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Annotatsiya. Bir o‘lchamli panjaradagi ikkiita ixtiyoriy zarrachali sistema
gamiltonianiga mos Shredinger operatorining muhim spektridan tashgarida yotuvchi
xos giymatlarning mavjudligi shartlari topilgan. Shuningdek, xos giymatlar soni va
o‘rni qaralayotgan operatorning parametrlariga bog‘liq holda topilgan.

Kalit so‘zlar: bir o’Ichamli panjara, muhim spektr, xos qiymat, karrali xos qiymat

AOcTtpakT. HalineHsl yclIOBUS CYIIECTBOBAaHUS COOCTBEHHBIX 3HAYCHUH,
JIS)KAIMX BHE CYIIECTBEHHOTO crniekTpa oneparopa llpenunrepa, COOTBETCTBYIOIIETO
raMuJbTOHHAHY CHCTCMBbI ABYX IIPOU3BOJIBHBIX YaCTHUIl Ha O,Z[HOMGpHOﬁ PCHICTKCE. A
TAKXCE HaﬁI[eHO KOJIMYCCTBO MW HX PACIOJIOKCHUC COOCTBEHHBIX 3HAUEHHUU B
3aBMCUMOCTH OT IapaMeTPOB pacCMATPUBAEMOTO OIIepaTopa.

KuiroueBble cj10Ba: oJHOMEPHAS PEIIETKA, CYIIECTBEHHBIN CIIEKTP, COOCTBEHHOE
3HAYCHHUEC, KPATHOC cOOCTBEHHOE 3HAYEHUE

Abstract. Conditions for the existence of eigenvalues lying outside the essential
spectrum of the Schrodinger operator corresponding to the Hamiltonian of a system of
two arbitrary particles on a one-dimensional lattice are found. And also the number and
their location of eigenvalues were found depending on the parameters of the operator
under consideration.

Keywords: one-dimensional lattice, essential spectrum, eigenvalue, multiple
eigenvalue

T = (—m, =], L2(T) — T da aniglangan kvadrati bilan integrallanuvchi
funksiyalarning Hilbert fazosi bo‘lsin. L2(T) fazoda quyidagi formula orqali
aniglangan

h(k)=h0 (k) —v 1)
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operatorni qaraymiz, bu yerda 40 (k) ushbu ek (p) = 1 ml e(p) + 1 m2 e(k — p),
g(p) =1 — cos2p funksiyaga ko’paytirish operatori va v esa v(p — s) = ucosl(p — s) +
Acosn(p — s) yadroli integral operator. ml va m2 lar mos holda 1- va 2-
zarrachalarning massalari, [ va n — yig’indisi toq natural sonlar. 1-lemma. (1) formula
orqali aniglangan A(k) operator 0’°z-0’ziga qo’shma va chegaralangandir. Ma’lumki,
Veyl teoremasiga asosan A(k) operatorning muhim spektri 40 (k) operatorning spektri
bilan ustma-ust tushadi, ya’ni A(k) operatorning go’zg’atuvchi gismi kompakt
ekanligidan uning muhim spektri o’zgarmasdan qoladi. Shuning uchun cgess(h(k))
to’plam ek (p) funksiyaning qiymatlar sohasidan iborat bo’ladi, ya’ni gess(h(k)) =
a(h0 (k)) = [m(k); M(k)] bu yerda

m(k) = min p ek (p), M(k) = max p €k (p)

v>0 ekanligini hisobga olsak, u holda quyidagi tengsizlikka ega bo’lamiz

sup(h(k)f, f) <sup(h0 (k)f, f) = M(k)(f, f). f € L2(T).

Shuning uchun A(k) operator muhim spektrdan 0’ng tomonda xos giymatga ega
emas, ya’'ni

a(h(k)) N (M(k), +0) = 0.

1-faraz. Faraz gilaylik, m = ml1 =m2 va k =+ 2 bo’Isin. Quyidagi belgilashlarni
Kiritamiz

n0 (k) =1 sl (km(k)), 20 (k) = 1 sn(k;m(k)) , 2) cr (k; z) =] cos2rsds ek T
(p)-z,sr(k;z)=[sin2rsds ek T (p)—z,r=1,n(3) ek (p)=1ml+1m2—+1ml
2 +2 mlm2 cos2k + 1 m2 2 cos2p.

1-teorema. 1-faraz bajarilsin. U holda ixtiyoriy u, A € R+ sonlar uchun A(k)
operatorning muhim spektrdan chapda karraligi bilan hisoblanganda 4 ta xos giymatga
egavaularzl=z2=2m—purvaz3=z4=2m— Arn bo’ladi.

2-teorema. 1-faraz bajarilmasin. U holda ixtiyoriy u, A € R+ sonlar uchun A(k)
operatorning muhim spektrdan chapda karraligi bilan hisoblanganda 2 + a(u, 1) ta xos
giymatga ega, bu yerda

alu, ) ={0,agar u<u0(k),A<A0(k)1,agar un>pu0(k), A<A0 (k) yoki
u<uO0(k),A>210(k)2 agar un>u0(k),A>10 (k).
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h(k) operatorning xos giymatlari. L2(T) fazoda /(k) operatorni quyidagi (k) = &
0 (k) — v formula orqali aniglaymiz, bu yerda / 0 (k) quyidagi

ek (p)=1ml+1m2—~1ml2+2mim2 cos2k +1m2 2 cos2p

funksiyaga ko’paytirish operatori. Ushbu unitar U: L2(T) — L2(T) operator
quyidagi formula orqali aniglangan bo’lsin:

(UA)p)=f (p—126(k)),

bu yerda

0(k) = arccos 1 ml +1m2 cos2k N 1 m12+2mlm2 cos2k +1m22.

U holda ushbu

(U-1f)p)=f(p+126(k)), f€L2(T)

tenglik o’rinli. 2-lemma. A(k) operator A(k) operator bilan unitar ekvivalent, ya’ni
h(k) = U —1h(k)U tenglik o’rinli.

3-lemma. z, z < m(k) soni A(k) operatorning xos giymati bo’lishi uchun A(k; z)
= 0 bo’lishi zarur va yetarli, bu yerda

A(k; z)= (1 — ucl (k; 2))(1 — usl (k; 2))(1 — Acn (k; 2))(1 — Asn (k; z)).

Bu holda A(k;-) funksiyaning noli 4(k) operatorning xos giymatlari bilan ustma-
ust tushadi.

M fazoda lul norma [ > 0 son bilan chegaralanganda maksimal tezkorlik
masalasini konkret holda ko’rib chigamiz. x(t0) = x0 boshlang’ich va x(t1) = x * (t1)
chegaraviy shartli (1) sistemani olamiz. Maksimum prinsipi hagidagi teoremaga asosan
Pontryagin funksiyasini tuzib olamiz:

I =TI(x,, u)=—1+yPA(t)x + YB(t)u. (1)

Agar u — skalyar deb faraz qilsak, u holda optimal boshqgarish IT funksiyaning |u|
<1 bo’lgan holi bo’yicha maksimum shartidan aniglanadi, yani

u(t) = Isingy(t)B(t), ()

bu yerda y(t) bilany/=—-A4" (t)y. tenglamaning yechimi. Pontryagin nazariyasi
bo’yicha keying tavsiyalar shundan iboratki, sistema uchun shunday ¥(t0 ) = &
boshlang’ich shartlarni toppish kerakki, bu shartlarga mos keluvchi y(t) yechim
shunday bo’lsinki, (2) boshqgaruv berilgan x(t1) = x * (t1) chegaraviy shartda sistemani
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hosil qgilsin. Lekin bu 1(t0 ) = & boshlang’ich shartlarni yanada qulayroq aniglashga
tavsiyalar bevosita maksimum prinsipi teoremasidan kelib chigmaydi. Agar (2) ning
barcha yechimlarini

P(t) = P(t0)¥(t) = SP(1), ©)

bu yerda ¥(t) — (2) tenglamaning fundamental yechimlar matritsasi, ko’rinishda
yozish mumkin bo’lib, (3) ni (2) ga qo’ysak, u holda qidirilayotgan optimal boshqaruv
quyidagi ko’rinishda bo’ladi: u(t) = lsingéW(t)B(t) = lsignéG(t) vaup '=1 da
formula bilan ustma-ust tushadi. Lekin, momentlar usuli & ni izlash gaysi shartlarni
keltirib chigarishini bevosita ko’rsatib beradi. Bu fagat masalalarning momentlar usuli
bo’yicha olingan yechimni maksimum prinsipi bo’yicha hosil gilingan yechimlaridan

farglab beradi.
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