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KIRISH
“Yoshlarimizni mustaqil fikrlaydigan, yuksak
intellektual va ma naviy salohiyatga ega bo'lib,
dunyo migyosida oz tengdoshlariga hech gaysi sohada
bo sh kelmaydigan insonlar bo'lib kamol topishi,
baxtli bo’lishi uchun davlatimiz va jamiyatimizning
bor kuch va imkoniyatlarini safarbar etamiz”.

Sh.M.Mirziyoyev

Biz mustagil O zbekiston yoshlari har tomonlama yetuk barkamol avlod
bo’lib yetishimiz uchun keng imkoniyatlar yaratib, Prezidentimiz
Sh.M.Mirziyoyev yosh avlod tarbiyasiga juda katta etibor berib kelmoqgdalar.
Jumladan,  O'zbekiston = Respublikasi  Prezidenti ~ Sh.M.Mirziyoyevning
mamlakatimizning 2017 — yilga mo ljallangan iqtisodiy dasturning eng muhim
ustuvor yo nalishlariga bag ishlangan Vazirlar Mahkamasining kengaytirilgan
majlisidagi ma ruzasida:

“Oldimizda yoshlarga tarbiya berish, psixologiya va boshqa turli sohalarda
kadrlarni tayyorlash va gayta tayyorlash bo’yicha murakkab vazifalar turibdi. Yana
bir muammoni hal etish muhim hisoblanadi: bu — pedagoglar va professor —
o gituvchilar tarkibining professional darajasi, ularning maxsus bilimlaridir. Bu
borada ta’'lim olish, ma'naviy — ma'rifiy kamolot masalalari va haqigiy
gadriyatlarni shakllantirish jarayonlariga faol ko'mak beradigan muhitni yaratish
zarur” ekanligi ta'kidlab o'tildi.

Mustagqil va erkin fikrlayotgan, ongli yashaydigan, o’z haq — huquglarini
yaxshi taniydigan, o’z kuchi va aqliga ishonadigan, ma’naviy — axlogiy yetuk
barkamol bo’lgan avlodni, mustaqil fikrlashga qodir, jasoratli, fidoiy va
tashabbuskor kishilarni tarbiyalab yetkazadigan xalg va millat kelajakka ochiq

ko’z, katta ishonch, umid va ixlos bilan garay oladi. Fuqarolarni ana shunday



noyob xislat va fazilat sohiblari gilib shakllantirilgan davlatning istigboli porloq
bo’ladi.

Mamlakatimiz kuch-qudrati aholining soni bilan emas, balki odamlarning
intellektual salohiyati, zamonaviy bilim asoslarini texnika va texnologiyalarni,
ko’plab xorijiy tillarni egallaganligi, g’oyaviy — siyosiy yetukligi, huquqiy
bilimlilik va madaniylik darajasi, irodasini mustahkamligi, inson e’tiqodining
butunligi, o’z shaxsiy manfaatlarini shaxs, vatan manfaatlari bilan uyg’un holda
ko’ra olishi, elim deb, yurtim deb yashashi, faoliyat ko’rsatishi bilan kuchlidir.
O’zbekiston davlati hozirgi paytda o’z oldiga ana shunday oliy maqsadni qo’yib
kelajak sari intilmoqda.

O zbekiston Respublikasi Prezidenti Sh.M.Mirziyoyevning mamlakatimizni
2016 — yilda ijtimoiy — igtisodiy rivojlantirishning asosiy yakunlari va 2017 — yilga
mo ljallangan iqgtisodiy dasturning eng muhim ustuvor yo nalishlariga
bag ishlangan Vazirlar Mahkamasining kengaytirilgan majlisidagi “Tanqidiy tahlil,
gat'iy tartib — intizom va shaxsiy javobgarlik — har bir rahbar faoliyatining
kundalik qoidasi bo’lishi kerak” deb nomlangan ma’ruzasida “...ta'limning yangi
zamonaviy usullarini, jumladan, axborot — kommunikatsiya texnologiyalarini joriy
etish..., bu boradagi dolzarb vazifalarni amalga oshirish yoshlarimiz, jamiyatimiz
va mamlakatimizning kelajagi uchun strategik ahamiyatga ega ekani...” alohida
ta'kidlab o'tildi.

2017 — yil 20 — aprelda Oliy ta'lim tizimini tubdan takomillashtirish,
mamlakatimizni ijtimoiy — igtisodiy rivojlantirishning ustuvor vazifalaridan kelib
chiqgan holda, kadrlar tayyorlash mazmunini tubdan gayta tayyorlash, xalgaro
standartlar darajasiga mos oliy ma’lumotli mutaxassislar tayyorlash uchun zarur
sharoitlar yaratilishini ta'minlash magsadida, O zbekiston Respublikasi Prezidenti
Sh.M.Mirziyoyevning “Oliy ta'lim tizimini yanada rivojlantirish chora — tadbirlari
to g risida”gi PQ — 2909 sonli garorlari chigdi. Qaror 16 ta band va 75 ta ilovadan
iborat. Qarorning asosiy magsadi Oliy ta'lim tizimini tubdan takomillashtirish,

mamlakatni ijtimoiy — qitisodiy rivojlantirishning ustuvor vazifalaridan kelib
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chiggan holda, kadrlar tayyorlash mazmunini tubdan gayta ko'rish, xalgaro
standartlar darajasiga mos oliy ma’lumotli mutaxassislar tayyorlash uchun zarur
sharoitlar yaratilishini ta’minlashdan iborat.

Oliy ta'lim tizimida oz yonalishlari bo'yicha dunyoning yetakchi ilmiy —
ta'lim muassasalari bilan yaqin hamkorlik alogalari o rnatish, o'quv jarayoniga
ilg or xorijiy tajribalarni joriy etish, aynigsa, istigbolli pedagog va ilmiy kadrlarni
xorijning yetakchi ilmiy ta’lim muassasalarida stajirovkadan o'tkazish va
malakasini oshirish borasidagi ishlar talab darajasida emasligini, oliy ta'limda
ishlovchi pedagog zamon bilan hamnafas bo'lishi kerakligi ta’kidlab o'tildi.

Biz igtisodiy o nglanish, igtisodiy tiklanish, igtisodiy rivojlanishni ma naviy
o nglash, ma naviy poklanish, ma naviy yuksalish harakakatlari bilan tamomila
uygun bo'lishni istayotgan bir davrda yashayapmiz. Bu harakatlar
mamlakatimizning barcha jabhalarida mehnat qilayotgan Kkishilardan yuksak
professional tayyorgarlikka, g oyaviy — siyosiy barkamol, tashkilotchilikka va
boshgaruvchilikka ega bo'lish lozimligini tagozo gilmogda. Chunonchi, ta'lim
sohasidagi tub islohotlar, yangilanayotgan, ta'lim — tarbiyaning mazmuni, shakli,
usullari, vositalari milliylashib, o zbekona urf — odatlar o quv — tarbiya jarayoniga
faol kirib borayotgan bir sharoitda yuz bermogda. Bu o'zgarishlar har bir
o gituvchini yangicha fikrlashga, sharqona ish yuritishga, tadbirkorlikka,
ishbilarmonlikka, ma'naviy — ma'rifiy ishlarning faol ishtirokchisi bo’lishga
undaydi.

Shuni alohida ta'kidlash lozimki, ta'lim — tarbiya sohasida islohotlar
o0 tkazish va ularning asosiy yo nalishlari, talablari va magsadlarini aniglash,
hamda tegishli xulosalarni chigarishda, bugungi muhokama gilinadigan hujjatlarda
keng jamoatchiligimizning fikr — mulohazalari, tarbiya va izohlari ifoda topgan
desak hech ganday mubolag'a bo’Imas. Shuning uchun ham amaldagi ta'lim —
tarbiya tizimining zaif tomonlarini, zamon talablari, jamiyatimiz kelajagi va
maqsadlariga javob bermaydigan jihatlarini chuqur tasavvur gilish, erkin, badavlat

yashayotgan mamlakatlar tajribasini o'rganish, o'z o’lkamizga yuksak malakali,
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har jihatdan yetuk kadrlar tayyorlash dasturining asosiy sharti bo’Imog’i lozim.
Shuning uchun ta’lim — tarbiya sohasida ham belgilanayotgan islohotlarni hayotga
tatbiq gilishda islohotlarni bosgichma — bosgich o tkazish prinsipi qo yilgan.

Jumladan, O zbekiston Respublikasining Prezidenti
Sh.M.Mirziyoyevning 2018 — yil 28 — dekabrdagi “2019 — yil uchun mo"ljallangan
eng muhim ustuvor vazifalar haqidagi Oliy Majlisga Murojaatnomasi’da
davlatimiz rahbari “Rivojlangan mamlakatlarda ta'limning to'liq sikliga
investitsiya kiritishga, ya ni, bola 3 yoshdan 22 yoshgacha bo’lgan davrda uning
tarbiyasiga sarmoya sarflashga katta e'tibor beriladi. Chunki ana shu sarmoya
jamiyatga 15 — 17 barobar migdorda foyda keltiradi. Bizda esa bu ko rsatkich atigi
4 barobarni tashkil etadi” deb ta'kidladilar. Bu esa oliy ta'lim tizimida o‘qitish
sistemasini isloh qilishni taqozo etadi. Shuning uchun zamon talabiga mos o’quv
qo‘llanmalar yaratish milliy dasturni amalga oshirish vazifalaridan biridir.
Matematika, informatika, axborot texnologiyalari o‘sib borayotgan yosh avlodni
kamol toptirishda o‘quv fanlari sifatida keng imkoniyatlarga ega. Ular tafakkurni
rivojlantirib, aglni charxlaydi, fikrlashni tartibga soladi.

Matematik mutaxassislar, jumladan, matematika o’qituvchilari 0’z fani va
mutaxassisligini atroflicha egallagan va chuqur kasbiy ko’nikmalar hosil gilgan
bo’lishi zarur. Shu nuqtai nazardan qaraganda, bakalavriatning «Matematikay
yo’nalishini bitiruvchilariga Davlat standartida ko’zda tutilgan bilimlar hajmidan
yugoriroq bilim berish va ularni shu yo’l bilan ma’lum ma’noda ijodiy fikrlashni,
ilmiy izlanishini va iqtidorlilarni rivojlantirish maqsadga muvofigq. Buni va
yuqoridagilarni e’tiborga olsak, mazkur bitiruv malakaviy ishining mavzusi
dolzarb deb hisoblash mumkin.

Bitiruv_malakaviy ishi_mavzusining dolzarbligi. Zamonaviy matematik

fizikaning, xususan chiziqli operatorlar spektral nazariyasining ko plab masalalari
panjaradagi soni saglanmaydigan chekli sondagi zarrachalar sistemasini
tavsiflovchi operatorli matritsalar (Gamiltonian) ning spektral xossalarni o0 rganish

masalasiga keltiriladi. Jumladan uzluksiz fazodagi va panjaradagi girgilgan spin —
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bozon modelini o'rganishda operatorli matritsalar muhim ahamiyat kasb etadi.
Shu nugtai nazardan bitiruv malakaviy ishi mavzusi dolzarb hisoblanadi.

Bitiruv_malakaviy ishining magsadi. Bitiruv malakaviy ishining asosiy

maqgsadi ikkinchi, uchinchi va to'rtinchi tartibli operatorli matritsalarni mos
ravishda Fok fazosining ikki, uch va to'rt zarrachali gism fazolaridagi chiziqli,
chegaralangan va 0°z — 0°ziga go shma operator sifatida aniglash, ularning muhim
va diskret spektrlarini tadgiq gilish hamda rezolventa operatorlarini topishdan
iboratdir.

Bitiruv__malakaviy _ishining vazifalari. Ishning asosiy vazifalari

quyidagilardan iborat:

1) Chizigli operatorlar spektral nazariyasining asosiy elementlarini
0 rganish;

2) 2 — tartibli operatorli matritsaning muhim spektrini, Fredgolm
determinantini, diskret spektrini va rezolventa operatorini aniglash;

3) 2 — tartibli operatorli matritsa uchun olingan natijalar yordamida 3 —
tartibli operatorli matritsaning muhim spektrini tavsiflash, diskret
spektrini aniglash, rezolventa operatorini qurish;

4) 2 — va 3 — tartibli operatorli matritsalarning spektrlari yordamida 4 —
tartibli operatorli matritsaning muhim spektrini o'rganish, diskret spektri
uchun formula hosil gilish, rezolventa operatorini topish.

Ta'kidlash joizki, 3 — va 4 — tartibli operatorli matritsalarning muhim
spektrini aniglash jarayonida Veyl kriteriyasi go'llaniladi va garalayotgan
operatorlarning xos funksiyalari uchun Faddeyev tenglamalari qurilib, uning
xarakteristik xossalaridan foydalaniladi.

Bitiruv_malakaviy ishining o rganilganlik darajasi. Bitiruv malakaviy

ishi to'lig o'rganilgan. Unda olingan barcha natijalar gat’iy matematik isbotlangan.
Bitiruv_malakaviy ishining predmeti. Matematik analiz, chizigli algebra,

funksional analiz va kompleks analiz usullaridan foydalanilgan.



Bitiruv_malakaviy ishining obyekti. Fok fazosi, operatorli matritsalar,

muhim spektr, diskret spektr, Fredgolm determinanti, rezolventa operatori.

Bitiruv_malakaviy ishining ilmiy farazi. Ish ilmiy xarakterga ega bo'lib, n

— tartibli (n=3,4) operatorli matritsalarning spektral xossalarini o'rganishda o"zidan
pastki tartibli operatorli matritsalarning xossalaridan o'rganish g oyasi ilgari
surilgan.

Bitiruv_malakaviy _ishining amaliy_ahamiyati. Bitiruv malakaviy ishida

keltirilgan ma’ lumotlardan bakalavriatning 3 —, 4 — bosgich talabalarini funksional
analiz, funksional analizning tanlangan boblari fanlarini, magistraturaning
matematika mutaxassisligi bo'yicha tahsil olayotgan magistrlarni “O'z — 0°ziga
qo'shma operatorlar”, “Operatorli matritsalarning spektral nazariyasi” fanlarini
0 gitishda o'quv — uslubiy qo’llanma sifatida foydalanish mumkin. Bundan
tashqari, undan operatorlarning spektral nazariyasi bo'yicha ilmiy — tadgiqot ishlari
olib borayotgan iqtidorli talabalar, magistrlar, yosh olimlar foydalanishlari
mumkin.

Bitiruv__malakaviy ishining metodologik asosi. Chizigli operatorlar

spektral nazariyasi elementlarini operatorli matritsalarning muhim va diskret
spektrlarini hamda rezolventa operatorini o rganishga go'llash.

Bitiruv_malakaviy ishining metodlari. Bitiruv malakaviy ishida olingan

natijalarni isbotlashda funksional va kompleks analiz usullaridan foydalanildi.

Bitiruv_malakaviy ishining tarkibi _va hajmi. Bitiruv malakaviy ishi

mundarija, kirish, 2 ta bob, 5 ta paragraf, har bir bob uchun xulosa, xotima va

foydalanilgan adabiyotlar ro yxatidan iborat bo’lib, 66 sahifadan iborat.



| BOB.2-VA3-TARTIBLI OPERATORLI MATRITSALARNING
SPEKTRI VA REZOLVENTA OPERATORI.

1.1. 2 —tartibli operatorli matritsalarning spektri va rezolventa operatori

H, := C - bir o’Ichamli kompleks fazo, H; = L,(T%) - T% da aniglangan
kvadrati bilan integrallanuvchi, (umuman olganda, kompleks qiymatli) funksiyalar
Gilbert fazosi bo'lsin. H orqali H, va H, fazolarning to'g'ri yig indisini

belgilaymiz, ya'ni H := H,H,.

Odatda, H Gilbert fazosiga Fok fazosining qgirgilgan ikki zarrachali gism
fazosi deyiladi. H Gilbert fazosining ixtiyoriy f elementi f = (f;,f;) kabi

tasvirlanadi, bunda f, € H,, f; € H;.

f = (fy, fi) € H elementning normasi

17l = JIIJ‘&.II% +IAI2

formula yordamida topiladi:

ollo = I7ol; ||f1||1=JfId|f1(t]|2dt.

Ikkita f = (fy, f1),9 = (g0,9.) € H elementlarning skalyar ko paytmasi

(f,9) = (o, Godo + (f1, 1)1
kabi topiladi:
Eﬁ:n.gu)u = fu “Go (fi:.g1]1 = fndf1(t]mdt-

H Gilbert fazosida quyidagi 2 — tartibli

A A
A :=( 00 ‘”) 1.1.1
L VE (1.1.1)



operatorli matritsani garaymiz, bu yerda
Ay H -H,i<jij=0]1
operatorlar quyidagicha aniglangan:
Aoofo = &fo, fo € Hy,
Aosfy = af av(Dfi(Ddt, f, € Hy;
(411000 = e+ 0L (X), fi €H;.

Bunda, £ — hagiqgiy son, v(-) va w(-) lar haqiqiy giymatli uzluksiz funksiyalar,

a > 0 — esa “ta’sirlashuv parametri”.

1.1.1 - Lemma. H Gilbert fazosida (1.1.1) formula orqali ta'sir giluvchi 2 —
tartibli A operatorli matritsa chizigli, chegaralangan va 0’z — o'ziga o shma

operator bo’ladi.

Isbot. Ixtiyoriy a,beC kompleks  sonlar  va ixtiyoriy

f=0h1),9= (3,49, € H elementlar uchun
Alaf + bg) = aAf + bAg

tenglikni tekshirish orqali A4, operatorli matritsaning chizigli operator ekanini

isbotlaymiz.

Dastlab,

oo “o1\{Jo ooJ/o 01/ 0 Jze '
- ) - G ) (o L i)

ekanligini ta'kidlab o' tamiz.

e(afy +bgo) + af av(t)(afi(t) + bgy (1))dt ) _

Alaf +bg) = (w(x](% +bgo) + (e + w(x))(af,(x) + bg, (%)
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( eafy + afav(t)afi(Odt + ebfy + af Lav(t)bf; (Ddt )_
av(x)afy + (E + m(x])afl(x] + av(x)bfy + (E + m(x])bflr[x] -

( efy +af av()f, (Ddt ) o ( £go + af av(t) g, (t)dt )
=il =
aw@f + (e + 0@/ \av()go + (e + w(0))g, (0

=aAf + bAg.
Demak, 4, chizigli operator ekan.

Endi A, operatorni chegaralanganlikka tekshiramiz. Buning uchun shunday

C = 0 soni topilib, ixtiyoriy f € H uchun

IAFI < ClIfIl
tengsizlik bajarilishini ko rsatamiz.

Buning uchun quyidagi munosabatlardan foydalanamiz:
I6llo =161 NAIE = el AP IFI? = 6115 + A1
NAFIIZ = NICANolI5 + NCANIIE;
ICAPOIZ = |efo + af av(®fi (®de]”
1A 1113 = [ palavCOfy + (2 + w(0))f (O dx,
AFIIZ = |£f0 + a:f]rd v(t)f; [t)dtlz + fndlcw(x)fg. + (E + m(x))fl [x)lzdx.
So 'ngra ikki hagigiy giymatli a va b soblar uchun
la + b|? < 2|a|? + 2|b|?

tengsizlikdan foydalanamiz.

11



IAFI? = |efy + af av(@f (Ddt] + [ a|av()fy + (£ + 0())f (0| dx <
2lefo|? + 2|af pav®F O] + [ 1a (2lavOf 2 + 2| (e + 0 ())A | ) dx

= 2|E|2|J‘;:|||2 + 2|£I|E|I]Idv(ﬂf1(ﬂdt|2 +

+Ja Qlal?lv)21f 12 + 2| + w(x) 1 £ (0)[P)dx.

Endi yuqoridagi munosabatlar uchun quyidagi Koshi — Bunyakovskiy tengsizligini

go llaymiz:
| fC)g()dx|?> < [1f () 12dx- [1g(x)|*dx.
IAFI? < 212112 + 2]al?| [ av(®) f (Ddt]” + 2]al?[f |2 ] alv()|2dx +

+2 [ 1ale + @) PIf, ) Pdx < 2[e? |y |* + 2]al?[ palv(®)|?dt - [ alf, () ]2dt

+2|al?1f, | [ ralv(x)Pdx + 2 [ rale + @ ()P £, (012 dx.
|w(x)| = M munosabatdan foydalangan holda, quyidagiga ega bo lamiz:
NAFN® < 2P MA 15 + 2lal® v + 2lal® R 151V + 2(s + M)2IA 1=
=R lElel* + 2[al®llvll®) + IAIEClal*[[vII* + 2(s + M)?);
Quyidagicha belgilash kiritamiz:
C* = max{(2|e|* + 2|al*|lvlI*); Zlal*llvII* + 2(s + M)*)}
U holda

IAFIIZ = C2IRIE + 141D = IAFI? < CPHIFIP =
IAfII < ClIFIL

Demak, 4, chegaralangan operator ekan.

Endi A, operatorning o'z — 0°ziga qo shma ekanligini ko rsatamiz, yani

12



f=0hfi),g = (g,,9,) € H elementlar uchun (Af, g) = (f,Ag) tenglik orinli
bolishi kerak.

Ma’ lumki,
(f6,90)=1o " Go s (f1,91) = f]{dflix]glix]dx
hamda

(Af,g) = ((Af )0, Go)o + ((Af) 1, G1 )1
(Af,g) = (efy + af (O£ (D)dt)Go + [ a (av(X)fy + (e + w(x)) -
£ g0 dx = efo Go + af Lav()fo g1 (D dx + af Lav(D)f, (D dt - gy +

[3a (e + @) A9 (dx = fy (£go + afzav(Dg:(®at) +

+f]1'df1 (x) (ﬂf]rdl?(ﬂ.gudt + (E + m(x]).gl(x])dx = (fo, (4g)o) + (f1, (4g9)1)

= (f,Ag).
Demak, A, 0'z — 0" ziga qo shma operator ekan.

1.1.1 —lemma to'lig isbotlandi.
1.1.1 — Teorema. A, operatorning muhim spektri uchun quyidagi tenglik
o rinlidir:
O,es(Ay) = [e4+m, g+ M],
bu yerda

m=min w(x), M = maxw(x).
xeTd (]’ xeTd {:)

Isbot. 1.1.1 — teoremani isbotlash magsadida H,&H, Gilbert fazosida

13



0 0
AE’D o ({] All)

kabi ta'sir giluvchi operatorni garaymiz.

U holda
o=l 4)- (8 2)-(l )

01 22 11 01

qo zg alish operatori giymatlar sohasi
Im(A, —A,5)=1{f = (fy,f,) EH,BH;: f, = a,f,(x) = av(x)a,a € C}
kabi bo ladi. Ushbu gism fazodan
f®=(1,0)
f& = (0,v(x))
elementlarni tanlasak, ular chizigli bog lanmagan hamda ixtiyoriy
f=Uofy) EIm(4; — 4;,)

elementlar £ va £ elementlar orgali

f=af® +aaf®
kabi tasvirlanadi. Shu sababli

dimIm(A, — A,,) = 2.

Chekli o’lchamli qo'zg alishlarda muhim spektrning o zgarmasligi hagidagi
mashhur G.Veyl teoremasiga ko ra, A, operatorning muhim spektri bilan ustma —

ust tushadi.
Bizga yaxshi ma’lumki,
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JQSS(AZJU) = [+ m, s+ M].

Yuqoridagi fikr va mulohazalardan
Ooes(Ay) = [e4+m, g+ M]
tenglik kelib chigadi.
1.1.1 —teorema to’liq isbot bo’ldi.

C\ [+ m, £ + M] sohada regulyar bo"lgan

v?(s)ds
e+ w(s)—z

N,(D=c—z—a?f

funksiyani gqaraymiz.

Quyidagi lemma A, operator xos giymatlari va 2,(-) funksiya nollari

orasidagi bog lanishni ifodalaydi.

1.1.2 - Lemma. z € C\g,

855

(4,) soni A, operatorning xos giymati bo"lishi

uchun 12, (z) = 0 bolishi zarur va yetarlidir.

Isbot. Faraz gilaylik, z € C\o,..(4,) soni A, operator uchun xos giymat,
f =, ) E H,PH, esa unga mos xos vektor bo’lsin. U holda A, f = zf

tenglama yoki

{ (e—2)fy + af av(s)fi(s)ds =0 (1.1.2)

av(x)fy + (e + w(x)—2)fi(x) =0
tenglamalar sistemasi nolmas f = (f;, f;) € H,@H, yechimga ega bo"ladi.

z & [+ m, & + M] bo’lgani uchun barcha x € T larda € + w(x) —z # 0

munosabat o'rinli. Shuning uchun (1.1.2) tenglamalar sistemasining ikkinchi

tenglamasidan f; (x) uchun

15



_ av(®f
AG) = -~ (1.1.3)

ifodani topamiz. fi(x) uchun topilgan (1.1.3) ifodani (1.1.2) tenglamalar
sistemasining birinchi tenglamasiga qo’yib,
g2 Eds Y
(e-z-afre i)l -0
ya ni
2,(2)f =0 (1.1.4)

tenglikni hosil gilamiz. Agar (1.1.4) tenglikda f; = 0 bo’lsa, u holda (1.1.3) ga
kora, fi(x) =0,yani f =(fy,f,) = 6. Buesa f ning xos vektor ekanligiga zid.
Demak, (1.1.4) tenglikdan 12,(z) = 0 kelib chigar ekan.

1.1.2 —lemma to'lig isbotlandi.

1.1.2 —lemmadan quyidagi natija kelib chigadi:
1.1.1 — natija. A4, operatorning diskret spektri uchn quyidagi tenglik o’rinli:
O4::.(A;) ={z € C\[e+m, e+ M]: 2, = 0}.

Quyidagi lemma A, operator xos giymatlari soni va joylashuv o'rnini

tavsiflaydi.

1.1.3 — Lemma. A, operatorning (—oo; £ +m) oraliqgda yotuvchi kopi

bilan bitta oddiy xos giymati mavjud.

Isbot. 1.1.2 — lemmaga ko ra, 4, operatorning xos qiymatlari {2, (-) funksiya
nollari orgali aniglanadi. Shu sababli dastlab 2, (-) funksiyani (—o0; £ +m) va

(e + M; +o0) oraliglarda monotonlikka tekshiramiz. Ushbu

16



di(z)
dz

, v2(s)ds
1@ (e + w(s) —m)? <0

munosabat barcha z € (—oo; ¢ + m) U (¢ + M; +o0) lar uchun o'rinlidir. Shu
sababli 12, (-) funksiya (—oo; £ +m) oraligda ko pi bilan bitta oddiy nolga ga,
ya'ni 1.1.2 — lemmaga ko'ra A, operator (—oo; £+ m) oraliqda ko pi bilan bitta

oddiy xos giymatga ega.
1.1.3 — lemma to'lig isbot bo"ldi.
Quyidagi lemma 1.1.3 — lemma kabi isbotlanadi.

1.1.4 — Lemma. A, operatorning (¢ + M; +o0) oraliqgda yotuvchi kopi

bilan bitta oddiy xos giymati mavjud.

1.1.3 — va 1.1.4 — lemmalarga asosan, a..(4,) to'plam ko pi bilan ikkita

sondan iborat bo lishi mumkin.
Demak,
og(d,))=[e+me+M|U{zeC\[e+m,ec+ M]: 12, =0}, p(4,) = C\a(4,).
Endi 4, operatorga mos rezolventa operatorini 0" rganamiz.

1.1.5 - Lemma. Har bir fiksirlangan z € p(4,) soni uchun A, operatorga

mos rezolventa operatori H,&@H, Gilbert fazosida 2 — tartibli

_ (Rog(4; A;) Ry (4 Aj)
Ry (4;) = (Rm(’l; A) R4 Azj)

operatorli matritsa ko rinishida ta'sir giladi, bunda R;;(4; 4,): H; — H;;1,j = 0,1

operatorlar quyidagi formulalar yordamida aniglanadi:

Roo(4 A3) g = o

ﬂz{z:]’
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@ J‘ vislg, (skds
n5(=) T cra(s)—z '

Ros(4 A)gy = —

. - av(xlgo .

(Rio(4; A2)80)(x) = 2, @) (et o) —2)’
: __gib) a” v(x) vis)g, (s)ds
(R]_l(j-': Azjglj{:xj - £+m{x]—z ﬂz{z:]{£+m{x:l—z] f]l'l'i E+E.|.?{S':] = .

Isbot. A, operatorga mos rezolventa operatorini qurish magsadida ixtiyoriy

f=0U1),9= (4,49, € HyBH, elementlar uchun
Af—zf=g

tenglamani yoki

{ (e — Dfo + af 1av(fi(s)ds = go (1.1.5)

av(x)fy + (e + w(x) — 2)f,(x) = g, (%)
tenglamalar sistemasini garaymiz. z & [+ m,s + M] bolgani uchun ixtiyoriy
x ET? uchun =+ w(x)—z=0 munosabat o'rinli. Shu sababli (1.1.5)

tenglamalar sistemasining ikkinchi tenglamasidan f; (x) uchun

__ galx) _ av (x)fo
L) = T e (1.16)

ifodani topamiz. f; (x) uchun topilgan (1.1.6) ifodani (1.1.5) sistemaning birinchi

tenglamasiga qo yamiz:

(s) (s)g,(s)
(E_Z_azfndﬁ)fﬂ—kafﬁﬁ:gm

ya ni

v(s) g, (ds
0 @f +afpa” 25— = 9o (1.1.7)
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z &€ 04..(4,) bo’lgani uchun 12,(z) #0 bo'ladi. Shuning uchun (1.1.7)
tenglikdan

@ J‘ vislg,(s)ds
-ﬂ-ri

_ Ho
o= 0o  m@ ! 1 ) (1.18)

ni topamiz. f; uchun topilgan (1.1.8) ifodani (1.1.6) tenglikka qo yamiz:

filo) = Eiﬁ_z B [ ':iz;iz ixiﬁ]—z] * 2, iz]cf;: Ej?x] -z) f T4 V:]j E:is
Shunday qilib,
{fn = Roo(4; 42)g0 + Ro1(4; 4,)9;
fi=Ryo(& A)g0 + Ry (45 45)0:°
ya'ni f =R;(4,)g ekan.
1.1.5 — lemma to"liq isbotlandi.
Roo(4 43)80 = ﬂf;zj;
Ros (s Ax)gy = =575 [ 1a 22027,
(Rao(h; A2)go) (1) = = 5= 80—
(Ress 4090 () = 20 = i [ 22
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1.2. 3—tartibli operatorli matritsalarning spektri va rezolventa operatori
Faraz qilaylik, H, :== C, H; = L, (T%) va H, = (L,(T%)?) hamda

H®) = H,®H,®H, bo’lsin. Odatda, H®) Gilbert fazosiga Fok fazosining

girgilgan uch zarrachali gism fazosi deyiladi.

H Gilbert fazosida

Agg Apy 0
Az =|4Ap Ay Ay (1.2.1)
0 Ai, Ay

formula orgali ta'sir giluvchi A, 3 — tartibli operatorli matritsani garaymiz, bu

yerda
AijH - H,i<j,,j=012]i—j| =1,
operatorlar quyidagi formulalar yordamida ta’sir giladi:
Aoofo = &fo, fo € Hy,
A fi = afndﬂ(s]fl[s]ds, fi EHy;
(A1) = (e + 0w AL(X), fi €Hy;
(A.6)(x) = a:f]rd v(s)f(x,s)ds, f, € Hy;

(A2 y) = (e + w(x) + (W)L K,Y), f; € H,.
Bunda, Ay, va Aj, operatorlar mos ravishda 4,, va A,, operatorlarga

qo shma operatorlar bo’lib, ular quyidagicha aniglanadi:
(Ao1fo)(x) = av(x)fo, fo € Hy;

(A1) (xy) = ev(y) fi(x), fi EH;.
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1.2.1 — Lemma. H®) Gilbert fazosida (1.2.1) formula orqali ta'sir giluvchi

A, operator chizigli, chegaralangan va o'z — 0°ziga qo shma operator bo"ladi.

Isbot. Dastlab, A5 operatorli matritsaning chizigli ekanligini isbotlaymiz.

Buning uchun ixtiyorty a,beC kompleks sonlar wva ixtiyoriy

f=1uh),9=(90,919;) € H® elementlar uchun
A(af + bg) = aAf + bAg

tenglikni tekshiramiz.

chm Aol 0 ﬁ_'i Acrcrﬁ:t +A01f1
Af = 51 “qll Alz f1 = ﬂEu}E +;-’111f1 +A12f;._ =
0 14*12 Azz f::'_ A*lzfl_'_‘qEEfE

Eﬁ] + QIIJI?(S]fj_(S]dS
=\ av(x)fy + (E—i— m(x])ﬁ(x]—l— cxfldv(s]f;_ (x,8)ds |.
av(Y) () + (e + o(x) + ()L (6 Y)

caf, +afndv(s)af1(s]ds
Alaf + bg) =| av(x)af, + (E+ m(x])aﬂ(x] + (xf]rdﬁ(s]af;._ (x,s5)ds |+
av(y)af,(x) + (e + 0 (x) + () af; (x,y)

ebfy + ﬂff]rd v(s)bf, (s)ds
+| av()bfy + (e + w(X))bfi(x) + af av(s)bf, (x,8)ds | =
av(y)bf, () + (£ + w(0) + w(1))bf(x, 7)

av(x)f, + (E + m[xj)fl (x) + (If]rd v(s)f,(x,s)ds

£fy +afndv[s]fl(s]ds
i a( )+
av(Y)fi(x) + (e + w(x) + oML (X, Y)

£fy + a:f]rdt:f(s)fl(s]ds
+b (cxv(x]f,}. + (E + m(x))fl(x] + (xfldv(s]f;._ (x,s]ds) = aAf + bAg.
av(y)fi () + (e + w(x) + 0(¥)) L (% ¥)
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Demak, A, chizigli operator ekan.

Endi A, operatorni chegaralanganlikka tekshiramiz. Buning uchun shunday

C = 0 soni topilib, ixtiyoriy f € H®) uchun
HAFI < ClfIl
tengsizlik bajarilishini ko rsatamiz.
Buning uchun quyidagi munosabatlardan foydalanamiz:
Ifollo = Ifel IAIE = [ el APt IAIE = [ rafal o (e ) |*dxdy.
NAFII* = NICANolIE + ICAN) 11T + ICANIZ;
ICAPIE = |efo + af rav()fi (s)ds|
AP 113 = [relav(fy + (e + @) () + af zav(s)f (x,8)ds| dx,
ICAN2 113 = [ afralev(Nf, () + (£ + 0 () + @ () (x, 1) dxdy.

So'ngra, a,b,c haqiqgiy sonlar uchun

la + b|? < 2|al? + 2|b|?

hamda

la +b+c|?* < 3|al®* +3|b|? + 3|c|?

tengsizliklardan foydalanamiz.
ICA)oII2 = |efy + af av()fi(S)ds|” < 21/, |2 + 2|af av(s)fi (s)ds| =
= 2lelPIf, |2 + 2lal?|[rav() £ (Sds];

ICAN 1112 = [ alavGOfy + (£ + 0(O))f () + af av(s)fs (x,8)ds| dx <
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= f]Id Blav(x)f % + 3|(E + m(x])flixjf + 3|cxf1rdv(s]ﬁ._ (x, s)ds|2]dx =
< 3lal?|fy|? [ zalv(x)[2dx + 3le + M|2 [ 4l f, () ]2dx +
+3|(x|2|f]rd1?[s]f;._ (x, s]dslzdx;
AN, 13 = [ ra [ ralav(fi () + (¢ + w(x) + @) fa (x, ) |2 dxdy <
< 2Jpaf qalavfi (P dxdy + 2 [ 1a) al(e + 0(0) + @) f, (x, ) |* drdy <
< 2l|al* [ 1af palv()fi (1P dxdy + 2|e + 2M|? [ 1a) pal fo O, )P dxdy.
Endi Koshi — Bunyakovskiy tengsizligi deb ataluvchi
If fFCIgGdx|* = [If(x)1*dx- [lg(x)|*dx
tengsizlikdan foydalansak, quyidagilarga ega bo lamiz:
ICAfo I3 < 21112 + 2l@l? [ Lalv(s) |2 dsS palf, (s)|2ds =
= 2[elPlIS 1% + 2l w1 £ 117
AN 113 < 3lalPIf 1 [ 1alvCOIPdx + 3le + MI? [ 1alf, () Pdx +
+3lal?[ alv(s)|?ds [ Lalf (x, )| dx.
ICAP), 113 < 2lel? [ 1alv() 1Py [ al fi (GO 2dx +
+2le+ 2MI? [ o) palfo Ce, y) P dxdy.
Natijada,
ICANolls < 21PN 11 + 2lal*vi* A 117,

ICAN 1T = BlalPlf I Nlvl® + 3le + MIPIAN + 3lal®llvI* A 117,
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ICAS)IZ = 2lal®llwl®NANZ + 2]e + 2M PN L 17,
so'ngra,
NAFIIZ = NICADo Iz + NCANLNIT + (AN 12 =
< IRl 2lel® + 3lalllvll®) + 1A I Qlal®lvI® + 3l + MI* + 2lal*llvI®) +
+HL 12 Glal®llvll® + 2| + 2M|?);
hosil bo"ladi.

C* = max{(2le]* + 3lal*|lv|*), 2|al*||v|I* + 3| + M|?
+ 2|al*llvl®), Bla*llv]* + 2| + 2M|*) }

deb belgilash kiritamiz. U holda,
NAFI? < C2AIRIZ + NANZ + A1) = C2FI? = NAFI < CIIfII.
Demak, 4, chegaralangan operator ekan.

Endi A, operatorning 0’z — 0 ziga qo shma operator ekanligini ko rsatamiz,

ya\ni .f = Efb!fl!ﬁ)ug = I:gﬂlglJQE) € H{E:] elementlar UChun {:Aflg) = UJAQ)

tenglik o'rinli bolishi kerak.
Bizga ma lumki,
(fo, o) = fo - Go: (£, 91) = [ pafi (1) g1 (D) dx;
(£, 92) = Jal 1afa(%,) 9. (x,y)dxdy
hamda

(Af,g) = ((Af)o,go)o + ((Af)1,81)1 + ((Af)2,82)5.
(Af,9) = (efy + af ;av()fi(8)ds) gy + [ra(av()fy + (e + w(x))- fi (x) +
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+a [ 1av(s)f, (x,8)ds) g, () dx + [ 1a [ 1a(av (N fi (x) + (e + 0(x) + 0 (1))

(6 9:( y)dxdy = fo (ego + af 1av(s) g, (s)ds) +

+[ a0 (af Lav()gods + (e + 0 (1)) g, () + [ raav()dy) dx +

+] 1af1af 063 (a0 ()g:() + (£ + 0 () + 0(3)) g, () ) dxdy =

(fo, (Ag)o) + (f1, (Ag)1) + (£, (Ag)2) = (F, Ag).
Demak, A; 0'z — 0°ziga o shma operator ekan.
1.2.1 — lemma to'liq isbotlandi.
1.2.1 — Teorema. A, operatorning muhim spektri uchun
Opss(Ay) = [—e+2m,— e+ 2ZM] U U, palw(x) + 04, (4,)]
tenglik o rinlidir.
Odatda,

[—& + 2m,— & + 2M] va U, craf{w(x) + 04..(4,)]} to plamlarga mos ravishda 4,

operator muhim spektrining mos ravishda uch va ikki zarrachali gism fazolari

deyiladi.
Isbot. Awvalo, [—s + 2m,— £ + 2M] < g,..(A;) munosabatni isbotlaymiz.

Faraz qilaylik, z, € [-e+2m,—&+2M] ixtiyoriy nuqta bo’lsin.

zZ, € 0,..(A5) ekanligini isbotlaymiz. Bunda biz Veyl kriteriyasidan foydalanamiz:

H Gilbert fazosi va A:H — H chizigli chegaralangan va 0z — 0'ziga
go shma operator bo'lsin. z, soni a...(A) ga tegishli bo'lishi uchun shunday

{f™} c H ortonormal vektor funksiyalar ketma — ketligi topilib,
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(A —zo)f"ll = 0,n — o0
bolishi zarur va yetarlidir.

w(-) — T% dagi uzluksiz funksiya bo’lgani uchun shunday pg,q, € T
nugtalar  topilib, z,=—¢+ w(p,)+w(q,) tenglik o'rinli  bo'ladi.

(Po,90) € (T)? nugtaning quyidagi atrofini garaymiz:

W, (0, 90) = V(Po) X Vi(qo),
bu yerda
— d._1 1 d
V(o) = {XE T: — < |x —pol {;},HE Np, €T
nugtaning o'yilgan atrofi w(W,(p,,9,)) orqali W, (p,,q,) to plamning Lebeg
0 lchovini belgilaymiz.

F™ ortonormal vektor — funksiyalar ketma — ketligini ushbu ko'rinishda

tanlaymiz:

Xwn(pogo) @)
———— (x, V) EW ,
E{Tﬂ (l’,}’] — «f"#{}vn{ﬂc;:qoj:] {: .}] ﬂ(pﬂ '%j .

0,(x,y) € W,(00,40)

n # m lar uchun (}‘;_{"'ﬂ,j‘;_{m]) ni hisoblaymiz:

(A ™) = fzaf2af™ GE™ (6 y)dxdy=

:an{pD,qD]f?{?ﬂ (x, }ijg{m] [:I, }dexd:}; +
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+fwm (rmnilﬁ{?ﬂ (x, J’JE{m] (x,y)dxdy +

(n) (m) _
+f]I3"-..{Wn {iﬁ'u:ﬂ?njUWm{Pnsﬂ?nhE (X, _}f]fq (Z'C, _}Jd%d}f =10

tenglik o’rinli, chunki . # m uchun W, (2o, 40) N Wy, (po,q0) = 0. Demak, {1}
— ortogonal sistema ekan.
Aniglanishiga ko ra,

dxdy .
oDV Cagh

(n) ’
f]Idf]Id |f:7_ (x, J’]| dxdy = fpn{pn:]fpn{qn:] 2V (o
ili (n) i (n)
Shunday qilib, {£™{ ortonormal sistema ekan. Bundan esa, {f®}

ortonormal sistema bo'lishi kelib chigadi.

Endi ||(4; — zo) f™|| ni garaymiz va uni baholaymiz:
2
145 — 2)f " = 02 [ 1a | [rav@ £ (x, Ot | ax +
(n) ?
+f el ral—e+ @) + 0() — 20| - |57 ()| dxdy <

<o max v@| WBEN)+  sup e+ 0@ +00) - 2l

(%.) Wy (Dg.q5)
Qurilishiga ko'ra, u(V,,) — 0,n — oo w(-) funksiyaning uzluksizligiga ko'ra,

sup |—e + w(x) + w(v) — z,|* = 0,n — oo,
(x.)EWy (po.a,)

Shunday qilib,

"[}13 — z,:,,]j"{""“:'"2 —-0,n— o
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ekan. Veyl kriteriyasiga ko'ra, z, € 0...(4,). Endi z, nugtaning ixtiyoriyligiga

ko'ra,
[-e+2m,—c+2M] c g, (4])
munosabatni hosil gilamiz.
Endi

UxE]Id{m (I] + Odise (AE ]} C Ogss {:AEJ
ekanligini isbotlaymiz. Faraz gilaylik, zo € U, .cral@w(x) + 04..(4,)} — ixtiyoriy
nugta bo'Isin. U holda shunday x, € T¢ nugta topilib,
Zg = w(Xg) + 4,49 € 0455.(4;)
tenglik o'rinli bo'ladi. Ta'rifga ko'ra, shunday ¢ = (¥,,¥,) € HyH, funksiya
topilib,
(A4, —2)Y =0
bo'ladi. F™ = (0,™, ™) € H,®H,BH, vektor — funksiyalar ketma —
ketligini quyidagicha tanlaymiz:

XVning) @) o
fl{ﬂ:l {:x] = va—- |rp "!
ﬂIP{Vn{'F'D:]} v

Xvning @) 1,
fz':ﬂ:] ES'C, _}J] — Vnipa) . 11'-IJ|'| ':'ﬁ':]
ﬂlﬂ{vn':i”n:]} v

Bunda xv, (»,)(-) — V. (po) to’plamning xarakteristik funksiyasi. ¥, (p,) ning

qurilishiga va f™ ning tanlanishiga ko'ra {f‘i’-”?'} ortonormal sistema bo’ladi. U

holda
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45 = z0)r ™" < a2 L‘“‘”“ v(_xl] 1(Va(po)) + (V( u(V (o))

: fvn{pojlm[x] —w(py) + (A; — zo|*dx - 0,n — oo,
Demak, z, € g,..(43) ekan. z, nugtaning ixtiyoriyligiga ko ra,
U eral@ () + 0415.(A2)} € 0,55 (43)
ekan.

Endi teskari munosabatni isbotlaymiz.

Teskari munosabatni isbotlash uchun avvalo, Faddeyev tenglamasini

quramiz. Shu maqgsadda A, operator uchun A, f = zf tenglamani garaymiz. Bu

tenglamani

(e —2)fy +af av(s)fi(s)ds = 0
av(x)f, + (e +w(x)—2)f; (x) + (If]rdﬁ(s)f},._ (x,s)ds =0 (1.2.2)
av(y)fi(x) + (e + w(x) + w(y) — 2)(x,¥) =0

kabi yozish mumkin.

(1.2.2) tenglamalar sistemasinng uchinchi tenglamasidan £ (x,v) ni

topamiz:

_ e () f (x)
E&Y) = em—

(1.2.3)

Topilgan (1.2.3) ifodani (1.2.2) tenglamalar sistemasining ikkinchi tenglamasiga

qo yamiz:

(e —2)fy + af jav(s)f,(s)ds =0

) f Wds
av()fy + (e + w() — 2f, () — a* [ a arm{xjii-m{s:l =

o (1.2.4)

(1.2.4) tenglamalar sistemasini quyidagi ko rinishda yozib olamiz:
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(e —z+ Dfy + af av(s)f,()ds = f
A= -2k |

2 (s)ds
T t ) +wls) -z

bu yerda, A, (x,z) = ¢+ w(x) —z — a?f

Endi CBL,(T%) da ta'sir giluvchi

O=(ie o)

operatorni garaymiz, bunda
To(@fs = (e —z+1)f,

To1(2)f = af jav(s)fi(s)ds,

_ avxlfy
(To @) =5
Shunday qilib, quyidagi tasdiq isbotlandi:

1.2.1 — Tasdig. z soni A, operatorning xos giymati bo’lishi uchun 1 soni

T (z) operatorning xos giymati bo lishi zarur va yetarlidir.

Tho(2), Ty,(2) va T,,(z) operatorlar bir o'lchamli operatorlar bo’lganligi
uchun T(z) kompakt giymatli analitik funksiya bo'ladi. A; operatorning 0’z —

0 ziga qo shmaligiga ko'ra,

(I-T@)"
operator giymatli funksiya barcha Inz = 0 larda mavjud bo'ladi.

Fredgolmning analitik teoremasiga ko ra,

(I-T@)"
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operator giymatli funksiya

C\{[-e+2m,— e+ 2M]U U, qalw(x) + 04..(4,)}}

to’plamning chekli rangli goldiglariga ega bo’ladigan S diskret to plamdan boshga

hamma yerda mavjud bo’ladi. Shu sababli
o(A)\{[—e+2m, — e + 2M]U U, cralw(x) + 04 (42)1)

to'plam fagat yakkalangan nugtalardan iborat bo'lib, ularning limitik nugtalari

faqat
[—e+2m,— e+ 2M]U U, qpalw(x) + 04..(4,)}

to plamning chegaralari bo"lishi mumkin.

Demak,

(A N\{[—e+2m,— e+ 2MJ U U qa{w(x) + 04, (4,)}} € 0(A3)\0.5s(43)
munosabat o rinli bo’ladi, ya ni
Oess(A3) © {[—€ +2m,— & + 2M] U U cra{w(x) + 045 (4513
Xulosa qilib aytganda,
Opss(A3) = [—e+2m,— e+ 2ZM] U U, paflew (x) + 045 (45)].

1.2.1 — teorema to'liq isbot bo ldi.

1.2.2 — Lemma. z € C\o,..(A;) soni A; operatorning xos giymati bo’lishi

uchun 2,(z) = 0 bo'lishi zarur va yetarlidir.

Isbot. Faraz qilaylik, z € C\o,..(4;) soni A, operator uchun xos giymat

bo'lsin. (f,, fi,f.) € Hy@®H,@BH, vektor esa bu xos giymatga mos xos vektor
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bo'lsin. U holda A,f = zf tenglama yagona nolmas (f;, fi,f>) € Hy®H,PH,
yechimga ega bo'ladi.
(e —2)fy +af av(s)fi(s)ds = 0

av(x)fy + (e + w(x) — 2)f, () + af ;av(s)fo (x, s)ds = 0 (1.2.2)
av(y)fi(x) + (e +wx) +wy) - 2)fxy) =0

tenglamalar sistemasiga ega bo'lamiz. Bu sistemaning uchinchi tenglamasidan

f> (x,y) funksiyani topamiz va ikkinchi tenglamasiga qo yamiz:

_ e () f (x)
I (x, }Jj T stel+el) -z

av(x)fy, + (E +w(x)—z— cxzf]rd Emu{;{fi]_z) -fi(x)=0.

Oxirgi tenglikdan esa f; (x) funksiyani topamiz:

fl EXj == i v2(sids

— — z Y
stwlx)-z—a deE+m|:x}+w':3}—2

v? (s)ds

. B .
Endi  Aj(x2) =et+tw(x)—z (If'lfdg+m{x]+m{s]—z

deb  belgilash

kiritamiz. Bunda, A, (x,z) # 0. U holda f, (x) = —%

Topilgan f,(x) va f,(x,y) funksiyalarni (1.2.2) sistemaning birinchi

tenglamasiga qoyib, f; ning ham ko rinishini aniglaymiz.

a2 vERdsy o
(E z aj]rdﬂi{s,z])ﬁ'_nl

w2 (s)ds
T 4, (s2)

0, (2)=c—z—a?f

deb belgilaymiz, ya'ni 2;(z)f, = 0 tenglik hosil bo’ladi. Agar bu tenglikda
fo =0 bo’lsa, u holda f; (x) = 0 bo'ladi. Bundan esa f; (x,y) = 0 kelib chigadi.
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Yani f=(fy,fi,f) =8. Bu esa f ning xos vektor ekanligiga ziddir. Demak,
5 (z) = 0 ekanligi kelib chigar ekan.

Shunday qilib, z € C\o,..(4;) soni A; operatorning xos giymati bolishi

uchun 2,(z) = 0 bo'lishi zarur va yetarlidir.

1.2.2 — lemma to'lig isbotlandi.

Endi A, operatorga mos rezolventa operatorini garaymiz:

1.2.3 — Lemma. Har bir fiksirlangan z € p(A5) soni uchun A, operatorga

mos rezolventa operatori H,@BH, @®H, Gilbert fazosida 3 — tartibli

Roo(A,43) Ro1(4A43) Ryy(4,4;3)

Ry(A3) =| Rio(A43) Ry1(4,43) Ryy(4,4;)
Ryo(443) Rp1(4,43) Ry (4,4;)

operatorli matritsa ko rinishida ta'sir giladi, bunda
Rij{:);l-'; Ay): h:, - H;1,7=0,1,2

Isbot. A, operatorga mos rezolventa operatorini qurish uchun ixtiyoriy

f=W A f)vag = (9091 9:) € HyDH,DH, elementlar uchun
Af—zf =g

tenglamani yechish kerak bo’ladi. Ya'ni quyidagi tenglamalar sistemasini

garaymiz:

(e — 2)fy + af av(s)fi(s)ds = go
av(x)fy + (e + w(x) —2)f, (x) + a’f]rdt?(s)fg (x,5)ds = g,(x) (1.2.5)
av(y)fi(0) + (e + w() + 0(y) —2) L (x,¥) = g (x,¥)

z & 0,..(4;) bo'lganligidan ixtiyoriy x,y € T% uchun

ctwx)—z+x0vac+wx)+w(ly)—z=+0
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munosabatlar o rinli boladi.

Endi (1.2.5) tenglamalar sistemasining uchinchi tenglamasidan £ (x,y) ni
topamiz:

g2 (xy) av(y) £, Gx)

f2 (x, ‘}!) - srwlx)+wly) -z N s+wlx)+wliy) -z (1.2.6)

Ushbu ifodani (1.2.5) tenglamalar sistemasining ikkinchi tenglamasiga qo yamiz:

av(x)f, + (E +w(x)—z—a’ f]Id E+m1;{i]ij_z) filx)+

vis) g,(xslds
ot o)~ 91(%),

+(If]1.d

ya ni

vislg,(x.s)ds
{IFEXJE + ﬂ:I_ (szjfl (x] + ‘j"l:f]l'l:I E+m{j:l] +E.|J':5:]—Z = gl Exj

tenglikni hosil gilamiz. Bu tenglikdan £, (x) ni topamiz:

vislg, (x.s)ds )

fl (x] - Ei{;z:l (‘gl (I) N ﬂﬂ(ﬂﬂ)ﬁ. N ‘If]rd etowlx)+wis)—= (127)

Topilgan (1.2.7) ifodani (1.2.5) sistemaning birinchi tenglamasiga go'yamiz va f;

ning ko rinishini aniglaymiz:

2 vz{s:lds) g1lshvislds v (s) golx,s)ds®
(E z-a[ nGo) o +afa nGa & Jra)1a stz = 90

ya ni

g1 hwlslds 5 v?(s) golx.s)ds®
ﬂg (z)ﬁj N a:f]rd ":":L{SJZ:] @ f]Idf]Id£+m{x] +wls)-z o ‘gﬂ'

Z & 04,.(A3) Dbo’lganligi uchun f2;(z) # 0 bo'ladi. Shuning uchun oxirgi

tenglikdan quyidagini hosil gilamiz:
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__1 g1(shvis)ds 2 v? (s) g, (.5) ds?
fo=205 (g,:. — @) 1,ﬂ1{s,z:] +a? [ 1a) a Em{_ﬂzﬂ,{ﬂ_z) (1.2.8)

fo uchun topilgan ifodani (1.2.7) tenglikka gqo yamiz. Natijada,

L8 2vlx) g1Ghwislds
ﬂ{x](glix] av(x) 20 T mo 1 560

filx) =

_ afulx) J‘ vi(slgs teslds® L‘E_,r vis) golx.s)ds )
0,0z T T )l —2 T? ¢ tolx) +wls)—z

yoki

__ 1 _ Jo_, @ 2vlx) g1 (Shvislds
fl(x) - .ﬂifx,z] I:gl(:X) (I'I:"(x) 3{3:] 0, () fId aﬂllf,s,z:l

vis)golxsids aZvlx)
_af]rda+m{x]+m{s]—z(ﬂ3{z:l 1a¥(8)g2 (%, s)ds + 1)) (1.2.9)

ni hosil gilamiz.

(1.2.9) formuladan foydalanib, £, (x,y) funksiyaning korinishini topamiz,
ya ni (1.2.9) formulani (1.2.6) tenglikka go yamiz:

_ galmyy av (y) o
LGy) = stwlltwlyl-z  E+robd+wly)-z)4, (xz) l9: (0 —av (5 25 (2) N

() (shv(s)ds (s)golx.s)ds ()
427 JaPt === af E:w{;zw; — L:}:{z] Jrav(s) gz (x,8)ds + 1)].

ﬂa'f,z] A, (s.2)
Boshgacha,
f (:x. ’J _ gz (xy) _ a®viy) vis) g, Ce.slds )
2 Y = et = Grotreb)—258, ) T rrot)reb) —2
(e vlx) B aviy)g, (x) B
(ﬂa'fz] | 1av()g2(x,5)ds + 1) (et w0+ () —2)h, (02)

B a?vix)v(y) J‘ g.(slvis)ds " a*vix)v(y) g
(e+w ) +wly)-z1a, (x.z)n,(2) d 4, (s2) (ct+wlx)+al) 20, (x2)n,(2)
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Shunday qilib,

RooGo + Ro191+ Ro292 = fo
Riogo + R119:. Y Rixg = fi
Ry090 + R2191+Ra29: = f;

bo’ladi va quyidagi formulalar o rinlidir:

Ryo(4,A3) g, = ﬂffz ,

. a g1 (slv(s)ds
RUI{:’LAEJQI - EE{E:] f]l’d 31':5';3:] ’

_ a? v?(s) go(x.s)ds®
RU? {:':L’Ag ]‘gz B 1, (z) I]Id I]Id g+wlx) +wls) -2’

_ avmg,
{:Rlﬂ(ﬂ?‘qg ]gﬂj (:X] - aﬂl{xJZ:]ﬂg_':E.’:]’

_g.l) aZ vix) g, &vis)ds
(Ry1(A4,A3)g,)(x) = 2, 0od) +£-.1{x,z]-ﬂ3{z:l f]Id hGo)

o J- vislgslxslds (azv{x]

(R12(4,43)0,)(x) = T T rettem—2 \ne 1a?(8)g: (x,s)ds + 1)

- @ v(x)v () go
{:REG(}"JAE jglﬂ)(x!.}!) - (£+c...:{x]+c...:{y] —z].ﬂl(x,z]ﬂa{z]’

N av(y) g, (x) .
(R1 (A A3)g90)(xy) = (z+w(x) +w () —2)A, (x.2)

B a? v{x)wly) J‘ g1 (s)vis)ds
Ctob)+oG)-28, k2@ " T a,(s2)
gz0ey) a2 wly)

(R22(LA3)92)(%Y) = oo o, ™ Gratrat) 20,60

J- vislg,(xslds (afzu{x:l

T w06 -z \ 2, Idﬁ(s]gztx’ﬂd”l)'

1.2.3 — lemma to'liq isbotlandi.
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| BOB XULOSASI

Bitiruv malakaviy ishining birinchi bobi “2 — va 3 — tartibli operatorli
matritsalarning spektri va rezolventa operatori” deb nomlangan bo'lib, u ikkita
bo'limdan tashkil topgan. 1.1 — bo'limda 2 — tartibli operatorli matritsa Fok
fazosining qirgilgan ikki zarrachali gism fazosida chizigli, chegaralangan va o°'z-
0 ziga go'shma operator sifatida garaladi. Uning muhim spektri kesmadan iborat
bolishi isbotlangan. A, operatorga mos Fredgolm determinanti qurilgan hamda
uning analitik xossalari o'rganilgan. Topilgan Fredgolm determinantining nollari
to’plami o’rganilayotgan operatorning diskret spektri bilan ustma-ust tushishi

isbotlangan. Mos rezolventa operatori uchun aniqg formula topilgan.

2.2 — bo'limda esa 3 — tartibli A; operatorli matritsa Fok fazosining

girgilgan uch zarrachali gism fazosida chizigli, chegaralangan va 0’z — 0'ziga
qo shma operator sifatida o'rganilgan. A, operator muhim spektrining joylashuv

o0 rni topilgan. Bunda Veyl mezoni va mos Faddeyev tenglamasining xossalaridan
foydalanilgan. Uning diskret spektrini aniglash imkonini beruvchi analitik

funksiyaning ko'rinishi aniq topilgan. A, operatorning rezolventa operatorining

ta'sir formulasi aniq topilgan.

| bobdagi barcha natijalarni isbotlashda matematik analiz, kompleks analiz

va funksional analiz usullaridan foydalanilgan.
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11 BOB. 4 - TARTIBLI OPERATORLI MATRITSALARNING SPEKTRAL
XOSSALARI.

2.1. 4 — tartibli operatorli matritsalarning muhim spektri

Biz quyidagi Fok fazosining qirgilgan to'rt zarrachali gism fazosi
H™ = H,H,®H,DH, Gilbert fazosini garaymiz. Bu yerda H,:=C,
H, = L,(T%), H, == (L,(T*)*) va Hy = (L, (T%)?).

H™) Gilbert fazosida
ADD ‘qi_'il D D
Ay Ay A2 0

A‘L = ':] A*H Agg AEE
0 0 A3 Az,

formula orqali ta'sir giluvchi A, 4 — tartibli operatorli matritsani garaymiz, bunda

AyrHy — H,,1,j = 0,1,2,3 operatorlar quyidagi formulalar yordamida aniglangan:

Agofo + Aosfi

A fo +Afi+ AT
A f = 000 UL A2 e e g i =0,1,23. 211
R Y I A &Lh

A+ AR
Agofy = £fy, Aosfi = af av(D)f, (D)L,
Assfo = av(Xfy, Assfi = (e + @) (),
Apfy = af av(©f (x, 0)dt, AL f, = av()fi (%),
Aprfo = e+ 0(X) + 0L Y), Anfs = af v(@Of(x,y,0)dt,

A23f = av(O (%)), Assfa = (6 + w(x) + 0 (y) + ()L, Y, D).
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2.1.1 -Lemma. H™ Gilbert fazosida (2.1.1) formula orgali ta'sir giluvchi

A, operator chizigli, chegaralangan va o'z — 0°ziga qo shma operator bo"ladi.

Isbot. A, operatorni chiziglilikka tekshiramiz. Buning uchun ixtiyoriy

f=Ufufo,2).8 = (g0, 91,92,9:) € H® elementlar uchun
Alaf + bg) = aAf + bAg
tenglik o’rinli ekanligini ko rsatamiz:

efy + af av(0)f, (D)dt
av(x)fy + (E + m(x])fl (x) + a:f]rd v(t)f; (x, t)dt
av(N () + (e + w0 + 0L )) + af v fi(x,y,dt |
av(t)fa(x,y) + (e + w(x) + () + w())(x,y, 1)

ﬂf =

Alaf + bg) =

eafy + af av(taf, ()dt
av(x)af, + (E + m(x])afl(xj + af]rdﬂ(t]af;_ (x,t)dt
av(@)af,) + (e + 0 + 0M)af (6 y) + af avtaf; oy, Odt
av(t)af,(x,¥) + (¢ + 0(x) + 0 (¥) + w(D)afz (x,y, )

_|_

ebfy + af Lav(D)bf, (D)dt
av(x)bfy + (E—I—m(xj)bﬂ(x]—i—(xfndﬂitjbﬁ (x,t)dt _
av(yv)bf, (x)+ (E + w(x)+ m(}f])bﬁ (x,y) + czf]rdv(t]bfg (x, vy, t)dt
av()bfa (x,y) + (¢ + w(x) + 0(¥) + w(D)bf(x, ¥, 1)

efy + af av(D)f, (D)dt
av(x)fy + (E—|—m[x])ﬂ[xj+(If]rdﬂ(tjj‘;_(x,t]dt 4
av(fi () + (e + w(x) + 0 (%, ¥) + af av(Dfi (x, y, t)dt
av(t)f(x,y) + (e + w(x) + 0(y) + (D) f3(x,y,1)
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efy + af av()f, (D)dt
av(x)fy + (E + m(x])fl (x) + a:f]rd v(t)fo (x, t)dt
av(Nfi () + (e + 0() + () Y) + af av(©f (v, dt |
av(t)f(x,y) + (e + w(x) + w(¥) + w(O)) fa(x, ¥, 1)

= A(af + bg) = aAf + bAg. Demak, A, chizigli operator ekan.

A, operatorni chegaralanganlikka tekshirish uchun ||Af]|| < C||f||

tengsizlikni ko rsatamiz. Buning uchun quyidagi munosabatlardan foydalanish
kerak:

la + b|? < 2|al®* + 2|b|?, la+ b +c|?* = 3|al® + 3|b]* + 3]c|?.
ICAPoIIZ = |efy + af av(OA @dt]” < 21ePIf 1 +
+2|al?f alv(©)?def alf, (D) 12dt = 2[ePlIf 1P + 2l VIR A 11
(A IE = fId|cxv(xjj‘,}. + (E + m(x])fl (x)+ cxfndv(tjf;_ (x, t]thdxiﬁ-
< 3lal?1f|* [ palv() [Pdx + 3le + M| [ al f, ()| 2dx +
+3]al?|f Lav(D)fy (x, 0)dt| dx <
= 3lalPllvIPliRl* + 3le+ MIZ AN + 3lal?llvIPNA I3
A2 13 = [ 1a ) 1alavO)fi ) + (e + w () + @) fo (6, ¥) +
af av(©f oy, 0dt| dxdy < 3|al? [ af alv() f, (O dxdy +
+3le+ 2M|? [ af 1al fo G, ) P dxdy + 3|al? [ alv(D) fi (x, y, D)dt|*dxdy <
< 3la|? [ alv() Pdy [ Lalfi COPdx + 3|e + 2M 2|12 +

+3lal? [ alv®Pdt] ) 1af alfs oy, 0P dxdydt < 3lal? IR I 117 +
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+3le+ 2MENIL N7 + 3lal®llvIENAII®;
ICAN: 113 = J1a S pal alav(® (6, 3) + (e + 0 () + @) + @(O) fi (x, ¥, 1)

dxdydt < 2|al|*[ o[ af palv(©)f (x, )| dxdydt + 2|e + 3M|? -

- fndf]rdf]rdlfg (x, v, )| dxdydt < 2Ialzfndlﬁ(tjlzdtf]rdfldlﬁ (x, v)|*dxdy +
+2le+ 3MPEIILI2 = 2lalPIvIPILI? + 2le+ 3MI2 (A 1.

Endi [|AfI? ni hisoblaymiz:
NAFIIZ = NICANolIE + ICAN) T + IICAN I + I(Af)5 15 <

= IR IFQ2lel* + 3lal?llvl®) + 14 I lal*[lvI* + 3]s + MI* + 3lal*llv]I*) +
+ILIEGlal®lvi® + 3l + 2M12) + 151> Glal*lvIl* + 2|e + 3M]?).

Quyidagi belgilashlarni kiritamiz:
a=2|e[* + 3|al|[v]I?
b = 2|al?|[v|I* + 3|s + M|* + 3|a|?|[v]I?,

c = 5|al|?||v]|? + 3]s + 2M|?,

d = 3|al?||v]|* + 2| + 3M|?
va C? = max{a,b,c,d}.
U holda [[AfII* < C2(lIRIZ + IAIIF + IEIZ+ AP =

HAFIZ < C2lFNZ = NAFI < ClIfIl.

Demak, A, — chegaralangan operator.

A, operatorni 0°z — 0°ziga go shma operator ekanligiga tekshirish uchun
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tenglikni isbotlaymiz. Bu yerda f = (fy, fi, £, 0.9 = (90,91, 92,93) € H®.

Ma’ lumki,
(for o) = fo - Go: (fi, 91) = [ pafi (0 g: (D) dx;
(f2,92) = [ 1a) 1afi (06 )92 (x, y)dxdy;
(fa92) = Jral gaf rafa (6,3, 0) g2 (x,y, Ddxdydt.
(Af,9) = Xi-o((Af)s g0):.
(Af, 9) = (efy + af Lav(®Ofi([©)dt)Go + [ ra (@v()fy + (e + 0 (X)) - fi(x) +
+a [ av(®f G, 0)dD) g (dx + [ 1af ra(av(Nf () + (£ + 0(x) + (1)
) + af v f(x,y, 0de) g, (x,y)dxdy + [ 1a [ af ra(av(©) f (x,y) +

+etowlx)+uly)+o) Ly, 0)g:(x,y, t)dxdydt.

So 'ngra yuqoridagi ifodani quyidagi ko rinishda o zgartiramiz:

(Af,9) = fo (ego + @[ zav(D g1 OVdD) + +[ o f, ()

(af rav(@®godt + (£ + 0())g: () + af ra [ rav(3) g5 (x, Y)dxdy ) dx +

+[1af1afo 06 ¥) (av(©)g: () + (£ + 0(x) + 0()) . (x,9) + af Idv(ﬂdt) :

’ dXd}J' + f][fi j]l'fif]rdfa ('JC, Y, t] ({IIIdF(t]gz (I, J’)dt +

+e+w(x)+wly) +w(t))g(x,y, t))dxdydt.

Demak,
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(fo, (Ag)o) + (1, (Ag) ) + (f2, (Ag)2) + (£, (Ag)3) = (f, Ag).
A, 0'z—0ziga qo shma operator ekan.

2.11 — Teorema. A, matritsaviy operatorning muhim spektri uchun

0,.c(Ay) = X tenglik o'rinlidir. Bunda X to plam
Y=U, qalog..(4;) + w(x)}U UnyE]l-d{Jdl-Sﬂ (4,)+ w(x) + w(y)iu
Uls+3m,c+ 3M]

kabi aniglanadi.

Bundan tashqari, o...(A4,) to plam ko pi bilan 7 ta kesmalar birlashmasidan

iborat bo’ladi.

Isbot. Awvalo, [ + 3m, e + 3M] c g,..(4,) munosabatni isbotlaymiz,

Faraz qilaylik, z, € [ + 3m, & + 3M] ixtiyoriy nuqta bo'Isin. z, € g,..(4,)
ekanligini isbotlaymiz. Bunda biz 1.2.1 — teorema isbotida bayon gilingan Veyl

kriteriyasidan foydalanamiz.

w(-) — T? dagi uzluksiz funksiya bo'lgani uchun shunday p,,q,,7 € T

nuqtalar topilib,
zZy =&+ w(py) + w(qy) + w(n)
temglik o'rinli bo’ladi. (Pg, @0,7) € (T%)* nugtaning quyidagi atrofini garaymiz.

W, (00,90,70) = Va(Po) X V,,(q0) XV, (75),

bu yerda
V.( j-—{ € T4 1 < | |=::1} EN,p, € T?
T’LPD =X ?’1"‘1 X pD nrn JPU
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nugtaning o'yilgan atrofi p(W,(p,,q,,75)) orqali W, (p,,q,,7,) to plamning

Lebeg o Ichovini belgilaymiz.

£ ™ ortonormal vektor — funksiyalar ketma — Kketligini ushbu korinishda
tanlaymiz:
0
fo=( o |
£ (xy,0)

Xwnipogore) @4.7)
- x,y,t) EW e
£ (x,y,1) = Jeon®oaeo) , (%, 1, 1) € W, (po, g0, .:.J_

0,(x,y,t) &€ W,(po,q0,75)

Endi n = m lar uchun (f;{"'ﬂ,fa{m]) ni hisoblaymiz:

(E{Tﬂx}%{m]) _ J‘ df]rdf]rdfa{ﬂ:] Ex;,}’)fg{m](x; y, )dxdy=

= Wy {%%%]fg{?ﬂ (x,y,t) f;{m:' (x, v, t)dxdydt +
+J‘1”l"m{-puﬂm.r-ojf~3{?ﬂ (x’ I}J" t)-fa{m:] (I’ I}J" t]dxdl}jdt +
]fg{“:] (x,v,t) f;{m:' (x,y, t)dxdydt = 0

+f]I4 (Wi (00.90.70)UWin (Bg.84.70)

tenglik o’rinli, chunki n = m uchun W, (p,, qo,7) N W,,,(py, o, 75) = 0. Demak,

{f;{“:]} — ortogonal sistema ekan.
Aniglanishiga ko ra,

2
f]Id I]Idj-ﬂ-d |f3{ﬂ:J (x,y,t)| dxdydt=

Jl' J‘ J‘ dxdydt _
Vn(po)d Vnlagld vylrg) i (Vi (oD (Vi Cap (v (gl
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1
N #{Vn{'ﬂn:]:]#':vn{ Q’D]]#{Vn{ QD:]:]

"rVn':’F'o]dfon( qg]dyfvn{rg]dt =

1
N #{Vn{'ﬂn:]:]#':vn{ Q’D]]#{Vn{ QD:]:]

u(V,(0)) - (Vi (q0)) - u(Vi(qe)) = 1.

Shunday qilib, {fgw} ortonormal sistema ekan. Bundan esa, {f('”“?'} ortonormal

sistema bo'lishi kelib chigadi.

Endi ||(4; — 2o) f™|| ni baholaymiz:
2
1C4s = 2)f ™| = @2 raf e |Jrav@® £ (. 3,0)| dxdydt +

2
+J pa [za) qale + 0 () + w () — 2| |j‘;{“:] (x,y, t]| dxdydt <

2
<@ max [CO)I[1afpaf e 57 Gy, 0 dxdyde- [,  der+
() ?
+ sup le + w(x) + w(y) —z,]* |f3 (x,y,t]| dxdydt <

(x..t)eEWy (pg .g0.70)

< @> max jlt?(xﬂz#(l‘il(?h]) +

XEVRDg

+ sup lw(x) + w(y) + w(t) — wo (x) — wo () — wp (D)%,
(x..8)eEWy (P .g0.70)

Qurilishiga ko'ra, u(V,,) — 0,n — oo w(-) funksiyaning uzluksizligiga ko'ra,

sup lw(x) + 0 () + @(t) — wy (x) — @y () — wo (B)|* = 0.

(23 t) Wy, (pg.a0.7)
Shunday qilib,

"(1"14 - Zujf{nj" —0,n— o
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ekan. Endi z, nuqgtaning ixtiyoriyligiga ko'ra, [¢+3m,s+3M] c o, (4,)

munosabatni hosil gilamiz.

Endi
Ux,yE]Id{Jdisc (Azj + &J{:X} + M(}’]} C Toss (Aq.]

ekanligini isbotlaymiz. Faraz qgilaylik, zy € U, ,cra{04;5. (A7) + w(x) + w(y)} -

ixtiyoriy nugta bo'Isin. z, € ... (A,) ekanligini isbotlaymiz.
Aniglanishiga ko ra, shunday x,,v, € T% nuqtalar topilib, z, nugtani
zp = w(xy) + w(yy) + 4y, Ag € 0455.(45)

kabi tasvirlash mumkin. Xos giymat va xos vektorlarning ta rifiga ko ra shunday
Y = (Y,,¥,) € HyBH, vektor — funksiya topilib,

(A, =AY =0

bo'ladi. F™ = (0,0,£™, £™) € H,®H,DH,®H, vektor — funksiyalar

kerakligini garaymiz. Bunda

i {.'X-':] . {47 'U:]
fé{n:] (xJ .}J) = ‘Tvn ﬂrﬂ} ‘xlllllj':rt J’D}(‘J : |rp0" H
,‘JI #{Vn {-’CD]}',‘JI #{Vn '(\}"n:]} ¥

£ (x y, 1) = X (o) X Xvniy O 4 (8)
’ ’ .“{Vn n:]} I#{Vn{}’n:]} kol

V. (x,) — to'plamning qurilishiga va f™ — vektor — funksiyalar kerakligining

aniglanishiga ko'ra, £ ™ ortonormal sistema boladi.

Hagigatdan ham, n = m uchun V,,(x,) N V,,(x,) = 0, V() N V. (y,) = O

va shu sababli
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¢ ) = (£75™)+ (57, ) =0+0=0.
Demak, {f ™} — ortogonal sistema ekan. Endi ||f || ni hisoblaymiz.

@I = 62+ ||| = foeSre |57 Com| axay +

1

(n) J 2 A — r . :
+f]1'd Jr]l'l'if]]_'d |.f3 Ex’-}" t]| dx-d'} dt o #{Vn{xg:]} #{Vn':}’n:]}

_ T |
an{xD:]dfon{_}fg:]dy llll 2 +P~{Vn{xn]} #{Vn{:”l:::]} fvn{xn]dvan{}’n:]dy

1 R N e T
ME fﬂdlwlml dt = llyll 2 _umuz_l'

Demak, {f ™} — ortonormal sistema ekan.
Endi ||(4; — 2o) F™|| ni baholaymiz:

(4, _Zu]f{ﬂj =

0
af av(®)f™ (x, 0)dt

(e + () + 0() =27 (6 1) + af 0O (o y,9)dt |
av (@™ (%, ) + (£ + 0(x) + @) + w@)LE™ (x,7,1)

U holda,

1 " 1 »
u(vn(xg))  u(vn ()

”(qu- - Zujf{ﬂjllz = a’ Léﬂnaéoj F(x]r #(I‘;(xcn]) +

S ot v @0 + @) — w(xo) — (o) |* dxdy <
< 2 Léﬂ,ﬁj E(x]]z u(V,(x0)) +
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+ sup lw() + w() — w(x) — @)
(2.37) €V (g )V (g )

Oxirgi tengsizlikning birinchi go shiluvchisi n — oo da 0 ga intiladi, chunki

max|v(x)|? < +oo, lim p(V,(x,)) = 0.

Uning ikkinchi qo shiluvchisining n — oo da 0 ga intilishi

lim sup lw() + w(y) — w(x) —w@)|* =0

M= (1) E Vi (g )%V ()

munosabatdan kelib chigadi. Demak, lim ||(4, — z,)f ™ || = 0.

Shu sababli, z, € g,...(A,). Bu nugtaning ixtiyoriy ekanligidan
Uy yera{0aisc (A2) + 0(x) + 0 (1)} © 0,5, (A,)
munosabat kelib chigadi.
Endi
U era{0aisc (43) + w(x)} © 0,5,(4,)
ekanligini isbotlaymiz.

Faraz qilaylik, z; € U, ral04..(43) + @(x)} — ixtiyoriy nuqta bo’lsin.
z, € 0,..(A,) ekanligini ko'rsatamiz. z; € U, ral04;5.(A3) + @(x)} bo’lganligi

uchun shunday x; € T% nuqta topilib,
z; = w(xy) + 11,44 € 0455.(4;)

tenglik bajariladi. Xos giymat va xos vektor — funksiya ta'rifiga ko'ra shunday
Y = (Yo, Y1,y ) € HyBH,BH, vektor — funksiya topilib,

(A3 —4)yY=0
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bo'ladi. f™ = (D,fl{?ﬂ,jg{"'ﬂ o, £ (xy, t]) vektor — funksiyalar ketma —

ketligini garaymiz, bunda

Xvplxg ) o
fl{ﬂ:l {:x] = li * |rp "!
ﬂIP{Vn{xn:]} v

Xvplag) )
L7 (ry) = T Sa )
ﬂlﬂ{vn{xn:]} ¥

XV Cacg) ) K3
£ (G, y, 1) = Hnzd 2 ¢i {”v" )
_‘JIH{Vn':xo:]} ¥

Ko'rinib turibdiki, V,(x,) to'plamning qurilishiga va {f®} — vektor —
funksiyalar ketma — ketligining tanlanishiga ko'ra u ortogonal sistema bo ladi.

Hagigatdan ham, ixtiyoriy n = m uchun

Bundan tashgari,

bon - B+ BT e -

B #{V:(xn]} 1V (x0)) "ﬁn": N p{vnlr;xnj} 1V (x0))- ﬁ Jal$n@17de +

+ #{an'ixg]} ) #(I‘;(?’Cu]) | m f]Idf]Idlwz (E,tx)lgdtdt\ =

_ Do l1Z +liafy 112+l 1% Tl 1
llapll= llpll2 '

Shunday gilib, {f ™} — ortonormal sistema ekan.

Endi [|(4s — 2,.)7®||" ni garaymiz va uni baholaymiz:
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1

2
6o =207l = e max o0 W)+ ey

00 = 0GPdx < | max v©| w((0) +

+ sup |w(x) — w(x)|™

xEVR {xD:I

V.(x,) ning tarifidan p(L;(xD])—r{],n—roo ekanligini, w(-) funksiyaning

Xo € T nuqtada uzluksiz ekanligidan  sup |w(x)— w(x,)|? = 0,n =

xEV,(x,)

munosabatni hosil gilamiz.

Shunday qilib, |[(4; —2,)F®|| = 0,n - oo munosabat orinli ekan. Veyl

kriteriyasiga ko'ra, A, € g,..(A,) o rinli.

Teskari munosabatni isbotlash uchun Faddeyev tenglamasini quramiz.

Buning uchun A, operatorning

Ayf = zf
X0s giymatga nisbatan tenglamani garaymiz.

Bu tenglamani

(e —2)fy + af av(Df,(D)dt =0
av(x)fy + (e +w(lx)—2)f; (x)+ cxf]rdﬂ[t]f;._ (x,t)dt =0
av(Mf)+ (e + 0@+ 0@ —2f0)) + af av®) fi(x,y,0)dt = 0
av(t)fplx,y) +(e+tw)+ o)+ o) —2)i(y,t)=0

(2.1.2)
kabi yozib olamiz.

(2.1.2) tenglamalar sistemasining 4 — tenglamasidan f; (x, y, t) ni topamiz:
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av(t) f (x.y)
srwlix)+wly) +w(t) -z

LGy, t)=— (2.1.3)

Hosil bo’lgan (2.1.3) ifodani (2.1.2) tenglamalar sistemasining 3 — tenglamasiga

qo yamiz:

av(WAC) + (e + @)+ o) - 2L, y) -

. o (8) f (2,90 .
af rav(®) e reie@ = 0=

v2(t)dt
srwlx)+wly) +w(t) -z

w0+ (£ + 0@+ 0@) ~z—a* [ )Gy =o.

Ya'ni
av(y)fi(x) + A, (x,y,2)f(x,y) =0 (2.1.4)

v? (t)dt
srwlx) +wly) +wit) -z

bu yerda, A,(x,y,2) = ¢+ w(x) + w(y) —z—a*[ 4

Hosil bo'lgan (2.1.4) ifodadan f;(x,y) ni topib, (2.1.2) tenglamalar

sistemasining 2 — tenglamasiga go"yamiz:

fly) = —22E%
av(x)f, + (E +w(x)—z— cxzf]rd %)ﬁ(x] =0
av(x)fy + A (x,2)fi(x) = 0. (2.1.5)
Buyerda A;(x,z) = e+ w(x) —z— (xzf]rd ;:ézf;.

(2.1.5) tenglamadan f; (x) ni topamiz:

_ av(x)fy
fl Ex] - Eg{x,zj .
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Yugoridagi hisoblashlarga kora, (2.1.2) tenglamalar sistemasini quyidagicha yozib

olamiz:

avix)fy

fo=(e—z+1)fy +af av(0)f,(Ddt
{ ilx) = _—Eg{x,z:] .

Endi CBL,(T%) da ta'sir giluvchi

O=(ie o)

operatorni garaymiz, bunda
Too(@)fo = (e —z+ 1)f,

Ti(2fy = (If]rdv(t]fl (t)dt,

av(x)f,
(To@R) = =55
Shunday qilib, quyidagi tasdigni isbotladik:

2.1.1 — Tasdiqg. z soni A, operatorning xos giymati bolishi uchun 1 soni

T (z) operatorning xos qiymati bo'lishi zarur va yetarlidir.

Too(2), Ty1(2) va T,,(2) operatorlar bir o’lchamli operatorlar bo lganligi
uchun T(z) kompakt giymatli analitik funksiya bo'ladi. A, operatorning 0’z —

0 ziga qo shmaligiga ko'ra,
-1
(1-T(2)
operator qiymatli funksiya barcha I'mz #+ 0 larda mavjud bo’ladi.

Fredgolmning analitik teoremasiga ko ra,
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(I-T@)"
operator giymatli funksiya
C\~

to plamning chekli rangli goldiglariga ega bo’ladigan S diskret to plamdan boshga
hamma yerda mavjud bo'ladi. Shu sababli a(4,)\X to'plam fagat yakkalangan

nuqgtalardan iborat bolib, ularning limitik nugtalari fagat
UxE]Id{Jdisc (AE) + M{:X]} U Ux,yE]Id{Jdisc (Azj + M{:X) + ME}I)} U
Ul[e+ 3m,e+ 3M]

to plamning chegaralari bo"lishi mumkin.

Demak,
0(A)\L € 0(A)\0pss(As)
munosabat o rinli bo'ladi, ya'ni o,..(4,) € X.
Xulosa qilib aytganda, ¢,..(4,) = X.

2.1.1 — teorema ishot bo’Idi.
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2.2. 4 — tartibli operatorli matritsalarning diskret spektri

221 — Lemma. z € C\g,..(4,) soni A, operatorning xos giymati bo lishi

uchun 2,(z) = 0 bo'lishi zarur va yetarlidir.

Isbot. Faraz qilaylik, z € C\e...(4,) soni A, operatorning xos giymati
bo'lsin. (f;, fi, fo, ) € H™ vektor esa bu xos giymatga mos xos vektor bo’lsin. U
holda A,f =zf tenglamani yechib, noldan fargli (f,f,f, f2) € H® xos

vektorni aniglaymiz.

Ay Ap, 0 0 fo zfy
Ay An A 0 . f _ zfi
0 A, Ay Az f zf;
0 0 A3 A/ \f zf;

Agofo +Aorfi = 2fo
Apifo t A4, i HALL =2,
AlLfi YA 6+ A = 21
Azafy +Assfs = 2,
yoki

efy + af av(Df (Odt = zf;
av(x)fy + (e + w())f, () + af av(D) f (x, D)dt = zf;
av(Nf, )+ (e + 0(x) + 0()) L (x,y) + af av(©)f (v, )dt = zf;
av(t)fo(x,y) + (E + w(x)+w(y) + m(t])fg (x,y,t)=2f

)

(2.2.1

tenglamalar sistemasiga ega bo lamiz.

(2.2.1) sistemaning 4 — tenglamasidan f; (x, y, t) ni topamiz:
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av(t) f (x,y)
e+wlx) +wly) +wlt) -z

fE (1’,;}’, t) =

Topilgan ifodani (2.2.1) tenglamalar sistemasining 3 — tenglamasiga go'yamiz va

f> (x, v) ning ko rinishini aniglaymiz:

falx)v® (B de
e+ wlx)+wly) +wlt) -z

av(Nf, () + (e + 0() + () = 2 f06,¥) — @2 [ 1a =0,

v2 (t)
(e + 00 + 00— 2 - @ fra—5= B ) o (5Y) = —av AR,

Endi

ve (E)dt
T¢ e+wlx) +c...={}f:] +wlt) -z

A (x,7,2) = +wx) + o) —z—a?f

deb belgilash kiritamiz. U holda

_ avmA®)
fﬁ {:xJ .}J] - Ez{x,y,z:l .

Bunda A, (x,y,z) # 0.

Topilgan f, (x,¥) ning ifodasini (2.2.1) tenglamalar sistemasining 2 —

tenglamasiga qo yamiz hamda f; (x) ni aniglaymiz:

av(x)fy + (E +w@x)—z—a?[q ;:{f:;)fl(x] =0,

avlxlfy

v dr”
£+ f-l.’{x:] _z_a.z-erﬂz':I_.Lz:

X)) =—

So'ngra,

w2 (t)dt

_ e syl
ANxz)=ct+wx)—z—a f]Id Aot

deb belgilash kiritamiz, A, (x, z) = 0. U holda
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_ avlxlfy
Ag(x.z)

filx) =

Endi f,(x) ning qiymatini (2.2.1) tenglamalar

tenglamasiga qo yamiz:

£fy + a’f]rdt?(t] (—%) dt = zf,,

T )

v2 () de

_ _ -
Q4(2)=c-z—-a* [ Ay (62)

sistemasining 1

deb belgilasak, 2,(z)f, = 0 hosil bo’ladi. Agar bu tenglikda f;, = 0 bo’lsa, u

holda f,(x)=0,f(x,v)=0,f(x,yv,t) =0 ekanligi kelib chigadi,

ya ni

f=UL fi,fa, i) =6 hosil bo'ladi. Bu esa f vektorning xos vektor bo'lishiga

ziddir. Demak, £2,(z) = 0 ekanligi kelib chigadi.

2.2.1 — lemma toliq isbotlandi.

56



2.3. 4 — tartibli operatorli matritsalarning rezolventa operatori

A, operatorga mos rezolventa operatorining ko rinishini izlash masalasini

garaymiz.

2.3.1 — Lemma. Har bir fiksirlangan z € p(4,) soni uchun A, operatorga

mos rezolventa operatori H,H, BH,@®H, Gilbert fazosida tortinchi tartibli

Roo(4,4s) Ro1(LAs) Roa(A4s) Rea(A,44)

R,(A,) = Rio(hAs) Ri1(AAs) Rix(LAy) Riz(4AL)
A Ryo(LAs) Ryi(LAs) Rpp(AAL) Riyz(AA44)
Ryo(44s) Rai(L,As) Rap(A4s) Ria(AAL)

operatorli matritsa ko rinishida ta’sir giladi.
Isbot. Rezolventa operatorni qurish uchun
Af—zf=g

tenglamani yechamiz, bunda (fy, fi, o f2) va
g =1(90,91,9:,9:) € Hy®H,DH,DH,. Yani quyidagi tenglamalar sistemasini
garaymiz:
(e — Dfo + af rav(D)fi (D) dt = go
av(X)f, + (e + w(x) — 2)f; () + af (D) f, (x, 0)dt = g, (x)
av(Nf, () + (g + 0 () + 0 () = 2 (x5, y) + af v f; (x, y,0)dt = g, (x,))

av()H(x,y) + (e +wXx) +w(y)+w®) —2)L(,y,0) = g:(x, v, 1)
(2.3.1)

z & 0,..(A,) bo’lganligidan ixtiyoriy x,y, t € T% uchun
setwx)—z#0, e+wlx)+wly)—z+0va
stwx)+wy)+w(t)—z+0

munosabatlar o'rinli boladi.
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Endi (2.3.1) tenglamalar sistemasining 4 — tenglamasidan f; (x,v,t) ni

topamiz va 3 — tenglamasiga qo"yamiz:

_ ga(x.y.t) . avit) fz (x.3)
Gy D = o re® = sratreb) tad 2 (2.3.2)

av(Y)L(x)+ e+t wx)+ @) —2) i y)+

galxy.t) . av(t) f (x,) ) . ;
+‘Ifﬂdﬁm(amwm@]mm-z e o0 re® ) 1 = 92(BY);

w0+ (2 + 000 + () —2— @[ e ) £ (1)) +

srwlx)+wly) +wlt) -2

vitygalxytidt :
T4 £+m{x:]+m(y]+m{t:]—z =82 (x,}’j,

+af

So ngra oldingi rejadagi quyidagi

ve(t)de

. o 2
A (x,y,2) =e+wx)+w(y) —z af]rda+m{x]+m{y]+m{ﬂ—z

belgilashdan foydalanamiz. U holda

v(t)gs (xy.tldt
£+ m{x:|+m(y:l +ew(t)—z

av(Wfi(x)+ Ay, 26 y) = g.(x,y) — "If]rd

kelib chigadi. Oxirgi tenglamadan £, (x, y) ni topamiz:

£ (x, }’J _ g2 (xy) s I]Id v(t)ga(xy.t)dt _avly)fy () (2.3.3)

A5 (xy.2) N Ay (x,y.2) etwlx) +oly)+wlt)-z A (x,3.2)

(2.3.3) ifodani (2.3.1) tenglamalar sistemasining 2 — tenglamasiga qo yamiz:

2 v? {ﬂrit) galetv(tdds
av(x)f + (E +wx)—z—a f]xd e f.(x) + “-'r]rfi S
2 vZ(t)gqlxyt)dt® _
[ fIded (£+m{x]+m{uv]+m{t:]—z:|ﬂz{x,t,z] - gl Exj

Oldingi rejadagi

58



w2 (t)dt

_ o eyl
A(x,z)=c+wkx)—z—a f]Id B Gnta)

belgilashdan foydalanamiz va oxirgi ifodadan f; (x) ni topamiz:

fil) =28 b £ [ gewlvitdt,

Azlez)  Azlez)  Aglez) A (xtz)
_a? v2 (t) golxyt)de?
N A (x.2) f]Id f]rd etwlx)+wly)+wlt)-z)8; (ut.z) (2.3.4)

Va nihoyat, topilgan f; (x) ning giymatini (2.3.1) tenglamalar sistemasining

1 — tenglamasiga go yamiz:

o2 uz{t]dt) vitlg,(dt v2 (t)go (x.t)dt?
(E 2= a*[pa 82 (62 fot ) a IS I fndf]rdﬂz{x,t,zjﬂa{t,z]+

3 v (t) golxy.t)de? _
ra fIdf]Idf]Id(£+m(.ﬂ+m(y]+m{t]—z]ﬂz(x,t,z]ﬂ3{t,z] = Go-

Oldingi rejadagi

vE(t) de

o o gyl
0,6 ==z 22

belgilashdan foydalangan holda hosil bo'lgan tenglikdan f, ning ko rinishini

aniglaymiz:

_ o @ vit) g, (t)dt a’ vz{ﬂgz{x,t:ldtz_
ﬁ]_ﬂd{z:l ﬂ4'f,z:|f]rd Ag(t.2) +J’?4'fz]I]Idfﬂdﬂz{x,t,z]ﬂa'it,z]

__a [af—af v? (H) gs ey, t)de?
n,(z) ¢/ 1 ]Id':5+E-IJ':.'X-':|+|:.|.?(u'li:]+|:.|.?':t:]—z:],ﬂz':x,t,z:],ﬂa{tz:]'

Oxirgi topilgan f; ning ifodasini (2.3.4) tenglikka go"yamiz:

_ gilx) avix) gg a® vix) vit)g, (t) .
fl (I) o ,ia':x,z:] ﬂa,':,z:]-aia':x,z:] + ﬂ‘;{z:]-,{n.a{_%z:] J-'ll"iI ‘ia{tz:] dt

. a? v(x) J‘ J‘ v () go (e t)dt? a* v(x) .
0@, 0e2) T T 8, et g (t2) | 0,(2)050x2)
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f J' J' v (t) ga(xyt)de?
¢ 74/ 74 (et wlx)+aly) +alt) —2)A, (xtz)A; (E2)

Oxirgi f; (x) ning ifodasini (2.3.3) tenglikka go’yamiz:

floy) =B o[ sOglate __o6)s6)
2 XD Ay lxeyz) Ay lxyz) Td srwlx) +wly)+wlt)l-z A lxy.2)a;(x2)

a?vlx)v(y)gs I a? v(x)v(y) J‘ vitlg, (t) dt +
0y Dby 2)d, (eyz) 0 @A, ez, (eyz) ) T2 A, (2)
4 a* vix) viy) J‘ J' vt g, (etddet® aZv(x)u(y) ]
2, @85 (628, ey.2) ? T T8, (628, (02) 2, (2004 (2) 8, (y2)
v? (tl gy (e y.t)dt?
- Jrafafga 2

(e+wlx)+w(y) +oE)—2)0, (x.t.2)A5 (£.2)

Endi £, (x,y) ni (2.3.2) ga go yamiz:

_ galxy.t) av(t) g, Gey)
fa (I; v, f] T etwlx) +ow () +w(t) -z {a+m{x]+m{y]+m{tj Z)hy {xvz]

aZv(t) v(t)-gg ey tldt
{£+m{x:|+m{}-‘:]+m{t:] z];j {xvz:] T4 £+m{x:]+m{y:]+m{t:]—z

a® v(t)v(¥)ga(x) a®vixlviylvltl g,

(£+m{x]+m(y]+m{t:] —z)-Ay (x,y.2)-0, (xz) (z+wlx) +aly)+wlt)—z)a, Gey.z)-a; (xz)- ﬂ4'f,z]

a*vix)v(y)v(t) J‘ vitlg, ()
60 10 G rw(e) )4, Goy2)d, )2, @ ) T8 4, (62)

B a® vix)w(y) vit) J' J' v2(t) golxt)de?
(e +aw(x) +@ () + () —2)-d, (o y.2) A, (6.2) 0, (2) T T3 T o, (e6.2)8, (£.2)

oS vlacte () wit)
{£+m{le+m(y]+m{ﬂ —z)-tg (23,200 (x.2)- ﬂ4{z]

j J' J‘ 2 () galxyt)de?
TdJ d ]Id{£+c...=(x]+c...=(_y]+m(t]—z].ﬂz{x,t,zjﬂa{a3j

tengliklarga ega bo’ldik.
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Roogo + Ro191 + Ro2g2 + Roagz = [y
RipGo+ R119:1 +Ri20, + Rizgs = f1
Ry0Go + R2191 + Ry 0, + Razgs = 15
R3000 + R3101 + R339, + Razgs = f

sistemadan foydalanib, quyidagi rezolventa operatorlariga ega bo lamiz:

Roo(LAy)go = e

n,(z)’
(t)g,(t)de
Ro1(LA4) g, = _ﬂ;{z] J-]I"I ﬁ’
_ a,z pz{t:]gz{x,t:]dtz
Ry, (j-,tqﬂ.gz T 0.G) f]r"i -,-]I"I Ay (xtz)A5(2)]

= b3 (£) g, ey £)d 2
RDE (A,Aq,]gg - ﬂd{z:] J.]Il’i f]Idf]Il'i {£+m{x:]+m(y]+m{t:]—z:lﬂz{x,t,z:]ﬂa{t,z:l’

_ __avl¥g,e
(Ryo(AA4)g0)(x) = 2. () Dy (o)’

(Riy(LA) g, ) (x) = 228 4 @)  v@0.@

Ba(z) | 24@0y002) T TT 2g(e2)
(R12 (l,Aﬁgﬂ[x] = _ﬁ I]Idf]rd fjjfiﬁii}
(RiahA)g) () = o8 [ [ o[ e oabootee
(Rao (400 90)(0,) = 5o e —
(Rpy (L, A)9) (%) = — avlylg, () a® vix) v(y) Mcjt,

Ay ey 2)Ba(z) 0 (2)dg(ez)dy(yz) * T8 4, (6.2)

_ gzlxey) a*v(x)viy) v2 () g, (x.t)d 2
(Ra2(4,4,)92)(0,y) = L=+ o — Jrafga PPy

_ o vit)-gq (eytldt . a®vlx) viy) .
(R23(4,4,)9:)(x,y) = ﬂz{x,y,z]fld @ +ol) o @)—z  0,@)h, (o) d, ()
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f J' J' v (t) ga(xyt)de?
¢ 74/ 74 (et wlx)+aly) +alt) —2)A, (xtz)A (E2)

L a?vix) viy)v(t) g,
(RED (A.,A‘L]‘ggj(x,_}{, t) - {E+m{x]+m{y:]+m{t] —z]-ﬂz{x,y,z]-ﬂg{x,z]-ﬂd,{z]’

— a®v(t)v(y)g. ()
(RE 1 (j‘lxqﬂlﬂ]gl) (x!.}JJ tj - {£+m{x:|+m(}f:l +E.|.F':t:]—3:] -ﬂz'ix,y,z:l-ﬂg{x,z:l +

a* vix)v(y)v(t) J‘ vitlg, (t) dt
{£+m{x:]+m(uv:]+m{t:]—z:],ﬂ (x.y.2)0, (x.z) 1, (2) d Ag(t=2)

av(t)g,lxy) B
(e+w(x)+w()+w(t) —2)-4, (xy.2)

(R32 (4, A4,)g2)(x,y,8) = —

. afEV{x:lu{y]v{t] J‘ J‘ vz{t]gz{x,t]dtz
(c+ale) +0 () +alt) —2)A, (a2, (z)-0, @) T T2 T8 8 (x84, (¢.2)”

_ ga(xp.t) au(t) _
(Ra3(4,44)8:)(x,y, 1) = = e e T Gramra0) r0® D a0y

f vit) gl t)dt (1+ o vl () J‘ J" v (L dt®
T o) +0G)twd)—z Ay ez (2) Y T T 8, (6,200, (2,2)°

2.3.1 — lemma to'liq isbotlandi.
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11 BOB XULOSASI

Bitiruv malakaviy ishining ikkinchi bobi “4 — tartibli operatorli

matritsalarning spektral xossalari” deb nomlangan bo’lib, u uchta bo'limdan iborat.

2.1 — bo'limda 4 — tartibli A, operatorli matritsa Fok fazosining to'rt
zarrachali qgirgilgan qism fazosida, ya’ni nol zarrachali, bir zarrachali, ikki
zarrachali va uch zarrachali qism fazolarning to’gri yig’indisida chiziqli,

chegaralangan va 0'z — 0°ziga qo shma operator sifatida o'rganilgan. A, operatorli

matritsa muhim spektrining joylashuv o'rni tavsiflangan.

Muhim spektrni tashkil gilgan to plamlarni aniglashda Veyl kriteriyasi va A4,
operator xos funksiyalariga mos keluvchi Faddeyev tenglamasi xossalaridan
foydalanilgan. Muhim spektrga tegishli kesmalarning maksimal sonini aniglashda
xos giymatlar soni, ularning mavjudlik shartlari hamda yoyiluvchi operatorlarning

spektri hagidagi teoremalardan foydalanilgan.

2.2 — bo’limda diskret spektrni topish va o'rganish imkonini beruvchi
regulyar funksiya topilgan. Bunda chiziqli tenglamalar sistemasida noma’lumlarni
ketma-ket topish usulidan foydalanilgan. Bu funksiyaning monotonlik xossalari

o’rganilgan.

2.3 — bo’limda esa 4 - tartibli operatorli matritsaning rezolventa
operatorining ko rinishi aniqg topilgan. Qaralayotgan operator 4-tartibli operatorli
matritsa bo’lganligi uchun hosil bo’lgan rezolventa operatori ham 4-tartibli

operatorli matritsa bo’lishi ko’rsatilgan

I1 bobda olingan natijalarni isbotlashda funksional analiz va kompleks analiz

elementlaridan foydalanilgan.
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XOTIMA

Bitiruv malakaviy ishi mavzusi “4 X 4 — 0 Ichamli operatorli matritsalarning

spektral xossalari” bo'lib, u ikkita bobga bo’lib o'rganilgan. Shuni alohida
ta’kidlab o’tish lozimki, bunday operatorli matrisalar zamonaviy matematik
fizikada panjaradagi soni saqlanmaydigan ko’pi bilan to’rtta zarrachalar
sistemasiga mos Gamil’tonianni tavsiflaydi. Odatda uning diagonal elementlari
qo’zg’almas operatorlar deyiladi, diagonal bo’lmagan elementlar esa paydo qilish
va yo’qotish operatorlari deyiladi. Yo’qotish operatorining qo’shmasi paydo qilish
operatori bo’ladi va aksincha.

| bobda asosan 2 — va 3 — tartibli operatorli matritsalar (elementlari Gil’bert
fazosida ta’sir qiluvchi chizigli chegaralangan operatorlar bo’lgan matrisalar)
chiziglilikka, chegaralanganlikka va 0z — 0°ziga qo shmalikka tekshirilgan. 2 —
tartibli operatorli matritsaning muhim spektri Veyl teoremasi yordamida
aniglangan. Unga mos Fredgolm determinanti qurilib, u berilgan operatorning
diskret spektrini tahlil gilishda go’llanilgan.

3 — tartibli operatorli matritsa muhim spektri 2 — tartibli operatorli matritsa
spektri yordamida tavsiflangan. Uni o’rganishda Veyl mezoni, Faddeyev
tenglamasi va Fredgolm nazariyasidan foydalanilgan. Diskret spektr va rezolventa
operatorlari uchun aniqg formulalar topilgan.

Il bob 4 — tartibli operatorli matritsalarning spektral xossalarini o'rganishga
bag'ishlangan  bo'lib, avvalo  qaralayotgan  operator  chiziglilikka,
chegaralanganlikka va 0’z — o'ziga qo shmalikka tekshirilgan. Uning muhim
spektri 2 — va 3 — tartibli operatorli matritsalarning muhim spektrlari yordamida
aniglangan. Diskret spektrni aniglashda asos bo'lib xizmat giladigan regulyar
funksiya qurilgan. Funksional analiz elementlari yordamida berilgan operatorga

mos rezolventa operatori topilgan.
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