion, the perturbation caused by shock and without
external exposure in the water-oil mixture. A high emulsion emission has been observed as the
influence of perturbation increases. The results of the study can serve as the basis for regulating
the process of demulsification of well fluids in the development of practical recommendations
and methods.

Key words: heterogeneous systems, perturbations, emulsion, amplitude.
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YK 539.3

O COBCTBEHHOM KOJIEBAHUHA HEOJIHOPOJHOM
HUJINMHAPUYECKOHU OBOJIOYKHN
KPYI'OBOI'O HOIIEPEYHOI'O CEYEHUA

I'TACBIMOB
bakunckuii I'ocyoapcmeennwviit Ynueepcumem
husameddingasimov@gmail.com

B pabome paccmampusaemcs cobcmeennoe konebanue HeoOHOPOOHOU YUNUHOPUYe-
CKOU 000NI0YKU, C YUEMOM HEOOHOPOOHO BA3K0 YNPY2020 CONPOMUBLEHUS GHEUIHel CPeobl.

IIpeononazaemcs, umo moOyib ynpy20cmu, NiOMHOCMb U XAPAKMEPUCIUKU OCHOBAHUS
AGIAIOMCA HENPEPLIGHBIMU QYHKYUAMU KOOPOUHAMbL ONUHBI 0D0IOUKU.

Ilpu pewenuu npumenenvl Memoo pasoeiieHus nepeMennvix, u  memoo byonosa-
Tanepkuna.

KoaioueBble ciioBa: xonebanue, 000J104Ka, 4aCTOTa, YIPYTHil.

W3BecTHO, YTO UMIMHApPUYECKHE OOOJOUKH KpPYrOBOTO MOMEPEYHOTO
CEUEHHs, WM3TOTOBJIEHHBIE W3 Pa3jIMYHBIX MaTEpUAIOB SBJSIOTCS Haubosee
pacupoCTpaHEHHBIMH 3JIEMEHTAMH KOHCTPYKLIHM, KOTOPBIE TOBOJIBHO IIUPOKO
HCIIOJIB3YIOTCSl B UHKEHEPHOUN IIPAKTHUKE.

[locneqnue roasl cpeay BhILIEYKa3aHHBIX HaWOOJIEE PACIPOCTPaHEH-
HBIMH SIBJISIFOTCS. HEOJHOPOJIHbIC W aHM30TPOIHbIe MaTepuaibl [1]. B ciyuae,
KOIJla 3JIEMEHThl KOHCTPYKIIMU JIEKAT Ha YIPYrOM OCHOBAaHHUM pacyeT Ha yc-
TOMYMBOCTh W aAHAINW3 COOCTBEHHBIX KOJIEOAHUI HUrpaeT MEepBOCTEINEHHYIO
pOJIb.

[Ipenmnonoxum, 4To 3aMKHYTasi HUIMHAPHUYECKAss 000I0YKa KPYTrOBOTO
MONIEPEYHOI'0 CEUEHHUsI HAXOJUTCA MOJ JCHCTBUEM CIKUMAIOLIEE YCHIME MPU-
JIO’KEHHOE I10 TOPLAM U JIEKUT HAa HEOJHOPOIHO BA3KO YIIPYTOM OCHOBAHHHU.

[Ipeamonaraercst, 4To MOAyIb ynpyroctu E sBnsercs co cBonmu npo-
W3BOJHBIMU JI0 YETBEPTOrO MOPSAJIKA, HEMPEephIBHONW (PyHKUIMEH KOOpAMHATHI
TUTHHBL, a KoddduimeHT [lyaccoHa sSBIsieTCs MOCTOSHHON BEIMYHMHOM!

E=E,(1+¢ f(x)), v=const , s<[0]]

31eck E,— cooTBeTCTBYET K OHOPOJHOMY CIIydalo.
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PaccMOTpUM ocecMMMETPUYHYIO (hopMy COOCTBEHHO# KoseObanuu. To-
rla ypaBHEHHWE JBIMKEHHUS U ypaBHEHHE COBMECTHOCTH Je(opMarnii 3arichl-
BAaIOTCS B cieayromeM Buae [2]:

0° o°W 10°® oW o°'W
o, 2 e a (T |- Tt ()T s T <0,

1 o' _ l@ZW _ (1)
E,(l+& (x)h ox* R ox?
3necs Dy— mmmmnapuueckas sxectkocts oaHopoaHoi o6onoukn, @ — dymk-

uus Hanpsokenwit, R— pammyc, h— Tommmua oGomoukw, W(X,t)— nporuo,
p(X)— TUIOTHOCTB, kl(x) u Kk, (X) XapaKTepU3yIOT COOTBETCTBEHHO YIIPYTHe

1 BSI3KHE CBOMCTBA OCHOBaHMS, t - Bpems.
Cuctemsl (1) MOXHO 3amKcaTh B CICIYIOIIEM BH/IE:

o'W df (x)ow  d?f(x)o*W
D{(lhef(x)) ~ +2¢ dE( ) 7 s dxg )6x2 }—

10°D oW 02W
e +k, (XW +k,(x) o + p(x) = =0, )
D Ey(L+&f (x)h o*W
oxt R ox?

Uckmouass @, u3 cuctemsl (2) moydaem:

oW df (x) 0°W d?f(x)o'w
DO[(lm(x)) W 4 SIW o U T)IW

3 4 2 2
+48d ng)as\/;/_hC;d fgx)a V;/}_{Eo(l"'if(x))h_kl(x)}ﬂ_,_
dx® ox dx* ox R

Lok oW d?k(x),, +[d k,(x) , d Zp(x)} oW 2{dki(x)+ d,o(x)}X

dx ox dx? dx? dx? | at? dx dx
oW o'W
Py [k, (x)+ P(X)]W =0. (3)

JI1s1 IPOCTOTHI aHAIN3a PACCMOTPHM CIICAYIOIIHE CyUan:
FO)=%; k(x)=k)@+ax) k(x)=k;[@+ax) p(x)= p,(1+K)
X = X1 | — ynna oGomouxn, «, S e [01].
B sToM ciydae ypaBHeHHe (3) TOBONBHO YIPOMIAETCS M MPUHIMAET CIELYo-
AN BUT.

D, 1+ &X)

O'W Dy oW _[E0(1+ &)h —k1°(1+ax)} oW

+4
ox® I ox° R® ox®
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0
+2kl

0 oW o'W
‘2’)\(/+2{k2|a+p<|35} pvs [k (l+0:x)+,00(1+(5“)]a P =0. (4)

Jlnst peiennst (4) moctynaeM cieayronM oopasom: B mepBom stare 0y-
JIEM HCIIOJIb30BaTh METOJ pPa3/elieHUs MEePEMEHHBIX, B JallbHEHIIEM METO/I
by6HnoBa-I"anepkuna. Pemenue OyneM nckarh B CJIEIYIONIEM BU/IE:

W =sin etV (x), (5)
3/1€Ch () — KPYroBas 4acTora Konedanus, pyHKIHs V(x) A0JKHA YIOBIETBO-
PATH COOTBETCTBYIONIUM KPACBBIM yCIIOBHSIM.

IMoacrariss (5) B (4) monyyaem:

\d% D dV [Eh(l+x) INKEY
D, (1+&X) o +4 |° e —{ 0 7 —k?(1+ ox) e +
kla dV kK)o + p,0 dV d?v
2@ OV 502 528 P00 BV 2014 o%)+ py(L+ 5K
T o)+ pyla+ &) e

JIs1sl OTHOPOTHBIX KPaeBbIX YCIOBUSX K ypaBHEHHIO (6) MOXKHO mpHMe-
HATh MeTo1 ByGHOBa-T'anepkuna, Beibupas V(X) B cremyromem Buze [3):

=§Nﬂﬂ @)

3aech A - HEM3BECTHbIE IIOCTOSIHHBIC U Kaxaasd QyHKuus V, (X), (i :1,2,...,n)

=0. (6)

JIOJDKHA YJIOBJIETBOPSITH COOTBETCTBYIOIINE KPACBBIC YCIOBHSI.
VYuureBas (7) B (6) ¢ mnomompio oproroHanu3anmu  byOHOBa-
lManepkrHa MOKHO HaNMCaTh:

Koo+ p,5) dV.
SA j[ (%/’) Yo htran)s p s a0l } (x)x =0,
k=12,..n
e
d%, D, d®V, [Eh(l+eX) AV Kladv,
LV )=D.(1 ) 1420 i | Eo —Kk°( i o AV
Vi) =Dyl &) 5+ 4770 [ R? 1(+wﬂdﬁ+ I o

2
Kak u3BecTHO, B 0011IeM cilydae (¥ ONpeAaesseTcs U3 yciIOBUs paBeH-
CTBA HYJII0O OCHOBHOI'O ONPEACIUTENS CHCTEMBl alreOpanyecKuX ypaBHEHHI

cocraBlieHHbIX U3 K03 ¢uuuenToB A . Kak npaBuibHO oTMeuaercs B [4], mis
OTpe/ieNICHUs] MHXKEHEPHOH pacueTHOM (opMyrnbl, TOCTATOYHO OMPENEIHUThH

2 o
3HaYeHHE (V" , KOTOPbIN COOTBETCTBYET K MEPBOMY MPUOIMKEHHUIO, T.€.
|

j{L(Vl)— A pro) 2[k§(1+ax)+p0(1+éY)]O(I;(\£1}/1(x)dx=O- ®)

0 I

Jns onpeneneHus w° npuMeM mpoctyro Gopmy (MIapHUPHOE 3aKPEIUICHUE)
armpOKCUMAIIHH:
V, =sinmzx (9)
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37€Ch M —YHCIIO MOIYBOJIH 10 00Opa3yroLIei.
[Moxacrasisis (9) B (8) monyuaem:
1

'[ L(sin mzx )sin mzxdx
2 0 , (10)

@ =7 ( 0 ) 2
J‘[2|<20!|+po5ml7fcos mak— (kS(1+ o)+ p, (1+ é‘)()(mlﬂj sin mﬂx]Sin mxadx
0
37IeCh
mz\° Dye(mz )
L(sinmzx)=—D,(1+ ex{lj sinmzx +4 IO (Ij COSM7X +
_ 2 0
+[E°h(;:9()—kf(l+ax)}[nrj sin m;zi+2k1|acos mzx - (11)
C yuerom (11), bopmyia (10) umeer ciieayromiuii BUI:
4
(D"f —EOZhJ(ng] + kf(1+laj
W = I R . 2 : 2 ) (12)
k§[1+2a)+p0(1+25j

rue A=mr.

OtmeTnM, 4TO B ciydyae, KOrjia MOAYJb YIIPYTOCTH U TUIOTHOCTH SIBJISI-
10TCs (PYHKIMEW TOJBKO KOOPJWHATHI TOJIIWHBI, PEIICHUS BBINICYKa3aHHBIX
3aJ1a4 He BBI3BIBAET 0COOOT0 TPYyAa.

JIUTEPATYPA
1. Jlomaxwu B.A. Teopus ynpyrocta HeogqHOpoaHBIX Ten. M.: MI'Y, 1976, 376 c.
2. besyxos H.U., JIyxun C.B., Konkynos H.B. YcroitunBocTs 1 [rHaMuKa coopyx)eHU. M.,
1969, 423 c.
Tumomenko C.I1. Konebanue B nmxenepuom aeie. M.-J1., 1966, 344 c.
4. Angyros H.A. OcHOBBI pacuera Ha yCTOWYMBOCTH ynpyrux cucreM. M., 1991, 334 c.

w

DAIROVI EN KOSIYiINO MALIK OLAN SIiLINDRiK ORTUYUN
M OXSUSI ROQSi HAQQINDA

H.QASIMOV
XULASO

Moqgalado otraf mihitin geyri-bircins 6zli-elastik migavimotini nozors almagla, geyri-
bircins silindrik 6rtlyin moxsusi ragsi mosolosine baxilir.

Farz olunur ki, elastiklik modulu, sixliq ve asasin xarakteristikalar: ortlyun uzunluq
koordinatinin kasilmoz funksiyalaridir.

Masaslonin hallinds dayisonlorine ayirma Usulu vo Bubnov-Qalyorkin Usulu totbiq
olunur.

Acar sbzlar: rogs, Ortik, tezlik, elastik.
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ON THE EIGEN OSCILLATION OF ANNULAR CROSS SECTION
INHOMOGENEOUS CYLINDRICAL SHELL

H.GASIMOV
SUMMARY
In the paper studies the eigen oscillation of an inhomogeneous cylindrical shell, lying
on a nonhomogeneous under axial compression.
It is assumed, that the elasticity module, density and characteristics of the foundation
are continuous functions of length coordinate.
The solution of the problem is constracted by the method of separation of variables
and Bubnov-Galerkin method.
Key words: oscillation, shell, frequency, elastic.

Hocmynuna peoaxyuro: 04.03.2020 e.
Toonucano k nevamu: 22.10.2020 2.
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FiZiKA
NANOSILINDRDO ELEKTRON QAZININ 9SAS HALI

T.HISMAYILOV, A.F.ASLANLI
Bak: Dovlat Universiteti
tariyel.i@gmail.com, ms.fq@bk.ru,

Yarimkecirici asasl: nanosilindrda (kvant silindrinds) elektron gaz nmvsslasine baxil-
megdir. Birzorracikli effektiv kitlo yaxinlagmasinda enerji spektri vo dalga funksiyalar: ta-
pidmlgder. Enerji spektrinin elektronun kitlasindan, nanosilindrin radiusundan va hunddr-
[Oylindan asil: analitik ifadasi verilmisdir. Effektiv kiitlanin hacmin sabitliyi sartinds 2sas hal:n
enerjisi ilo RQ/H nisbati arasindak: alage miayyan edilmigdir.

Acar sbzlar: de Broyl dalgasimn uzunlugu, nanosilindr (kvant silindri), ol¢lys goéro
kvantlanma saviyyolori, osas halin enerjisi.

Nanotexnologiyada kvant moftillari, kvant nogtslori vo kvant Gziklori
kimi mikro- vo nanoolglilt quruluslarin (strukturlarin) alinmas: keyfiyystca
yeni fundamental fiziki hadisolorin kasfine vo todqgigine ravac verir. Belo asa-
&10Icll U elektron sistemlori Ozlorini stini atomlar kimi aparirlar. Real atomlar-
dan forgli olarag, stini atomlarin hondasi dlgularini vo konfiqurasiyalarini, ye-
ni topologiyaarini, doyismoklo stini atomlarin bitiin  kimyovi vo fiziki xas-
solorini idara etmok mumkundur [1-4]. Topologiyanin doayismasi noticasinda
sistemin enerji strukturu, elaco do dalga finsiyalari doyismis olur. Yani mag-
SodyOnll olaraq topologiyam segmoklo lazimi parametrlora malik cihaz va
qurgu hazirlamaq olar. Hazirda silindrik simmetriyal1 elektron sistemlari ge-
nis todgiq olunmagdadir Silindrik ssimmetriyal1 kvant sistemloarinin elektron
xsolarine olan marag, karbon nanoborularinin gelacok nanoel ektronikanin
cihaz va qurgular Uctin aktiv elementlor olarag dyronilmosi vo bunlardan is-
tifado edilmosi barado ilk tokliflordon [5, 6] baslayarag artmagdadir. Oziine-
moxsus mexaniki, elektrik, termodinamik, kinetik, optik, magnit xtsusiyyat-
larine malik olan bu sistemlords yeni-yeni 6zalliklor agkarlanmir [3, 4]. Son
illorda ayri bir sothds vo ayri sothlorlo ohats olunmus hocm daxilinds olan
yukdasiyicilarla bagli effektlor intensiv suroatds todqiq olunmagdadir [6-11].

Toqdim olunan isdo yarimkegirici asasli nanosilindrds (kvant silindri)
elektron gazi mosolasine baxilmisdir. Nanosilindr (vo ya kvant silindri) de-
dikdo nozords tutulur ki, onun hiandarltyt (H) vo en kasiyinin radiusu (R)
de-Broyl dalgasimn uzunlugu ( 1) tartibindadir, yani H,R~ 4. Bu halda silin-
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dirdoki elektronun enerji spektri atomdaki kimi tam kvantlanmis olur. Basga
sozlo, enerji spektri dlcllya gora tam kvantlanmis Soviyyalordon ibarat olur.
Sredinger tonliyinin hollindon birzarracikli effektiv kitlo yaxinlasmasinda,
sonsuz darin quyu modelinds yikdasiyicimin (elektronun) enerji spektri va
dalga funksiyalar: tapilmigdir. Gostarilmisdir ki, enerji spektri nanosilindrin
en koaslyinin radiusundan, hindirlUydndon vo yarimkegiridoki elektronun
effektiv kitlasindon asilidir.

Enerji spektri

Kristal gofosin U () periodik sahosinds yerloson elektron Gglin effektiv
kitls yaxinlasmasinda Sredinger tonliyini yazag:

2
h

Hy =Ey | I:|=——*V2+U(F). 1)
2m
= e 8 e 5 e 8 — . .y
Burada V=i —+ ] —+k—, W(F) periodu gofas sabitino borabor
oX "oy 0z

olan periodik funksiya, E= elektronun enerjisi, U (I) mohdudlasdirici poten-
sialdir (Quyu potensial1).
Sonsuz darin quyu modelinds mohdudlasdirici potensiali

_]0, r<Rp, 0<z<H
u(r, Z)_{oo, galan hallarda ©

kimi ssg3K, silindrik kordinatlarda (1) tonliyi asagidaki soklo dusor:
2 2 2 2
h 1 0%y N o0y N 0

-— (5 )=Ey | )
om* 12 592 99?022
harada r:\/x2+y2 .
Dalgafunksiyasin
v (p,9,2) =R(p)P(p)Z(z) (4)

kimi segib, (3) tonliyindo yerino yazsaq, bu tonlik dayisonlarino ayrilacaq vo
R(p), ®(¢), Z(z)Ugun bir-birindon geyri-asil1 Ug¢ tonlik alinacag. Bunlarin hal-
lindon alinan dalga funksiyalar: Uzarine olava edilon
R(r=R)=0, ®(p=2R), Z(z=H)=0 (5
sorhad sartlorindan enerji spektri tglin asagidak ifado alinir:

2 [l 2

E= m=0+1+2....., 041+2..... (6)

om*| Rp2 2 |

Burada yr(r‘,/) isarolomasi J;y Bessel funksiyasimin v —ct kokudur.
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9sas halin enerjisi.
Osas halin enerjis (7) dusturunda Bessel funksiyasinin birinci kokunun,
yani 2,405 va n=1 giymeatlarine uygundur:
2 2 2
Eo =h_ M_pﬂ_ . (7)
2m*| Rp2 K2
GOrundr ki, nanosilindrdoki elektronun enerjisi silindrin radiusundan, htnddr-
[Gytndoan vo elektronun effektiv kitlosindon asilidir. MUxtalif yarimkegiricilor
osasinda ainan kvant silindrlarindo elektronun effektiv kitlosi ¢ox muixtalifdir
[1,9].
Indi silindrin hocminin vo effektiv kiitlonin sabitliyi sortindo osas halin
enerjisi ilo Ry/H nisbeti arasindaki slageni tapag. Yoni gobul etdiyimiz sort da-

xilinda enerjinin minimumu (asas halin enerjisi) Rg/H nisbatinin hanst giymeti-
no uygundur? Bu mogsadla Lagranjin geyri-misyyan vuruglar metodundan is-
tifado edorok, muisyyon hesablamal ardan sonra alariq ki,

RO 2,048

N2 2054 8

H /2 ( )
Osas halin enerjisi effektiv kitlonin giymstindon asili olsa da, bu kitlanin
verilmis giymotinds Rg/H nisbati sabitdir. Amma aydindir ki, bu sabitin qiy-

moti mixtolif effektiv kitlolor Gglin muxtalif olacaqg.
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OCHOBHOE COCTOSHHE 2JIEKTPOHHOI'O 'A3A B HAHOIIMJIMHAPE
T.I'HCMAUNJIOB, A.®.ACJIAHJIBI
PE3IOME
Paccmotpena 3amada 06 IEKTPOHHOM Ta3e B HAHOIMIHHAPE (KBAHTOBOM IIMIIMHIPE) Ha
OCHOBE TMOJYIPOBOJHUKOB. HaliieHbl SHEPreTUYeCcKuii CIeKTP U BOJHOBBIC (DYHKIMU B TPHO-
mkeHnn 3¢ dexTuBHON Maccwl. [Ipu ycnoBum mocTosHCTBA 3(h(HEKTUBHON Macchl U 0ObeMa
HUJIMHApPa ONpeacjcHa CBA3b MEKIY 3Hepmel71 OCHOBHOT'O COCTOSHUSA U OTHOLICHUEM paanyca
MUJIMHApPA K €TI0 BBICOTE.
KioueBble c10oBa: JuiMHAa BOJIHBL e bpoiinst, HaHOMIMHAP (KBAaHTOBBIA IHIHHID),
Pa3MCPHO-KBAHTOBAHHBIC YPOBHHU, DHCPIUsA OCHOBHOI'O COCTOSITHHUA.
GROUND STATE OF ELECTRONIC GAS IN NANOCYLINDER
T.HISMAYILOV, A[F.ASLANLI
SUMMARY
The problem of electron gas in a semiconductor-based nanocylinder (quantum cylinder)
is considered. Energy spectrum and wave functions are found in the approximation of the
effective mass. The relationship between the energy of the ground state and the ratio of the

cylinder’s radius to its height is determined.

Keywords: de Broglie wavelength, nanocilinder (quantum cylinder), quantum size
levels , ground state energy.
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METAL OKSID TORKIBLI B9Zi NANOHISSOCIKLORIN
MEXANIKI XASSOLORININ KVANT MEXANIKI TODQIQI
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Metal oksid nanohissociklarinin mexaniki xassolari onlarin vizual modellari asasinda
geyri-empirik va Genislonmiy Hukkel metodlar: tatbiq ethokla Oyranilmisdir. Hesablamalar:n
naticalari gostarir ki, 6lgllari ~1 nm tartibinds olan metal oksidi nanohisssciklarin mexaniki
xassolari, togriban hacmi metal oksid materiallar:n mexaniki xassolari kimidir.

Acar sdzlar: Nanohissacik, riyazi model, kvantmexaniki metod.

Aluminium oksid, titan oksid, domir oksid, silisum dioksid vo sirko-
nium dioksid tarkibli nanohissaciklarin mexaniki xassslorinin kvant mexanika-
st metodlart ilo Gyranilmasinin boyik shomiyyati vardir. isda altiminium, titan,
domir, silisium va sirkonium oksid nanohissociklarinin mexaniki parametrlori-
nin - sortlik amsalinin, Y ung, stirdisma, hacmi vo méhkamlik modullarinin gey-
ri-empirik vo Genislonmis Hukkel metodlar: tatbig etmoklo hesablanmasina ba-
xilmigdir. MO LCAO yaxinlasmasina asason nanohissociyin U; molekulyar or-
bitallart bu nanohissocikdoki atomlarin segilon atom orbitallarinin xatti kom-
binasiyasi soklinds axtarilmigdir:

U; = 23=1 Cqi " Xq (1)

Burada y,- atom orbitallaridir vo malum hesab olunur. m - bazis funksiyalar
kimi secilon atom orbitallarinin sayidir, ¢4;- namoalum omsallarinin giymotlori
molekulyar orbitallar metodunun

Zq(Hpq - giSpq) Cqi =0 2)

tonliklori holl olunaraq tapilir. Hy,, effektiv Hamilton operatorunun matris ele-
mentlori, S,, Ortmo integrallandir. Hesablamalar eksponensial xarakterli
Qauss funksiyalar1 bazisinds aparilmisdir [1, 2].
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Xq = Xnm (W, 709)

Y2
3 22n(n'__1)! (2#)2n+1 et r?
| @n-=1) T e

Yim(09) 3)
Ym(ffp)
=7 Pyjm|(cos)e™ 4

Pyjm|(cos8) — birlosmis normallanmis Lejandr funksiyasidir [3]. u —variasiya pa-
rametridir va enerjinin minimumluqg sortindon tapilir. r6¢ — elektronlarin sferik
koordinatlaridir. (2) tonliklari hall olunaraq geyd olunan nanohissaciklarin &;0rbital
enerjilarin giymatlori tapilmis [12-15] va onlarin asasinda nanohissociklorin bir
sira xassoloari tadqig olunmusdur.

Nanohissociyin elektronlart an asagi enerji soviyyasindon baslayaraq
iki-iki saviyyalordoa yerlosdirilir vo elektronlar torafindon tutulmus on yuxari

Evomo VO oN asag1 bos & molekulyar orbitallara uygun enerjilor mioyyan

LUMO
olunur. Nanohissociyin ionlasma potensiali [1] I, = - &,5,o. dadagan olunmus

zonanin eni E, =€ —€ tam elektron enerjisi E,, = Y&, i —

ya gOra com elektronlar olan molekulyar orbitallar Uizrs aparilir vo nanohis-
sociyin stabilliyi AE = E ->'E, kimi hesablana biler. E, bu nanohissaciyo
A

HOMO !

daxil olan atomun sorbost halda tam elektron enerjiloridir. AE > Ooldugda
material geyri-stabil, AE <0 oldugda material stabil hesab olunur.

Nanohissociyin mexaniki xassolorinin dyronilmesinds Yung vo moh-
komlik modullarinin giymatlarinin hesablanmas: vacib moasosladir. Yung modu-
[unun giymatini

V=2 (5)

dusturu vasitasilo hesablamaqg olar. Burada Y - Yung modulu, F — nanohis-
saciyi parcalamag Ucln quvvanin giymati olub F = % dusturu ilo hesablanr,

2
S=n- (g) nanohissaciyin en kasiyinin sahoesidir , E, — nanohissociyi rabito
enerjisinin giymoti olub E;, = |AE| diUsturuilo ifads olunur, r - atomlar arast
rabitonin uzunlugudur vo atomlarin dekart koordinatlar: osasinda tapilir.
Nanohissaciyin k sartlik omsalimn [11], G sUrismo, K hocmi elastiki
vo HN mohkamlik modullarinin giymetlarinin hesablamasi Uglin iso [2, 6-10] -
do verilon
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k=28 =" =—Y _ HN=G-A-e BT (6
D 2-(1+v) 3-(1-2v)

dusturlarindan istifado etmok olar. Burada v Puasson amsali [6], nanohisso-

ciklor Ugln miayyan tocriibi faktlar osasinda toyin olunur. Metal oksid nano-

hissociklor Ggln A komiyyatinin giymoti A = 0.0807 vo B eksponensial pa-

rametrinin giymoti iso B=2.204- 10731/K , T = 300°K.

Kvantmexaniki komputer hesablamalari
Qurulmus vizua modellar (sokil 1-5) asasinda
(Al,0)¢, (Ti0,)e, (Fe304)4,(Si0,)6 Vo (Zr0,)e Uclin energetik parametr-
larinin giymeotlori komputerds hesablanmigdir [12-15]. Noticalor codval 1-do
verilmigdir.

Codval 1
(A120)6, (Ti02)6, (Fe304_)4,, (SiOZ)G Va (ZT02)6 ugun enefgetlk
parametr larinin komputer da hesablanmis giymatlari

N [Nano- Kvantmexaniki eV
hissocik | metod fvowo | Fumo | E@w) 188 1,00 1E,EV
1 | (Al,0)4 |Genislonmis -7.790344 |-7.572039 |-44.677468 -0,645 |7.79 0.218
Hikkel
2 | (Ti0,)e |Qeyri-empirik  |-2.199590 |1.027713 |-5926.0243825 |-4.777 |2.20 3.227(3.3)
3 Genislonmis
(Fe30,), | Hikkel -11.07594 |-10.802278 |-404.9349487 |-0,514 |11.08 0.274
4 | (Si0,)e |Qeyri-empirik  |-7.440391 |5.449863 |-2600.645508 |-4.113 |7.44 12.890
5 | (Zr0,) | Qeyri-empirik  |-6.538526 |3.105533 |-32876.58817 |[-7.393 |6.54 9.644

Codval 1-doki giymeatlors asason (Al,0)¢, (Ti04)e, (Fe30,)4, (Si05)6
Vo (Zr0,) nanohissaciklorinin mexaniki parametrlorinin - k sartlik amsalinin
[11], Y Yunq, G slrismo, K hacmi elastiki vo HN mohkamlik modullarimn [2,
5 - 7] giymatlorini hesablamaq olar. Bunun c¢tn har bir nanohissacik Uctn
cadval 2-do verilmis rabito enerjisinin E, = |AE|, atomlar arasi rabito uzun-
lugunun r, olcisiini D, en kasiyinin sahasini S, parcalama quvvasini F vo
Puasson amsalinin v giymeatlarini (5) - (6) dusturlarinda nozars alib hesablamaqg
olar. Naticalor codval 3-do verilmisdir. M6tarizo daxilinds verilmis giymotlor
homin kamiyyatlorin digor Usullar hesablanmis giymotloridir. Brijesh K.Pandey
vo Ratan L.Jaiswal torofindon verilmis metodika[8] ilo ixtiyari ol¢uli (D)
nanohissocik tglin mexaniki parametrlarinin giymoylarini hesablamag mimkin
deyildir.
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Codval 2

(Al,0)6, (Ti03)6, (Fe304)4, (Si02)6 Va (ZT0,)¢
dcin bazi kamiyyatlarin komputer da hesablanmis giymatlari

N-si | Nano-
hissacik

E, r D S F v
0D (m) (m) (m?) (N)

(AL0)6

2.807 - 10718 | 0.214-107° 1.11-107° 9.677-107*° | 1.315-107% 0.27

(Ti0,), |1.984 - 107'7 | 0.174-107° | 0.92-107° 6.648-107'7 | 1.195-1077 0.35

1.984 -107%7 | 0.190 -107°| 1.44-107° 5.807-107* | 1.182-1078 0.336

(85i05)4 1.791-107%7 | 0.186-107? | 0.854-107° | 5.728-107%° | 9.629-107® 0.26

1
2
3 (Fe304)4
4
5

(Zr0,), | 3219-1077 [0219-10° | 1.100-107° [ 9503-107" | 2.499-107 | 0.19
Codval 3
(AL;0)¢, (Ti03)6, (Fe304)4, (Si03)6 Vo (Z103 )g
dcuin mexaniki parametrlarinin hesablanmis giymatlori

Ne sira Nano- Sartlik Surigma | Hacmi elastiki Yunq Mohkomlik
ndmrasi | hissocik | amsali k | modulu G modul K moduluY | modulu HN

N/m (GPa) (GPa) (GPa) (GPa)

1 (Al,0)q 11.85 5.35 9.849 13.59 0.223

2 (Ti0,)e | 129.93 66.60 199.8 179.8 2.774

3 (Fe;0,), | 1354 7.42 20.14 19.82 0.310

4 (5i0,)¢ 112.75 66.7 116.7 168.1 2.779

5 (Zr0,)e | 133.819 65.09 83.22 154.9 2.712

(171-186)

NOTICO

Aliminium oksid, titan oksid, domir oksid, silisium dioksid va sirko-
nium dioksid nanohissaciklorinin mexaniki xassalari geyri-empirik va genislon-
mis Hikkel metodlar istifads etmaklo dyranilmisdir. Hesablamalarin noticalori
gostarir ki, élcllUlari ~1 nm tartibinds olan metal oksid nanohissociklarin me-
xaniki xassolari, togribon hacmi metal oksid materiallarin mexaniki xassolori
Kimidir.

vl

a) b) c)
Sak. 1. (Al,0)¢ nanohissaciyinin vizual modellori
(a - xatla, Xatt vo kiralarlo, ¢c- kiralarlo gostorilib)
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a) b) c)
Sak. 2. (Ti0,), nanohissociyinin vizual modellori
(a - xatla, xatt vo kiralarlo, ¢c- kiiralarlo gostarilib)

a) b) c)

Sok. 3. (Fe;0,)nanohissaciyinin vizual modellori
(a - xatla, xatt va kiralarla, c- kiiralarlo gostarilib)

_:':::';__. &Tﬁ %

a) c)
Sak. 4. (Si0,)gnanohissociyinin vizual modellari
(a - xatlo, xatt vo kiralarla, c- kiralorlo gostorilib)
e PA?;\'
A = o g . ‘ .-_.CI
a) b) c)

Sok. 5. (Zr0, )4 nanohissaciyinin vizual modellori
(a - xatlo, xatt vo kiiralarlo, ¢- kiiralorlo gostorilib)
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W3YUYEHUE MEXAHUYECKHUX CBOMCTB HEKOTOPBIX METAJI
CVJI®U]] COAEPKAIMIT HAHOYACTHI]
C KBAHTOBOMEXAHMYECKAMHU METOJAMM

AT'TACAHOB
PE3IOME

MexaHW4YecKHe CBOHCTBa HAHOYACTHI] aTMIMUHUM OKCHJ|, THTAH OKCHI, PeppyM OKCH]I,
CHJINCHUYM JHOKCHJ U CUPKOHHYM JIHOKCHIA OBUIM W3y4eHBI C HCITOJIb30BAaHHEM, HEIMIIPHU-
YEeCKHI U PacHIMPeHHOr0 MeToja XBIOKKeIs. PacueThl IPOBOAMINCE HA OCHOBE BH3YallbHBIX
MOJIETISIX 9THX HAHOYACTHUII. Pe3yIbTaThl MOKA3bIBAIOT, YTO MEXaHUYECKUE CBOMCTBA MENKHX (~
1 HM) MeTal OKCHJI HAaHOYACTHI[ IIOYTH COBIIAJAIOT ¢ MEXAaHHMYECKMMHU CBOMCTBAMH METayll
OKCHT MaTEPHAJIOB.

KaroueBble cj0Ba: HAHOYACTHUIIEI, MaTeMaTHISCKass MOJEIb, KBAHTOBOMEXaHUMICCKUI
MCTO
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STUDING MECHANICAL PROPERTIES SOME METAL OKSIDE CONTAINING
NANOPARTICLES BY QUANTUM METHODS

A.G.GASANOV
SUMMARY
Mechanical properties of aliminum okside, titanium diokside, ferrium okside, silisium
diokside and sirconium diokside have been studied using the non empirical and the Extended
Hukkel methods. The calculations was curried out on the base visual models of these
nanoparticles. The results show that the mechanical properties of smal (~ 1 nm) metal okside
nanoparticles are the same as the mechanical properties of bulk metal okside materials.

Key words: Nanoparticles, mathematical model, quantum mechanical method.

Redaksiyaya daxil oldu: 25.02.2020-ci il
Capa imzaland:: 22.10.2020-ci il
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PION NUKLON QARSILIQLI TOSIR SABITININ
AdS\KXD-nin SORT DiVAR MODELIND® HESABLANMASI

S.AI.TAGIYEVA
shahnaz.ilgarzadeh.92@mail.ru

Son dévrlarda elementar zorraciklorin gars:liql: tasirinin Anti-de Sitter vo Konformal
Saha Nazariyyasinin (AdS/KSN) uygunlug prinsipi asasnda dyranilmasi nazori fizikada genis
imkanlar agmesder [5]. AAS\KSN uygunlug prinsipina asaslanan AdS/KXD-nin sart va yumsaq
divar modellari cargivasinda elementar zarraciklorin gars:l:ql: tasir sabitlorin fomfaktorlar:n
hesablanmas: hadronlar:n daxili qurulusunu Oyranmaya, effektiv kasiyin hesablanmasina
imkan yaradir[8]. Bu isdo AdS/KXD-nin sort divar modeli daxilinda, = mezon- nuklon
gars:liqlz tosir sabiti hesablannugdir.

Acar sdzlar: Anti-de Sitter fozasi, mezon, nuklon, profil funksiyasi.

Sart divar modeli
Sort divar modelinds garsiligl tasir Gglin tosirin ifadosi asagidaki kimidir
[1]:
Sq/t(v(q'z)) = fd4x dZ\/ELq/t (1)

g=ldetgyn| (M,N =0,1,2,3,5) 5-6lciili Anti-de Sitter fozasinin determinantidir.
Sort divar modelinds z doyisonine 0 va z, ndqtalarinds sorhad sarti qoyuldu-
gundan z doyisoni 0<z<z; intervalinda dayisir [10].
Lq/¢-is0 AdS fozasimin daxilindoki vektor saho ilo fermion saholori arasindaki
garsiligl tosir lagranjiamidir.

AdS/KSN uygunluguna ssason 4-6l¢ult KSN-doki toradici funksional

5-0lcult AdSs fazasinda (2) soklinds ifads olunur:

iSq(P((x,2))
Zgkxp =€ t (2

Holografik prinsip i¢ nozariyyonin  Z, 45 funksiyast ilo sorhod KXD-nin
Zgxp funsiyasim eynilogdirir [6]:
) Z_AdS = Zgxp _
Digor tarafdon molumdur ki, AdS fazasimn sorhoddinds 4-6I¢llt vektor
corayan toroadici funksionalin ultrabondvsayi sorhoddoki 4-6lclll sahonin
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vakuum giymatina gora funksional téramoasine borabordir.

. 8ZKgxD
<]# >= -1 &sﬁ |ISB=0 (3)

Burada, /, Ugln pion sahaesinin corayam olub, w mezon- proton-barion
garsiligl tosir sabiti vasitasila (4) soklinds ifads olunur:

Ju@',p) = genn@(®@)y>u(p) (4)

Burada p’ vo p AdS fozasinin daxilindoki spinor saholorin vektor saho ilo
garsiligl tasirindon avval va sonraki impulslaridir.

Pion-nuklon garsihgh tosir sabiti
AdS fozasinin daxilinds fermion sahalarinin psevdoskalyar sahs ila garsi-
ligl1 tosir Lagranjiant Y ukava garsiligli tosir Lagranjian ils tosvir olunur [2]:
Lany = —Gy[N1 XNy + NoXTN,]. ®)

Burada, g-Yukava sabitidir, odadi giymati g=14.4-dir. N; vo N, 5-6lculi spi-
norlarchr:
N(p,z) = Ny, + Nig (6)

Impuls fozasinda 5-6l¢uilti spinorlar Furye cevirmasi vasitesilo (7) soklinds to-

yin olunur:

N r (x,z) = (2711)4 f d4p FiLr (p, z) lpL.R(p)e_ipx- (7)

Burada, F;; ; profil funksiyalaridir [7].
z — 0 limit giymatinds X U¢tin asimptotik holl asagidaki sokildadir:

X(2) = %aqu + iazg’ (8)

Burada, mg- u vo d kvarklarin kitlasi, o-iso kiral kondensatin giymetidir.
Kiral limit halinda, yoni M — 0 oldugda X(z) = v(2)e?™# kimi yazabilorik.

P(x,z)-pion sahosidir. Kira limit halinda, holgrafik dalga funksiyasi va-
sitasilo pion sahasinin adadi giymeoti hesablanmisdir [9].

Oktet barionlara daxil olan elementar zarraciklorin (p n A X E) hor biri
Ucln v(z)-in riyazi ifades hesablanmisdir [9]. Nuklon tgln v(z) asagidaki
kimi tayin olunmusdur:

v(z) = B¢z — c1)m(2) (9)

Burada, v, (z) = myz + 0,2z% m, ,o,-uygun olaraq u kvarkinn kiitlosi
Vo kiral kondensasiyasidir.
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(5), (2), (3) dusturlarint (1) tasirinds nozars aaraq (4) ifadasinin Uzarinds
miayyan riyazi hesablamalar apardiqdan sonra pion-nuklon garsiligh tosir
sabitinin analitik ifadosi asagidaki kimidir :

Inn = V(Z)Pngy(szflR — farf1iL — fiLfor + firf20)

9dadi hesablama

Bu isds, oktet barion olaraq proton (neytron) gotirilarok = mezon proton
(neytron) oktet-barion garsilighh tosir sabiti  hesablanmisdir. Hesablama
MATHEMATICA11 program: asasinda aparil mischr.

Parametrlor toplusu Uguin asagidaki qiymatlor goturlUr:

m,=0.14 (GeV), o =(0.198GeV)® ,m, =0, z,, = (205MeV)~* . Bu
giymatlori (9) ifadasinda nozoro alaraq nuklon v(z) Uclin v(z) = (3¢, —
c1) vy (2)=14.8 adodi giymati alinmigdir.

Sabitlorin bu giymatlari nozars alinaraq yekun hesablamalar noticasindo
pion-nuklon garsiliglt tesir sabiti -g,y =1,065 giymatini verir. Pion-nuklon
garsiligli tesir sabiti Ggtin tacrtibi giymat -g,,;y =0.939-dur.

Bu naticonin tocribi giymato uygun olmast gostorir ki, AAS\KXD-nin
sort divar modeli carcivasinds elementar zarraciklorin garsiligl tasir sabitlorini
hesablamaqg mogsadoauygundur.
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PACYET KOHCTAHTA B3AUMOJIEVCTBUS # ME3OHA C HYKJIOHOM
B MOJIEJIA )KECTKOM CTEHBI AnC/KX]]

HI.U.TATUEBA
PE3IOME
B pamkax momenu xectkoi crensl AJIC/KXJ] Mbl BBIYHCIHINA KOHCTAHTY B3aHMO-
neiictBus T Me30H—TIpOTOH. Bo BHyTpenneit yactn AJIC npoctpancTBa FOkaBa jarpamxnaH
B3aUMO/ICHCTBUSI TOJsIME ObLTO Hcnonb3oBano. Mcnonb3yst AJIC/KTII cooTBeTcTBHE HHTET-
pallbHOE BBIPQKCHUE MOJTYYCHO IJIi KOHCTAHTHI IMHOH TPOTOHHOTO B3aMMOJICWCTBHUS M €r0
YUCIICHHOE 3HAYCHUE OBLIO PACCUHT.
Kiouesbie ciaoBa: IlpoctpanctBo AHTH-me-Cutrepa, Me30H, HYKIOH, MPOQIIIHHAS
byHKITHIS
CALCULATION OF THE # MESON-NUCLEON COUPLING CONSTANT
IN THE HARD WALL OF AdS/QCD MODEL
Sh..TAGIYEVA
SUMMARY
In the framework of the hard wall model of AdS/QCD we calculated the = meson
proton coupling constant. The Yukawa interaction Lagrangian fields was used in the bulk of
AdS space. Using the AdS/CFT correspondence an integral expression was found for the pion

proton coupling constant and its numerical value was calculated.

Key words:  Anti-de Sitter space, meson, nucleon, profile function.
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