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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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