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KIRISH

Tadqiqot mavzusining dolzarbligi. Nochizigli evolutsion tenglamalarga
qo‘yilgan Koshi masalalarining yechimlarini teskari masalalar usullaridan
foydalanib topish masalasi matematika va fizikaning muhim masalalaridan biridir.
S.S.Gardner, J.M.Grin, M.D.Kruskal va R.M.Miuralar nochizigli evolyusion
tenglamalarni sochilish nazariyasining teskari masaslasi yordamida yechish
usulining dastlabki kashfiyotchilari hisoblanadi. Ular KdF tenglamaga go‘yilgan
Koshi masalasini o‘z-o‘ziga qo‘shma bo‘lgan Shturm-Liuvill operatori uchun
sochilish nazariyasining teskari masalasi yordamida tez kamayuvchi funksiyalar
sinfida yechdilar. Tez orada bu usul boshga nochizigli evolutsion tenglamalarga
tadbiq qgilindi. Bu tenglamalar gatorida KdF tenglamasining diskret analogi bo‘Igan
Toda zanjiri ham bor edi. Keyingi vaqtlarda amaliy tadbiglardan kelib chiggan
holda nochizigli evolutsion tenglamalarni manbalar bilan garash muhim ahamiyat
kasb etmoqda. Moslangan manbali Toda zanjiri tez kamayuvchi funksiyalar sinfida
A. Cabada va G°. Of‘razboyevlar tomonidan o‘rganilgan. Hozirgi kunda bu
sohaning qattiq jismlar mexanikasi, plazma fizikasida va gidrodinamika
masalalarida muhim tadbiglari topilganligi bois bu sohani o‘rganishga bo‘lgan

gizigish yanada ortmoqda.

IImiy izlanishning maqgsad va vazifalari. Mazkur dissertatsiyada ushbu
NG :

a.'n = an (Gn+1,r+1 - Gn,r+1) + a'n Z ((grl1)2 - (grl1+1)2) '
i=1

. N . .
bn =H n+,r+l H nr+l 22 ng1 (ang:wl - an—lgrl1—1)’ (1)
i=1

an—lng:—l"'bng:+angr|1(+1:/1kgr|:7 k=12.,N, neZ,

tenglamalar sistemasini garaymiz. Bu yerda

i
Gy =2, <6, LS, > 0<jsr+l,



j
H,;® :gza”(t)c"* <Oy, L)’ 6, >+c; +1, 0<j<r+1,

(L(t) y)n = an—l yn—l + bn yn + an yn+1 = ﬂ'yn !

0, m=n
<0,,0, >:{
1, m=n,
C,CyyaisCrg - oldindan berilgan Ixtiyoriy xaqiqiy sonlar.

{a, )y, {b. O, . {gk®¥, . k=12,...N — noma’lum funksiyalar, {g*(®)}",

Z, +7,°

funksiyalar L(t) operatorning A, = ,k=12,...,N xo0s giymatga mos

keluvchi ushbu

(e =AW, k=12..N, @

shartni ganoatlantiruvchi xos funksiyasi, A (t) oldindan berilgan musbat funksiya.

(1) tenglamalar sistemasini

a,(0)=a.,, b,(0)=b,, nezZ, (3)
boshlang‘ich shartlar bilan qaraymiz. Bu yerda {a,,}" ,{b,,}", vektorlar quyidagi

shartlarni ganoatlantiradi:

1.a,>0 Imb,=0, neZ,

2 3 \n\( ]<oo,

3. L) operator [-11] kesma tashkarisida yotuvchi N ta

+

1
Ano _E

bnO

2,(0),4,(0),...,4, (0) xos giymatlarga ega.

(1)-(3) masalaning yechimini

+

a (t)>0,Imb =0, neZ, i\n\(

a (t)—% b, (t)U <o, (4)




shartni ganoatlantiruvchi funksiyalar sinfida garaymiz.

Ushbu magistrlik  dissertatsiyasining asosiy magsadi (1) masalaning
{a. Y., b OF. . {g“1)¥., k=12,...N yechimlariga L(t) operator uchun

sochilish nazariyasining teskari masalasi usulida tasvirlar olish.

Mavzuning o‘rganilish darajasining qiyosiy tahlili.  M.Toda [1],
S.V.Manakov [2] va N.Flyashkalar [3] butun o‘qda ikkinchi tartibli chekli ayirmali
tenglamalar uchun sochilish nazariyasining to‘g‘ri va teskari masalalari yordamida
Toda tenglamasini  integrallashga muvaffag bo’ldilar. Moslangan manbali
Korteveg-de Friz tenglamasi V.K.Melnikov [4] va J.Leon, A.Latifi [5] hamda
G*.0°.O‘razboyev va A.B.Hasanovlar [6], [7] tomonidan o‘rganilgan. Moslangan
manbali Toda tenglamasi [8] ishda o'rganildi. Hozirgi kunda Shturm-Liuvill
operatori uchun sochilish nazariyasining teskari masalasi usuli yordamida
integrallanadigan barcha nochizigli evalutsion tenglamalarni topishga bo‘lgan
gizigish ortmoqda. Bu tenglamalar odatda umumiy Toda tenglamasi deb yuritiladi.
Umumiy Toda tenglamasi birinchi bor K. Ueno va K. Takasakilar [9] tomonidan
Kiritilgan. Umumiy Toda tenglamasini Shturm-Liuvill operatori uchun sochilish
nazariyasining teskari masalasi usuli yordamida integrallash mumkinligi [10]
ishda ko‘rsatilgan. Ammo moslangan manbali umumiy Toda tenglamasini tez
kamayuvchi funksiyalar sinfida Shturm-Liuvill operatori sochilish nazariyasining

teskari masalasi usuli yordamida integrallash masalasi hanuzgacha o rganilmagan.

Tadqiqotning ilmiy yangiligi. Ushbu ishda moslangan manbali umumiy
Toda tenglamasini tez kamayuvchi funksiyalar sinfida Shturm-Liuvill operatori
sochilish nazariyasining teskari masalasi usuli yordamida integrallash mumkinligi
ko rsatilgan. Xususan, boshlang‘ich shartlar aniq berilganda ikkinchi Toda

tenglamasining yechimining aniq ko‘rinishi yozilgan.

Tadgiqotning ob’ekti. Moslangan manbali umumiy Toda tenglamasi.



Tadqgigotning predmeti. Spektral analizning to ‘g ‘ri va teskari masalasi.

Tadqiqot usullari. Ushbu ishda oddiy differensial tenglamalar, matematik
fizika tenglamalari, funksional analiz, differensial operatorlarning spektral
nazariyasi predmetlari usullaridan foydalaniladi.

Ish tuzilishi va tarkibi: Magistrlik dissertatsiyasi Kirish, 3 ta bob, xulosa va

adabiyotlar ro‘yxatidan iborat.

Tadqiqotning ilmiy ahamiyati. O‘rganilgan natijalar amaliy ahamiyatga ega
bo‘lib, gattiq jismlar mexanikasi, plazma fizikasida va gidrodinamika masalalarida

muhim tadbiglarga ega.

Bajarilgan ishning asosiy natijalari: Moslangan manbali umumiy Toda
tenglamasiga go yilgan Koshi masalasi diskret Shturm-Liuvill tenglamasiga
go yilgan teskari masala usulidan foydalanib integrallangan.

Xulosa va takliflarning umumlashgan ifodasi:
Umumiy toda tenglamasini integral manba bilan ham garash mumkin;

Olingan natijalarni Ablovits-ladik sistemasi uchun ham keltirib chigarish mumkin.



| BOB.
TODA ZANJIRINI SOCHILISH NAZARIYASINING TESKARI

MASALASI USULIDA INTEGRALASH
1.1-§ . Diskret Shturm-Liuvill tenglamasi uchun sochilish nazariyasining
berilganlarini aniglash.

Ushbu paragrafda Diskret ~ Shturm-Liuvill  tenglamasi  sochilish
nazariyasining to’g’ri va teskari spektral masalalari hagidagi zarur ma’lumotlarni
keltiramiz.[11]-[12]

Quyidagi

Ly=a, ,y,,+b.y,+a,yY,,=4Y,, neZ, (1.1.2)
ikkinchi tartibli chekli ayirmali tenglamani garaymiz. Bu yerda {y,}”, - noma’lum

-1

funksiya, A= £rz spektral parametr va a,,b, koeffitsiyentlar
> 1
a >0, Imb =0, neZ, Z\n\( an—5+bn]<oo. (1.1.2)

shartlarni ganoatlantiradi.
Bu paragrafda (1.1.1) tenglama uchun sochilish nazariyasining to‘g‘ri va
teskari masalasi uchun kerak bo‘ladigan muhim ma’lumotlar keltiriladi.

(1.1.2) shartlar bajarilganda (1.1.1) tenglamaning quyidagi

z)=2"+0() , n 2] =1,
,(2) @ . N> [ (1.13)
v, (2)=2"+0() , n—>—oo, |7|=1.

asimptotikaga ega bo‘lgan Yost yechimlari mavjud va yagona bo‘lib |z|<1 doira

ichiga analitik davom etadi.

@, (z) funksiya uchun

¢, (2) = iK(n,n')Z“', (1.1.4)

tasvir o‘rinli bo‘lib, K(n,n') koeffitsiyent z ga bog‘liq emas va a, b

n



koeffitsiyentlar bilan

o ~L1K@M+Lin+y) - 1(K(nn+l) K(n-1n)
"2 K(mn) " 2l K(nn) K(m-1Ln-1)

]. (1.1.5)
tenglik yordamida bog‘langan.
Z]=1 da  {y,(2),w.(z")} funksiyalar jufti (1.1.1) tenglamaning
fundamental yechimlar juftini tashkil giladi. Bundan
v, (2)=a(2)p,(27) + f(2)p,(2). (1.1.6)
tenglik o‘rinli bo‘lishi kelib chigadi.
Lemma 1.1.1 Ushbu {x, ()}, .{y,(»)}., funksiyalar mos ravishda
Lx=Ax va Ly=uy tenglamaning yechimi bo‘lsin. U holda quyidagi
(1= )%, (A)Y, (1) =W{X, (A), ¥, (1)} —W{X . (A), You ()}, nel.
ayniyat o‘rinli.
Isbot: Lemmaning shartiga ko‘ra ushbu
LX = AX
Ly = 1y
tenglik o‘rinli bo‘ladi.
Ushbu
Ly=a .,y ,+by +ay =y, neZ

tenglamani X ga ko‘paytiramiz , xuddi shunday quyidagi

Lx=a X ,+bXx +ax

n-1°"n-1 n“ n+l

=AX, neZ
tenglamani Y ga Ko‘paytiramiz.
Bundan

a Y. X +byx +ay X =uyXx,neZ

a‘n—1Xn—1yn + bn Xn yn + an Xn+1yn — ﬂ“ Xn yn ! ne Z



tenglamalarni hosil gilamiz . Bu tengliklarni ayirib

(= A)x, ()Y, () =WA{X, (D) Y, (1)} -W{X ,(A) Y, ()} neZ

tenglikni hosil gilamiz. Lemma isbot bo ‘Id;i.

Natija 1.1.1. (1.1.1) tenglamaning ikkita yechimidan tashkil topgan
WAy, (2).0,(2)}=2a,(2) (¥, (2) 9,..(2) —v,.. (D) 9,(2))

Vronskiy detirminati n ga bog‘lik emas.
Lemma 1.1.2 Ushbu

-n n

W{@,.0,)=2, ", szl
tenglik o‘rinli.
Lemma 1.1.3 Ushbu
a(z) = " W{y, (2).¢,(2)} (1.1.7)
tenglik o‘rinli.
Wig,ol=a,|”., Zznil -

Isbot. |z|=1 da  {w,(2).w,(z")} funksiyalar jufti (1.1.1)
tenglamaning fundamental yechimlar jufti bo‘lgani uchun |z|=1 da (1.1.1)
tenglamaning ixtiyoriy yechimini

y(2) =c,(2)y, (2) +¢,(2) e, (2)
ko‘rinishda yozish mumkin. Bu tenglik yordamida ushbu

W{ n’y}:W{WmCll//n +02¢n}

ko‘rinishda yozish mumkin. Buni (1.6) tenglik yordamida
W, (2),¢,(2)w, (2) + ¢, (2)o, (2)} =

~W {a(2)p,(2) + B(2)p, (2), ¢, (2w, (2) +C, (D), (2)



ko‘rinishda yozish mumkin. VVronskianning xossasiga ko‘ra

¢, (W, (2)., (2)} + ¢, QW . (2), 0, (2)} = 2 (2) (W {, (2 V), (2) |+

+ B@)E (W {p, (2)., (D)} + a(2) e, (W g, (27).0, (D) + BR)C, (W {p, (2). 0, (2))
yoki

C, (W {, (2),0,(2)} = a(2) ¢, (W g, (272) . (2) |+

+ B2, (2)Wp, (2),w, (D)} + a(2) e, (2W1p, (271),0,(2)]

bo‘lishi kelib chigadi. Oxirgi tenglikda c, va c, lar oldidagi
koeffitsiyentlarni tenglab

Wiy, (2).0,(2)} = a(@)Wip, (2 1),0,(2)}
yoki

Wiy, (2),¢,(2)}
Wi, (z271),0,(2)]

bo‘lishini topamiz. Lemma 1.1.2 ga ko‘ra

2
z—7"

a(2) =

a(z) = Wiy, (2),¢,(2)}

bo‘ladi. Lemma isbot bo ‘Idi.

a(z) funksiya |z|<1 doira ichiga analitik davom giladi va u yerda cheklita

-1
oddiy (karrasiz) z,,2,,...z, ildizga ega bo‘ladi va 4, =% 2 k=12,...N
sonlar L operatorning xos giymati bo‘ladi.
(1.1.6) tenglikka ko‘ra z=2z, da
1//r'f :,Bk(p:, k=12,..N, (1.1.8)

bo‘lishi kelib chigadi. Bu yerda v =y (z,).

10



-1
EX funksiya L operatorning A, :% X0s giymatiga mos keluvchi va

quyidagi
>(&n)" =1,

shart bilan normallangan xos funksiyasi bo‘lsin. U xolda & =C @, k=12,...,.N

bo‘ladi. Ushbu

a(z,) :_i i(oj (Zk)‘//j (z),

Zk j:—oo

tenglikdan quyidagiga ega bo‘lamiz:

Ck2 =— '_Bk . k=12,..N. (1.1.9
z,a(z,)

Ta’rif 1.1.1. R(2) :% funksiyaga sochilish funksiyasi deyiladi.
a(z

Ta’rif 1.1.2. Ushbu {R(2),2,,2,,...,2,,,C,,C,,....C } naborga (1.1.1)

tenglamaning sochilish nazariyasining berilganlari deyiladi.

11



2.1-§.Diskret Shturm-Liuvill tenglamasi uchun Gelfand-Levitan-

Marchenko integral tenglamasini keltirib chigarish.

Bu paragrafda (1.1.1) tenglama uchun sochilish nazariyasining teskari
masalasini yechishda muhim bo‘ladigan Gelfand-Levitan-Marchenko integral
tenglamasini keltirib chigaramiz.

(1.1.6) tenglikni

VD _ o 1 R@, (2), |7=1,
a(2)

ko‘rinishda yozib olamiz. Bu tenglikning ikkala tarafini ham z™* (m=>n) ga

ko‘paytirib markazi z kompleks tekislikning koordinata boshida bo‘lgan birlik

aylana bo‘yicha integrallaymiz (1-rasm).

T
N

1-rasm
U holda quyidagi
1 v (Z) m-1 1 -1 m-1
n: 2z"dz=— 2 )+ R(z 2))lz"dz. 1.2.1
2m'i1 ) zniil {2 +R(@)e, (2) (L.2.1)

tenglikka ega bo‘lamiz. (1.2.1) tenglikni (1.1.4) tenglik va chegirma xagidagi

Koshi teoremasiga ko‘ra

1 -1y,m-1 1 S ’ -n'+m-1
— 9, (27)2"dz=—) K(n,n') ¢z dz=K(n,m), (m>n). (1.2.2)
27Z1 2{1 27Z1 n'zz;1 Z§=l

12



ko‘rinishda yozamiz. Ushbu

1 1 2 ,
— (R (2)z2"dz=— S K(n,n") {R(2)z""™'dz,
Zﬂiil()(ﬂn() zﬂinz;] ( )il()

tenglikka ko‘ra (1.2.1) tenglikning o‘ng tarafini
RHS = 3" K(n,n")F. (0’ +m) + K(n,m), (1.2.3)
ko‘rinishda yozish mumkin. Bu yerda

F.(m) = i fR(z)z"dz.

|z|=1
(1.2.1) tenglikning chap tarafini
LFS =1 { Vol® mag, g 4, (1.2.4)
27 |2-1 a(Z)

ko‘rinishda belgilaymiz. Bu yerda 1, - z;, (z; #0), j=12,...,N qutblardagi
chegirma va l, - z=0 qutbdagi chegirma. z;, (z;#0),j=12,...,N

qutblardagi chegirma

a(z,) :_Zi _i(oj (Zk)‘//j (z,),

k i==

tenglik yordamida

. . N N 0 ,
SRR ==Y, (2))C 2] =-3C XK (M2 (1.25)
1= j=

n'=n

ko‘rinishda yozamiz.

Endi I, chegirmani hisoblash bilan shug‘ullanamiz.

13



Quyidagi
9, (2)=2"1.(2), w,(2)=27"9,(2),
belgilashlarni kiritamiz. U holda (1.1.4)
f.(0) = K(n,n). (1.2.6)

bo‘lishi kelib chigadi. z"f, (z) funksiya aniglanishiga ko‘ra u

-1
a,.f,. (227 +b 1, (@) +a, 1, (2= 1, @),
tenglamani ganoatlantiradi. Demak, z — 0 da
fn (0) = 2an—l fn—l (0)
bo‘ladi. Xuddi shunday
gn (0) = 2angn+1(o) (127)

bo‘lishini  Ko‘rsatish ~ mumkin.  (1.1.7) tenglikni go‘llab va f (2),

g, (2) funksiyalarning aniglanishiga ko‘ra

v, (2) _ 0,(2)(z” 1)z
a(z)  2a,(9,(2)f,.(2)2° - £,(2)9,.(2))’

(1.2.8)

tenglikka ega bo‘lamiz. n=m da W”T(Z))zm‘l funksiya z=0 qutbga ega bo‘ladi.
a(z

n=m da z=0 nugtadagi chegirmani (1.2.6), (1.2.7) va (1.2.8) tengliklarni
go‘llab

ReS l//n (Z) Zn—l — gn (0) — 1 — 1
=0 a(z) 2a,f,(0)0,,(0) f,(0 K(nn)

bo‘lishini topamiz. Demak,

I0 :;5mn'
K(n,m)

bo‘ladi ekan. (1.2.4) tenglikka asosan,

14



LFS =

1 N 4 !
K (n,m) Omn ‘%K(”’ n)F(n"+m), (m=n), (1.2.9)

bo‘ladi. Bu yerda ¢; - Kroneker simvoli, F esa

N
F(m)=>C?z]
j=1
tenglik bilan aniglanadi. (1.2.1) tenglikka (1.2.3) va (1.2.9) tengliklarni go‘yib,

y(n,m)+F(n+m)+ i;((n,n')F(n#m):O, m>n,

n'=n+1

(K(nn)2=1+F@n)+ 3 z(nn)F(n+n),

n'=n+1

Gelfand-Levitan-Marchenko integral tenglamasini olamiz. Bu yerda

N
F(n) = Zi {R(2)z"dz+).Clzy
k=1

2=

x(n,m>=%.

Endi {a,}", ,{b,}", koeffitsiyentlar sochilish nazariyasining berilganlari

orgali (1.1.5) tenglik yordamida aniglanadi.
Xuddi ¢, (z) funksiya kabi y, (z) funksiya uchun ham

v.(2)= YLz .

n'=-—w

tasvir o‘rinli bo‘lishini ko‘rsatish mumkin. Bu yerda L(n,m) koeffitsiyentlar

15



7(n,m)+F(n+m)+ nif(n, n)F(n'+m)=0, m<n,

n'=—o

(L) =1+ F@n+ S 7(nn)En=n),

n'=—ow

integral tenglamalar sistemasi orgali aniglanadi. Bu yerda

_ _ N
F(n) =i_ §R(z)z’”’1dz +>Cl2z,",
27 FiE k=1

L(n,m)
L(n,n)

Z(n,m) =

Lemma 1.2.1 Ushbu

d
= v @-Be@) _
z 2=1,
vektor funksiya Ly=4,y, k=12,...,N tenglamaning yechimi bo‘lib,

W{h: ,l//:}z ﬂkd(zk )(sz B lel) . (1210)

tenglik o‘rinli bo‘ladi.

Isbot. Ushbu

=L DA @) =9~ Az)

funksiya
an—l yn—l + bn yn + an yn+l - lyn , Ne Z

tenglama yechimi bo‘lishini ko‘rsatamiz. Oldingilardan foydalanib,

an—l(Wn—l(Zk) - ﬂk¢n—1(zk))+ bn (l//n (Zk) - lBk¢n (Zk))+ an (l/./m—l(zk) - ﬂk¢n+1(zk)):

16



:%(q)(zk) - B0 (2)

yoki

Ay Wri:—l (Zk)+ bn Wri]( (Zk) +a, Wﬁ+l(zk )_

-1
Z, +Z,

_ﬁk an—l¢rl:_l (Zk)+bn¢rl1((zk)+an ¢r|](+l(2k)J 2 (Wn(zk)_ﬁk ¢n(zk))

ko‘rinishda yozamiz. Bu yerda l/)(zk):%l/l(zk) . Bundan w(z),¢(2)

z=1¢

funksiyalar (1.1.1) tenglamaning yechimi bo‘lgani uchun h* funksiya ham
yechim bo‘lishi kelib chigadi.
(1.1.7) tenglikdan |z| <1 va n——oo
@, (2) > a(z)2"
bo‘lishi kelib chigadi. Bundan n — —coda
h* >-p.alz )z, k=12,...N.

bo‘lishi. Natijal va (1.1.3) asimptotikaga ko‘ra

W{h: ’l//rlq(}: ﬂkd(zk )(sz B Zk_ )

bo‘ladi.
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1.3-§. Misollar

Misol 1. Sochilish nazariyasining berilganlari

{R(Z,O):O ,zl(O):g, cmp%}

bo‘lgan diskret Shturm-Liuvil operatorini quring.

Yechish. Bu holda

F(n )—i(i)

bo‘ladi. Bundan Gelfand-Levitan-Marchenko integral tenglamasining birinchi

tenglamasiga ko‘ra

Z(n,m)+%(ﬁ S A, n)l(

n'=n+1

v n'+m

=0, m>n

bo‘ladi. Quyidagicha

—(£) + Z x(n, n)(£)

n'=n+1
belgilash Kiritib, yugoridagi tenglikka go‘yamiz.
Ushbu

2(nm) =—%<§)men

tenglikni ikkinchi tenglikka go‘yib,

~(Zy 3 Eedye,)

n'=n+1

1 & N2o00 ~N2.,
Gn(1+§nlzZn+1(7) )—(7)

G,(L+= Z Gy = (£)

n n+12

tenglik yordamida

18



_#
1+ - n+1
(2)

bo‘lishini topamiz. Bundan

_1(\/_ n+m
_K(m)_ 2 7
Z(n.m) = K(n,n) 1+ )n+1
2

tenglik hosil bo‘ladi.
Endi  Gelfand-Levitan-Marchenko integral tenglamasining ikkinchi
tenglamasidan

1fn+m

(K(n,n)) %=1+ (Z )“+1+ 5 2! 2 .%(f)n'm:
n=n+l 14 (= )n+1

. C )"*2 . 1+ ()"
L -2 3 Oy =2
1+( )n+1 n'=n+l 1+ (E)nﬂ

1

1+
(K(n,n))? _1+(;)n+1

K(n,n) koeffitsent quyidagi

K(n,n) =

tenglik yordamida topiladi. Bu orgali a, , b, koeffitsentlarni topamiz.

Ushbu

19



_K(n+1Ln+1)
" K (n,n)

tenglikdan

1
1+ - n+2
;)

1 1 1
1+ - n+1 \/1+ - n+2 .\/1+ - n+1
R R e
n _E ~ h -

1 n+1 2 1+ 1 n+1
1+(E) (2)

1+

2

2 1 n+ 2 1 N+ n+
1+()" )@+

. \/1+ (;)"+2 -\/1+ (;)“1 . \/(1)2'”2 @7 45.2'41)

1422 45.2" 41
2 2™ +1

L 142452741
"2 2" +1

bo‘lishi kelib chigadi. Xuddi shunday b, koeffitsentni

b _E(K(n,n+1)_ K(n-21n)
" 2" K(nn) K{n-Ln-1)
tenglik va
_1(\/§)n+m
K(n,m
Jmy=KOm 2" 2
K(n,n) 1+(} n+1
2
tenglikdan

20



1 \/é on+l 1 \/i 2n-1
-G D)

n
2 1 n+1 1 n
1+ (= 1+ (=
;) ()

1, N2 200 1 \/_an 1ina
—(E)'(T) 1+ ()) ()( @+ (E) )

n+1 -
(1+(5) )@+ (5))

I
N |-

3 3 1 3

1 n+E 1 2n+E 1 n+E 1 2n+E
(= —\= + (= + (=
(2) (2) (2) (2)

1 1
1+3‘47m1+A72nﬂ
+0)

N |-

1oy 1
) 2=2) 1 on

(E)2n+1(22n+1+3.2n +1) :E. \/5(22n+1+3.2n +1)’
2

1
2

2n
J2(22"1 +3.2" +1)

1
bn :E'

bo‘lishi kelib chigadi.
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Xulosa
Mazkur bobda diskret Shturm-Liuvill operatori va uning tadbiglari, Toda
zanjirini  sochilish nazariyasining teskari masalasi yordamida yechish usuli
keltirilgan. Undan quyidagi natijalar olingan:
1. Diskret Shturm-Liuvill operatori spektral parametrlari o‘rganildji;
2. Potensiali Toda zanjirining yechimi bo‘lgan diskret Shturm-Liuvill
operatori spektral parametrlarining t bo‘yicha o‘zgarish dinamikasi hisoblandi;

3. Bitta xos giymatga mos keluvchi diskret Shturm-Liuvill operatori qurildi.
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11 BOB.

Ikkinchi Toda zanjirini integrallash.

2.1-§. Ikkinchi Toda zanjirini sochilish nazariyasini teskari masalasi usulida

integrallash

Mazkur paragrafda ushbu

{an =a (a%,—a%,)+a, (b2, —b?)

: 2.1.1
b, =2a’(b,,,+b )-2a,(b, +b ), neZ, &L

hel
Toda zanjirini turidagi tenglamani sochilish nazariyasining teskari masalasi
yordamida yechish usulini keltiramiz.
Quyidagi

8, =2,(a5, -
b, =2a’(b,, +b,)-2a’, (b, +b ), (2.1.2)
Lg¥ =405 k=12,.,N, neZ,

ar?—l) + an (b2 br12) '

n+l

tenglamalar sistemasini garaymiz. Bu yerda {a,(t)}"., {b,(t)}",,— noma’lum
funksiyalar, {g’ (t)}”, vektor-funksiya esa

L(t) y = an—l yn—l + bn yn + an yn+1 !

Z, +2,°

operatorning A4, = ,k=12,....N xos giymatga mos keluvchi xos vektori,

(2.1.2) tenglamalar sistemasini

an(o):anO’ bn(o):bnO’ nEZ ! (213)
shartlar bilan garaymiz. Bu yerda {a}", .{b,.}", vektor-funksiyalar

1.a,>0 Imb,=0, neZ,
23 \n\( j<oo,

23
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3. L) operator [-11] kesma tashgarisida yotuvchi N ta
2,(0),4,(0),...,4, (0) xos giymatlarga ega.

(2.1.2)-(2.1.3) masalaning yechimini ushbu

a (t)>0,Imb =0, neZ, i\n\( n

a (t)—% b, (t)U <o, (214)

shartni ganoatlantiruvchi funksiyalar sinfida garaymiz.

Ushbu paragrafning asosiy magsadi (2.1.2) masalaning

{a, Y., {b. O, {g“(t)¥., k=12,...N yechimlariga L(t) operator uchun

sochilish nazariyasining teskari masalasi usulida tasvirlar olish.

(2.1.2) tenglamaning Laks juftligini

(L l//)n = a‘n—ll//n—l(z) + bn')lln (Z) + aan+1(Z) = ﬂ’l/ln (Z) J (215)
(B l//)n = an an+1l//n+2 + an (bn+l + bn )Wn+1 - an—l (bn + bn—l)Wn—l - an—lan—zl//n—Z ! (216)

Ko‘rinishida izlaymiz.
Lemma 2.1.1. Ly, =Aw,(z) tenglamaning yetarlicha silliq yechimlar
sinfida (2.1.1) chekli ayirmali tenglamalar sistemasi

dL
= —{L,B] (2.1.7)

operatorli tenglik yordamida yozish mumkin. Bu yerda [L, B]= LB — BL Puasson
gavsi.
Ushbu
Ly, =Ay, (2.1.8)
tenglikni t bo‘yicha differensiallasak

dt dt dt

tenglik hosil bo‘ladi. Buni (2.1.7) tenglik yordamida

dy dy
—[L,Bly, + LYY = 3 OV
L Bly + L= dt
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yoki

dy dy
BLy —LBy +L—"=4—1"
l//n l//n dt dt

ko‘rinishda yozish mumkin. Buni (2.1.8) tenglik yordamida

(L—/I)(%—Bz//njzo (2.1.9)

ko‘rinishda yozish mumkin. (2.1.9) tenglikdan %—Bwn funksiya ham (2.1.8)

tenglamaning yechimi bo‘lishi kelib chigadi. Demak, bu yechimni xaqiqgiy A larda

v, (2), ¢,(z) yechimlar sistemasi orgali chizigli ifodalanadi, ya’ni shunday a va
E sonlar mavjudki

d N ~
B, =ay,(2)+ g, (2) (2.1.10)
tenglik o‘rinli bo‘ladi. Biz & va ﬁ sonlarni topishimiz kerak. Bunda n — —oo da
limitga o‘tsak

dy 2°-7° __
"By, 6 —> "
dt Yn

bo‘ladi. Bundan n — —o0 da
72 _ 772

4
bo‘lishi kelib chigadi. Demak, (2.1.10) tenglikni

a— . B—0

2 -2

dy 7" -1
“n_By. =
dt v 4

ko‘rinishda yozish mumkin.

v, (2.1.11)

Endi sochilish nazariyasi berilganlarining evolutsiyasini topish bilan

shug‘ullanamiz.

(1.1.6) tenglik yordamida (2.1.11) tenglikni

4D g @) +a(@) )+ L g 2) 4 i) D

25



2 -2

~Bla (), (z%)+ B(2)p, (2))= (@20, (2 + BD)p, (2))

ko‘rinishda yozish mumkin. Bunda n — oo da limitga o‘tsak,

——.7"+ .z —1(a2”2+,82”+2)+%(052”+2 +p27"%) = (2"~ )(az +B2").

bo‘ladi. z™" va z" oldidagi koeffitsiyentlarni tenglasak,

da(zt) _, d@Y) _(Z° —2‘2)
d dt

bo‘lishi kelib chigadi.

B(z,1). (2.1.12)

(2.1.12) tenglikdan L(t) operatorning xos giymatlari t ga bog‘liq emasligi
kelib chigadi, ya’ni

9% 0 k=12 N.

Bundan tashqari (2.1.12) tengliklardan |z|=1 da

dR(z) _d (ﬂ(Z)J (2 =2%) B@) _ (=27 gy
dt

dt a(2) 2 a(z) 2
dR(z,t) _ (z°-27) R(Z.1)
dt 2 Y

bo‘lishi kelib chigadi.
Endi normallovchi  o‘zgarmaslarning evolutsiyasini  topish  bilan

shug‘ullanamiz. (2.1.11) tenglikda Z2=1, deymiz. Z=1, da

v =B, k=12,...,N bo‘lgani uchun

d 2. -17°
B g L o119

bo‘ladi. Bunda n — oo da limitga o‘tsak,

dﬂk Zkz—Zk_z
= , k=12,...N. 2.1.14
dt 2 Py ( )
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tenglik hosil bo‘ladi. Ushbu C? = - 'ék , k=12,...,N tenglikka ko‘ra (2.1.14)
2,a(z,)

tenglikni
dc;  dg 1 zi-z

dt dt za(z) 2

-2
C?, k=12,..N.

ko‘rinishda yozish mumkin. Demak, biz quyidagi teoremani isbotladik.
Teorema 2.1.1. Agar a,(t), b, (t), g*(t), k=12,....N, ne Z funksiyalar
(2.1.2)-(2.1.4) masalaning yechimi bo‘lsa, u holda
LOy=a,_, Oy, +b,O)Yy, +a,(1)y,.
operatorning sochilish nazariyasining berilganlari t bo‘yicha quyidagi ko‘rinishda

o‘zgaradi.

R(z,t) = R(z,O)exp{Zz _22_2 t}, l2|=1,

2 -2

z.(t) = 2, (0), C2(t) =Ck2(0)exp{z" ‘sz t}, k=12,...N.
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2.2-§. Moslangan manbali ikkinchi Toda zanjirini integrallash.

Ushbu paragrafda

2

N . .
a.‘n =4a, (an+l o ar?—l) +4a, (bnz+1 _bnz) + anZ((g:])z - (g:1+l)2)!
i=1

. N . . .
bn = 2a§ (bn+l + bn) - 2ar?—l(bn + bn—l) - 22 ng1 (angrl1+1 - an—lgrl1—1)’ (221)

i=1

a_ 9%, +bgf+a g, =409 k=12.,N, neZ,

tenglamalar sistemasini garaymiz. Bu yerda

{a,)}., {b. Oy, {gf¥®¥,, k=12,....,N — noma’lum funksiyalar {g’ (t)}",

L(t) y = an—1 yn—l + bn yn + an yn+1 !

-1
: Z, +1
operatorning A, = —*—*

, k=12,...,N xos giymatga mos keluvchi ushbu

(e =AW, k=12...N, 222)

shartni ganoatlantiruvchi xos funksiyasi, A (t) oldindan berilgan musbat funksiya.

(2.2.1) tenglamalar sistemasini

an(o):anO’ bn(o):bnO’ nEZ ! (223)
boshlang‘ich shartlar bilan garaymiz. Bu yerda {a .}, , {b,,}", Vvektorlar quyidagi

shartlarni ganoatlantiradi:

1.a,>0, Imb,=0, neZ,

23 \n\( j<oo,

3. L) operator [-11] kesma tashkarisida yotuvchi N ta

+

bnO

1
Ano _E

2,(0),4,(0),...,4, (0) xos giymatlarga ega.
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(2.2.1)-(2.2.3) masalaning yechimini

+

a (t)>0,Imb =0, neZ, i\n\(

a (t)—% b, (t)U <o, (2.24)

shartni ganoatlantiruvchi funksiyalar sinfida gqaraymiz.

Ushbu paragrafning asosiy maqgsadi (2.2.1) masalaning

{a, )}, {b. Oy, {of<®)¥, . k=12,...N yechimlariga L(t) operator uchun

sochilish nazariyasining teskari masalasi usulida tasvirlar olish. (2.2.1)

tenglama uchun Laks juftligini
a‘n—ll//n—l(z) + bnl//n (Z) + anl//n+1(z) = ﬂ‘l//n (Z) ! (225)

dy,(2)

dt = anan+1l)yn+2 + an (bn+1 + bn)l//n+1 - an—1 (bn + bn—l)l//n—l - an—lan—zl//n—z + I:n ) (226)

Ko‘rinishida izlaymiz. (2.2.5) tenglikni t bo‘yicha differensiallab va (2.2.1),
(2.2.6) tengliklardan foydalanamiz, ya’ni
a"nfll//nfl(z) + anfl'/./nfl(z) + bnlr//n (Z) + bnlr/‘/n (Z) + a"nl//ml(z) + an'/./ml(z) = ﬁ’l//n (Z)

tenglamaga (2.2.1) tenglamalarni qo‘yamiz. Bundan esa

an—l ((ar? - ar%—z) + an—l (bn2 - bnz—l))‘//n—l + an—l (an—lanl//n—l + an—l (bn + bn—l)l//n -

—a,_,(b,,+b v, —a a5, 5)+ (@, (airl - aﬁ—l) +a, (bnz+1 - bﬁz W +

+an (an+1an+2l//n+3 + a‘n+1 (bn+1 + bn+2)l//n+2 - an (bn+1 + bn )l//n - an an—Zl//n—l) +
+(23.§ (bn+l + bn) - 2a‘r?—l (bn + bn—l))lr//n + +bn (an A a¥ne T, (bn+l + bn )‘//n+l -

_an—l (bn + bn—l)l//n—l - an—lan—zl//n—z) =4 W,

bo‘lishi  kelib  chigadi.  Qavslarni  ochib  hisoblashlarni  bajarsak,

B ﬂan—lan—zl//n—z + ﬂanan+1v/n+2 - ﬂan—lbn—ll//n—l - ﬂ'&ﬁ—lbnlyn—l + ﬂan bn+1l//n+1 + ﬂan bnl//n+1 =1 Vi

bo‘lishi kelib chigadi. Bundan esa,

N . .
a‘nflI:nfl + bn Fn +a, I:n+1 - /u:n = a‘nflz:((g;)2 - (gnlfl)z)l//nfl +
i=1
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N _ _ N _ _
+ 221 grl1 (angrl‘H—l - a‘n—lgnl—l)vln + anzl ((grl1+1)2 - (gr:)z)vlm_l . (227)
bo‘lishini topamiz. (2.2.7) tenglamaning yechimini

F =av,(2)+B0,(2) (2.2.8)

ko‘rinishda izlaymiz. (2.2.6) tenglikka asosan, n — —oo da

F - 272 g
4
bo‘ladi. (2.2.8) dan n — —oo da
72 _ 772
a, —> 7 B, —0 (2.2.9)

bo‘lishi kelib chigadi. (2.2.8) ni (2.2.7) ga go‘yib va (2.2.5) tenglikdan foydalanib
a‘n (an+l - cZn)l//n+1 + an (ﬂn+l - ﬂn)¢n+l - an—l (an - an—l)l//n—l - an—l (ﬂn - ﬂn—1)¢n—l -

N . . N . . .
= an_lg((g;)z —(9,2)° W + 22 9,(a,9,; — 2,40, )W, +

+8,2((0,)" = (0 Woa 2210)

bo‘lishini topamiz.

Lemma 2.2.1. Ushbu

l N i i i i i i
an+1 - an = Z((l/jngn +‘//n+1gn+1)W{(Dn! gn}+ (wngn +¢n+lgn+1)W{l//n ' gn})
W{q)n’l//n i=1
2 N i i i
ﬁn+1 ~ Fhn :_—Z(l//ngn +l//n+1gn+1)W{V/n’gn}'
W{¢n’l//n i=1

tengliklar bilan aniglanuvchi «, va g, funksiyalar (2.2.10) tenglamaning yechimi

bo‘ladi.

Ushbu «(z) =

~W{y,(2).9,(2)} tenglik hamda (2.2.9) formula va
Z-12

lemma 2.2.1 dan foydalanib
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2 N1 N | i |
s a | S S0 8, 8

n-1 N i i , Z2_2—2
+ Z Z((ngj +¢j+lgj+1)W{l//j1gj}:|+ )

j:—oo i=1l

ﬂn . I:z Z((// g +l7[/j+lg]+1)W{WJ g }:|

(z+zNa(z) Li= ia

bo‘lishini topamiz. (2.2.8) tenglikka asosan (2.2.6) tenglikni

dy,(2) _
dt

an a‘n+1(//n+2 + an (bn+1 + bn )l//n+1 - an—l (bn + bn—l)l//n—l - an—lan—zl//n—z +

+(22—z’2) B 2 y
2 "2+ Ya(2)

-1

=}

X
i

N . . . . . .
Z[(t//,-g',- +y,, 9., )W{e,, 9.} + (9,9; +<0j+19}+1)W{w,-,9',-}]wn +

i=1

™

4 n— N

Y 2t Ya) ,_Zm 2y, 0\ +v .0 WLy, 0}, (2211)

ko‘rinishda yozish mumkin.

Lemma 2.2.2. Quyidagi

Z I:(l//]glj +Wj+1gij+1)W{(0j7gij}+ (¢jgij +¢j+lgij+1)w{l//j’gij}:|zo
j=—0

Z(V/ngl +l//j+1g;+1)W{Wj 1 glj}: 01 [ :1,2,..., N.
j=—

tengliklar o‘rinli.
Isbot. Qulaylik uchun W, =W{y;,9'} va V, =W{p,,9}}

(i fiksirlangan deb hisoblaymiz) belgilashlarni kiritamiz. Lemmaga asosan
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=Z [(l/jjglj +l//j+1gij+1)vj + (gojglj +(0j+1g;+1)Wj:| =

j

kwg(V+%J+¢JﬂM+WHﬂ=

™

i

L 3 [, W0, +V,) + V=V )W, + W) =

:—ﬂ,l 5
:i ﬂ,J;M H]:O'

bo‘ladi. Bundan

(l// g +l//J+ng+1)W = Z (\N W—l) O
/1 /1; -

[t

i
bo‘lishi kelib chigadi. Lemma isbot bo ‘I/di.
(2.2.11) tenglikda (1.6) (v, (2) =a ()@, (z7*) + B(2)p.(2)) va lemma 2.2.2
ni qo‘llab n— oo da limitga o‘tsak,

da -n d n 1 -n-2 n+2 1 —n+2 n-2 (22 B Z_Z) -n n
L +——7 =— VA + 07 - — YA + 007 +— Z +D07).
’m ot 2 (a Bz") 2 (a Bz") 2 (« Bz")

tenglik hosil bo‘ladi. z™" va z" oldidagi koeffitsiyentlarni tenglab

da(zt) _, d@EY) _(Z° —2‘2)
d ' dt

bo‘lishini topamiz. (2.2.12) ning birinchi tenglamasidan L(t) operatorning xos

B(z,1) (2.2.12)

giymatlari t ga bog‘lik emasligi, ya’ni

9% 0 k=12 N.
at

bo‘lishi kelib chigadi. Bundan tashqgari (2.2.12) dan sochilish funksiyasining

dR(z,t) (z*-27) B
W - 3 R(z,1), |z]=
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t bo‘yicha evolutsiyasini topamiz.
Endi  normallovchi  konstantalarning evolutsiyalarini  topish  bilan

shug‘ullanamiz. Xuddi uzluksiz spektrdagi kabi diskret spektr holida ham

d k
% = a‘nan+1l//r|1(+2 + a'n (bn+1 + bn)l//r|1(+1 - anfl (bn + bnfl)erffl - anflanle//rILZ +
+(Zlf_zk_2)l//:+ 1 "
4 wihy, v}
n-1 N . . .
< 2 2l +vig Wi g3+ (g +hgl W 0w -
j=—0 i=

2 n-1 N

j=o i=

(2.2.13)
tenglikni yozish mumkin. Quyidagi

3 [wio) +viagl oWy, o3+ (hg) +higi Wy gid]=0, k=i,

J=—©

3 (w9} +w a0 WL} 913=0, k=i, (2.2.14)

J=—©
tengliklar o‘rinli bo‘lishini oson ko‘rsatish mumkin.
W{l//}‘,g'j‘}:0 bo‘lgani uchun k =ida
3 (o] +ylagl)WAY L g3=0 (22.15)

bo‘ladi. Bundan tashqari, g% =b, -y tenglikdan

_Z[ Jg +WJ+1gJ+l)W{hk g }+(hkgk +hj+1g]+1)W{l//J g }]

= 2W{ht ,l//n}Z( ‘F. (2.2.16)

bo‘lishini topamiz. (1.1.8), ya'ni v\ = B0, k=12,...,N, tenglikni inobatga olib,
(2.2.13) tenglikda n—oo da limitga o‘tamiz va (2.2.2), (2.2.14), (2.2.15) ,
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(2.2.16) tengliklar yordamida

d:Bk _ Zlf_zk_z —
i _( ; +2Ak(t)jﬁk, k=12,....N. (2.2.17)

bo‘lishini topamiz. (1.1.9) va (2.2.17) tenglikni inobatga olib

ac? _
dt

2 -2
[Zk _sz +2Ak(t)]Ck2, k=12,..N

bo‘lishini topamiz.
Demak, biz quyidagi teoremani isbot gildik.
Teorema 2.2.1. Agar a,(t), b, (t), g*(t), k=12,....N, ne Z funksiyalar
(2.2.1)-(2.2.4) masalaning yechimlari bo‘lsa, u holda
LOy=a,_,OY,, +b,O)Y, +a,(1)Y,.
operatorning sochilish nazariyasining berilganlari t bo‘yicha quyidagicha

o‘zgaradi:

dR(z,t) (z*-z7
dt 2

R(z,t), |z]=1,

-2

22 -7 ¢
- t+2[A()d7}, k=12,...N.
0

2

2,(t) =2,(0), C2(t) =C2(0) exp{

Olingan tengliklar L(t) operatorni sochilish nazariyasining berilganlari

orgali to‘liq aniglaydi.

34



2.3-§. Misollar

Misol 1. a,, va b, lar

1 7222 15.9" 41
ano =5 n+1 !
2 1+2

2n
o = 232 41) " =

bo‘lsin. Bu holda I bobdagi misolga ko‘ra

)

R(z,0)=0, z,(0) :%’ C.(0) =5

bo‘ladi. Bundan teorema 2.1.1 ga ko‘ra

R(z,t)=0, zl(t)=§, Cl(t)=%e’jt,

bo‘lishi kelib chigadi. Sochilish nazariyasining teskari masalasi usulini qo‘llasak,

1 _Zt.(ﬁ)n.

F(n)zae >

bo‘ladi. Bundan Gelfand-Levitan-Marchenko integral tenglamasining birinchi

tenglamasiga ko‘ra

_3 ) 3
z(n,m)+le 4t-(ﬁ)n+m+ > Z(n,n')le “t-(ﬁ)”'+m =0, m>n
2 2 n'en+l 2 2
yoki
_3
Z(n,m)+%e4t-(g)m6n, m>n

bo‘ladi. Quyidagi

G, =(%“+ > z(n,n'x%"'

n'=n+1
belgilash kiritib, yuqoridagi tenglikka go‘yamiz.
Ushbu

rm=-2e .y,

tenglikni ikkinchi tenglikka qo‘yib,
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_ \/E n - 1 _%t \/E 2n'
Gn_(7 —n‘zzn;lae (7) G,
G (1+ e 4 Z ( \/25)n
S 1 n' _ l n
nél(i) =)
tenglik yordamida
1 n+1 _%t _ \/E n
Gn(1+(§) e )—(7)
2\n
(f)
G, =
1+(;)n+1_e_4
bo‘lishini topamiz. Bundan
1200,
(n.m) = K(n,m) _ (7) '
A K(n,n) 2

1+(2)" e *
(2)

tenglik hosil bo‘ladi.

Endi Gelfand-Levitan-Marchenko integral tenglamasining ikkinchi tenglamasidan

1fn+n,£t

vz, ——( 2 V2
(K(n n))— _1+( )n+l e2 + z = 1 \/— n+n' 2t:
n'=n+1 14 (;) nil eTt

3 3
. Oytet 1+ () e
1 it 2 1 2
B L NP Y
1+7n+l. n'=n+ 1+7n+l_e_Z
;) ;)
1, ot
1+(3)"-e #
LG
2 3
(K(nvn)) 1+(;)n+1 .e 4t

K(n,n) koeffitsient quyidagicha
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3
1o (Gyrte!

K(n,n): ﬁ
1+(2)"-e *
(;)

tenglik yordamida topiladi. Bu orgali a, , b, koeffitsientlarni topamiz.

a - K(n+1,n+1)
" K(n,n)

tenglikdan

1 -3 1., \/ Lo, ot \/ 1., -t
1+ (2)"*2.e 4 1+ ()" -e 4 1+ ()" et 1+ (5)" e
X 1 +(2) | +(2) 1 (2) (2) )

"2 Ty ot Loy —t 2 1., St
1+(5)" et |1+(2)" e 1+(5)" e d
() () )

1\ 2n42,02n42 n 24 3
(E) (2"°+5-2"-e* +e2)

1
2

3

(;)n+1(2n+1 + e7£ t)

2n+2 n 7%t 7%
1y +5-2"-e * +e

2 S
2" e 4

3 3
S .
\/22”+2+5-2"-e 4 4e2
3
2" e 4

1
a, ==
2

n

Huddi shunday b, koeffitsientni

b _1 K(n,n+l) K(n-1n) )
" 2% K(n,n) K(n-1n-1)"’

3
1 \/E)ner . eth

_i(i

_Khm 2% 2
x(n,m) K(n,n) 1+(1)”+1-e_%t

2

tenglikdan foydalanib topamiz.
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_( ) (\/—)2n+l 7%t ( \/5 2n—l 7%t
_ 2" 2
2 1+ Gy et 1+ Ly o
2 2

_1 (\/_ 2n+1 _%t 1 \/_ 2n -1 _%t
el 2 2 _
3

1+3'7n+1.e4 +72n+1_e_§
(2) (2)

2 V2,
) ()(—* el
= — 3 3 -
2 (;)2””(22”*1_'_3.2”.(3 4t+.e 2 )
3
n.g 4
= 3 3

2J2(2" £3.2" e 4 g 2)

3
2".e
b, = 3 3

22271 43.2" e 4 1 2)

tenglik yordamida topiladi
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Xulosa

Mazkur bobda diskret Shturm-Liuvill operatori uchun moslangan manbali
ikkinchi Toda zanjirini sochilish nazariyasining teskari masalasi yordamida
integrallash usuli keltirilgan. Undan quyidagi natijalar olindi:

1. Oddiy xos giymatga mos keluvchi diskret Shturm-Liuvill operatorining
potensiali moslangan manbali ikkinchi Toda zanjirining yechimi bo‘lganda
spektral parametrlarining t bo‘yicha o‘zgarish qonuni o‘rganildji;

2. Bitta xos qiymatga mos keluvchi diskret Shturm-Liuvill operatori
yordamida sochilish nazariyasining teskari masalasini go‘llab moslangan manbali

ikkinchi Toda zanjiri integrallandi.
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111 BOB.

3.1-§. Umumiy Toda zanjirini sochilish nazariyasini teskari masalasi

usulida integrallash

Ushbu paragrafda

a"n :an(Gn+ r+ _Gn r+ )’
{ nern (3.1.1)

b, =H H

n n+l,r+4l

nNe’Z,

n,r+l?

tenglamalar sistemasini garaymiz. Bu yerda

i
Gy =2, <6, L5, > 0<jsr+l,

j
H, ;) ZSZ(;Zan(t)ijs <Gy, L)’ O, >+¢; +1, 0<j<r+1,

(L(t) y)n = an—l yn—l + bn yn + an yn+1 = ﬂ’yn !

0O, m#n
<9,,0, >:{
1, m=n,

z+2727t

C,,C,,...,.C,,;, - oldindan berilgan ixtiyoriy haqiqiy sonlar va A= 5

™Mr+l

{a,(©)},, {b, ()}’ , — noma’lum funksiyalar.
(3.1.1) tenglamalar sistemasini
a,(0)=a.,, b,(0)=b,, neZ, (3.1.2)
boshlang‘ich shartlar bilan qaraymiz. Bu yerda {a .}, ,{b,,}", Vvektorlar quyidagi

shartlarni ganoatlantiradi:

1.a,>0, Imb,=0 neZ,

2. 3 \n\( ]<oo,

3. L) operator [-11] kesma tashkarisida yotuvchi N ta

—+

bnO

1
Ao _E

2,(0),4,(0),...,4, (0) xos giymatlarga ega.
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(3.1.1)-(3.1.2) masalaning yechimini

+

a (t)>0, Imb, =0, neZ, i\n\[

a (t)—% b, (t)\j <. (3.1.3)

shartni ganoatlantiruvchi funksiyalar sinfida garaymiz.
Ushbu paragrafning asosiy maqsadi (3.1.1) masalaning
{a,)¥,.{b,®O},, k=12..,N yechimlariga L(t) operator uchun sochilish
nazariyasining teskari masalasi usulida tasvirlar olish.

(3.1.1) tenglama uchun Laks juftligini

8,1 (2) + by, () +ay,.() =y, (2), (3.1.4)
% =2a.G, (2.0,.(2)- A, ., (), (3.1.5)

ko‘rinishida izlaymiz. Bunda,

G, ()= AG, (t), H, (z)=2"+XAH,  ()-G, (), reN,teR.
i=0 j=0
(3.1.1) tenglamalar sistemasi
dL
ot =[Py, (1), L(O)], (3.1.6)

operatorli tenglik yordamida yozish mumkin. Bu yerda [P, ,,,L]=P,.,L—LP,,,

r+21

=2aG,, (2,1)S" —H,,,(z,1), S*f =f.,

r+2 n=—n,r

Puasson gavsi, P,

én,f (Z’t) = Zﬂ“jGn,r—j (t) ' I:l-n,r (Z’t) = //lHl + le H

=0 i=0

()G, ,..(t), reN, teR.

n,r—j

Endi sochilish nazariyasining berilganlarining evalutsiyasini keltirib
chigaramiz. Buning uchun ushbu
Ly, =4y, (3.1.7)
tenglikni t bo‘yicha differensiallasak,

dL +Lde _idl//n

@ e T
tenglik hosil bo‘ladi. Buni (3.1.6) tenglik yordamida
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dy dy
P, LIy, +L—"=1—1"
[2r+2 ]l// dt dt

yoki

P2r+2 Ll//n - I—PZHZI/In +L dl//n =4 dl//n

dt dt

(3.1.7) tenglik yordamida oxirgi tenglikni quyidagicha yozamiz:

dy dy
AP —LP +L—r=p 0
2r+2 l//n 2r+2l//n dt dt
Bundan esa, ushbu
dy
(L-A) —="2-P, v, |=0 (3.1.8)
dt
dy,

tenglikga ega bo‘lamiz. (3.1.8) tenglikdan " —PB,,.,v, funksiya ham (3.1.7)

tenglamaning yechimi bo‘lishi kelib chiqadi. Demak, bu yechimni haqiqiy A larda

v, (2,t), ¢,(z,t) yechimlar sistemasi orqali chiziqli ifodalanadi, ya’ni shunday o

va £ sonlar mavjudki

| ) _
YRy, = @@, 20+ B2 e, )

yoki,

%—Zanén,r(z,t)wm(m Hora(2,0w,(2) =@z, (2,) + B2, D¢, (2,1)

(3.1.9)
tenglik o‘rinli bo‘ladi. Endi biz bu tenglikning n— —oco dagi asimptotikasini
o‘rganamiz:

dy, :

e — 0, n —» —o0, hagigatdan,
fim fim Y@ A) = @Y i Ve (@A) 2 2720
n——o At—0 At At—0 n—>—o0 At At—0 At '
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én,r(zlt) — gr(z)a n — —oxo, I;Iwn‘,url(z,t) —> ﬁHl(Z), n — —oo,
Bulardan quyidagiga ega bo‘lamiz:

dy,

dt - P2r+21//n - [Hr+1(z) - Zilgr (Z)]Zin

Bundanesa n——o na
o, >N, (2)-2"5,(2), B, >0 (3.1.10)
bo‘lishi kelib chigadi. Demak, (3.1.9) tenglikni

d ~ ~ ~ 1~
# - 2anGn,r (Z7t)l/jn+l(z) —-H n,r+l(z7t)l//n (Z) + (hr+1(z) —Z 1gr (Z))l/jn (3111)

ko‘rinishida yozish mumkin.
Endi sochilish nazariyasining berilganlarining evalutsiyasini topish bilan

shug‘ullanamiz.

(3.1.11) tenglikda (1.1.6) ni qo‘llab n — oo da limitga o‘tsak,

(L_f 7 +‘;—f' 2" =[25,(2) - h.,(De(2) 2" +[25,(2) -1, (D) 2" +

+[h.4(2) -2, @)@ 2" + B(2) 2") = (2- 27§, () B(2) 2"

tenglik hosil bo‘ladi. z™" va z" oldidagi koeffitsientlarni tenglab

da(@t) o d6@Y_ ., ;15
il ROV Y (3.1.12)

bo‘lishini topamiz. (3.1.12) ning birinchi tenglamasidan L(t) operatorning xos
giymatlari t ga bog‘liq emasligi, ya’ni

ditkzo, kK=12. N.

bo‘lishi kelib chigadi. Bundan tashqari (3.1.12) dan sochilish funksiyasining

%:(z_zl)gr(zm(z,t), z]=1 (3.1.13)

t bo‘yicha evolutsiyasini topamiz.

Endi  normallovchi  konstantalarning evolutsiyalarini  topish  bilan
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shug‘ullanamiz. Xuddi uzluksiz spektrdagi kabi diskret spektr holida ham

dy, = ~ = mp.
(;ytn - 2anGn,r (Zat)vl:ﬂ - Hn,r+1(zvt)l//rl1< + [hr+1(z) —Z 1gr (Z)]l//rI: ' (3114)

tenglikni yozish mumkin. (1.8) ya’ni v = B.0*, k=12,...,N, tenglikni inobatga

olib, (3.1.14) tenglikda n — oo da limitga o‘tamiz

d n ~ n+ n n n -15 n
%Zk =0.(2)AL" —h.(@)Bz +[ha(2) - 2.8, (2)1B.Z

bo‘lishni topamiz, bundan esa quyidagiga ega bo‘lamiz:

% = (ZK _lel)gr(zk)ﬂk’ k :1’2""’N ’ (3115)

bo‘lishini topamiz. (1.1.9) va (3.1.15) tenglikni inobatga olib

dc?
dt

= (2~ 298, (2)C2 k=12....N.

bo‘lishini topamiz.
Demak, biz quyidagi teoremani isbot qgildik.
Teorema 3.1.1. Agar a,(t), b,(t), neZ funksiyalar (3.1.1)-(3.1.3)

masalaning yechimlari bo‘lsa, u holda
L(t) y = an—l (t) yn—l + bn (t) yn + an (t) yn+l
operatorning sochilish nazariyasining berilganlari t bo‘yicha quyidagicha

o‘zgaradi:

R(z,t) = R(z,0) exp{j(z — z‘l)ﬁr(z)dt} |z =1,

z,(t) =2,(0), CZ(t) =CZ2(0)exp{(z, — )T, (z)t}, k=12,...N.
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3.2-§. Moslangan manbali Umumiy Toda zanjirini integrallash

Ushbu paragrafda
NG _

a"n = an (Gn+1,r+1 - Gn,r+1) + an Z ((9:1)2 - (grlwl)z) '
i=1

. N ) )
bn = Hn+1,r+1 - Hn,r+1 - 22 ng1 (ang:wl - an—lgrl1—1)’ (321)
i=1

an—lgrl:—l-l_bngr:(+angr|:+1:ﬂ‘kgr|:’ k=12,.,N, neZ,

tenglamalar sistemasini gqaraymiz. Bu yerda
j
Gy =26, <6, L5, > 0<jsr+l,
j
H,;(®) =202an(t)cj,s <8, L(t)°S, >+c, +1, 0< j<r+1,

(L(t) y)n = an—l yn—l + bn yn + an yn+1 = //Lyn !

0,m=n
<6,,0, >:{
1, m=n,
C,CyyaisCryg - oldindan berilgan ixtiyoriy xaqiqiy sonlar.

{a, ¥, .o, O, . {of®},, k=12,...N — noma’lum funksiyalar, {g*(t)}",

Z, +2,°

funksiyalar L(t) operatorning A, = ,k=12,...,N xos qiymatga mos

keluvchi ushbu
(g:) = AW, k=12..N, (322)

shartni gqanoatlantiruvchi xos funksiyasi, A, (t) oldindan berilgan musbat funksiya.

(3.2.1) tenglamalar sistemasini

a,(0)=a.,, b,(0)=b,, nezZ, (3.2.3)
boshlang‘ich shartlar bilan garaymiz. Bu yerda {a .}, , {b,,}", Vvektorlar quyidagi

shartlarni ganoatlantiradi:
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1.a,>0, Imb,=0, neZ,

) \n\( ]<oo,

3. L) operator [-11] kesma tashkarisida yotuvchi N ta

+

bnO

1
Ano _E

2,(0),4,(0),...,4, (0) xos giymatlarga ega.

(3.2.1)-(3.2.3) masalaning yechimini

+

a (t)>0,Imb =0, neZ, i\n\(

2,00~

b, (t)U < o. (3.2.4)

shartni ganoatlantiruvchi funksiyalar sinfida gqaraymiz.

Ushbu paragrafning asosiy maqgsadi (3.2.1) masalaning
{a, )}, {b. Oy, {of<®)¥, ., k=12,...N yechimlariga L(t) operator uchun
sochilish nazariyasining teskari masalasi usulida tasvirlar olish.

(3.2.1) tenglama uchun Laks juftligini

a,¥,,(2) +by, (D) +ay,,(2) =4y, (2), (3.2.5)
d y:jnt(z) =2a,G,, (z.), ()~ H, . (2., (2) +F,, 2.6)

ko‘rinishida izlaymiz. Bunda,

G, (z,t)= YAG,, ), H,, @Y =;J+1+iﬂiHn,r,j(t) G, ,.(), reN,, teR.
j=0

j=0
é‘n’r(z,t) va H~n,,(z,t) lar yordamida (3.2.1) tenglamani quyidagicha yozish

mumkin:

-~ _~ N . .
a“n = an[Hn+l,r+l + Hn,r+l - 2(1 - bn+l)Gn+l,r] + anZ((g;)z - (ngHl)Z) )

i=1

bn = 2[a‘r?é-ml,r - a‘r?—lé-n—l,r + (ﬂ“ - bn)zén,r - (/1L - bn)|:|n,r+1] -

N _ '
a 22 g['] (angrlwl - an—lgrl‘|—1)|
i=1

a_g‘, +bg+ag,=40" k=12.,N, neZ
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(3.2.5) tenglikni t bo‘yicha differensiallab va (3.2.1), (3.2.6) tengliklardan

foydalanamiz, ya’ni
a-‘n—ll//n—l(z) + an—ll/'/n—l(z) + bnl)”n (Z) + bn‘/./n (Z) + a.‘nl//n+1(z) + anl/)n+1(z) = ﬂ’l//n (Z)
Bundan quyidagi tenglik hosil bo‘ladi.

a‘n—l(Hn,Hl + ﬁn—l,r+1 —2(A- bn)Gn, v )//n + a'n—l(za'n—lén—l,rWn - ﬁn—l,r+1Wn—l)+

+2(2G,,,, —a2,G, 1, +(A-0,)°G,, ~(A-b)H, . W, +b, (28,6, sy —H, s

~

+ an—l (ﬁm—l, r+1 +H nr+l 2(1 - bn+1)G

n+1,r /¥ n+l + an (Zan+1Gn+1,rl//n+2 —H n+l,r+1(//n+1): ﬂ'l//n

Qavslarni ochib hisoblashlarni bajarsak,
a, H, o1 —2A=b))G, W, . +28%G, . W, +2(A-0)G, W, — H, ., +2ap,G, Wy, +
+a,H, W —28,(A =D, )Gy W + 20400 b, —80,1)Guy =
= —H, W, —2a, (A-0)G, W, 1 +28, ,(2-0,)G, ¥, 1 +280,G, Yo+
+28,(A=0,)G, o = —AH, . Wn —24G, 8, o1 + 20.G, 8 a0 +

+ 2ﬂ“é‘n ran—1Wn—1 - 2bné‘n,ra‘n—llr//n—l + 2ﬁ“én,ran‘//n+1 = ﬁ“(zané‘n,r‘//ml - lqn,rﬂWn )

bo‘ladi. Bundan esa
N . .
a‘nflI:nfl + bn Fn +a, I:n+1 - AFn = anflz((g;])z - (gnlfl)z)l//nfl +
i=1

+25.0,(8,000— 8,000V, + 8,2 (000" (@) Wase  (G27)
bo‘lishini topamiz. (3.2.7) tenglamaning yechimini
F,=av,(2)+ 5,0,(2) (3.2.8)
ko‘rinishda izlaymiz. (3.2.6) tenglikka asosan, n — —oo da
F, —[h..(2,0)—2F,(2,0)]z"
bo‘ladi. (3.2.8) dan n — —oo da
a, —>h,,(2)-27§,(2), B,—0 (3.2.9)
bo‘lishi kelib chigadi. (3.2.8) ni (3.2.7) ga go‘yib va (3.2.5) tenglikdan foydalanib
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a‘n (an+l - an )l//n+1 + an (IBn+l - an )¢n+l - an—l (an - an—l)l//n—l - a‘n—l (ﬂn - ﬂn—l)¢n—l -

N . . N . . .
= an_lg((g;)z —(9,) W, + 22 0,(a,9,; — 2,40, )W, +

N . .
+ ﬁl@((g;u)2 —(92)" W s (3.2.10)
bo‘lishini topamiz.
Lemma 3.2.1. Ushbu
1 L i i i i i i
an+1 _an :—Z((l/jngn +V/n+1gn+1)W{(Dn! gn}+ (wngn +¢n+1gn+1)W{l//n’gn})
W{q)n’l//n}izl
2 N . . .
B = w9 OW{y,. 0}
ﬂn+1 ﬂn W{Qn,l//n}é(l/jngn l//n+1gn+1) {V/n g }

tengliklar bilan aniglanuvchi «, va g, funksiyalar (3.2.10) tenglamaning yechimi

bo‘ladi.
Ushbu «a(z) = ~W{y,(2).¢,(2)} tenglik hamda (3.2.9) va lemma
Z—12
3.2.1 dan foydalanib
e DX R I D
a =— : g +w. .0 L0+
n (Z+Z_1)0((Z) |:j:—co ; ngj l//J+1gj+l ¢J gJ

n-1 N . . : ~ ~
+ Z Z(¢J glj +(0j+lglj+1)W{l//j ’ glj}:| + hr (Z) - Z_lgr(z)’

j:—oo i=1

4 n-1 N : : .
A, [z zw,-g;+w,-+1g;+1)vv{w,-,g;}]

T+ Ya() L=
bo‘lishini topamiz. (3.2.8) tenglikga topilgan «, va g, larni qo‘ysak u holda
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(3.2.6) tenglik quyidagi ko‘rinishga keladi:

dy/dnt(Z) 2anGn r(Z’t)l//n+1(Z)_ Iﬂ_|~-n,r+l(z’t)l//n(z)+

2 X
(z+z2Ha(2)

+[h..(2)-27'F,. (D), -

-1

=}

N . . . . . .
Z[(t//,-g',- +y,, 9., )W{e,, 9.} + (9,9; +<0j+19}+1)W{w,-,9',-}]wn +

i=1

X
i

™

4 n— N

it 9a0) ,_Zm (v, 0 +v,.9.)W{y,, 0. e,  (3211)

Lemma 3.2.2. Quyidagi

Z I:(l//]glj +Wj+1gij+1)W{(0j7gij}+ (¢jgij +(0j+1gij+1)w{‘/’jvgij}]zoy
j=—0

3,00 +1,,0, WL, 0130, i =12, N.
j=—0
tengliklar o‘rinli.
Isbot. Qulaylik uchun W, =W{y/;,9'} va V, =W{p,,9}}

(i fiksirlangan deb hisoblaymiz) belgilashlarni kiritamiz. Lemmaga asosan

=Z [(l/jjglj +l//j+lgij+1)vj + (¢ngj +(0j+1g;+1)Wj:| =

]

[(l// g (V +Vj l)+¢J '(ij +Wj_1)] =

™

i

iiw[(wj _Wj—l)(\/j +Vj—1) + (\/j _VH)(\NJ' +Wj—1):| =

1
_—ﬂ,l 5
:i ﬁJZ%BN H]:O'

bo‘ladi. Bundan
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> (W95 Y a0)W, = > WZ-W2) =0
J==> Zz ﬂ,j——oo

bo‘lishi kelib chigadi. Lemma isbot bo ‘Idi.
(3.2.11) tenglikda v, (2)=a(2)e,(z7')+ B(2)p,(z) va lemma 3.2.2 ni

go‘llab n— o da limitga o‘tsak,

‘L—f z +‘j'j—f 2" =[27.(2) ~ by, (D)e(2) 2" +128,(2) - P, (DB 2" +

+[h.,(2)- 275, @@ 2"+ B(2) 2") = (- 271G, () B(D) ".
tenglik hosil bo‘ladi. z™" va z" oldidagi koeffitsiyentlarni tenglab

da(z,t) 0 dg(z,t)

-0, LD (2-25, (08 (32.12)

bo‘lishini topamiz. (3.2.12) ning birinchi tenglamasidan L(t) operatorning Xos
giymatlari t ga bog‘lik emasligi, ya’ni

9% 0 k=12 N.
at

bo‘lishi kelib chigadi. Bundan tashqari (3.2.12) dan sochilish funksiyasining

dR(z,1)
dt

t bo‘yicha evolutsiyasini topamiz.

=(z-27)3,(9)R(z.1), 7| =1

Endi normallovchi  konstantalarning  evolutsiyalarini  topish  bilan

shug‘ullanamiz. Xuddi uzluksiz spektrdagi kabi diskret spektr holida ham

dé[:n 2a'n(3n r (Zit)l//:ﬂ - |;|~‘n,r+1(zft)l//r‘? +

h (2)-29 (DWW +————
+[ r+1( ) gr( )]l//n +W{h:,l//:}x

7
L

N . -
Z[ ;(glj +l//;<+lgj+l)w{hk g }+(hkgl +hj+1gj+l)W{W;(’ g;}]w: o

i=1

[—

X
™
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n— N

j=o i=

(3.2.13)
tenglikni yozish mumkin. Quyidagi

I:(l/ljg +l//1+lgj+1)w{hk }+(hkg +h]+1gj+1)W{le(lgij}:01 k;ti’

J
p (V9] +v 1.0 )W{w[,9i}=0, k=i. (3.2.14)
tengliklar o‘rinli bo‘lishini oson ko‘rsatish mumkin.
W{{,9'}=0 bo‘lgani uchun k =i da
X (V9 +via8)WHY ] 07}=0 (3.2.15)

bo‘ladi. Bundan tashqari, g% =b, -y tenglikdan

_Z[ jgj +l//1+1gj+1)W{hk g }+ (hk j+lgj+l)W{WJ g }]

—2W{hn,1,//n}z< “F. (3.2.16)

bo‘lishini topamiz. w* =8¢, k=12,...,N, tenglikni inobatga olib, (3.2.13)
tenglikda n—oo da limitga o‘tamiz va (3.2.2), (3.2.14), (3.2.15) , (3.2.16)

tengliklar yordamida

%ZE 0,(z)pB.z n+l_ﬁr+1(zk)ﬁk2: +

[P (2) - 220G, (201820 + ———— 2WLN, wn}z( ¥ gz

{hk "}

bo‘lishini topamiz, bundan esa quyidagiga ega bo‘lamiz:

%_[(Z ~29F, () +2A 014, k=12...N.  (3.217)
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bo‘lishini topamiz. (3.2.9) va (3.2.17) tenglikni inobatga olib

dél:tkz =[(2 =298, (2)+2AOIC¢, k=12..N

bo‘lishini topamiz.

Demak, biz quyidagi teoremani isbot gildik.

Teorema 3.2.1. Agar a,(t), b, (t), g*(t), k=12,....N, ne Z funksiyalar

(3.2.1)-(3.2.4) masalaning yechimlari bo‘lsa, u holda
L(t) y = an—l (t) yn—l + bn (t) yn + an (t) yn+l
operatorning sochilish nazariyasining berilganlari t bo‘yicha quyidagicha

o‘zgaradi:

R(z,t) = R(z,0) exp{j(z - z‘l)gr(z)dt} |7 =1,

2,(t)=2,(0), cf(t)=cf(0)exp{(zK —zgl)ar(zk)wsz)dr}, k=12,..
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3.3-§. Misollar.

Misol. a,, va b, lar

L 142452741
w2 1+2m
b = 2
0 J2(22 3. 2" +1)'

bo‘lsin. Bu holarda I bobdagi misolga ko‘ra

R(z,0)=0, z,(0) =§, C,(0) =%

ne’Z.

bo‘ladi. Bundan teoremaga ko‘ra

R(z,t)=0, z,(t) = g, C,(t)= gexp{y(t)}, bu yerda y(t) = gt + tIAl(z')dz'.

bo‘lishi kelib chigadi.
Yechish. Bu holda

F(n>=Cf(t)-z;‘(t)=<f e’)? - (f )" — expl2r (O} (f o2

bo‘ladi. Bundan Gelfand-Levitan-Marchenko integral tenglamasining birinchi

tenglamasiga ko‘ra

z(n,m)+exp{27(t)}-(f mE le(n ') -exp{2y (1)} (\/_)””“2 =0, m>n
2(n,m) +exp{2y ()} (J— e JZ_ ilz(n n’- ((£) "y=0
bo‘ladi. Quyidagicha
J2 V2.,

—(—) + Z x(n,n’)- ((—)

n'=n+1

Belgilash kiritib, yuqoridagi tenglikka qo‘yamiz.
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Ushbu

x(n,m) =—exp{2y (1)} (g) "G,

tenglikni ikkinchi tenglikka qo‘yib,

6. =C2y - 3 (2 et} C2)G,

Y2y06,)=(2y

6.+ Lm0} 3 () =2y

n'=n+1 2

6,002} 3 (D (F

Tenglik yordamida

1+ ()" exp{2y (0}

bo‘lishini topamiz. Bundan

™S

Ckmy ()T exe(2y()

K(n) 4, (;)n+1 -exp{2(t)}

x(n,m)
tenglik hosil bo*“ladi.

Endi  Gelfand-Levitan-Marchenko integral tenglamasining ikkinchi

tenglamasidan
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(K(n,m) 2 =1+ exp{2y (1)} (%m .

. —(f)“*“ CAGAUI

2 5 )" - exp{2y (t)}=
L )”+1 -exp{2y (1)}

1
O -oplar®}
=1+exp{2y(t)}-(§)2““ 2 > Q) -
1+ ()" -expf2r ()

o, 1 (5)2“2 {4y} 1+ (E)n -exp{2y (1)}

=1+ xp{2r (0} () - -—
1+0) e/ 0}  1+()" - ep{2/(0)

2

, L (;)“ exp{2y ()}

((NGAD) . (;)"+1 -exp{2y(t)}

K(n,n) koeffitsient quyidagi

1+ (;)“ﬂ exp{2y(1)}

1+ ()" - exp{2y (1)

K(n,n) =

tenglik yordamida topiladi.
Ushbu

_K(n+1Ln+1)
" K(n,n)

tenglikdan
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| [+ O epi2r 0} 1+ () ey}

an(t) =5 1 1 -
1+ (E)n+1 -exp{2y(t)} 1+ (E)n+1 -exp{2y(t)}

2

(L G o203+ (O expi2r 0+ (" -expiay )

2 1+(;)””-exp{2y(t)}

1 J1+ 5 ()" expl2r (O} ()" expr 0}

’ 1+ ()" exp{2y (0}

. J ()"2(27 452" - exp{2y (D} + exp{47 (D)

2
? Q@ +exp{2r O)

yoki

a ()= V27" +5-2" - exp{2y ()} -+ exp{4y (1)}
" 2 2" +exp{27(t)}

bo‘lishi kelib chigadi. Xuddi shunday b, koeffitsientni

b _1 K(,n+l) K(n-1n) )
"7 2% K(n,n) K(-Ln-1)

tenglik va
\/E 2n+3
R ()" -exp{2r (0}
KON 14 O expi2y ()
tenglikdan
1|~ (JZE)2n+3 -exp{2y(t)} (JZE)2n+1 -exp{2y(t)}
bn(t):_ + =

2 14 (2)““ exp{2y )} 1+ (é)” exp{2y ()}
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- (\/25)2n+3 -exp{2y ()} + (\/25)2n+1 -exp{2y (1)}

1
2 143 (;)”“ exp{2y ()} + (2)2““ exp{4r ()}
\/E 2n+1 \/E 2
1 Gmesoie- 0,0
2 (;)2““ (2™ +3-2" - exp{2y ()} + exp{dy ()})
1 2" exp{2y(1)}
2 2027 +3-2" -exp{2y(t)}+ exp{dr(t)})
yoki

1 2" -exp{2y(t)}

"2 222" 13-2" - exp{2y()} + exp{4y (D)}
bo‘lishi kelib chigadi.

Demak,
o ()= L V2" 52" exp2y (O} + exp{dy (1)}
o2 2"+ exp{2y (1)} ’
b, (t) = 2" exp{2y (1)}
" N2(2 13 exp{2y (1)} 2" + expldy (1)})
g, (t) = 2VAG )

(22 4 3exp{2y (1)} 2" + exp{dy (t)}

1

0 2] _5 Z
X - . , N
,-;m 221 1 exp{2y(t)}- 2" + exp{47(t)}} =

bo‘lishini topamiz.

57



0 2]
2

=25 3expf2y (D} 20 + exp{dr ()}

e 20 rexpf2y (0} 27 vexp{2r(03)  exp{2r (0}

bo‘lgani uchun

22 JA® exp{r (1} ey

g, (t) = ,
{22 4 3exp{2y (1)} 2" + exp{4y(t)}

bo‘ladi.
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Xulosa
Mazkur bobda diskret Shturm-Liuvill  operatori uchun moslangan manbali
umumiy Toda zanjirini sochilish nazariyasining teskari masalasi yordamida
integrallash usuli o‘rganildi. Undan quyidagi natijalar olindi:

1. Oddiy xos giymatga mos keluvchi diskret Shturm-Liuvill operatorining
potensiali moslangan manbali umumiy Toda zanjirining yechimi bo‘lganda
spektral parametrlarining t bo‘yicha o‘zgarish qonuni o‘rganildi;

2. Bitta xos qiymatga mos keluvchi diskret Shturm-Liuvill operatori
yordamida sochilish nazariyasining teskari masalasini qo‘llab moslangan manbali

umumiy Toda zanjiri integrallandi.
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Xulosa.

Mazkur dissertatsiyada diskret Shturm-Liuvill operatori va uning tadbiglari,
umumiy Toda zanjirini tez kamayuvchi funksiyalar sinfida sochilish nazariyasining
teskari masalasi yordamida yechish usuli keltirilgan. Undan quyidagi natijalar
olingan:

1. Diskret Shturm-Liuvill operatori spektral parametrlari o‘rganildi;

2. Potensiali Toda zanjirining yechimi bo‘lgan diskret Shturm-Liuvill
operatori spektral parametrlarining t bo‘yicha o‘zgarish dinamikasi hisoblandi;

3. Moslangan manbali ikkinchi Toda tenglamasi tez kamayuvchi funksiyalar
sinfida sochilish nazariyasining teskari masalasi usulidan foydalanib integrallandi.

4. Sochilish nazariyasining teskari masalasi usulidan foydalanib,
boshlang‘ich shartlar aniq berilganda ikkinchi Toda tenglamasi yechimining anig
tasviri olindi.

5. Moslangan manbali umumiy Toda tenglamasi tez kamayuvchi funksiyalar

sinfida sochilish nazariyasining teskari masalasi usulidan foydalanib integrallandi.
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