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Ne 1-QISM 2-QISM 3-QISM 4-QISM 5-gism
“NAZARIY “NAZARIY “AMALIY SAVOLLAR | “AMALIY SAVOLLAR “AMALIY SAVOLLAR 3”
SAVOLLAR 1” deb SAVOLLAR 2” deb 1” deb nomalanadi va 2" deb nomalanadi va deb nomalanadi va semestrda
nomalanadi va nomalanadi va semestrda semestrda o‘qitilishi semestrda o‘qitilishi o‘qitilishi rejalashtirilgan
semestrda o‘qitilishi | oqitilishi rejalashtirilgan rejalashtirilgan rejalashtirilgan mavzularning misol masala
rejalashtirilgan mavzularning 2-rejasidan mavzularning asosan mavzularning misol savollardan iborat bo’ladi
Mavzu . .. . . . . . o .
mavzularning kirish asosan mulohazaviy misol, masala kabi hamda masala kabi (tayanch iborasi bo’Imaydi).
va 1-reja gqismidan | savollardan iborat bo’ladi | savollardan iborat bo’ladi | savollardan iborat bo’ladi
asosan nazariy (tayanch iborasi bo’ladi). (tayanch iborasi (tayanch iborasi
savollardan iborat bo’lmaydi). bo’lmaydi).
bo’ladi (tayanch
iborasi bo’ladi).
1. Chizigli Chizigli operatorni Chizigli operatorning A:C[-2,2] » A:L,[0,1] - A: C[—-3,3] —»
uzluksiz ta’rifi va unga uzluksizligi ta’riflari va C[-2,2], (Ax)(t) = L,[0,1], (AH)(x) = |C[-3,3], (Ax)(t) = tetx(t)
operatorlar misollar unga misollar tx(t) operatorni fol xtf (t)dt operatorni |operatorni chiziglilikka
va_ularga chiziglilikka tekshiring. chiziglilikka tekshiring. tekshiring.
misollar
2. Chizigli Chiziqgli Chizigli chegaralangan Operatorni A:L,[0,1] -
chegaralanga chegaralangan operatorning normasi chegaralanganlikka A:C[0,1] — L,[0,1], (Af)(x) =
n operatorlar | operator ta’riflari haqgidagi teorema tekshiring: C[0,1], (Af)(x)= flxtf(t)dt operatorni
va ularning A:C[0, 7] (x* +1)f (x) operatoni cOhiziniIikka va
xossalari. - C[0,m], (Ax)(t) chegaralanganlikka chegaralanganlikka
Chizigli = (1 + sint)x(t). tekshiring. tekshiring.

chegaralanga




n Chiziqli Chizigli uzluksiz Quyidagi operatorni | A: C[0,1] = Operatorni

operatorning operatorlarning operatorning chegaralanganlikka C[0,1], (Af)(x) = chegaralanganlikka
normasi. yig’indisi va chegaralangan bo’lishi tekshiring: (x? +12)f(x) operatorni | tekshiring: A:C[0, 7] -

Operatorlarni | ko’paytmasi ta’riflari hagidagi teorema AX = chegaralanganlikka Cclo,m], (Ax)(t) =1 —

ng yig’indisi C[0; 1], (Ax)(s) = tekshiring. sint)x(t).

va 1
ko’paytmasi fo stx(t) dt.
Normalanga Normalangan Chizigli normalangan Funksional chiziglimi? Funksional Funksional
n fazolarda fazolarda chiziqli fazolarda Xan-Banax fiCl01] = C,f(x) = chiziglimi?  f: Cjoq) — chiziglimi? f: R3 -

chizigli uzluksiz teoremasi fO"x(t)cost dt C,f(x) = fl t2x(t)dt. R, f(x) = ayxq + azx, +

uzluksiz funksionallar ’ 0 asxs.

funksionallar ta’riflari

. Xan-Banax

teoremasi.
Qo’shma Qo’shma fazo ta’rifi Qo’shma fazolarga Lyla, b] fazoga qo’shma | L,[a,b] fazoga qo’shma L, fazoga qo’shma fazoni
fazo ta’rifi va unga misollar misollar fazoni toping fazoni toping toping

va unga

misollar

Chizigli uzluksiz Operatorlarning tekis Operator chizigli Operator chizigli Operator chizigli uzluksizmi?

Chizigli operatorlar yaginlashishiga misol uzluksizmi? uzluksizmi? A:L,[0,0)

uzluksiz fazosining to’laligi keltiring A: C[0,1] A:C[0,1] - L,[0,00), (Ax)(t)
operatorlar hagidagi teorema - C[0,1], (Ax)(t) - C[0,1], (Ax)(t) = t2x(t).

fazosi. = x'(t). =t %x(b).

Operatorlarni Operatorlarning Operatorlarning kuchliva | A,: ¢, » ¥,, A,x = Ap:ty, =4, Ax=
ng tekis, tekis, kuchli va kuchsiz yaginlashishiga (0,0, ...,0,x1, x5, ...) A:L,[-0,5;0,5] = (0,0, ...,0, x4, x5, ...)
kuchli va kuchsiz misol keltiring operatorlar ketma-ketligi L,[-0,5;0,5], A,f = operatorlar ketma-ketligi nol
kuchsiz yaginlashishlari nol operatorga kuchli x™f(x) operatorlar operatorga kuchsiz ma’noda

yaginlashishl ta’riflari ma’noda ketma-ketligi nol yagqinlashishini ko’rsating.

ari yaginlashmasligini operatorga tekis
ko’rsating. yaqinlashishini ko’rsating.
Banax-Shtenxaus Banax-Shtenxaus Operator uzluksizmi? Operator uzluksizmi? Apity, 54, Apx =

Banax- teoremasi teoremasin!ng sha_lrtla_lrini A:C[0,1] A:L,(R) (%1, %2, ouny X0, 0,0, ... ,0,_..._)
Shienxaus qanoatlantnfu_vchl misol - C[0,1], (Ax)(t) - L,(R), (Ax)(t) operatorlar ketma-ketligi

, keltirin = x'(t). =t~ 95x(¢). Banax-Shtenxaus teoremasi
teoremasi g x( > reriast
shartlarini ganoatlantirishini

ko’rsating.

Teskari Teskarilanuvchan Chap va o’ng teskari Ushbu operator Ushbu operator Ushbu operator
operatorlar operator ta’rifi va operatorlar ta’riflari va | teskarilanuvchi ekanligini | teskarilanuvchi ekanligini teskarilanuvchi ekanligini
va ularning unga misol misol ko’rsating: A: R® — ko’rsating: A: R® — ko’rsating: A: R* - R*, Ax =

ba’zi (x5, X3, X4, X1)




xossalari. R3,Ax = (xq + x3,x; + R3,Ax = (x1, %, —
Teskari X9, Xy + X3) X9, Xy — X3)
10.| operatorlar | Chap va o’ng teskari Chizigli operatorga Ushbu operator Ushbu operator Ushbu operator
hagidagi operatorlar hagidagi teskari operatorning teskarilanuvchi ekanligini | teskarilanuvchi ekanligini teskarilanuvchi ekanligini
Banax tasdiglar chizigliligi hagidagi ko’rsating: A: R® — ko’rsating: A: 1, — ko’rsating: A: C[0,1] -
teoremasi teorema RS, Ax = (g + x5 + l,,Ax = C[0,1], (Ax)(t) = fot sx(s)ds
X3,X1 — 2X2,X3, X4, X5) (xl,%xz, ...,%xn, )
11. Teskari operatorlar | Chizigli operatorlar Ushbu operator Ushbu operator Ushbu operator
hagidagi Banax ko’paytmasining teskarisi | teskarilanuvchi ekanligini | teskarilanuvchi ekanligini teskarilanuvchi ekanligini
teoremasi hagidagi lemma ko’rsating: A: C[0,1] — ko’rsating: A: C[0,1] — ko’rsating: A: C[0, ] =
C[0,1], (Ax)(t) = (t + C[0,1], (Ax)(t) = (1 + C[0, ], (Ax)(t) = (sint +
2)x(t) + [ sx(s)ds Dx(t) + [, tsx(s)ds Dx(t)
12. Teskari Operatorning I — A operatorga teskari Ushbu operator Ushbu operator Ushbu operator
operatorlar teskarilanuvchan operatorning mavjudligi | teskarilanuvchi ekanligini | teskarilanuvchi ekanligini teskarilanuvchi ekanligini
haqgida ba’zi | bo’lishliguning zarur | hagidagi teorema ko’rsating: A: C[0,1] — ko’rsating: A: C[0,2] — ko’rsating: A: C[0,1] —
teoremalar va yetarliligi C[0,1],(Ax)(t) = x(t) + | C[0,2],(Ax)(t) = (t + C[0,1], (Ax)(t) = t2x(t) +
hagidagi teoremalar f: sint - sinsx(s)ds Dx(t) + x(1)t + x(0) x(1)

13. Operatorning I + A operatorga teskari Ushbu operatorning Operatorning Operatorning teskarisini
teskarilanuvchan operatorning mavjudligi teskarilanuvchan teskarilanuvchimasligini toping A:C[0,1] - C[0,1],
bo’lishi hagidagi | hagidagi teorema emasligini ko’rsating: ko’rsating A: R® - R3, (Ax)(t) = t2x(t).

teoremalar A:R* 5 R* Ax = (x, + | Ax = (2x; — 2x3,%; —
Xg, Xy + X3, X3 + X4, X1 + X9, Xy — X3).
X4)
14, Banax Banach fazolarida Banach fazolarida Operatorni qo’shmasini | Operatorni ~ qo’shmasini | Ushbu operatorga T: C* -
fazolarida | qo’shma operatorlar | qo’shma operatorlarning toping: A: R* - R* toping: :R* > R* Ax = | C3,Tx = (A1x1, Axp, A3x3 +
qo’shma ta’rifi va unga doir xossalari Ax = (X4, %1 — X2, X — | (X1, X1 — X2, X3 — X3,X4). A4x4) qo’shma bo’lgan T*
operatorlar misollar X3, X1). operatorni toping.
va ularning
xossalari
15. Hilbert Hilbert fazolarida Hilbert fazolarida Operatorni qo’shmasini | Operatorni ~ qo’shmasini | Ushbu operatorga T: C* —
fazolarida qo‘shma operator | qo’shma operatorlarning | toping: : R* » R* Ax = |toping: :R3 >R3> Ax=| C*Tx = (0,x1,2x, (2+
qo’shma ta’rifi va unga doir xossalari (X4, X1 + X9, %5 + x3,%1). | (X1, X1 — X2, X3 — X3). i)x3) qo’shma bo’lgan T*
operatorlar misol operatorni toping.
va ularning
xossalari.
16. Musbat Hilbert fazolarida fe Hilbert fazosida qo’shma | Hilbert fazosida qo’shma Aty -4, Ax=
operatorlar | o’z-0’ziga qo‘shma Ly[a,b], (Af)(x) = bo’lgan T* operatorni | bo’lgan T* operatorni | (a;xq, ..., ApXy, --.), ay €
operator ta’rifi va f: K(x,y)f (y)dy toping: T: 1, - I,,Tx = |toping: T:l,—>1,,Tx = ¢, n=1,2,.. Operatorni

unga doir misol

go‘shmasini toping




integral operatorga
go’shma operatorni
toping

(2x4,ix,, (1 +
i)x3,0,0,...)

(% + x2x5 + %3, .., X +
2xn+1 + Xnt2) )

17.

18.

Chiziqli
operatorning
X0s giymati

va X0s
funksiyasi.

Chizigli
chegaralanga

n
operatorning
spektri va
rezolventasi

Chiziqgli operatorning
X0s qiymati ta’rifi va
unga oid misol

Chizigli chegaralangan
operatorning spektri
ta’rifi va unga oid misol

Quyidagi operatorning
spektrini toping. A: R3 —
R3, Ax = (x1, —%,, —X3).

Quyidagi operatorning
spektrini toping. A:R3 -
R3, Ax = (2x; + x3,%1 —

2x5, %5 + X3).

Quyidagi operatorning
spektrini toping. A: R® - R3,
Ax = (3xy,x; — x5,3x, —
X3).

Chizigli operatorning
x0s vektori ta’rifi va
unga oid misol

Chizigli chegaralangan
rezolventasi ta’rifi va
unga oid misol

Quyidagi operatorning
spektrini toping.
A:R3 > R3, Ax = (x; +
3X3, X1 — 2X5, Xy + X3).

Quyidagi operatorning
spektrini toping. A: R® -
R3, Ax = (xq,2x, —
Xp, 2Xp — X3).

Quyidagi operatorning
spektrini toping. A: R® - R3,
Ax = (xq + 2x3,%1 —

X, X3 + 2X3).

19.

20.

21.

22,

Uzluksiz va
goldiq spektr
tushunchalari

. O0’z-0’ziga

qo’shma
operatorning
spektri.
Muhim
spektr
tushunchasi,
misollar

Uzluksiz va goldiq
spektr ta’riflari va
misol

0O’z-0’ziga qo’shma
operatorning spektri

Quyidagi operatorning
spektrini toping. A: R3 -
R3, Ax = (2xq, %, —
2X,, X, — 2X3).

Quyidagi operatorni
spektrini toping. A: R* -
R*, Ax =
(21, 2%5, —3x3, X4).

Quyidagi operatorning
spektrini toping. A: R3 — R3,
Ax = (xq,x1 — X9, X5 — X3).

0O’z-0’ziga qo’shma
operatorning spektri
tushunchasi

Uzluksiz va qoldiq spektr
tushunchalari

Quyidagi operatorning
spektrini toping. A:R3 -
R3, Ax = (x; + x3,x; —

Quyidagi operatorning
spektrini toping. A: R3 -
R3, Ax = (xq,2x, —

Banax fazosida berilgan
Aily > 1), Ax = (x, +
Xg,%X1 +

X9, X5 + X3). X9, 2X5 — X3). 2X5,4X3, X4, X5, Xg,y wee-)
Operatorning spektri va
rezolventasini toping.
Muhim spektr ta’rifi Chizigli operatorning P:R®->R3 Px= Operatorning xos Operatorning xos giymatlarini
va misol regulyar nuqtasi ta’rifi va (0, x5, 2x3). giymatlarini toping toping A: R3 —» R3, Ax =

misol

Operatorning xos giymat
va xos vektorlarini
toping.

A:R3 > R3, Ax = (x; +
X3, 4X1 = X3, X3 + X3).

(x1, %1 — X2, 3% — X3).

Muhim spektr
tushunchasi

Chizigli operatorning
regulyar nugtasi
tushunchasi

Operatorning xos giymat
va xos vektorlarini
toping.A: R* - R*, Ax =
(6x1,3x5, —3x3,%4).

Ushbu operatorga T: C3 —
C3,Ax = (x; + x3, %, +
X1, 3x3) Xos giymatlarini
va ularga mos xos
vektorlarini toping

Ushbu operatorga T: C3 —
C3,Ax = (x1,x, + X3, X3 —
X,) X0s giymatlarini va ularga
mos xos vektorlarini toping




23.| Kompakt Banax fazolarida Agar X, Y Banax fazolari Quyidagi operatorni Operator kompaktmi? Quyidagi operatorni
operatorlar . kompakt operator bo’lsa K(X,Y) to’plam | kompaktlikga tekshiring: A:l, - 1, Ax = kompaktlikga tekshiring:
Asosiy ta’rifi va unga misol | L(X,Y) fazoning giasm A:ly, - 1y, Ax = (271%1,27%x5,...,2 %y, .| Aity o £, Ax =
tushunchalar. fazosi bo’lishi haidagi | (x;e71,e7%x,,...,e x,,. (x1,47%xy,..., 47 "%y, ...)
Kompakt lemma
24. | operatorlarni | Kompakt operatorlar Kompakt operator va Quyida berilgan Quyida berilgan Quyida berilgan operatorning
ng ba’zi fazosining Banax chizigli uzluksiz operatorning operatorning kompaktligini ko‘rsating:
xossalari: fazosi bo’lishi operatorlarko’paytmasini | kompaktligini ko‘rsating: | kompaktligini ko‘rsating: | A:C[0, 7] — C[0, 7],
Kompakt haidagi teorema ng kompakt operator A:L,[01]— L,[01], A:C[0,2] —C[0,2], T
operatorlar bo’lishi haidagi teorema 1] 2 (AX)(s) = [cos(s —t) x(t) dt
fazosining (AX)(S):lz_St XMt | (Ax)(s) = [sin(s +t) x(t)dt 0
to’laligi 0
haqgidagi
teorema
25. Kompakt Kompakt Hilbert fazolarida Quyida berilgan Quyida berilgan Quyida berilgan operatorning
pax operatorning kuchsiz va kuchli operatorning operatorning kompaktligini ko‘rsating:
ng)[z;c;;r:s?g qo’shmasi yaqinlashishlar ta’riflari | kompaktligini ko‘rsating: | kompaktligini ko‘rsating: | A:C[0, z] — C|[0, 7],
ompakligi | PR TRAIEE ACIOACIOM, |- AL LI ) et ouar
: 2
hagida (AX)() = X(O)t + XD (ax)(s) = [ (52t + st?) x(ty dt "
teorema. :
Hilbert '
fazolarida
26.| kompakt Hilbert fazolarida | Hilbert-Shmidt teoremasi Quyida berilgan Quyida berilgan Quyida berilgan operatorning
operatorlar. kompakt operator operatorning operatorning kompaktligini ko‘rsating:
H'Ibe_rt' ta’rifi va unga misol kompaktligini ko‘rsating: | kompaktligini ko‘rsating: | A:L,[01]— L,[0]],
Shmidt A:C[-11] —C[-1]1], A:C[-11] —>C[-11], | (AX)(t) = (sint +cost)x(t)
teoremasi. 1
Unitar (AX)(t) = E[X(t) +x(-)]" (AX)(t) = (2 +1)x(t).
operatorlar
27, Chizigli Integral tenglama va | Fredgolm operatori ta’rifi Berilgan integral Berilgan integral tenglama | Berilgan integral tenglama
integral chizigli integral tenglama A € C A € C parametrning A € C parametrning ganday
tenglamalar. tenglama ta’riflari parametrning ganday ganday giymatlarida giymatlarida yechimga ega,
Fredgolm va giymatlarida yechimga yechimga ega, yechim yechim mavjud emas, cheksiz
Volterra ega, yechim mavjud mavjud emas, cheksiz ko’p | ko’p yechim mavjud bo’lgan
integral emas, cheksiz ko’p yechim mavjud bo’lgan hollarda yechimini toping:
tenglamalari yechim mavjud bo’lgan | hollarda yechimini toping:

hollarda yechimini
toping: x(s) —
Af) s+ Ox()dt = 52

x(s) — Afols(l +
st)x(t)dt =s? +1

x(s) — /1f01 sx(t)dt =
sin2ns




Berilgan integral

Berilgan integral tenglama

Berilgan integral tenglama

28. Fredgolm integral Volterra integral
tenglamalari tenglamalari tenglama 1 € C A € C parametrning A € C parametrning ganday
parametrning gqanday ganday giymatlarida giymatlarida yechimga ega,
giymatlarida yechimga yechimga ega, yechim yechim mavjud emas, cheksiz
ega, yechim mavjud mavjud emas, cheksiz ko’p | ko’p yechim mavjud bo’lgan
emas, cheksiz ko’p yechim mavjud bo’lgan hollarda yechimini toping:
yechim mavjud bo’lgan | hollarda yechimini toping: x(s) — A fol(t + st +
LS 1
hollarda yechimini x(s) = A [, (1+ s20)x(0)dt = 252 + 5
toping: x(s) — 29)x()dt =1 -2
Af; s(1st + Hx(t)dt = -T2
s?—1
29. _ _ Integral tenglamani Ketma-ket yaginlashish Ketma-ket yaginlashish Ketma-ket yaginlashish usuli
Ajralgan yadroli ketma-ket yaginlashish usuli yordamida usuli yordamida yordamida iteratsiyaning
_ integral tenglama usulida yechish iteratsiyaning ikkinchi iteratsiyaning ikkinchi ikkinchi hadi x,(s) ni toping:
Ajralgan hadi x,(s) ni toping: hadi x, (s) ni toping: x(s)=s+1+
iﬁg;‘:;'l ) x(s) =s+ SX(S) =252 +2— fosx(t)dt, xo(s) = 2s.
tenglama. fo x(t)dt, xo(s) = s. Jo sx(®)dt, xo(s) = 2.
Integral
tenglamani
30.| ketma-ket _ Chekli o’lchamli Ketma-ket yaginlashish Ketma-ket yaginlashish Ketma-ket yaginlashish usuli
yaginlashish | Fredgolm teoremalari fazolarda Fredgolm usuli yordamida usuli yordamida yordamida iteratsiyaning
usulida teoremalari iteratsiyaning ikkinchi iteratsiyaning ikkinchi ikkinchi hadi x, (s) ni toping:
yechish. hadi x, (s) ni toping: hadi x, (s) ni toping: x(s) =1+ fos(t —
Fredgolm x(s) =1+ f,(s = x(s) =s+ [y (s = $)x(D)dt, x(s) = 0.
teoremalari £)x(6)dt, xo(s) = 1. £)x(£)dt, xo(s) = 0.




