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UMUMI XOTTi BIRTORTIBLI HIPERBOLIK TONLIKLOR SISTEMI
UCUN YARIMOXDA SOPILMO MOSOLOSI

Acar sozlar: sopilmo masalasi, sopilmo operatoru, Volter operatoru, tars sapilma
mosalosi

Isda birtortibli xatti n sayda hiperbolik tonliklor sistemi iigiin yarimoxda iki sopilon
dalga halinda diiz sopilmo masalasi 6yranilmisdir. n-2 sayda mossloys baxilmigdir. Sopilmo
masalasinin sanki hor yerdo mohdud, olgiilon funksiyalar fozasinda hollinin varligi vo
yeganoaliyi gostarilmisdir. Golon dalgalar1 sopilon dalgalara ¢eviran sopilma operatoru tayin
edilmigdir.

E.M.Axmeoo0e

3AJTAYA PACCEAHMS V151 CACTEMbI OBIIIUX JUHEWHBIX
I'MIIEPBOJIMMECKUX YPABHEHUU ITEPBOT'O ITIOPAJIKA HA
IHOJIYOCH

Knrouegwvle cnosa: 3adaua pacceanus, onepamop pacceanus, Borsmepoesckuii
onepamop, 0o6pamuas 3a0a4a paccesHus

B pabote wm3ywaercs 3amada paccesHus JJIT CUCTEMBI N THIIEPOOIMUECKUX
JIMHEHHBIX ypaBHEHWH TIEPBOrO TIOpsAKA HA TMOIYOCH C 33JIaHHBIMU PacCEeSHHBIMU
BoyHamu. bbuta paccMoTpeHa 3amada Juisi CUCTEMbl N-2 ypaBHEHUH. 3ajaya paccesHus
OrpaHMYeHa TIOYTH TOBCIONY, B TPOCTPAHCTBE W3MEPUMBIX (YHKIMH TOKa3aHO
CYIIECTBOBaHHE W €AWHCTBEHHOCTh pemieHns. OrmpeeneH omepaTop paccesHus,
MIPEBPAIIAFOIINI MPUXOJISIIIE BOIHBI B PACCESTHHBIE.

E.M.Ahmadov

THE SCATTERING PROBLEM FOR A GENERAL LINEAR HIPERBOLIC
SYSTEM OF FIRST ORDER EQUATIONS ON THE SEMI-AXIS

Keywords: scattering problems, scattering operator, Volterrs operators,
inverse scattering problem

In present paper the direct scattering problem for a system of an n one-dimensional
linear hyperbolic equations in the case of two scattering waves in a semi-axis is studied. In
the work is considered n-2 problems. The existence and uniqueness of the solution of the
scattering problem in the space of finite and measurable functions is shown. The scattering
operator for convert the incident waves into scattered ones is determined.
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Yarimoxda (x = 0) asagldakl tonliklor sistemino baxagq:
oU;(x, t) aU; (x t)
T

Z Cy(x, U (x, 1), (1)

i=Iﬁ,—w<t<+m,
Burada &, >..>¢&,.,>0>¢&,_,>¢&, (n—2 golon, iki sopilon
dalga hal) , C;;(x,t) (i,j =1,n) omsallar iso kompleksqiymatli Slgiilon
funksiyalardir vo

c
|Cu(x t)| < (1 + x)T (1 + [t])i+e (2)
Ci(x,t) =0, Lj=1n, ¢ = const >0

sortlorini 6doyirlor.

Qeyd edok ki, n = 2 halinda biitiin oxda vo yarimoxda diiz va tors sapilmo
mosalosi L.P.Nijnik [1] torafindon Gyranilmis vo geyri-xatti Devi-Styartson

iU, = —Uyyx — kU, + WU

02 02
I/ny=2<a 2+.ICW>|U|2 3)
tonliyinin tors masalalar tisulu ilo inteqrallamasina totbiq edilmisdir. n > 3 olduqgda
(1) tonliklor sistemi tigiin & > &, > -+ > &, halinda biitiin oxda diiz vo tors
sopilmo mosalasi L.P.Nijnik vo V.Q.Tarasov [2] torofindon todqiq edilmisdir.
n = 3 olduqda yarimoxda diiz va tors sopilma masalalori n — 1 golon vo bir
sopilon halinda [3], n =4 olduqda iki golon vo iki sopilon dalga hali [4],
n = 5 v9 6 olduqda iki sopilon dalga hallarinda [5,6] islorinds todqiq edilmisdir.
Qeyri-stasionar Dirak tonliklor sistemi tigiin daha timumi halda tors sopilmo
mosalasi vo onun bazi tatbiglori [7,8] islorinds 6yronilmisdir.

Bu isdo istonilon n > 3 tigiin daha timumi halda iki sopilon dalga halinda
sopilma masaloasi tadqiq olunmusdur.

1. Sopilmo masalasinin yarimoxda qoyulusu. (1) hiperbolik tonliklor
sistemi  {iglin yarimoxda sopilmo mosalasi & > ...> &, ,>0>¢&,_, > &,
oldugda asagidaki kimi verilir. Bu sistemin elo hallini tapin ki, golon dalgalar
xarakterizo  edon  verilmis  @;(t) € Lo (—0;+0) (i=1,2,..,n—2)
funksiyalari ti¢iin

Ui(x,t) = a;(t +&x) +0(1), x - +oo, i=12,..,n-2, (4
asimptotik diisturuna malik olsun vo x = 0 oldugda miioyyon sorhad sortlorini
Odosin.

Bu magsadlo n — 2 sayda miixtalif mosalaya baxilir.

k-c1 masalods (k = 1,2,...,n — 2)

Uk(x,t) = {UF(x,0),...,U_(x,0), UF(x,t)} holli
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Ul-k(x,t) = q;(t+é&x)+0(1), ,k=1,n—-2,x >+ (5
asimtotikasina malikdir va
U= ) Uk (6)
ie{1,..,n—2}
ik
uk@,t) = uk,t), k=12,..,n—2 (7)

sorhad sortlorini 6doyir.

Birlikds baxilan (1), (6), (7) masalalorine yarimoxda n-2 golon iki sopilon
dalga halinda sopilmo mosolosi deyilir.

2. Sopilma operatoru. Qeyd edok ki, (1) sistemi ii¢lin diiz masalo dedikdo
bu sistem {iglin qoyulmus mosaloya gora sopilmo operatorunun vo ya sopilmo
verilonlorinin toyin olunmasi basa distiliir.

Teorem. Tutaq ki, (1) sisteminin omsallar1 dl¢iilon funksiyalardir vo (2)
sortlorini  0doyirlor. Onda golon dalgalarn xarakterizo edon verilmis
a,(t),...,a,_(t) € Lg(—0,+00) funksiyalar vo hor bir k € {1,2,...,n — 2}
tigin (1) — (6) — (7) sopilmo mosalosinin halli var vo yeganadir. UX_, (x,t),
UK(x,t) funksiyalann x — oo oldugda L., (—o0,4+) fazasinda asagidaki
asimptotikaya malikdirlor:

Uk (x,t) =bF_j(t+&_1x) +0(1), x> +oo,

Uk(x,t) = bE(t + &,x) + 0(1), X — +oo, (8)

Isbat1. k-c1 sopilmo mosalosi asagidaki Volter inteqral tonliklor sisteming
ekvivalentdir:

Uf(x,t) = a;(t + &x) +
+f ZCij(y't+Ei(x_Y))U;((y't+Ei(x_Y))d}’:
X ]=1

Lk=1n-2,

Uk_1(x,t) == bi_; (t + &pgx) + fx+0027=1 Cn_1,j(y. t+
+&n1(x = M)Uf(y, t + &poa (x — y))dy,

UKo, t) = bE(t+ &ux) + [ 7 B0y Gy, £+ En(x — YUK (3, £ +
+&,(x —y))dy . 9)

(9) sistemini operator tonlik sokilinds yazaq:
Uk(x,t) = h*(x,t) + A*U*(x,t), k=1,n, (10)

burada
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a, (t+ &1x)

Ur (x,t)
Uk(x,t) = { ) h*(x,t) = | An-2 - (.t“'*‘ $n-1%) |,
\Uﬁ_1<x, t) \ bE_1(t+ &Epqx
Uy (x, ) bi(t + &px
ARU*(x, 1)

K1k _
ARUR(x, 1)

ARGt = [T Gt + &G =) Ut + &)y, i=Tn.
Onda (2) q1yrn9t19nd1r11m9s1n1 nazoro alsaq vo
— : K
10Kz = vrai supmax |Uf(x, )]
—oo<t<+0o0
gotiirsok, alariq:
AU (x, O)llr = wvrai supmax |[AFU(x, 0)| =
x2T i=1,n

—oo<t<+00

vrai supmax|f Y Gt + & —y) UF (ot +

—00<t<+00

+&(x —y)dy| <

< yrai SupmaXJ ZlCU(y,t+€l(x—y))||U"(y,t+é1(x—y))|dy<

—00<t<+00
< vrai su maxJ C|Ujk(y't+fi(x_3’))|
4 p s (14 y)1*e(1 + |¢))+e

i=1n

—00<t<+00

400
< cf n(l+y) 1 ¢x
X

X vrai supmax |Uk(x t )|dy =
x'zy i=1,n
—oo<t<+00

400
—on [ @+ )UK dy <
X

400
< cn f (1 + ) E U], dy
T
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Beloliklo,
AU (%, Dllr < ¢

+eo U,

T G =

(11)

Onda asagidaki teorema gora hallin varligi va yeganaliyi almnur.

Teorem [1] . Tutaq ki, B Banax fozasinda

U=h+AU
tonliyi verilmigdir. A xatti operatordur vo Te(—o0,400) adadlarina gora ||U|| 7
normasi uigiin

400
AUl < f a1Vl dr
T

barabaorsizliyi 6denilir, burada
fj;o a(1) < +o0.
Onda istonilon heB tgiin hoall var vo yeganadir.
Indi iso (8) miinasibatlorini gostorak.
(9) inteqgral tonliklor sistemindon

UG, t) = biE(t + §0)| =

|| Dleube+site- ke + -y ay| <
x4

+oo 1
Z|Cij(y» t+ & =) Uf @t + & —y)|dy ,i=n—1,n.
X j=1
Ujk(x,t) € Lo (R4, R) oldugundan 3 M > 0 var ki, sanki her yerdo |Ujk(x ,
t)] <M olur. Burada R, = (0,+), R = (—, +).
Onda (2) —ni nazors alsaq

|UE(x,t) — b + flx| <

f Z 1+ y)”‘E 1+t + sﬂ(x —y)Pr*e Mdy =

+00 1 &
ScMnf ————dy =cMn¢ oo _
X

(1+y)t+e —€ x
_ cMn 1 400 _cMn 1 o { (12)
B e (1+y)s e (1+x)E’ b= M
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alinir.
Cilinki,
1

ECE R

dogrudur.

Onda x — +o0 oldugda limito keg¢sok (8) miinasibatlorini alariq.

Bu teoremdon alinir ki, har bir verilon {a;(t),...,a,—,(t)}, (a;(t) €
Ly (—90,+),i =1,..,n—2) golon dalgalari {i¢iin yegana U*(x,t) (k=
1,...,n —2 ) hollori var vo bu hallor iiciin sopilon {b¥_, (t), bX(t)}, bk(t) €
L (—00, +00) dalgalari ils ifads edilon (8) asimptotikast dogrudur.

Yoni

{a1(t), ) an_2 ()} = U*(x,t) - {bj_; (), bf; (t)}uygunlugu
birgiymatlidir.

Onda

S¥:{ar(t), ) an—2 (O = {by_1 (), bE (O} k =1,n -2
operatorunu toyin etmak olar.

S=(St,..,5m2)
operatoruna yarimoxda sopilmo operatoru deyilir.

S operatoruna goro omsallarin tapilmast masalasi tors sopilmo masalasi
adlanir.

Tors masalonin dyronilmasi 2n sayda ¢evirmo operatorlarindan, Volter
operatorlar lizro faktorizasiya xassolorindon istifado edilmoklo biitiin oxda tors
sopilma masolasinin dyronilmosinae gatirilir.

ODOBIYYAT

1. Huocnux JLII OOparHble 3agaud  paccestHUs JUIsi  THUIEepOOTMYECKUX
ypaBHeHui. Kues: Haykosa [ymka, 1991, 232 c.

2. Huowcnux JLII, Tapacos B.I'. OOGpaTHas HecTallMOHApHAas 3ajada pacCesHHs
Uil THniepbosndeckor cucrembl Tpex ypasHenuit / JJAH CCCP 1977, 1.233,
Ne3 ¢. 300-303.

3. Hckenoepos H.ILI. OOpartHas 3agada paccessHHS [UIsl THUNEpOOINYECKOH
CHCTEMBI T YIPaBHEHWH MMEPBOTO TOpSJIKA Ha IMOIYOocH ||YKp.Mar. sKypHal,
1991, 1.43, Ne12, c.1638-1646.

4. Uckenoepos H.II., Hcmaunos M.M. OOpatHas HecTallMOHapHas 3ajada
paccesHUsl Uil TUHEPOOIMYECKOW CHCTEMBI YEThIpEX YpPaBHEHHH IEepBOTO
nopsizka Ha nonyocu. // Tpyast UMM AH Asep6aiimkana, 1996, IV (XII), c.
161-168.

28



UMUMI XOTTI BIRTORTIBLI HIPERBOLIK TONLIKLOR SISTEMI UCUN YARIMOXDA...

5.

Iskenderov N.Sh., Mamedov A.A. Inverse scattering problem for hyperbolic
system of five equations on semi axis // International Journal of Pure and
Applied Mathematics, vol.117, Ne4, 2017, p. 675-684.

Ucxenoepos H.ILI, Jcappaposa JIL.H. Tlpsamas u oOpaTHas HeCTallMOHAPHAS
3a/lavya paccestHus IS TUIEePOOITMYECKON CHCTEMBI IIECTH YPaBHEHNH TIEPBOTO
nopsinka Ha monyocH. || Coopuuk mpan MH-Ty matematuku HAH Ykpaunsi,
2017, 1.14, Ne3, c. 67-99.

Ismailov M.I. Inverse scattering problem for hyperbolic systems on a semi-axis
in the case of equal number of incident and scattered Waves // Inverse
Problems, 2006, 22, p.955-974.

Iskenderov N.Sh., Ismailov M.I. Inverse scattering problem for non-stationary
Dirac — type systems on the half-plane // |. Differential Equations, 246, 2009,
p.277-290.

Iskenderov N.Sh., Ismailov M.l. On the inverse scattering transform of a
nonlinear evolution equation with 2+1 dimensions related to nonstrict
hyperbolic systems // Nonlinearity, 25, 2012, p. 1967-1979.

Redaksiyaya daxil olub 17.01.2021

29





